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Understanding the behavior of sound waves as they interact with different surfaces is fundamental
in acoustics and wave physics. In this article, we explore the scenario where a plane sound wave
traveling through air at 20°C, with a wavelength of 589 millimeters, encounters a smooth water
surface. We will analyze the physics involved, including wave properties, reflection, transmission,
and the factors influencing the wave's behavior at the interface. This comprehensive discussion aims
to provide insights into acoustic wave phenomena relevant to various scientific and engineering
applications.

Fundamentals of Sound Waves in Air at 20°C

Properties of Sound Waves

Sound waves are longitudinal mechanical waves that propagate through a medium—air, in this
case—by oscillating particles along the direction of travel. Key properties include:

- Wavelength (A): The distance between successive compressions or rarefactions. For our wave, A =
589 mm.

- Frequency (f): Number of wave cycles per second. Calculated using the wave speed.

- Speed of Sound in Air at 20°C: Approximately 343 meters per second.

- Amplitude: The maximum displacement of particles, related to the wave's loudness.

Calculating the Frequency of the Wave

Given the wavelength and the speed of sound, we can determine the frequency:

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

\]

Where:
-\(v\) = 343 m/s (speed of sound at 20°C)
-\(\lambda \) = 0.589 m (since 589 mm = 0.589 m)

Calculating:

\[
f =\frac{343}{0.589} \approx 582.5\, \text{Hz}



\]

Thus, the wave has a frequency of approximately 582.5 Hz.

Wave Interaction at the Water Surface

When a plane sound wave strikes a boundary between air and water, several phenomena occur due
to differences in acoustic impedance and physical properties of the media.

Acoustic Impedance and Reflection

Acoustic impedance (\( Z)) is a measure of how much resistance a medium offers to the passage of
sound:

\[

Z =\rhov
\]

Where:

-\(\rho \) = density of the medium
-\(v\) = speed of sound in the medium

For air:
-\(\rho {air} \approx 1.21\, \text{kg/m}~3)
-\(v_{air} \approx 343\, \text{m/s} \)

So,

\[

Z {air} \approx 1.21 \times 343 \approx 415\, \text{Pa-s/m}
\]

For water:
-\(\rho {water} \approx 1000\, \text{kg/m}~3\)
-\(v_{water} \approx 1482\, \text{m/s} \)

Thus,

\[
Z {water} \approx 1000 \times 1482 \approx 1.48 \times 10”6\, \text{Pa-s/m}

\]

The significant difference in impedance results in most of the sound wave being reflected at the
water surface, with only a small portion transmitted into the water.

Reflection and Transmission Coefficients

The behavior of the wave at the interface can be quantified using reflection (\( R \)) and transmission
(\( T'\)) coefficients:



\[
R =\frac{Z {water} - Z {air}}{Z {water} + Z {air}}
\]

\[
T =\frac{2 Z {water}}{Z {water} + Z {air}}
\]

Calculating \( R \):

\[

R \approx \frac{1.48 \times 1076 - 415} {1.48 \times 10™6 + 415} \approx \frac{1.4796 \times
1076}{1.4804 \times 10"6} \approx 0.9995

\]

This indicates nearly complete reflection, with a reflection coefficient close to 1, and a very small
transmission.

Behavior of the Wave Upon Incidence

Reflection of Sound Waves

Given the high impedance mismatch, the incident wave reflects almost entirely. The reflected wave
maintains the same wavelength and frequency but may undergo a phase change depending on the
boundary conditions.

- Phase Change: For a boundary with a medium of higher impedance (water), the reflected wave
undergoes a phase inversion (a phase shift of 180 degrees).

Transmission and Transmitted Wave in Water

Despite the predominant reflection, a tiny transmitted component exists in water:

- Transmitted wave has a much smaller amplitude.
- Wavelength in water differs due to the higher speed of sound:

\[
\lambda {water} = \frac{v {water}}{f} = \frac{1482}{582.5} \approx 2.55\, \text{m}
\]

- The transmitted wave propagates into water with a longer wavelength but similar frequency.

Implications of Wave Behavior at the Water Surface



Energy Distribution
The incident wave's energy largely reflects back into air. The small transmitted energy penetrates

into water, which has implications for:

- Acoustic sensing and underwater communication.
- Sonar applications.
- Environmental monitoring.

Reflection and Surface Conditions

The assumption of a smooth surface simplifies the modeling. Real-world effects include:

- Minor surface roughness causing scattering.
- Possible interference patterns between incident and reflected waves.
- Effects of water surface tension and temperature variations.

Practical Applications and Considerations

Acoustic Reflection in Engineering
Understanding sound wave reflection at water surfaces is essential in:
- Underwater acoustics for submarine and sonar technology.

- Designing water-based acoustic sensors.
- Mitigating noise pollution in aquatic environments.

Measurement and Experimental Setup
To experimentally observe these phenomena:
1. Generate a plane sound wave in a controlled environment.

2. Use a microphone or hydrophone to measure incident, reflected, and transmitted waves.
3. Analyze phase shifts and amplitude variations.

Environmental Factors Influencing Reflection
Several factors can alter wave behavior:
- Temperature gradients affecting sound speed.

- Surface waves and ripples.
- Salinity and impurities in water.



Summary of Key Points

- The sound wave in air at 20°C with a wavelength of 589 mm has a frequency of approximately
582.5 Hz.

- Upon incidence on a smooth water surface, most of the wave is reflected due to high impedance
mismatch.

- The reflected wave undergoes a phase change (phase inversion).

- A minimal portion of the wave transmits into water, propagating with a longer wavelength (~2.55
m).

- These phenomena are crucial in various technological and environmental applications involving
acoustic wave interactions with water surfaces.

Conclusion

The interaction of a plane sound wave with a water surface exemplifies fundamental principles of
wave physics, including reflection, transmission, impedance mismatch, and phase changes.
Recognizing these behaviors enhances our understanding of acoustic phenomena in natural and
engineered systems. Whether for underwater communication, environmental monitoring, or acoustic
design, grasping how sound waves behave at interfaces is vital in advancing technological
capabilities and scientific knowledge.

Frequently Asked Questions

What is the speed of a sound wave in air at 20°C with a
wavelength of 589 mm?

The speed of sound in air at 20°C is approximately 343 m/s. Since wavelength A = 0.589 m, the
frequency f can be calculated as f = v/A = 343 / 0.589 = 582.3 Hz.

How does the incident sound wave behave when it strikes a
smooth water surface at 20°C?

When a sound wave hits a smooth water surface, part of the wave is reflected back into the air, and
part may be transmitted into water, depending on the acoustic impedance mismatch. Due to the
smooth surface, reflection is largely specular with minimal scattering.

What is the nature of reflection of a sound wave incident on
water at 20°C?

The reflection of the sound wave is primarily specular (mirror-like) because of the smooth water
surface, resulting in a predictable angle of reflection equal to the angle of incidence, consistent with
the law of reflection.



How does temperature affect the propagation of the sound
wave in air at 20°C?

At 20°C, the speed of sound in air is approximately 343 m/s. An increase in temperature generally
increases the speed of sound because warmer air is less dense and allows sound waves to travel
faster.

What effects does the water surface have on the frequency and
wavelength of the incident sound wave?

The frequency of the sound wave remains unchanged upon reflection or transmission because
frequency is determined by the source. However, the wavelength in air remains the same unless the
wave is transmitted into water, where the wavelength may change due to the different speed of
sound in water.

Additional Resources
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Introduction

Sound waves are fundamental to our understanding of acoustic phenomena, and their behavior at
interfaces between different media offers rich insights into wave physics, material properties, and
potential applications. This investigative article explores the specific scenario of a plane sound wave
in air at 20°C, characterized by a wavelength of 589 mm, incident on a smooth water surface. The
study combines theoretical analysis, experimental considerations, and practical implications to
provide a comprehensive understanding of the wave interactions in this context.

Background and Significance

The interaction of acoustic waves at interfaces is a cornerstone topic in acoustics, with applications
spanning underwater communication, sonar technology, environmental monitoring, and even
biomedical imaging. When a sound wave encounters a boundary between two media with differing
acoustic properties, phenomena such as reflection, transmission, absorption, and mode conversion
occur. Understanding these processes at a fundamental level is critical for optimizing device design,
interpreting acoustic measurements, and advancing scientific knowledge.

The specific parameters—air at 20°C, wavelength 589 mm, incident on water—are chosen for their
practical relevance. The wavelength corresponds approximately to the yellow sodium D-line emission
in optics, but in acoustics, it provides a meaningful scale for wave interactions. Additionally, water’s
high density and sound speed relative to air create significant impedance mismatches, influencing
reflection and transmission characteristics.



Physical Properties and Parameters

Air at 20°C:

- Temperature: 20°C (293.15 K)

- Density (p_air): approximately 1.204 kg/m3

- Speed of sound (c_air): approximately 343 m/s

- Wavelength (2): 589 mm (0.589 meters)

- Frequency (f): Calculated asf=c air/ A = 343 /0.589 = 582.4 Hz

Water:

- Density (p_water): approximately 1000 kg/m3

- Speed of sound (c_water): approximately 1482 m/s

- Impedance (Z): Z=pc

- For air: Z air = 1.204 343 = 413.4 Pa‘'s/m

- For water: Z water = 1000 1482 = 1,482,000 Pa-s/m

The impedance mismatch, approximately a factor of 3580, plays a key role in the reflection and
transmission coefficients.

Wave Incidence and Reflection: Theoretical Framework

Incident Wave Characteristics
The incident plane wave, propagating in air, can be described mathematically as:

\[ p i(x,t) =p 0e~{jkx - \omega t)} \]

where:

-\(p_0) is the pressure amplitude,

-\( k = 2\pi /\lambda \) is the wavenumber (~10.66 rad/m),
-\(\omega = 2\pi f) is the angular frequency (~3657 rad/s).

The wave propagates toward the water surface at an angle of incidence, which is assumed to be
normal (perpendicular) for simplicity unless otherwise specified.

Reflection and Transmission Coefficients

At the boundary, the incident wave interacts with the water surface, leading to reflected and
transmitted components. The reflection coefficient \( R\) and transmission coefficient \( T \) for
pressure amplitudes depend on the acoustic impedances \( Z 1) (air) and \( Z 2 ) (water):

\[R=\frac{Z 2-Z 1}{Z 2+ Z 1} \]
\[T=\frac{2Z 2}{Z 2+ Z 1}\]

Given the large impedance mismatch:

\[ R \approx \frac{1,482,000 - 413.4}{1,482,000 + 413.4} \approx 1 \]
\[ T \approx \frac{2 \times 1,482,000}{1,482,000 + 413.4} \approx 2 \]



This indicates nearly total reflection with a phase inversion, and minimal transmitted energy.

Reflection and Transmission: Quantitative Analysis

Reflection Coefficient Magnitudes
The magnitude of the pressure reflection coefficient approaches unity:

\[ |R| \approx 1 \]

with a phase shift of approximately \( 180" \circ \) (phase inversion) for pressure wave reflection at a
free surface boundary.

Energy Reflection and Transmission
The energy flux (power per unit area) is proportional to the square of pressure amplitude and the
acoustic impedance. The reflection coefficient for energy flux \( R E ) is:

\[ R E = |R|"2 \approx 1 \]

indicating nearly all acoustic energy is reflected, with negligible transmission into water, consistent
with common observations such as sound waves reflecting off water surfaces with high efficiency.

Practical Implications and Real-World Considerations

Surface Conditions

The assumption of a smooth water surface simplifies the analysis. Real-world surfaces may introduce
minor deviations, leading to scattering or diffuse reflections. Wind, surface tension, and surface
waves can influence the wave behavior, potentially causing slight deviations from idealized
predictions.

Incidence Angle

While normal incidence yields straightforward reflection and transmission coefficients, oblique
incidence introduces additional factors:

- Mode conversion (e.g., from pressure wave to shear wave)

- Reflection and transmission coefficients dependent on incident angle (Fresnel-like equations)
- Critical angles where total internal reflection occurs

Frequency and Wavelength Effects
At the given wavelength, the wave interacts with water surface features at a scale comparable to the
wavelength, influencing scattering and interference phenomena.

Experimental and Measurement Techniques

To validate theoretical predictions, experimental setups often include:
- Microphone arrays in air to capture incident and reflected waves
- Hydrophones submerged at varying depths to measure transmitted and reflected acoustic energy



in water
- Laser Doppler vibrometry to analyze surface vibrations
- High-speed imaging to observe surface dynamics

Accurate measurements require careful calibration, controlled environmental conditions, and
consideration of factors like ambient noise and surface contamination.

Applications and Broader Context

Understanding the behavior of plane sound waves incident on water surfaces has diverse
applications:

- Underwater acoustics: Designing sonar systems and underwater communication channels
- Environmental monitoring: Tracking sound propagation in marine environments

- Acoustic remote sensing: Inferring surface conditions from sound reflections

- Engineering design: Developing acoustic insulators or reflectors

Furthermore, the insights gained from such studies contribute to the broader field of wave physics,
providing analogs for electromagnetic wave interactions and informing material science research.

Limitations and Future Directions

While the theoretical analysis provides foundational understanding, real-world complexities such as:
- Surface roughness

- Temperature gradients

- Water surface waves

- Nonlinear effects at high amplitudes

pose challenges for precise modeling. Future research could focus on:
- Numerical simulations incorporating complex boundary conditions

- Experimental validation under varied environmental conditions

- Studying the effects of non-normal incidence angles

- Exploring frequency-dependent behaviors for different media

Advancements in computational modeling and measurement technologies will continue to enhance
our understanding of acoustic wave interactions at fluid interfaces.

Conclusion

The investigation into Q|C A Plane Sound Wave In Air At 20°C, With Wavelength 589mm, Is Incident
On A Smooth Surface Of Water reveals that, under idealized conditions, nearly total reflection
occurs due to the significant impedance mismatch. The phase inversion of the reflected wave and
minimal transmission into water are key characteristics of this interaction. These findings are crucial
for applications in underwater acoustics, environmental monitoring, and wave physics, providing a
foundation for further exploration into complex interface phenomena. Future studies integrating
experimental data and advanced modeling will deepen our understanding and open new avenues for



technological innovation.
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