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ABSTRACT

The effectiveness of the Physical Theory of Diffraction (PTD) in improving near-field scattering analysis is examined
in this work by contrasting its results with those of the Finite Difference Time Domain (FDTD) method and
traditional diffraction models. Key performance indicators, including computational convergence and field intensity
retention, are examined by numerical simulations at different incident angles and iteration counts. With
improvements ranging from 25.7% to 41.2%, the results show that the PTD-based model considerably increases
field strength while successfully reducing diffraction losses that usually impact traditional models. In addition, PTD
exhibits better computational efficiency than FDTD, which only achieves 92.1% convergence in 40 iterations, with
a convergence rate of 98.2%. The results demonstrate how well PTD can solve near-field electromagnetic wave
interactions in a more accurate and fast manner. In fields where precise electromagnetic field modeling is essential
for system performance and dependability, such as wireless communication, radar technology, and high-precision
antenna design, PTD is a useful tool for developing applications by decreasing diffraction losses and speeding up
computational convergence.
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1. INTRODUCTION

In many electromagnetic applications, such as radar, wireless communication, and antenna design, where accurate
scattered field prediction is critical to system performance, near-field scattering is important. Because of its inherent
approximations, traditional diffraction models like the Geometrical Theory of Diffraction (GTD) and Uniform
Theory of Diffraction (UTD) frequently find it difficult to adequately characterize near-field interactions, especially
in areas near edges and discontinuities. It is difficult to accurately describe complicated scattering situations because
of these restrictions, which lead to computational inefficiencies and errors. By explicitly including edge diffraction
effects, the Physical Theory of Diffraction (PTD) provides a more sophisticated method that results in a more
thorough comprehension of field distributions close to scattering objects. PTD addresses the shortcomings of
traditional diffraction theories and improves the accuracy of near-field predictions by facilitating more precise
modeling of electromagnetic wave propagation through improved diffracted field estimate.

Finite Difference Time Domain (FDTD) techniques and traditional diffraction models, which are frequently used for
electromagnetic field research, are compared with PTD-based modeling in this study using humerical simulations.
Key performance criteria like field intensity retention, computational convergence rates, and accuracy in near-field
scattering scenarios are used to assess how successful PTD is. This study shows how PTD can be used to reduce
diffraction losses, increase computing efficiency, and provide a more accurate representation of scattered fields by
including it into near-field scattering analysis. The results demonstrate the importance of PTD as a potent tool for
sophisticated electromagnetic simulations, which makes it extremely pertinent for the development and improvement
of radar technologies, high-precision antenna structures, and next-generation wireless communication systems.

2. LITERATURE REVIEW

Datz et al. (2022) investigated how Generalized Mie Theory may be used to perform full-wave numerical
calculations for near-field optical microscopy, which enables extremely precise scattering analysis across any
geometries. Their research showed how well this method worked to improve near-field modeling, which greatly
increased the optical imaging techniques' resolution. Their study offered a more accurate comprehension of
electromagnetic interactions at the near-field level by utilizing full-wave computational techniques, which made it
especially helpful for enhancing imaging capabilities in nanoscale applications.

Popov et al. (2021) examined how non-local reconfigurable sparse meta surfaces function in wavefront
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modifications and showed how effective they are in regulating both far-field and near-field electromagnetic
scattering. According to their findings, meta surfaces are a potential technology for applications needing adjustable
wavefront engineering because of their versatility for dynamic beam shaping and electromagnetic field management.
With potential uses in cutting-edge optical and electromagnetic systems, the work offered crucial insights into the
application of meta surfaces for real-time wave propagation reconfiguration.
Sharma et al. (2021) investigated methods for near-field coded aperture radar models in millimeter-wave
computational imaging that use hardware-enabled acceleration, showing notable gains in computational efficiency.
In order to provide quicker and more accurate radar-based imaging, their research concentrated on improving the
physical model utilized in near-field imaging applications. They significantly reduced processing time by utilizing
sophisticated computational frameworks, which makes their method extremely applicable to real-time imaging and
remote sensing systems that depend on interactions between near-field electromagnetic waves.
Skidmore et al. (2019) created a revolutionary near-field propagation and scattering methodology especially for
automobile radar applications by combining physical optics and the equivalent currents method. By increasing near-
field prediction accuracy, their study improved the dependability of vehicle safety systems and provided important
insights into radar data processing. By integrating multiple analytical techniques, the study demonstrated a more
comprehensive modeling approach, optimizing near-field radar performance for applications such as autonomous
driving, collision avoidance, and advanced driver-assistance systems (ADAS).

3. RESEARCH METHODOLOGY

In order to compare PTD with traditional models and FDTD in near-field scattering, this study uses a computational
and analytical research strategy and numerical simulations. Data analysis includes graphical representations that
show the effectiveness of PTD along with percentage-based assessments of field intensity and convergence rates.

3.1. Research Design

The Physical Theory of Diffraction (PTD) is used in this study's computational and analytical research design to
assess near-field scattering. Numerical simulations are used in the study to compare field intensity distributions and
computing efficiency. Analyzing diffraction effects at various incident angles and contrasting PTD's performance
with that of traditional models and the Finite Difference Time Domain (FDTD) method are the main objectives of
the study. The study employs a quantitative methodology, using percentage-based improvement ratings and
numerical calculations.

3.2. Data Collection

Computational models and simulations are used to get the data for this investigation. Using both the traditional model
and the PTD-based model, field strength values (in dB) are calculated for various incident angles (0°, 30°, 60°, and
90°). Furthermore, throughout a range of iterations (10, 20, 30, and 40 iterations), convergence rates for PTD and
FDTD are documented. These numerical data shed light on the PTD model's effectiveness and precision while
performing calculations involving diffraction.

3.3. Data Analysis Techniques

Comparative numerical assessment is used to analyze the data that has been obtained. To gauge the improvement in
field retention, field intensity values from PTD and conventional models are compared, and percentage
improvements are computed. Likewise, PTD and FDTD convergence rates are evaluated to ascertain computational
efficiency. The findings are displayed graphically to highlight patterns and highlight PTD's benefits for preserving
field strength and accelerating computational convergence.

4. DATA ANALYSIS AND INTERPRETATIO

A comparison of the field intensity distribution at various incident angles using a PTD-based model and a traditional
model is shown in Table 1. Decibels (dB) are used to quantify field strength; a lower negative value denotes a stronger
field. Better field retention is consistently shown by the PTD-based model, with gains varying from 25.7% to 41.2%
across different angles. At a 30° incidence angle, the greatest improvement (41.2%) is seen, indicating that PTD
successfully reduces diffraction losses in this range. At 90°, however, the improvement is comparatively smaller
(25.7%), perhaps as a result of stronger edge diffraction effects.
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Table 1: Field Intensity Distribution Analysis

Incident Angle Conventional Model Field PTD-Based Model Field Improvement
©) Strength (dB) Strength (dB) (%)
0° -3.5 -2.1 40%
30° -5.1 -3.0 41.2%
60° -7.2 -4.5 37.5%
90° -10.5 -7.8 25.7%
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Figure 1: Graphical representation of Field Intensity Distribution Analysis

Table 1 shows the trend, which is graphically shown in Figure 1. The enhanced diffraction handling capabilities of
the PTD-based model is confirmed by the consistent display of greater field intensities at all angles. A significant
improvement in performance is demonstrated by the trend line of PTD-based field strengths, which stays above the
traditional model. The fact that the percentage improvement varies with angle suggests that PTD works best for
orientations where diffraction effects are more noticeable. The use of PTD in near-field scattering applications, where
precise field estimate is essential for electromagnetic wave interactions, is supported by this investigation.

The convergence rates of the Finite Difference Time Domain (FDTD) and Physical Theory of Diffraction (PTD)
models are contrasted in Table 2 for varying iteration counts. The computational model's convergence rate shows
how fast it arrives at a stable solution. At each iteration, the PTD model continuously outperforms the FDTD model
in terms of convergence rates. FDTD reaches 65.4% at 10 iterations, but PTD converges to 72.1%, indicating PTD's
quicker initial stabilization. PTD achieves 98.2% convergence after 40 iterations, surpassing FDTD's 92.1%
convergence. According to this pattern, PTD-based simulations are computationally efficient for near-field scattering
applications since they need fewer iterations to get correct results.

Table 2. Computational Efficiency and Convergence

Iteration Number | PTD Convergence Rate (%) | FDTD Convergence Rate (%)
10 72.1% 65.4%
20 85.3% 78.9%
30 92.6% 86.7%
40 98.2% 92.1%
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Figure 2: Graphical representation of Computational Efficiency and Convergence
The trends in the convergence rates for the PTD and FDTD models are shown graphically in Figure 2. The PTD
curve indicates faster computational efficiency in the early iterations, with a steeper climb. PTD continues to perform
better at convergence, as evidenced by the constant difference between it and FDTD. PTD achieves stability more
quickly than the other model, but both models approach near-complete convergence as the number of iterations
grows. As evidenced by this, PTD-based calculations need fewer iterations, which lowers processing time overall
while maintaining excellent accuracy. PTD is a great option for high-precision near-field scattering applications or
real-time applications because of its efficiency.
5. CONCLUSION

The study's results highlight the Physical Theory of Diffraction's (PTD) supremacy in near-field scattering analysis,
especially when it comes to improving computing efficiency and field intensity retention. With gains ranging from
25.7% to 41.2% across various incident angles, the comparative study of field intensity distribution shows that the
PTD-based model routinely outperforms traditional diffraction models, demonstrating its efficacy in reducing
diffraction losses. Furthermore, the evaluation of computational efficiency shows that PTD requires less iterations
to obtain stability and converges more quickly than the Finite Difference Time Domain (FDTD) approach. These
findings demonstrate how PTD may be used to increase the precision and effectiveness of near-field electromagnetic
simulations, which makes it a useful tool for high-precision antenna design, radar technology, and wireless
communication applications.
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