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acoustic and vibration engineering, supporting analyses of wave
propagation, sound transmission, vibration control, and structural
dynamics. Despite its importance, global research on this topic has not been
systematically mapped through bibliometric analysis, leaving limited
insight into its knowledge structure, emerging themes, and collaboration
patterns. This study presents a comprehensive bibliometric review of
research on the application of the wave equation in acoustic and vibration
engineering. Data were extracted from the Scopus database using the
keywords “wave,” “acoustic,” and ‘“equation,” resulting in 883
publications. The Scopus Analyzer was used to examine publication trends,
leading countries, institutions, and journals, while OpenRefine ensured
data accuracy. VOSviewer further visualized co-authorship networks,
keyword co-occurrence, and thematic clusters. Findings reveal a steady
increase in publications over the past decade, largely driven by
technologically advanced countries with strong international
collaborations. Major research themes include computational modeling of
wave propagation, acoustic material design, vibration mitigation, and
digital simulation integration. Overall, this study provides a quantitative
and visual overview of global research activity, offering valuable insights
for researchers, practitioners, and policymakers to identify gaps, strengthen
collaborations, and guide future research directions.
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Introduction

The wave equation is a fundamental type of partial differential equation, which plays a vital
role in the study and application of acoustics and vibration engineering. Originating from
d’Alembert’s solution to the vibrating string problem, the wave equation has since been
discovered to have extensive applications in various engineering domains, including structural
engineering, geophysics and medical imaging (Armstead & Karls, 2006), (Bartolo, 2021),
(Oliveira, 2021). This equation describes how waves propagate through different media,
making it indispensable for modeling sound propagation, vibration analysis and other wave-
related phenomena (Gao, 2017; Godin, 2011; G. Liu et al., 2016). Moreover, the versatility and
robustness of the wave equation make it a powerful tool for engineers and researchers aiming
to solve complex problems in acoustics and vibrations.

The wave equation’s application in acoustic engineering is well-documented, particularly in
the modeling of sound propagation and scattering. For example, the acoustic wave equation is
crucial for analyzing sound propagation in heterogeneous media. It enables the simulation of
wave behavior and the study of scattering effects in such environments (Godin, 2011; Schaeken
et al., 2022). This capability is crucial for applications such as medical ultrasound and
geophysical subsurface imaging, where accurate wave propagation models are necessary for
effective imaging and analysis (Bartolo, 2021; Schaeken et al., 2022). Furthermore, the wave
equation is used in the development of numerical methods like the Correction Procedure via
Reconstruction (CPR), which enhances the accuracy and efficiency of solving acoustic
problems (G. Liu et al., 2016).

In vibration engineering, the wave equation is equally significant. It is used to model the
vibrations of structures such as beams, strings and plates, providing insights into their dynamic
behavior under various conditions (Honegger et al., 2024; Oliveira, 2021). For example, the
Euler-Bernoulli beam theory, which is based on the wave equation, is widely used to analyze
bending vibrations in beams (Honegger et al., 2024). Note that the wave equation is applied in
the study of friction-induced vibrations and acoustic emissions, which are critical for
understanding and mitigating noise and wear in mechanical systems (Olejnik & Desta, 2025).
These applications highlighted the wave equation’s role in diagnosing and optimizing the
performance of vibrating structures.

Other than that, the integration of the wave equation with advanced computational techniques
has further expanded its applications. Methods such as the Finite Difference Time Domain
(FDTD) and the staggered-grid approach have been developed to solve the wave equation
numerically, allowing for the simulation of complex wave phenomena in various engineering
contexts (Chappell et al., 2014; Schaeken et al., 2022). These techniques enable the detailed
analysis of wave interactions with different materials and structures, facilitating the design and
optimization of engineering systems. For example, the use of wave equations in the analysis of
subsonic flows and their interaction with vibrating structures has led to improved noise
reduction strategies in aeronautical engineering (Hussain et al., 2024).
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Furthermore, recent advancements in metamaterials have also leveraged the wave equation to
achieve superior control over acoustic and elastic waves. Metamaterials, with their unique
structural characteristics, can manipulate wave propagation in ways that traditional materials
cannot (Ma, 2025). This has led to significant breakthroughs in sound absorption, noise
reduction and vibration isolation with applications spanning from aerospace to consumer
electronics (Ma, 2025). The wave equation provides the theoretical foundation for designing
these metamaterials, enabling engineers to predict and tailor their wave-manipulating
properties effectively.

Mathematical Modeling

Partial Differential Equations
Stability and Accuracy

o . ) Numerical Methods Finite Difference Method
Wave Equation.in"Engineering . .

Finite Element Method

Experimental Verification

o

Applications Vibration Engineering

Acoustic Engineering

Powered by Scopus Al, Fri Oct 03 2025
Figure 1: Concept Map of Application of the Wave Equation in Acoustic and Vibration
Engineering

Source: (Scopus Al, Fri Oct 03 2025)

Figure 1 presents the concept map illustrating the application of the wave equation in acoustic
and vibration engineering. It outlines the fundamental pathways through which the wave
equation is applied within these engineering fields. It begins with Mathematical Modeling,
which includes nonlinear dynamics and partial differential equations as core theoretical tools.
From there, numerical methods such as the finite difference method and the finite element
method are applied to solve the wave equation, ensuring stability and accuracy in simulations.
These methods are often validated through experimental verification. Finally, the results and
models are applied to real-world scenarios, especially in vibration and acoustic engineering. In
these fields, understanding wave behavior is essential for effective system design and analysis.
This integrated approach highlights how mathematical theory, computational tools and
practical engineering converge to leverage the wave equation in solving complex dynamic
problems in acoustics and vibrations.

In summary, the wave equation remains a cornerstone of acoustic and vibration engineering,
underpinning a wide range of applications from structural analysis to advanced material design.
Moreover, its ability to model wave propagation with high accuracy has made it a powerful
analytical tool in engineering. When integrated with modern computational methods, it
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continues to drive innovation and remains indispensable to both researchers and practitioners.
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Research Question

RQ1: What are the research trends in this field based on the annual distribution of publications?
RQ2: Which are the top 10 most cited articles in this area of study?

RQ3: Which countries are the top 10 contributors based on the number of publications?
RQ4: What are the most frequently used keywords associated with this research field?

RQS5: What are the patterns of international collaboration based on co-authorship among
countries?

Methodology

Bibliometrics is a powerful methodology that entails the systematic collection, organization,
and analysis of bibliographic data from scientific publications (Alves et al., 2021; Assyakur &
Rosa, 2022; Verbeek et al., 2002). Beyond fundamental metrics such as key journals,
publication years and prominent authors, it employs advanced techniques like document co-
citation analysis to uncover deeper patterns and intellectual structures within a research domain
(Wu & Wu, 2017). Conducting a rigorous literature review requires a carefully structured,
iterative approach involving the strategic selection of keywords, comprehensive literature
searches and in-depth analytical evaluation. This process ensures the construction of a well-
rounded bibliography and the generation of reliable, meaningful insights (Fahimnia et al.,
2015). In this context, the present study focused on high-impact publications. Hence, these
works are valuable as they highlight the core theoretical frameworks that define and shape the
field. In order to ensure data accuracy and coverage, Scopus was used as the primary data
source (Al-Khoury et al., 2022; di Stefano et al., 2010; Khiste & Paithankar, 2017). To maintain
scholarly rigor, only peer-reviewed journal articles were included, deliberately excluding
books and lecture notes to ensure consistency and quality (Gu et al., 2019). Note that the final
dataset comprised publications indexed in Elsevier’s Scopus from 1951 through September
2025, offering a current and relevant foundation for bibliometric analysis.

Data Search Strategy

To ensure the relevance and quality of the literature analyzed, a structured search strategy was
employed using the Scopus database, renowned for its comprehensive coverage of peer-
reviewed research. The search was conducted on Oct 03 2025, using the advanced search query
shown in Table 1: TITLE (“wave” AND “equation” AND “acoustic’) AND (LIMIT-TO
(LANGUAGE, “English™)). This query was designed to retrieve documents with high topical
relevance by requiring all three keywords: wave, equation, and acoustic to appear in the title
field. A systematic screening process was followed, based on predefined inclusion and
exclusion criteria summarized in Table 2. Note that only English-language publications were
included to maintain linguistic consistency and avoid translation limitations. In terms of
literature type, the study focused exclusively on journal articles, which typically undergo peer
review and offer a complete presentation of research findings. Consequently, conference
proceedings, book chapters and reviews were excluded to ensure data uniformity and quality.
Only final-stage publications were selected, deliberately omitting any articles still listed as “in
press.” As a result of this rigorous search and screening process, a total of 883 journal articles
were retrieved. This carefully curated dataset served as a strong foundation for the subsequent
bibliometric analysis, ensuring that the findings were derived from high-quality, relevant and
thematically coherent research outputs.
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Table 1: The Search String

TITLE (“wave” AND “equation” AND “acoustic’) AND (
LIMIT-TO ( LANGUAGE , “English”) )

Scopus
Access date October 2025
Table 2: The Selection Criterion Is Searching

Criterion Inclusion Exclusion

Language English Non-English

Literature tpe Journal (Article) Conference, Book,

Review

Data Analysis

VOSviewer was developed by Nees Jan van Eck and Ludo Waltman at Leiden University,
Netherlands (van Eck & Waltman, 2010, 2017). It is a widely adopted bibliometric tool
renowned for its user-friendly interface and advanced capabilities in visualizing and analyzing
scientific literature. The software excels in generating intuitive network visualizations,
clustering related items and constructing density maps that offer deep insights into the structure
of scholarly domains. Its versatility allows researchers to explore co-authorship, co-citation
and keyword co-occurrence networks. Through this, they can gain a deeper and more nuanced
understanding of complex research landscapes. The platform’s interactive design and regular
updates ensure seamless navigation and dynamic analysis of extensive bibliographic datasets.
VOSviewer offers robust functionality that includes metric computation and customizable
visualization. These features make it an essential tool for scholars seeking to uncover patterns
within extensive scientific datasets.

A key strength of VOSviewer lies in its ability to convert complex bibliometric data into
visually accessible maps and graphs. By emphasizing network-based analysis, it effectively
identifies keyword co-occurrence clusters and thematic connections. This approach allows both
novice and expert users to interactively explore and understand scholarly trends. Moreover, its
continuous development further enhances its relevance in bibliometric research by ensuring
compatibility with diverse data formats and sources. By focusing on network-based analysis,
the tool can identify groups of keywords that frequently appear together. It also reveals
important thematic connections across different studies. This approach helps users see how
ideas are related within a field. Both new and experienced researchers can use it to explore
scholarly trends interactively and insightfully. These data were analyzed using VOSviewer
version 1.6.20, which applied its proprietary clustering and mapping algorithms.

Unlike traditional Multidimensional Scaling (MDS) techniques, VOSviewer emphasizes
mapping items in low-dimensional space such that the proximity between any two elements
accurately reflects their degree of relatedness (van Eck & Waltman, 2010). While sharing
conceptual similarities with MDS (Appio et al., 2014), VOSviewer diverges by employing a
more robust normalization technique tailored for co-occurrence data. Specifically, it utilizes
Association Strength (ASj), calculated as:
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where C;; denotes the number of co-occurrences between items i and j and w;w; represent their
total occurrences. This formulation is “proportional to the ratio between on the one hand the
observed number of co-occurrences of i and j and on the other hand the expected number of
co-occurrences of i and j under the assumption that co-occurrences of i and ; are statistically
independent” (Van Eck & Waltman, 2007). By implementing this metric, VOSviewer offers a
more accurate and meaningful representation of relational strength among bibliometric entities,
solidifying its role as a critical tool in scholarly network analysis.

Findings

RQ1: What Are The Research Trends In This Field Based On The Annual Distribution Of
Publications?

Documents by year Scopus

70
80
50
40

30

Documents

20

1951 1958 1965 1972 1979 1986 1993 2000 2007 2014 2021 2028

Year
Copyright © 2025 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Figure 2: Number of Documents Based on Year of Publication
Source: (Scopus, Fri Oct 03 2025)

The bibliometric analysis of scholarly publications from 1951 to 2025 on the application of the
wave equation in acoustic and vibration engineering reveals a distinct upward trend in research
activity, especially in the past two decades. In the earlier years, the field produced only a small
number of publications, averaging fewer than five per year between 1951 and the mid-1990s.
During the early 2000s, a period of moderate growth began to emerge. After 2010, the number
of publications increased steadily and showed a clear upward trend. Notably, publication
volumes began to exceed 40 papers per year starting in 2017 and peaking at 62 articles in 2024.
This trend is clearly visualized in Figure 2, which illustrates the annual distribution of
publications over time. The steady growth is closely linked to technological advancements and

454



International Journal of
Innovation and Industrial Revolution

EISSN: 2637-0972

Volume 7 Issue 23 (December 2025) PP. 449-463
DOI 10.35631/1JIREV.723029

the increasing global focus on precision engineering, noise control and smart materials. In these
areas, wave-based modeling plays a crucial and influential role. The increase also reflects the
broader accessibility of computational tools and simulation software that facilitate more
sophisticated wave equation analyses in real-world acoustic and vibration systems.
Additionally, growing interdisciplinary interest from fields such as mechanical engineering,
materials science and applied physics has helped drive the expansion of this field.

IJIREV

Beginning in 2020, there was a noticeable increase in the number of publications. This rise may
be partly linked to changes in research priorities after the pandemic. During that period,
laboratory access was limited, and many researchers turned to virtual simulations and
computational modeling. Note that these approaches became more common as alternatives to
traditional experimental work. Researchers increasingly turned to theoretical and numerical
investigations like wave propagation modeling to continue their work remotely. In recent years,
research activity in this field has continued to grow. One reason is the increasing global interest
in developing sustainable and quiet infrastructure. There is also a growing focus on precision
acoustics for medical devices. In addition, new advancements in vibration control for
autonomous and aerospace systems have further stimulated research in this area. As illustrated
in Figure 2, the dominance of recent years in publication volume justifies the growing
recognition of the wave equation as a critical mathematical tool across engineering domains.
The upward trend in research demonstrates that the field has reached a higher level of maturity,
indicating that development in this area is still ongoing. Therefore, future studies are expected
to explore nonlinear wave behavior in greater depth. Researchers are also likely to focus on
hybrid modeling techniques and the use of wave-based methods in smart and adaptive
structures.

RQ2: Which are The Top 10 Most Cited Articles in This Area of Study?

Table 1: Most Cited Author

No Authors Title Year Source title Cll)t;d
1. Alkhalifah An acoustic wave equation for 2000  Geophysics 696
(2000) anisotropic media
2. Pratt & Inverse theory applied to multi- 1990  Geophysical 545
Worthington  source cross-hole tomography. Prospecting
(1990) Part 1: acoustic wave-equation
method
3. Schamel A modified Korteweg-de Vries 1973 Journal of 513
(1973) equation for ion acoustic waves Plasma Physics
due to resonant electrons
4.  Seadawy Stability analysis for Zakharov- 2014  Computers and 370
(2014) Kuznetsov equation of weakly Mathematics
nonlinear ion-acoustic waves in with
a plasma Applications
5. Duveneck et  Acoustic VTI wave equations 2008  SEG Technical 272
al. (2008) and their application for Program
anisotropic reverse-time Expanded
migration Abstracts
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6. Y.Liu& Sen A new time-space domain 2009  Journal of 258
(2009) high-order finite-difference Computational
method for the acoustic wave Physics
equation
7.  Krishnasamy  Hypersingular boundary 1990  Journal of 250
et al. (1990) integral equations: Some Applied
applications in acoustic and Mechanics
elastic wave scattering
8. Sugimoto Burgers’ equation with a 1991  Journal of Fluid 218
(1991) fractional derivative; hereditary Mechanics
effects on nonlinear acoustic
waves
9. DeBasabe & Grid dispersion and stability 2007  Geophysics 209
Sen (2007) criteria of some common finite-

element methods for acoustic
and elastic wave equations
10. Brown (1980) Connection between formation 1980  Geophysics 197

factor for electrical resistivity
and fluid-solid coupling factor
in Biot’s equations for acoustic
waves in fluid-filled porous
media.

Source: (Scopus, Fri Oct 03 2025)

The ten most cited articles show a strong emphasis on acoustic wave theory. Many of these
works are closely related to studies in geophysics and plasma physics. Their influence
demonstrates the fundamental role these areas play in advancing theoretical understanding. The
findings have also contributed significantly to practical applications such as seismic imaging,
tomography and wave propagation modeling. The most cited study in the dataset is by
Alkhalifah (2000), which has received 696 citations, introducing an acoustic wave equation
designed for anisotropic media. The study represents a major advancement in accurately
modeling geological formations as they exist in the real world. Similarly, the studies by Pratt
and Worthington (1990) and Schamel (1973) have maintained a strong influence over time.
Their research introduced mathematically rigorous models that remain highly relevant today.
Even decades after their publication, these models continue to form the foundation for much
of the modern research in the field. The high citation counts of older papers (1970s - 1990s)
suggest they introduced fundamental methods still widely referenced.

More recent studies, such as those by Seadawy (2014) and Liu and Sen (2009), are also among
the most frequently cited works. Their inclusion shows that research in this area continues to
evolve. These newer studies focus on improving and refining wave equation models. The goal
is to make the models more suitable for analyzing complex media and for integration with
advanced computational methods. This trend reflects the growing demand for higher accuracy
in simulations, driven by advancements in computing power and increasing applications in
energy exploration and plasma studies. Note that articles published in reputable journals such
as Geophysics, Journal of Computational Physics and Journal of Fluid Mechanics tend to
receive greater attention from researchers. Their high visibility and credibility contribute
significantly to their frequent citation. Overall, the results highlight the enduring relevance of
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foundational mathematical physics in acoustics and the continuing innovation in numerical
methods that build upon this base.
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RQ3: Which Countries Are the Top 10 Contributors Based on The Number of Publications?
Figure 3 depicts that China leads in the number of published documents with 211, followed by
the United States (US) with 189. These two countries show a much higher level of research
productivity compared to others. This reflects their strong investment in research and
development, well-established academic institutions and substantial funding for scientific
advancement. India, Saudi Arabia and South Korea come next in the ranking. However, their
publication numbers are noticeably lower, placing them in a secondary tier of emerging
research contributors. The remaining countries in the list are Brazil, Russia, Egypt, France and
the United Kingdom. These nations show a moderate level of research activity in this field.
The number of publications from each country ranges between 29 and 41. This indicates that
while they are active contributors, their output is not as high as that of the leading countries.

China and the US clearly dominate in terms of research output, suggesting that this dominance
is linked to several important factors. Both countries have strong economies that enable large-
scale investment in research and innovation. They also maintain extensive global research
collaborations that enhance visibility and impact. In addition, consistent support from
government agencies and the private sector has further strengthened their position in science
and technology. China’s emphasis on becoming a global leader in innovation has led to
aggressive expansion in research output, while the US benefits from a long-standing tradition
of high-impact research institutions. At the same time, countries such as India and Saudi Arabia
have focused their investments on education and research. Their emphasis on advancing
technology and energy-related fields helps explain their growing presence in the research
landscape. In contrast, the relatively lower output from traditionally strong academic countries
such as the UK and France may be influenced by several factors. These include limitations in
the dataset’s scope, recent changes in research funding priorities and a more specialized focus
within the publications that were included.

RUSSIA

CANADA

Number by Publication

W2
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BraziL

AUSTRALIA

S

AP

Created with mapchart.net

Figure 3: Country Mapping Based on The Number of Published Documents
Source: (Scopus, Fri Oct 03 2025)
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Figure 4: Network Visualization Map of Keywords’ Co-Occurrence
Source: (Scopus, Fri Oct 03 2025)

Co-occurrence analysis of author keywords using VOSviewer identifies patterns and
relationships among key research terms based on how often they appear together in scientific
publications. By applying full counting and setting a minimum threshold of 5 keyword
occurrences, the analysis narrowed down 2,431 keywords to 348, which were grouped into six
distinct clusters. These clusters encompass key research themes that define the field. They
include acoustic wave theory, numerical and computational techniques, seismology and
geophysics, and nonlinear wave phenomena in plasma physics. Other major themes involve
advanced mathematical modeling and the study of complex wave behavior under real-world
conditions, particularly in anisotropic and heterogeneous media.

The findings highlight a well-structured and mature research landscape that integrates physics,
mathematics, geoscience and engineering. The strong presence of numerical methods and
theoretical modeling shows the field’s emphasis on precision and computational efficiency,
while applications range from seismic imaging to plasma wave dynamics. This analysis
contributes to the body of knowledge by mapping the thematic structure of the field, revealing
interdisciplinary links and identifying areas of research concentration and emerging trends.
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RQ5: What Are the Patterns of International Collaboration Based on Co-Authorship Among
Countries?
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Figure 5: Network Visualization Map of Co-Authorship by Countries’ Collaboration
Source: (VOSviewer, Fri Oct 03 2025)

Co-authorship analysis by countries using VOSviewer is a bibliometric method that maps and
visualizes the collaborative relationships between countries based on shared authorship of
scientific publications. Each country is represented as a node, and links are established when
authors from different countries co-author a paper. The strength of these links reflects the
frequency and intensity of collaboration. Using the full counting method, every co-authorship
between countries is counted equally. With a minimum threshold of 5 publications per country,
the analysis focused on 36 out of 78 countries, grouping them into six clusters based on their
collaboration patterns and network strength.

The results reveal a structured global collaboration landscape in the field, highlighting key
countries that serve as major hubs of international research activity. Countries with strong
scientific infrastructures and high publication output tend to form central nodes, facilitating
cross-border knowledge exchange. On the other hand, the six clusters reflect regional or
strategic alliances such as shared research priorities or historical academic ties. These findings
add valuable insights to the existing body of knowledge. They help identify which countries
play the most influential roles in the field and reveal important collaboration networks among
researchers. The results can be used to guide future strategies for international cooperation and
research capacity building. They also provide useful input for policymakers aiming to
strengthen global research impact.

Conclusion

The purpose of this study was to map the global research landscape on the application of the
wave equation in acoustic and vibration engineering through bibliometric analysis. The
analysis sought to examine research trends, identify the most influential articles, determine the
leading contributing countries and institutions, explore keyword patterns, and assess
international collaboration networks.
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Consequently, the findings revealed a steady increase in scholarly output since the mid-20th
century, with significant growth in the last two decades. China and the US emerged as the most
productive countries, supported by strong institutional capacities and collaborative networks.
Highly cited works continue to focus on acoustic wave modeling, geophysics and numerical
methods, demonstrating the enduring relevance of foundational theories alongside recent
advances. Keyword co-occurrence analysis highlighted six thematic clusters, including
acoustic wave theory, computational methods, nonlinear wave behavior, and interdisciplinary
applications, reflecting both established and emerging areas of inquiry. Furthermore,
international collaboration patterns showed that research in this field benefits from cross-border
partnerships with certain countries serving as central hubs in global cooperation.

This study contributes to the field by providing a comprehensive overview of the intellectual
and collaborative structures that define research on the wave equation in acoustics and
vibrations. The results underscore the importance of bibliometric mapping as a tool for
identifying knowledge gaps, recognizing influential themes and informing future directions.
The implications of this study are relevant to academic researchers, industry professionals and
policymakers alike. The insights gained can help advance simulation techniques, improve noise
and vibration control strategies, and support the development of new and innovative materials.

The present research has several limitations that should be acknowledged. It relies on only one
database, which may limit the coverage of relevant studies. The analysis also focuses only on
journal articles written in English. Conference papers and other types of literature were not
included. For future research, the scope can be widened by using more than one database and
including studies written in other languages. Other than that, researchers could conduct long-
term analyses to observe how research themes change and develop over time.

In summary, bibliometric analysis demonstrates the central role of the wave equation in
advancing acoustic and vibration engineering and provides a structured foundation for future
scientific development. By clarifying patterns, highlighting collaborations, and mapping
research evolution, this study reinforces the significance of bibliometrics in guiding progress
in this important area of engineering.

Acknowledgements

The authors would like to express their sincere appreciation to Politeknik Banting Selangor for
its continuous support and encouragement throughout the completion of this paper. Special
thanks are also extended to Ts. Dr. Wan Azani for his kind guidance and valuable assistance
during the writing of this article. The authors are deeply grateful to their families for their
unwavering love, patience and constant support throughout this journey.

References

Al-Khoury, A., Hussein, S. A., Abdulwhab, M., Aljuboori, Z. M., Haddad, H., Ali, M. A., Abed,
I. A., & Flayyih, H. H. (2022). Intellectual Capital History and Trends: A Bibliometric
Analysis Using Scopus Database. Sustainability — (Switzerland),  14(18).
https://doi.org/10.3390/sul41811615

Alkhalifah, T. (2000). An acoustic wave equation for anisotropic media. Geophysics, 65(4),
1239-1250. https://doi.org/10.1190/1.1444815

460



International Journal of
Innovation and Industrial Revolution IJIREV

EISSN: 2637-0972

Volume 7 Issue 23 (December 2025) PP. 449-463
DOI 10.35631/1JIREV.723029

Alves, J. L., Borges, 1. B., & De Nadae, J. (2021). Sustainability in complex projects of civil
construction: Bibliometric and bibliographic review. Gestao e Producao, 28(4).
https://doi.org/10.1590/1806-9649-2020v28e5389

Appio, F. P., Cesaroni, F., & Di Minin, A. (2014). Visualizing the structure and bridges of the
intellectual property management and strategy literature: a document co-citation
analysis. Scientometrics, 101(1), 623—661. https://doi.org/10.1007/s11192-014-1329-0

Armstead, D. C., & Karls, M. A. (2006). Does the wave equation really work? PRIMUS, 16(2),
162—177. https://doi.org/10.1080/10511970608984 144

Assyakur, D. S., & Rosa, E. M. (2022). Spiritual Leadership in Healthcare: A Bibliometric
Analysis. Jurnal Aisyah : Jurnal 1lmu Kesehatan, 7(2).
https://doi.org/10.30604/jika.v7i2.914

Bartolo, L. D. (2021). Wave propagation applied to geologic imaging: acoustics. Revista
Brasileira de Ensino de Fisica, 43, 1-19. https://doi.org/10.1590/1806-9126-RBEF-
2021-0204

Brown, R. J. S. (1980). Connection between formation factor for electrical resistivity and fluid-
solid coupling factor in Biot’s equations for acoustic waves in fluid-filled porous media.
Geophysics, 45(8), 1269—1275. https://doi.org/10.1190/1.1441123

Chappell, D. J., Lochel, D., Sendergaard, N., & Tanner, G. (2014). Dynamical energy analysis
on mesh grids: A new tool for describing the vibro-acoustic response of complex
mechanical structures. Wave Motion, 51(4), 589-597.
https://doi.org/10.1016/j.wavemoti.2014.01.004

De Basabe, J. D., & Sen, M. K. (2007). Grid dispersion and stability criteria of some common
finite-element methods for acoustic and elastic wave equations. Geophysics, 72(6),
T81-T95. https://doi.org/10.1190/1.2785046

di Stefano, G., Peteraf, M., & Veronay, G. (2010). Dynamic capabilities deconstructed: A
bibliographic investigation into the origins, development, and future directions of the
research domain. [Industrial and Corporate Change, 19(4), 1187-1204.
https://doi.org/10.1093/icc/dtq027

Duveneck, E., Milcik, P., Bakker, P. M., & Perkins, C. (2008). Acoustic VTI wave equations
and their application for anisotropic reverse-time migration. SEG Technical Program
Expanded Abstracts, 27(1), 2186-2190. https://doi.org/10.1190/1.3059320

Fahimnia, B., Sarkis, J., & Davarzani, H. (2015). Green supply chain management: A review
and bibliometric analysis. In International Journal of Production Economics (Vol. 162,
pp. 101-114). https://doi.org/10.1016/5.1jpe.2015.01.003

Gao, R. (2017). Uncertain wave equation with infinite half-boundary. Applied Mathematics
and Computation, 304, 28—-40. https://doi.org/10.1016/j.amc.2016.12.003

Godin, O. A. (2011). An exact wave equation for sound in inhomogeneous, moving, and non-
stationary  fluids. OCEANS’1] - MTS/IEEE  Kona, Program  Book.
https://doi.org/10.23919/oceans.2011.6106920

Gu, D, Li, T., Wang, X., Yang, X., & Yu, Z. (2019). Visualizing the intellectual structure and
evolution of electronic health and telemedicine research. International Journal of
Medical Informatics, 130. https://doi.org/10.1016/j.ijmedinf.2019.08.007

Honegger, R., Lauxmann, M., & Priwitzer, B. (2024). On wave-like differential equations in
general Hilbert space with application to Euler—Bernoulli bending vibrations of a beam.
Partial Differential Equations in Applied Mathematics, 9.
https://doi.org/10.1016/j.padiff.2024.100617

461



International Journal of
Innovation and Industrial Revolution IJIREV

EISSN: 2637-0972

Volume 7 Issue 23 (December 2025) PP. 449-463
DOI 10.35631/1JIREV.723029

Hussain, S., Nawaz, R., & Bibi, A. (2024). Mathematical analysis of acoustic wave interaction
of vibrating rigid plates with subsonic flows. Mathematical Methods in the Applied
Sciences, 47(18), 14156—14172. https://doi.org/10.1002/mma.10262

Khiste, G. P.,, & Paithankar, R. R. (2017). Analysis of Bibliometric term in Scopus.
International Research Journal, 01(32), 78-83.

Krishnasamy, G., Schmerr, L. W., Rudolphi, T. J., & Rizzo, F. J. (1990). Hypersingular
boundary integral equations: Some applications in acoustic and elastic wave scattering.
Journal of Applied Mechanics, 57(2), 404—414. https://doi.org/10.1115/1.2892004

Liu, G., Lu, Q., Ming, P., & Zhang, W. (2016). On the method of correction procedure via
reconstruction for numerically solving wave equation. ICSV 2016 - 23rd International
Congress on Sound and Vibration: From Ancient to Modern Acoustics.
https://www.scopus.com/inward/record.uri?eid=2-s2.0-

84987923842 &partner|D=40&md5=al fffc96c95d4dce677ed7¢2006013bf

Liu, Y., & Sen, M. K. (2009). A new time-space domain high-order finite-difference method
for the acoustic wave equation. Journal of Computational Physics, 228(23), 8779—
8806. https://doi.org/10.1016/j.jcp.2009.08.027

Ma, F. (2025). Acoustic and mechanical metamaterials for various applications — a brief review.
Frontiers in Materials, 12. https://doi.org/10.3389/fmats.2025.1626945

Olejnik, P., & Desta, Y. D. (2025). Friction-induced interactions: acoustic emissions, vibrations,
and wear — a multiscale review. Nonlinear Dynamics, 113(18), 24101-24140.
https://doi.org/10.1007/s11071-025-11397-5

Oliveira, A. R. E. (2021). D’Alembert and the Wave Equation. Mechanisms and Machine
Science, 91, 29-36. https://doi.org/10.1007/978-3-030-55807-9 4

Pratt, R. G., & Worthington, M. H. (1990). INVERSE THEORY APPLIED TO MULTI-
SOURCE CROSS-HOLE TOMOGRAPHY. PART 1: ACOUSTIC WAVE-EQUATION
METHOD. Geophysical Prospecting, 38(3), 287-310. https://doi.org/10.1111/5.1365-
2478.1990.tb01846.x

Schaeken, T., Hoogerbrugge, L., & Verschuur, E. (2022). A non-reflecting wave equation
through directional wave-field suppression and its finite difference implementation.
Scientific Reports, 12(1). https://doi.org/10.1038/s41598-021-04064-3

Schamel, H. (1973). A modified Korteweg-de Vries equation for ion acoustic waves due to
resonant  electrons.  Journal  of  Plasma  Physics, 9(3), 377-387.
https://doi.org/10.1017/S002237780000756 X

Seadawy, A. R. (2014). Stability analysis for Zakharov-Kuznetsov equation of weakly
nonlinear ion-acoustic waves in a plasma. Computers and Mathematics with
Applications, 67(1), 172—180. https://doi.org/10.1016/j.camwa.2013.11.001

Sugimoto, N. (1991). Burgers equation with a fractional derivative; hereditary effects on
nonlinear acoustic waves. Journal of Fluid Mechanics, 225, 631-653.
https://doi.org/10.1017/S0022112091002203

van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics, 84(2), 523-538. https://doi.org/10.1007/s11192-
009-0146-3

van Eck, N. J., & Waltman, L. (2017). Citation-based clustering of publications using
CitNetExplorer and  VOSviewer.  Scientometrics, 111(2), 1053-1070.
https://doi.org/10.1007/s11192-017-2300-7

Van Eck, N. J., & Waltman, L. (2007). Bibliometric mapping of the computational intelligence
field. International Journal of Uncertainty, Fuzziness and Knowldege-Based Systems,
15(5), 625-645. https://doi.org/10.1142/S0218488507004911

462



International Journal of
Innovation and Industrial Revolution IJIREV

EISSN: 2637-0972

Volume 7 Issue 23 (December 2025) PP. 449-463
DOI 10.35631/IJIREV.723029
Verbeek, A., Debackere, K., Luwel, M., & Zimmermann, E. (2002). Measuring progress and

evolution in science and technology - I: The multiple uses of bibliometric indicators.

International  Journal of  Management Reviews, 4(2), 179-211.
https://doi.org/10.1111/1468-2370.00083

Wu, Y. C.J., & Wu, T. (2017). A decade of entrepreneurship education in the Asia Pacific for

future directions in theory and practice. In Management Decision (Vol. 55, Issue 7, pp.
1333-1350). https://doi.org/10.1108/MD-05-2017-0518

463



