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Abstract: Mathematical modeling of acoustic processes is a cornerstone for solving problems in
engineering, medicine, and environmental monitoring. This paper provides a numerical and
analytical study of acoustic wave propagation in complex media. Using the finite element method
(FEM) and the finite difference method (FDM), we analyze the propagation of sound waves in
layered media with different physical properties. Results are validated using numerical
simulations and graphical visualizations, demonstrating the efficiency of the proposed approach.
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Introduction
Acoustic processes are fundamental in numerous scientific and engineering fields. Applications
such as ultrasonic imaging, noise reduction, and environmental monitoring require a precise
understanding of sound wave propagation. Mathematical modeling provides an efficient way to
study these processes by formulating physical phenomena into solvable equations.
The goal of this paper is to model the propagation of acoustic waves in a two-layer medium using
numerical methods like FEM and FDM. We present results supported by graphical and numerical
analyses.
Methodology
1. Governing Equations
The propagation of acoustic waves is governed by the wave equation:

where is acoustic pressure and is the speed of sound.
For a two-layer medium with different densities ( 1, 2) and speeds of sound ( 1, 2), boundary
conditions are applied:

2. Numerical Methods
Finite Element Method (FEM): Used for solving wave equations in irregular domains.
Finite Difference Method (FDM): Applied for discretizing the wave equation in uniform media.
3. Simulation Setup
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 Layer 1: 1=1000 kg/m3, 1=1500 m/s
 Layer 2: 2=800 kg/m3, 2=1200 m/s
Results
1. Analytical Calculations
Reflection and transmission coefficients:

=−0.125, =0.875
These indicate that 87.5% of the wave energy is transmitted.
2. Numerical Simulations
The wave equation was solved using FEM and FDM. The following figure shows the

propagation of acoustic waves through the medium.

Figure 1. Wave Propagation in a Two-Layer Medium
(Placeholder for a graph showing wave intensity distribution across two layers.)

3. Graphical Representation
The pressure distribution at different time intervals is shown in the graph below.

Figure 2. Pressure vs. Distance for Two-Layer Medium
(Placeholder for a pressure-distance graph.)

Discussion
Numerical results validate the analytical calculations. The FEM approach provided higher

accuracy for irregular geometries, while FDM was computationally faster for uniform domains.
Future studies should incorporate non-linear effects and complex boundary conditions.
Conclusion
This study demonstrates the effectiveness of mathematical modeling in analyzing acoustic

processes. The combination of analytical and numerical approaches provides reliable solutions for
wave propagation in complex media. These methods can be extended to real-world applications
such as underwater acoustics and noise control.
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