
Advance Physics Letter 

© 2022 The Authors. Published by MRI INDIA.   
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). 

 
 

A Review of Acoustics and Wave Phenomena 
 

Quillon Navaratnam 
Senior Lecturer, Department of Applied Physics, Aurora Metropolitan Institute of Technology, Philippines 
Email: quillon.navaratnam@amit-ph.edu 
 

Peer Review Information  
 

Submission: 18  Jan 2022 

Revision: 10 Feb 2022 

Acceptance: 22 Feb 2022 
 
Keywords  
 
Acoustics, wave propagation, 
sound waves, interference, 
diffraction, dispersion, 
ultrasonic applications, wave 
physics 

 

Abstract 

Acoustics and wave phenomena form a fundamental branch of physics 
concerned with the generation, propagation, interaction, and detection 
of waves in various media. Acoustic waves, mechanical in nature, play a 
crucial role in communication, medical diagnostics, environmental 
monitoring, and material characterization. More broadly, wave 
phenomena encompass mechanical, electromagnetic, and quantum 
waves, governed by universal physical principles such as superposition, 
interference, diffraction, and dispersion. This review provides a 
comprehensive examination of acoustics and wave phenomena, 
emphasizing theoretical foundations, propagation mechanisms, and 
technological applications. A comparative analysis of different wave 
types highlights their governing physics, characteristics, and practical 
significance. Current challenges and emerging research directions are 
discussed, underscoring the enduring importance of wave physics in 
science and engineering. 
 

 
Introduction 
Wave phenomena are among the most pervasive 
and unifying concepts in physics, providing a 
common framework for understanding diverse 
physical systems ranging from sound and light to 
quantum particles. Acoustics, the branch of 
physics devoted to the study of sound and 
mechanical waves, represents one of the earliest 
and most practically important applications of 
wave theory. Together, acoustics and wave 
phenomena underpin a wide array of scientific 
disciplines and technological innovations. 
Sound is a mechanical disturbance that 
propagates through a material medium via 
oscillations of particles around their equilibrium 
positions. Unlike electromagnetic waves, sound 
waves require a medium for propagation, making 
their behavior strongly dependent on the 
mechanical properties of the medium, such as 
density, elasticity, and viscosity. The study of 
acoustics therefore bridges physics, engineering, 
and materials science. 

The theoretical foundations of wave phenomena 
lie in classical mechanics and continuum physics. 
The wave equation, derived from Newton’s laws 
and constitutive relations, describes how 
disturbances propagate in space and time. 
Solutions to the wave equation reveal 
fundamental properties such as wave speed, 
wavelength, frequency, and amplitude. These 
quantities determine how waves interact with 
boundaries, obstacles, and other waves. 
Acoustics encompasses a broad range of topics, 
including linear and nonlinear acoustics, 
architectural acoustics, underwater acoustics, 
and biomedical ultrasonics. Linear acoustics 
deals with small-amplitude waves where 
superposition holds, while nonlinear acoustics 
addresses high-intensity waves that exhibit 
harmonic generation, shock formation, and 
energy transfer across frequencies. 
Wave phenomena extend beyond acoustics to 
include electromagnetic waves, surface waves, 
elastic waves in solids, and matter waves in 
quantum mechanics. Despite differences in 
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physical origin, all wave types share common 
characteristics such as reflection, refraction, 
interference, and diffraction. This universality 
allows methods developed in one domain, such 
as optics, to be applied to acoustics and vice 
versa. 
Acoustic wave propagation is influenced by 
boundary conditions and medium 
inhomogeneities. Reflection and transmission at 
interfaces depend on acoustic impedance 
mismatch, while absorption and scattering lead 
to energy dissipation. These processes are 
central to applications such as noise control, 
sonar, and seismic exploration. 
Technological advancements have significantly 
expanded the scope of acoustics. Ultrasonic 
waves are widely used in medical imaging, 
nondestructive testing, and materials processing. 
Acoustic metamaterials and phononic crystals 
enable unprecedented control over sound 
propagation, including negative refraction and 
acoustic cloaking. 
This review aims to synthesize the fundamental 
physics of acoustics and wave phenomena, 
examine key research contributions, and analyze 
their applications across science and 
engineering. By emphasizing physical principles 
and comparative analysis, the review highlights 
the central role of wave physics in modern 
technology. 
 
Literature Review 
1. Rayleigh (1877) laid foundations of 
acoustics. 
2. Pierce (1989) reviewed theoretical 
acoustics. 
3. Morse and Ingard (1968) discussed sound 
propagation. 

4. Kinsler et al. (2000) reviewed fundamentals 
of acoustics. 
5. Lighthill (1978) studied waves in fluids. 
6. Auld (1990) discussed acoustic fields and 
waves. 
7. Rossing (2007) reviewed sound and 
vibration. 
8. Hamilton and Blackstock (1998) discussed 
nonlinear acoustics. 
9. Beranek and Mellow (2012) reviewed noise 
control. 
10. Urick (1983) discussed underwater 
acoustics. 
11. Graff (1991) reviewed wave motion in 
elastic solids. 
12. Achenbach (1973) studied elastic waves. 
13. Brillouin (1960) discussed wave 
propagation. 
14. Born and Wolf (1999) discussed wave 
optics. 
15. Feynman et al. (1964) discussed wave 
behavior. 
16. Sutherland (2010) studied ocean waves. 
17. Hussein et al. (2014) reviewed phononic 
crystals. 
18. Cummer et al. (2016) discussed acoustic 
metamaterials. 
19. Leighton (1994) studied bubble acoustics. 
20. Szabo (2004) discussed biomedical 
ultrasound. 
21. Duck (1990) reviewed medical ultrasound. 
22. Pierce (1991) discussed acoustical 
measurements. 
23. Blackstock (2000) discussed nonlinear 
acoustic propagation. 
24. Rossing et al. (2002) discussed vibration 
physics. 
25. Fahy (2000) reviewed sound and structural 
vibration. 

 
Comparative Table and Analysis 
Table 1: Comparison of Major Wave Types 

Wave Type Medium 
Required 

Governing 
Physics 

Speed 
Determinants 

Applications 

Acoustic Waves Yes Mechanics Elasticity, density Audio, ultrasound 
Elastic Waves Yes Solid mechanics Moduli, density Seismology 
Electromagnetic 
Waves 

No Electromagnetism Permittivity, 
permeability 

Communication 

Surface Waves Yes Interface physics Surface tension Oceanography 
Matter Waves No 

(probability) 
Quantum 
mechanics 

Particle energy Electron 
microscopy 

 
Wave phenomena provide a unifying framework 
across multiple branches of physics, yet each 
wave type exhibits distinct characteristics 
depending on the nature of the restoring forces 
and the medium of propagation. Acoustics, as the 
study of mechanical waves in fluids and solids, 
offers a particularly rich domain for analyzing 

wave behavior due to the strong coupling 
between waves and material properties. 
 
1. Governing Wave Equations and Physical 
Interpretation 
At the core of wave physics lies the classical wave 
equation, derived from Newton’s laws and 
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constitutive relations. For acoustic waves in 
fluids, pressure fluctuations obey a second-order 
partial differential equation where wave speed is 
determined by the medium’s bulk modulus and 
density. This reveals a direct physical connection 
between macroscopic material properties and 
wave propagation. 
In solids, wave behavior becomes more complex 
due to anisotropy and the existence of multiple 
elastic moduli. Longitudinal and transverse 
waves propagate at different speeds, leading to 
mode conversion at boundaries. This complexity 
underpins applications such as ultrasonic 
nondestructive testing and seismic exploration. 
Comparatively, electromagnetic waves are 
governed by Maxwell’s equations and do not 
require a material medium, while matter waves 
arise from quantum mechanical probability 
amplitudes. Despite differing origins, all wave 
equations share mathematical similarities, 
enabling analytical tools such as Fourier analysis 
and dispersion relations to be applied 
universally. 
 
2. Propagation, Dispersion, and Attenuation 
Wave propagation is strongly influenced by 
dispersion and attenuation mechanisms. In 
acoustics, dispersion arises from frequency-
dependent material properties and waveguide 
effects, leading to pulse broadening and phase 
distortion. Attenuation occurs due to viscous 
losses, thermal conduction, and scattering from 
inhomogeneities. 
An analytical comparison shows that low-
frequency acoustic waves can propagate over 
long distances, as in underwater acoustics, while 
high-frequency ultrasonic waves provide high 
spatial resolution but suffer greater attenuation. 
This trade-off between penetration depth and 
resolution is central to applications such as 
medical imaging and sonar. 
Surface and guided waves further illustrate the 
richness of acoustic phenomena. Surface acoustic 
waves (SAWs) are confined near material 
interfaces and are highly sensitive to surface 
perturbations, making them ideal for sensing 
applications. Their behavior contrasts with bulk 
waves, highlighting the importance of boundary 
conditions in wave physics. 
 
3. Interference, Diffraction, and Resonance 
Interference and diffraction are universal wave 
phenomena that play a critical role in acoustics. 
Acoustic interference patterns are exploited in 
noise cancellation and beamforming 
technologies, where constructive and destructive 
interference are used to control sound fields. 
Diffraction becomes significant when wave 
wavelengths are comparable to obstacle 

dimensions, limiting the effectiveness of 
geometric acoustics approximations. This 
explains why low-frequency sounds bend around 
obstacles more effectively than high-frequency 
sounds. 
Resonance phenomena arise when wave 
frequencies match natural frequencies of 
systems, leading to large amplitude oscillations. 
Acoustic resonance is central to musical 
instruments, architectural acoustics, and 
ultrasonic transducers. However, resonance can 
also lead to structural fatigue and failure, 
emphasizing the need for careful acoustic design. 
 
4. Nonlinear and High-Intensity Wave Effects 
While linear wave theory suffices for many 
applications, high-intensity acoustic waves 
exhibit nonlinear behavior. Nonlinear acoustics 
involves waveform distortion, harmonic 
generation, and shock formation due to 
amplitude-dependent wave speed. 
Analytical comparison reveals that nonlinear 
effects are negligible in everyday sound 
propagation but become dominant in medical 
ultrasound therapy, acoustic cavitation, and 
industrial processing. These phenomena enable 
powerful applications but also introduce 
challenges related to control, predictability, and 
safety. 
 
5. Comparative Significance Across 
Applications 
From an application standpoint, acoustic waves 
excel in probing material interiors due to their 
strong interaction with matter, while 
electromagnetic waves dominate long-distance 
communication. Matter waves provide 
unparalleled resolution in microscopy but 
require sophisticated experimental conditions. 
This comparative analysis underscores that wave 
type selection is dictated by the interplay 
between physical principles and practical 
constraints. 
 
Discussion 
The physics of acoustics and wave phenomena 
illustrates the profound unity underlying diverse 
physical systems. Despite differences in physical 
origin—mechanical, electromagnetic, or 
quantum—all waves exhibit shared behaviors 
governed by universal mathematical principles. 
Acoustics serves as a particularly accessible yet 
complex domain for exploring these principles 
due to the strong coupling between waves and 
material properties. 
One of the most important insights from acoustic 
physics is the role of the medium in shaping wave 
behavior. Variations in density, elasticity, and 
boundary conditions introduce phenomena such 
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as reflection, refraction, scattering, and 
absorption. These effects are not merely 
secondary corrections but often dominate real-
world wave behavior, especially in complex 
environments such as urban soundscapes, 
biological tissues, and geological formations. 
Technological progress has significantly 
expanded the scope of acoustic applications. 
Advances in transducer design, signal processing, 
and computational modeling have enabled 
precise control and interpretation of acoustic 
fields. Beamforming and phased-array 
techniques allow directional control of sound, 
while inverse methods enable the reconstruction 
of material properties from measured wave 
fields. 
Nonlinear acoustics has emerged as a 
particularly active area of research. High-
intensity acoustic waves can induce localized 
heating, mechanical stress, and cavitation, 
enabling applications such as lithotripsy, focused 
ultrasound surgery, and materials processing. 
However, these same effects pose risks, 
necessitating rigorous physical modeling and 
safety standards. 
Another rapidly evolving area is acoustic 
metamaterials and phononic crystals. These 
engineered structures manipulate wave 
propagation through periodicity and resonance 
rather than intrinsic material properties. They 
challenge conventional notions of wave control 
by enabling phenomena such as negative 
refraction, band gaps, and acoustic cloaking. 
From a physics perspective, these systems 
highlight the power of structural design in 
shaping wave behavior. 
Despite these advances, significant challenges 
remain. Accurately modeling wave propagation 
in heterogeneous, lossy, and nonlinear media 
remains computationally demanding. 
Experimental validation is often limited by 
measurement resolution and environmental 
variability. Addressing these challenges requires 
continued integration of theory, experiment, and 
computation. 
 
Conclusion 
Acoustics and wave phenomena occupy a central 
position in physics, providing a conceptual and 
mathematical framework that unifies diverse 
physical systems. This review has explored the 
fundamental principles governing wave behavior, 
with particular emphasis on acoustic waves and 
their interactions with matter. 
The expanded analysis demonstrates that wave 
phenomena are inherently multiscale, spanning 
atomic interactions, macroscopic material 
properties, and large-scale environmental 
effects. Acoustic waves exemplify this complexity 

by linking microscopic thermodynamic 
processes to macroscopic sound propagation. 
Understanding these connections is essential for 
both fundamental science and technological 
innovation. 
Advances in acoustic science have led to 
transformative applications in medicine, 
industry, communication, and environmental 
monitoring. From diagnostic ultrasound to noise 
control and sonar, acoustic technologies rely on 
precise manipulation of wave propagation, 
interference, and attenuation. Emerging 
developments in metamaterials and nonlinear 
acoustics promise to further expand these 
capabilities. 
Nevertheless, challenges persist in predicting 
and controlling wave behavior in real-world 
systems. Complex geometries, material 
inhomogeneities, and nonlinear effects limit the 
applicability of simplified models. Addressing 
these challenges will require improved physical 
understanding, high-fidelity simulations, and 
advanced experimental techniques. 
In conclusion, the physics of acoustics and wave 
phenomena remains a vibrant and evolving field. 
Its strength lies in the universality of wave 
principles and their adaptability across 
disciplines. Continued research in this area will 
not only deepen scientific understanding but also 
drive innovation in technologies that shape 
modern society. 
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