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ABSTRACT:

Applied physics has undergone a significant transformation driven by the integration of modern theoretical
frameworks, advanced materials, and computational methodologies. This review presents a comprehensive
analysis of contemporary developments in applied physics, focusing on the interplay between fundamental
theories and their technological implications. Key theoretical domains, including quantum mechanics, statistical
physics, and electromagnetism, are examined in the context of their evolving roles in enabling next-generation
technologies. The study highlights major innovation areas such as quantum technologies, advanced materials,
photonics, and energy systems, emphasizing their contributions to computing, communication, sustainability,
and industrial applications. The growing influence of artificial intelligence and machine learning is also
explored, particularly in accelerating discovery, enhancing modeling accuracy, and enabling intelligent systems.
In addition to technological advancements, the review addresses challenges related to scalability, system
integration, and material stability, alongside ethical considerations associated with emerging technologies. The
analysis underscores the importance of interdisciplinary collaboration in overcoming these limitations and
advancing the field. Overall, this work provides a structured synthesis of modern applied physics, offering
insights into current trends and future research directions. The findings demonstrate that the continued
convergence of theory, experimentation, and computation will play a critical role in shaping innovative and
sustainable technological solutions.

KEYWORDS: Applied physics, quantum technologies, advanced materials, photonics, artificial intelligence,
sustainability

INTRODUCTION

Both basic theoretical development and rapid technological revolution have increasingly impacted the
development of applied physics. Over the past few decades, the area has undergone a transition to a much more
experimentally dominated world into one that is closely related to high-level theoretical frameworks,
computational modeling, and interdisciplinary approaches. This trend is reflective of the growing demands to
address complex scientific and engineering issues, such as quantum-scale phenomena and large-scale energy
systems. AP is no longer a distinct discipline, but its boundaries are permeable with materials science,
information technology, and engineering areas, to provide transformative technology outcomes (Lee, 2022;
Chen, 2024).

The starting point of these developments is the creation of quantum mechanics and its application in real-world
systems. Superposition, entanglement, and tunneling (quantum phenomena) are no longer abstract notions but
are actively applied in quantum computing, quantum sensing, and quantum communication systems (Bashim,
2025; Di Meglio et al., 2024). It is even possible to understand the energy transfer and efficiency at a
microscopic level with the evolution of quantum thermodynamics (Campbell et al., 2026). The above
developments represent the translation of the underlying theories to practical technologies, which have
significant implications for computation and information security.

Parallel to the progress made in quantum materials, physics has experienced some major advancements, most
notably the discovery and manufacturing of new materials. The new materials (such as two-dimensional
materials, topological insulators, and metal-organic frameworks) have offered new paradigms of electronic,
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optical, and magnetic properties (Qi et al., 2023; Li et al., 2024). Spin technologies and spintronics are changing
data storage and processing technologies by bringing new ideas such as altermagnetism (Bai et al., 2024).
Additionally, nanotechnology has enabled the development of extremely effective devices with custom features,
which could be applied in electronics, healthcare, and environmental systems (Rajput & Saroj, 2025).

The other noteworthy development in the field of contemporary applied physics is the combination of
computational techniques, particularly artificial intelligence (AI) and machine learning (ML). They have
revolutionized data analysis, simulation, and predictive modelling, and now researchers can explore complex
physical systems more accurately and efficiently than ever (Suresh et al., 2024). The implementation of Al in
sensor technologies and intelligent systems has also contributed to the creation of intelligent infrastructure, e.g.,
smart cities and automated industrial processes (Alahi et al., 2023; Chataut et al., 2023). This kind of integration
emphasizes the shift to data-driven physics, with theoretical knowledge supported by the use of computational
intelligence.

The increasing diversity of applications of physics in photonics and electromagnetic systems also highlights the
increasing diversity of applied physics. Recent increases in terahertz spectroscopy and ultrafast optics have
made new possibilities in the dynamics of very short timescales (Jang et al., 2024; Leitenstorfer et al., 2023).
Similarly, the introduction of metasurfaces and optical materials is increasing the capacity to gain a higher
degree of control over the interaction of light and matter, leading to improved communication technologies and
sensing processes (Li et al., 2025). This development comes with novel experimental techniques such as optical
tweezers and advanced spectroscopy that provide particular instruments to manipulate and characterize
microscopic systems (Volpe et al., 2023; Mathurin et al., 2022).

Much research has also been done on applied physics owing to energy and sustainability concerns. Energy
harvesting and conversion solutions can be found in new technologies such as triboelectric nanogenerators and
advanced electrocatalysts (Choi et al., 2023; Wu et al., 2022). In the meantime, the creation of cooling systems
of electronic equipment and eco-friendly wastewater treatment demonstrates the significance of applied physics
in the area of environmental concerns (Ohenhen et al., 2024; Shamshad and Rehman, 2025). These trends
illustrate the ways the field has contributed to the realization of energy efficiency and environmental
sustainability through scientifically-based approaches.

Despite these advancements, it has some challenges like scaling, material stability, and integration of complex
systems. There are also more issues of societal and ethical concern related to the pace at which technology is
being developed, particularly in the area of Al and new digital technologies (Stahl and Eke, 2024). To cope with
such issues, one should have an in-depth understanding of theoretical principles and practical constraints, and
collaboration between various fields.

In this sense, the present review is going to be devoted to the systematic study of the existing theoretical
developments in the sphere of applied physics and assess the technological future of these developments. The
synthesis of recent research in key areas will help the study provide a systematic perspective of the existing
theories that will define the next generation of technology and create future research and innovation
possibilities.

Theoretical Foundations which drive Modern Applied Physics

Modern applied physics has been structured around diverse emerging theoretical frameworks that allow
modeling and controlling physical systems of all scales with accuracy. The role of quantum mechanics remains
significant, particularly in those regimes where the classical approximations are not applicable. The abstract
theory has been extended to include the principles of superposition, entanglement, and quantum coherence and
is now applicable as functional principles in the technologies created (Bashim, 2025; Di Meglio et al., 2024).
These advances are coupled with quantum thermodynamics, which extends the classical laws of
thermodynamics to the quantum domain, enabling a more profound understanding of how much energy can be
transferred and how much energy can be consumed at the nanoscale (Campbell et al., 2026).

In high-energy and cosmology, general relativity continues to play a role in the efforts to incorporate
gravitational physics with quantum theories. Reconciliations of these areas have led to further work on
spacetime structure and fundamental interactions, which indirectly apply to the applied physics domains, such as
sensing and precision measurement (Tolasa, 2025a). At the same time, applied mechanics provides a
macroscopic theoretical basis for engineering systems, linking the material behavior with the action of forces,
and enabling the technological design to be scaled (Lee, 2022).

The theory of emergent behavior in large ensembles of interacting components makes use of statistical physics
and complex system theory. Non-equilibrium systems are seen in practice in the real world, and require more
complex theoretical methods to explain dynamic processes such as phase transitions, transport, and self-
organization. These principles have a crucial role in the design of working materials and the maximization of
energy systems.

The invention of photonics and metamaterials has greatly improved the theory of electromagnetism. The
passage of waves can be controlled accurately using controllable electromagnetic reactions, which may be used
in cloaking, sensing, and modern communication systems (Li et al., 2025). Other instances of how theoretical
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knowledge can be used in practical shielding and stealth technology are microwave and electromagnetic
absorption technologies (Zhao et al., 2024).

Theoretical work has been inseparably involved with computational physics. High-performance computing
enables multiscale simulations that enable one to relate quantum-scale interactions to macroscopic observables.
Machine learning approaches are more useful in modeling different factors to allow researchers to identify
patterns and optimize systems using machine learning approaches instead of traditional analytical approaches
(Suresh et al., 2024). It is a paradigm shift to data-driven physics with theory, simulation, and experiment being
closely intertwined. Table 1 lists the important theoretical models of modern applied physics and their uses in
technology.

Table 1: Comparison of Major Theoretical Frameworks in Applied Physics

Theoretical Core Principles Kev Features Technological Representative
Framework P y Relevance Applications
Quantum Superposition, Discrete  energy Enables quantum Quantum
Mechanics entanglgment, states, wave- computing and sensing Processors,
uncertainty particle duality cryptography
Ensemble behavior, | Describes large Supports material
L . - design and | Energy systems,
Statistical Physics | probability systems,  phase . .
S o thermodynamic complex materials
distributions transitions
systems
Maxwell’s Interaction of | Foundation for .
. . . . Optical fibers,
Electromagnetism | equations, wave | electric and | photonics and .
. . . wireless systems
propagation magnetic fields communication
. Large-scale Precision GPS systems,
.. Spacetime . o
General Relativity . physical measurements, gravitational
curvature, gravity . .
modeling astrophysical systems sensors
Numerical Multiscale
Computational modelin modeling, Accelerates design and | Digital twins, Al-
Physics . % predictive optimization assisted simulations
simulations .
analysis

Quantum Technologies and Emerging Applications

Quantum technologies are one of the main areas of application of the physics of quantum mechanics, where the
laws of quantum mechanics are directly applied in technology. Quantum computing is a dominant technology,
providing a benefit against classical systems on certain classes of problems. Superconducting qubit
architectures, trapped ion architectures, and photonic systems have advanced rapidly, but decoherence, noise,
and scale issues are still issues (Di Meglio et al., 2024).

The entanglement and quantum key distribution are used in the quantum communication systems to offer
fundamental secure communication of information. They can also be deployed in more and more areas of the
sphere of cybersecurity where the classical encryption algorithms can be broken with the help of quantum
algorithms (Bashim, 2025). The most important issues and repeats, which need to be enhanced, are the
integration of quantum communication in the current infrastructure, error correction, and network design.
Quantum sensing and metrology use quantum coherence to measure physical quantities (time, magnetic fields,
and gravitational forces) with very high accuracy. The uses of these capabilities are in the field of navigation,
medical diagnostics, and environmental monitoring. Cavity quantum material discovery provides higher-order
interactions of light and matter, and allows the creation of new devices that are more sensitive and efficient
(Schlawin et al., 2022).

High-energy physics is also starting to apply quantum computing, especially for the simulation of complex
particle interactions and the large-volume analysis of data. This type of crossroads demonstrates the increased
topicality of quantum technologies in the sphere of fundamental research (Di Meglio et al., 2024).

Besides these fundamental uses, there are hybrid systems that integrate new quantum systems with classical
technologies that are under development. These systems combine the advantages of quantum and classical
computation, which enables practical implementation and overcomes the existing limitations. Quantum
thermodynamics offers a theoretical perspective on how to optimize these systems, specifically, in terms of
energy efficiency and information processing (Campbell et al., 2026).

It has faced enormous technical and engineering challenges, even though it has been met with a massive
improvement. The scaling of systems to realistic scales, ensuring quantum coherence on long times, and making
them less expensive, is still a challenge. These issues can be solved through concerted efforts by materials
science, system engineering, and theoretical modeling. Fig. 1 shows how quantum technologies are
interdependent, including principles, hardware systems, and areas of application.
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Figure 1: Framework of Core Quantum Technologies and Their Applications

Advanced Materials and Nanophysics

The work of modern applied physics is research in advanced materials, so it is possible to provide new device
architectures and better functional performance. The discovery and engineering of two-dimensional (2D)
materials, such as graphene and transition metal dichalcogenides, offer extensive selections of controllable
electronic, optical, and mechanical characteristics to apply in technology (Qi et al., 2023). The dimensionality
effects of such materials are low, and hence the high carrier mobility and light-matter interaction, which are
critical in the next generation of electronic and photonic devices.

The other important category is the topological materials that are characterized by the existence of strong edge
states, which are resistant to scattering and dislocations. These properties make them highly flexible for low-
power electronics systems and quantum computing devices. In the meantime, new materials, ideas, and terms
such as altermagnetism introduce new methods of manipulating spin polarization without the use of
conventional magnetic ordering to expand the spintronic toolkit (Bai et al., 2024).

Nanotechnology is the technology through which we will be able to control matter down to the atomic and
molecular level to have the ultimate control over the characteristics of materials. This has resulted in the
development of nanoscale devices that are more effective in sensing, energy conversion, and biomedical uses
(Rajput & Saroj, 2025). Surface engineering techniques can also be used to improve the material properties by
changing surface chemistry and structure to increase durability, conductivity, and catalytic activity (Ramezani et
al., 2023).

Metal-organic frameworks (MOFs) have emerged as versatile materials with a programmable pore structure and
kinetic capability. They are also important regarding sustainable technologies because they find their usage in
gas storage, catalysis, and environmental remediation (Li et al., 2024). Similarly, strain engineering techniques
can be used to control material characteristics (i.e., through mechanical deformation) at desired values to
generate electrical and optical responses in 2D systems (Qi et al., 2023).

Recent developments in the fabrication procedure, like better lithography and self-assembly, have allowed the
scaled production of complex nanostructures. However, the challenges to attain long-term stability,
reproducibility, and compatibility with preexisting industrial processes remain. These issues are vital during the
commercialization of developed advanced materials in the laboratories. A comparative overview of emerging
material systems and their functional properties is presented in Table 2.

Table 2: Emerging Materials and Their Functional Properties

. Structural . Application
Material Type Characteristics Key Properties Advantages Areas
2D Materials | Atomic-scale High conductivity, | Lightweight, tunable Eﬁ:ﬁg;rrc;mcs,
(Graphene, TMDCs) | layered structures flexibility properties photonics
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. t
Topological Protected Robust electron Low eneray loss g)ﬁn;rii
Materials surface/edge states transport gy mputing,

spintronics
Metal-Organic Porous hybrid | High surface area, | Customizable Gas storage,
Frameworks (MOFs) | structures tunable chemistry functionality catalysis
. . Tailored .

Metamaterials Periodic effects Negatlve refractive electromagnetic Cloaking,

index, wave control antennas

response

Nanostructured Nanoscale Enhanced surface | High efficiency, | Energy devices,
Materials engineered features | effects precision control biomedical tools

Photonics and Electromagnetic Systems

Photonics and electromagnetic systems have been in a state of rapid development, fuelled by the growing need
to have high-speed communication, accurate sensing, and effective energy manipulation. The science of
terahertz (THz) has become an important discipline in research, with a gap between the microwave and infrared
frequencies. Applications in imaging, spectroscopy, and wireless communication can be implemented using
THz technologies, and further work is being done to enhance the efficiency of source generation and detection
(Leitenstorfer et al., 2023).

Ultrafast optics has also increased the capabilities of photonic systems, allowing the investigation of dynamic
processes on the timescale of femtoseconds. These methods offer details on carrier dynamics, phase transition,
and energy transfer mechanisms in materials, which are crucial in the process of maximizing device
performance (Jang et al., 2024).

Metasurfaces and artificial optical materials have transformed the manipulation of light, enabling the
manipulation of phase, amplitude, and polarization on a subwavelength scale. Such innovations aid the creation
of miniature optical components in imaging, sensing, and communication systems (Li et al., 2025). The
interdisciplinary approach is also beneficial to microwave absorption technologies, which improve
electromagnetic shielding and stealth (Zhao et al., 2024).

Optical tweezers are a significant field for manipulating microscopic-sized particles with focused laser beams.
The technique allows the control of biological samples and objects at the nanoscale without invasive
manipulation, and it finds applications in life science and materials science (Volpe et al., 2023). More complex
spectroscopy tools, including photothermal AFM-IR, are capable of high-resolution chemical and structural
characterization of materials at the nanoscale, which is useful in material development and analysis (Mathurin et
al., 2022).

Despite these developments, there are still issues in the integration of photonic systems with the electronic
platform and energy-efficient operation. Further development of materials and devices should be done in order
to overcome these constraints and allow photonic technologies to be widely deployed. The structural
components and functional domains of photonics and electromagnetic systems are illustrated in Fig. 2.

Theoretical Foundations:
Quantum mechanics,
quantum thermodynamics,
and coherence principles

provide the fundamental
basis driving system
development.

Enabling
Hardware Systems:

Qubit architectures, Core Application Domains:
nanofabrication, Quantum computing,

cryogenic control, Qu antum secure communication,
and error correction . precision sensing, _and
technologies support Technologles high-energy physics

simulations represent

implementation.
key outputs.

Integration and
Infrastructure: Hybrid
quantum-classical systems, Al
optimization, cloud platforms,
and scalable architectures
ensure system expansion.

Figure 2: Architecture of Photonics and Electromagnetic Systems
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Energy Physics and Sustainability

Applied physics has a vital area of application in energy applications, especially in the sustainability and
resource optimization requirements of the world. The new developments in energy harvesting technologies have
brought about new ways of transforming ambient energy into usable electrical energy. Examples of these
include triboelectric nanogenerators, which use contact electrification and electrostatic induction to harness
mechanical motion to produce energy and hold promise as a solution to self-powered devices and distributed
energy systems (Choi et al., 2023).

Another area of significance has been electrocatalysis, especially in matters relating to energy conversion, like
hydrogen generation and fuel cells. The introduction of the concept of double-atom catalysts has already
enhanced catalytic efficiency and selectivity, allowing chemical reactions to be held in a more sustainable way
and with less energy usage (Wu et al., 2022). Such innovations play a crucial role in the renewable energy
technology development and in decreasing the use of fossil fuels.

Thermal control of the electronic systems is an emerging issue due to the rising concentration and performance
demand of the devices. Advanced materials and new heat dissipation methods are vital to sustainably cool the
systems and ensure the reliability and energy efficiency of the systems (Ohenhen et al., 2024). These strategies
not only enhance the performance of the devices but also minimize environmental impact.

Environmental remediation technologies involve the use of applied physics as well. Innovations in adsorption
methods and new materials have also contributed to the wastewater treatment system, making it more effective
in eliminating contaminants (Shamshad and Rehman, 2025; Satyam and Patra, 2024). These advancements
underscore the interdisciplinary aspect of applied physics, in which principles of chemistry, materials science,
and engineering interact to combine their efforts in overcoming environmental issues.

The advent of renewable energy systems integrated with smart grids is another example of how applied physics
is relevant to modern infrastructure. These systems are based on progressive modeling, control algorithms, and
energy-storing technologies that provide stability and efficiency. Despite these developments, there are still
issues of scalability, cost minimization, and lifecycle sustainability. These technologies need further
development to make them as effective as possible so that they can be used by the majority of people.

Artificial Intelligence and Computational Physics

The combination of artificial intelligence (Al) and computational techniques has turned applied physics into a
data-oriented field. Machine learning algorithms can analyze complex data, find patterns, and optimize the
system parameters, which can greatly boost the efficiency and accuracy of research (Suresh et al., 2024). Such
methods are especially useful in fields like materials discovery, with which they can predict properties and
inform experimental design.

Computational physics, with the aid of high-performance computing, enables multiscale modeling, linking
quantum-level interactions to the behavior of macroscopic systems. This is critical in comprehending
complicated physical processes as well as in designing sophisticated technologies. In-sensor computing is a new
paradigm of data processing directly in sensing devices, which minimizes latency and energy usage (Wan et al.,
2023).

The combination of Al and IoT technologies has made it possible to create intelligent systems in most areas.
Smart city infrastructures, such as those based on the use of real-time data collection and analysis to maximize
the use of resources, transportation, and energy consumption (Alahi et al., 2023; Chataut et al., 2023). Likewise,
Al-based solutions are finding their way into the construction and industrial processes to enhance efficiency and
lifecycle management (Datta et al., 2024).

The AI has also contributed to robotics and automation systems, allowing the creation of autonomous systems
that have more advanced decision-making skills (Licardo et al., 2024). The increasing use of these technologies
in manufacturing and service industries indicates the rising significance of intelligent systems in contemporary
economies.

Despite these developments, there are still several challenges that exist, such as interpretability, data quality, and
ethical issues. Transparency, bias, and accountability are the concerns associated with the use of Al in scientific
research that can be addressed to implement Al in a responsible way (Stahl and Eke, 2024). Further
interdisciplinary collaboration must be established to fully harness the power of Al and ensure related risks are
addressed.

Industrial and Technological Uses

Application of physics research to industrial processes has enhanced the development of technology in various
industries. The combination of progressive physical principles and digital technologies has greatly benefited
manufacturing processes. Another example is Quality 4.0, which involves the use of data analytics, automation,
and real-time monitoring to enhance the efficiency of production and reliability of products (Maganga & Taifa,
2023). These systems are based on the exact physical modeling and sensor integration in order to improve the
operation performance.

Surface engineering and materials processing technologies have gone even further to enhance industrial
performance through improvement in durability, corrosion resistance, and functional properties of materials.
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Coating, alloying, and microstructural modification are just some of the techniques commonly used in the
aerospace, automotive, and energy industries (Ramezani et al., 2023). These developments reflect the role of
applied physics in the direct application of increasing the life cycle and performance of industrial products.
Applied physics is also useful in the creation of intelligent robotics and automation systems. The current robotic
platforms have sophisticated sensing and control and Al-based decision-making, which allows them to operate
autonomously in complex environments (Licardo et al., 2024). These systems are extensively used in the
factories, medical care, and when it comes to logistics, where accuracy and flexibility are very crucial.
Moreover, IoT and Al technologies have also been integrated to make predictions during the maintenance of
machinery and optimize the system in real-time. Smart industries employ interconnected sensors and data
analytics to keep track of the system performance and prevent failures (Alahi et al., 2023). The capabilities
minimize the downtimes and operation costs as well as enhance the overall efficiency.

Its use is not limited to classic sectors and can be used in fields like sports and performance analysis, where
sophisticated data visualization and sensing technologies can help in decision-making and training strategies
(Cossich et al., 2023). Likewise, Al-enhanced lifecycle management and resource optimization are changing the
way construction processes are carried out due to technological advancements (Datta et al., 2024). The sectoral
impact of applied physics and its translation into industrial technologies is outlined in Table 3.

Table 3: Technological Applications and Sectoral Impact of Applied Physics
Applied Physics . . Example
Sector Contribution Enabling Technologies | Key Benefits Applications
. . High-speed Quantum
Information Quantum and | Quantum computing, .
. . Y processing, secure | networks, data
Technology photonic systems optical communication
data centers
Ener Conversion  and | Nanogenerators, Efficiency, Renewable energy
gy storage systems electrocatalysts sustainability systems
Healthcare h?lagmg . and Biophotonics, sensors Precgon, non- MRI’ . P tical
diagnostics invasive methods diagnostics
. P . A i li .
Manufacturing rocess Robotics, smart sensors | . utomation, quality Smart factories
optimization improvement
. . Advanced materials, | Sustainability, Wastewater
Environment Pollution control . ;
adsorption systems resource efficiency | treatment

Despite these advancements, challenges remain in ensuring interoperability between systems, managing
cybersecurity risks, and adapting the workforce to rapidly evolving technologies. Addressing these issues is
essential for maximizing the benefits of applied physics in industrial contexts.

Challenges, Ethical Considerations, and Future Directions

Modern applied physics has been faced with some very serious challenges that influence the progress of studies,
as well as the application of technology. One of the primary challenges, particularly in the emerging fields, such
as quantum technologies and nanomaterials, where small-scale lab-scale success may be difficult to replicate
into an industrial process, is scalability (Di Meglio et al., 2024). Material stability and stability over time are
also critical concerns, especially for new materials with complex structures.

There is also an added complexity that comes along with technological convergence, as interoperability among
systems and standards is required to integrate these systems. It is particularly true of smart infrastructures, in
which the IoT, AL, and physical systems must collaborate (Chataut et al., 2023). Besides, the faster
technological shift has a direct impact on the production systems and the economic structure and demands a
continuous adaptation and innovation (Challoumis, 2024).

The production and utilization of advanced technologies is increasingly under the ethical issue. The
development of Al and digital systems raises some concerns about data privacy, algorithmic bias, and
transparency. All the ethical features of new technologies, such as generative Al and intelligent systems, should
be evaluated carefully to use them in a responsible manner (Stahl and Eke, 2024; Bin-Hady et al., 2025).
Application of physics is also having an influence on education and the knowledge system, whereby the learning
environment is being transformed through the integration of technologies. The application of Al-based
educational technologies and online conditions suggests the necessity of interdisciplinary approaches that
encompass physics, technology, and pedagogy (Alam and Mohanty, 2023; Chen et al., 2024). The emerging
concepts, such as learning spaces in the metaverse, also show the interconnectedness of technology and
education in the future (Abdulmuhsin et al., 2026).

Sustainable technologies, quantum technologies, and Al-guided discovery are expected to be the future of
applied physics. More merging of disciplines will enable the development of hybrid systems that can have more
capabilities. However, to achieve these goals, one has to invest in long-term research, cross-domain
collaboration, and effective ethical and regulatory standards.
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CONCLUSION

Modern applied physics has been characterized by the combination of theory, material innovations, and methods
of computation, leading to revolutionary changes in technologies in a wide range of aspects. Quantum
mechanics, photonics, and nanophysics have enabled the creation of developed systems that are more specific
and functional than ever before, and energy physics and sustainability have given answers to some of the most
urgent world problems. This use of artificial intelligence and computation has further accelerated the process of
discovering, optimizing, and implementing, which is in favor of the transition to data-oriented and
interdisciplinary research paradigms. These developments have been practically applied to industrial and
technological systems in the sense that manufacturing, automation, communication, and environmental systems
have been significantly enhanced. In the meantime, the fact that the current issue of scalability, system
integration, and material reliability remains shows that additional research and development are required. Ethics,
particularly in the context of Al and other emerging forms of digital technologies, should be considered to
ensure their responsible and fair usage. The ability to integrate different scientific areas, develop long-term
solutions, and transform theory into scalable technologies will define the future of applied physics. Academia,
industry, and policy-level response are required to fully realize the potential of modern applied physics to
develop next-generation technological ecosystems.
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