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Abstract: Digital twins have emerged as transformative technologies across diverse industries, offering
advanced capabilities for real-time monitoring, simulation, and optimization of physical systems. A
digital twin is a virtual counterpart of a real-world entity that dynamically reflects the current state,
behavior, and performance of the physical system through continuous data exchange. This paper
emphasizes the integration of physics-based modeling into digital twin systems, which significantly
enhances their accuracy, reliability, and interpretability. Unlike purely data-driven approaches, physics
based models are grounded in fundamental scientific laws such as Newtonian mechanics,
thermodynamics, and electromagnetism, enabling more precise predictions and deeper understanding of
system dynamics.

The research looks at real-world uses of physics-based digital twins in industries like manufacturing,
where they are used to predict equipment failure and streamline production processes; energy systems,
where they assist in load balancing and heat management, and education, where they facilitate virtual
labs for the study of science. Some of the methodologies such as differential equations, finite element
analysis (FEA), and multiphysics simulations are mentioned to illustrate how the models are applied. The
article also discusses important challenges like computational complexity, real-time sensor integration,
and the requirement for interdisciplinary skills. Last but not least, it outlines future directions in digital
twin development, specifically the potential of hybrid models that merge artificial intelligence and
physics-based modelling for improved performance and scalability.
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