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Abstract: Binding energy estimation in graded nanobeams involves understanding the interaction forces
at atomic levels, often using advanced methods like Density Functional Theory (DFT). DFT allows
precise electronic structure calculations, aiding in determining binding energies by accounting for
guantum-mechanical interactions. Binding energy estimation in graded nanobeams is significantly
advanced by integrating the proposed Non-Local Strain Born-Infeld Theory (N-LSBIT) with scattering
theories. N-LSBIT incorporates non-local effects, capturing the influence of strain gradients and long-
range interactions on nanostructure binding energy. Coupled with Density Functional Theory (DFT), this
framework allows precise calculation of electronic structures, while scattering theories analyze the
interaction of electromagnetic waves with graded nanobeams. Binding energy estimation in graded
nanobeams using the proposed Non-Local Strain Born-Infeld Theory (N-LSBIT) combined with
scattering theories provides a detailed numerical framework. For example, using Density Functional
Theory (DFT), a graded nanobeam with a length of 100 nm and a strain gradient of 107 m~ may exhibit a
binding energy of approximately 2.5 eV per atom. Incorporating N-LSBIT, which accounts for non-local
strain effects, this value adjusts to 2.7 eV, highlighting a 10% increase due to long-range interaction
contributions. Electromagnetic wave scattering at a wavelength of 500 nm reveals a peak scattering
intensity of 1.2 x 10° W/m?, indicating strong interaction between wave energy and strain-induced
variations in the nanobeam.

Keywords: Binding energy; Graded nanobeam; Density Functional Theory (DFT); Non-Local Strain
Born-Infeld Theory (N-LSBIT).

1 Introduction

Electromagnetic wave scattering theories explore how electromagnetic waves interact with
different types of matter, such as particles, surfaces, or complex media [1]. These theories are
essential for understanding and predicting the behavior of waves when they encounter obstacles
or inhomogeneities. Scattering can occur in various forms, including reflection, refraction,
diffraction, and absorption, depending on the nature of the wave and the medium [2]. Classical
approaches like Rayleigh scattering describe wave interactions with particles smaller than the
wavelength, while Mie theory extends this to particles of comparable sizes. Advanced techniques,
including computational methods like the finite-difference time-domain (FDTD) method or the
T-matrix method, are used to address more complex systems [3-5]. Binding energy estimation
refers to the process of calculating the energy required to disassemble a system of particles into
its individual components. In nuclear physics, it is the energy needed to separate a nucleus into
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its constituent protons and neutrons, reflecting the stability of the nucleus [6]. This energy can be
estimated using models like the semi-empirical mass formula, which accounts for factors such as
the volume, surface, Coulomb, asymmetry, and pairing energies. In molecular chemistry, binding
energy quantifies the strength of a bond between atoms or molecules, often estimated using
quantum mechanical methods like the Hartree-Fock or density functional theory [7 -9]. Accurate
binding energy estimation is crucial in diverse fields, including astrophysics for understanding
stellar processes, material science for designing stable compounds, and pharmacology for drug-
receptor interactions [10]. Binding energy estimation and electromagnetic wave scattering
intersect in the study of how electromagnetic waves interact with bound systems, such as atoms,
molecules, or nuclei. When electromagnetic waves, such as X-rays or gamma rays, scatter off a
material, the resulting spectra can reveal information about the binding energies within the
system. For example, X-ray photoelectron spectroscopy (XPS) utilizes the scattering of X-rays to
estimate the binding energies of electrons in different atomic orbitals, providing insight into
chemical compositions and electronic structures [11]. Similarly, in nuclear physics, gamma-ray
scattering experiments can probe nuclear binding energies, shedding light on the stability and
structure of atomic nuclei. Theoretical models, such as quantum electrodynamics (QED) and
scattering matrix approaches, help analyze the interaction between the wave and the bound
system, allowing for precise estimation of binding energies [12].

Binding energy estimation in graded nanobeams combines advanced materials science
and theoretical physics to explore the interactions of electromagnetic waves with engineered
nanostructures [13]. Graded nanobeams, characterized by a gradual variation in material
composition or structural properties along their length, exhibit unique electromagnetic scattering
behaviors due to their tailored refractive indices [14]. Density Functional Theory (DFT), a
guantum mechanical method, provides a powerful tool for estimating binding energies in these
systems by calculating electronic interactions at the atomic scale. When coupled with
electromagnetic wave scattering theories, such as Mie theory or finite-difference time-domain
(FDTD) methods, these calculations can reveal how localized binding energies influence the
scattering, absorption, or transmission of electromagnetic waves [15 & 16].

The contribution of this paper lies in its novel application of the Non-Local Strain Born-
Infeld Theory (N-LSBIT) to estimate the binding energy, scattering behavior, and scattered beam
form of materials under varying strain gradients and electromagnetic field strengths. By
systematically analyzing the interactions between strain and electromagnetic fields, the paper
provides a deeper understanding of how these factors influence material properties such as
binding energy, scattering cross-sections, beam deflection angles, and polarization changes. The
study also offers valuable numerical insights, such as the correlation between strain gradient and
electromagnetic field strength with specific material behaviors, enabling precise design and
optimization of materials for applications in electromagnetic wave control, material science, and
shielding technologies. Furthermore, the exploration of diverse scattered beam shapes (elliptical,
circular, oval, round) based on these interactions paves the way for future advancements in the
development of materials with tailored electromagnetic properties.

2 Proposed Non-Local Strain Born-Infeld Theory (N-LSBIT)

The proposed Non-Local Strain Born-Infeld Theory (N-LSBIT) offers a novel framework
for binding energy estimation by integrating principles of non-local elasticity, Born-Infeld
electrodynamics, and electromagnetic scattering theories. Unlike traditional approaches, N-
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LSBIT incorporates the influence of strain at the atomic and subatomic levels, accounting for
spatial non-locality in material responses. This theory is particularly useful in systems where
binding energy is influenced by electromagnetic wave interactions, such as in nanoscale
materials or strained lattices. By combining non-linear electrodynamics from the Born-Infeld
model with non-local strain effects, N-LSBIT provides a unified approach to estimate binding
energies while capturing the complex interplay between electromagnetic wave scattering, strain
distribution, and material deformation. This framework has potential applications in the design of
advanced materials, such as piezoelectric nanostructures, where precise energy estimations are
critical for optimizing performance in photonic, electronic, and mechanical systems. The Born-
Infeld model modifies Maxwell’s equations to account for non-linearities in electromagnetic
fields, especially under high-intensity fields. The Lagrangian density for Born-Infeld
electrodynamics is given as in equation (1)

F, v_F”v
Lp; = b2<1— 1‘27) 1)

In equation (1) F,,, stated as the electromagnetic field tensor, b is the Born-Infeld
parameter (a critical field strength). The energy density for electromagnetic fields is derived from
this Lagrangian as in equation (2)
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In equation (2) E and B are the electric and magnetic field vectors. In the N-LSBIT
framework, the strain & modifies the local dielectric constant e(r) , which affects the
electromagnetic field distribution. The modified wave equation stated as in equation (3)

V- le(El+52 =0 (3)

In equation (3) D incorporates the Born-Infeld correction. The coupling between strain
and field energy introduces a term in the total energy density stated as in equation (4)

Etotar = Epi + U(7) (4)

The Non-Local Strain Born-Infeld Theory (N-LSBIT) provides a unified framework for
binding energy estimation by integrating the non-linear electrodynamics of the Born-Infeld
model with non-local elasticity principles. This approach captures the interplay between strain
effects and electromagnetic wave scattering, crucial for understanding nanoscale materials and
graded structures. In this theory, the strain energy density is described using a non-local elasticity
kernel, accounting for long-range interactions in materials, while the Born-Infeld model
introduces corrections to the electromagnetic field energy under high-intensity conditions. The
dielectric constant of the material is modified by strain, which influences electromagnetic wave
propagation and scattering. The total energy density combines the Born-Infeld electromagnetic
energy and the non-local strain energy. Binding energy is estimated as the difference in total
energy between the strained and unstrained states, incorporating these coupled effects. This
framework also predicts changes in the scattering cross-section due to strain-induced dielectric
variations. N-LSBIT is particularly valuable for analyzing and designing advanced
nanostructures, where strain and electromagnetic interactions significantly affect performance in
applications like photonics, sensors, and energy devices.
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The effects of non-local strain, the N-LSBIT framework enables more precise modeling
of how mechanical deformations impact electromagnetic behavior at the nanoscale. The theory
highlights how strain gradients in materials, such as those found in graded nanobeams or
piezoelectric structures, influence the refractive index and, consequently, the scattering and
absorption of electromagnetic waves. These effects are particularly pronounced in systems where
the electromagnetic field intensities approach the critical threshold described by the Born-Infeld
model, leading to non-linear field responses. The coupling between strain and electromagnetic
wave scattering in N-LSBIT is expressed through a modified wave equation that incorporates
both the Born-Infeld corrections and the strain-induced perturbations in the dielectric constant.
This allows the framework to predict phenomena such as strain-enhanced resonances, shifts in
binding energy levels, and changes in scattering cross-sections. The binding energy, calculated
as the difference in energy densities before and after strain, provides insights into the stability
and interaction strength within the material.

Estimation of Scattering Theories with N-LSBIT

The estimation of scattering properties using the Non-Local Strain Born-Infeld Theory
(N-LSBIT) combines non-linear electromagnetic field dynamics with strain-induced
perturbations in graded materials. This approach integrates the Born-Infeld electrodynamics to
model the non-linear response of electromagnetic fields with non-local elasticity, which accounts
for strain effects distributed over the material's microstructure. This coupling allows for a precise
description of how electromagnetic waves scatter from materials subjected to non-local strain.
The estimation of scattering theories using the Non-Local Strain Born-Infeld Theory (N-LSBIT)
integrates non-linear electromagnetic field dynamics with strain-induced perturbations in graded
materials. In this framework, electromagnetic wave scattering is influenced by strain variations,
which alter the local dielectric constant of the material. The Born-Infeld model introduces non-
linear corrections to the electromagnetic displacement field, accounting for high-field intensities,
while non-local elasticity captures the spatial distribution of strain effects through an elasticity
kernel. The scattering cross-section is derived by analyzing the perturbation in the dielectric
constant, §e(r), caused by strain e(r), and is expressed in terms of the scattering vector and
strain-modulated refractive index. This coupling is further integrated into the energy density
calculations, where the total energy combines Born-Infeld electromagnetic energy and non-local
strain energy contributions. The binding energy, representing the system’s stability, is calculated
as the difference between the total strained and unstrained energy densities. This formulation
enables the precise estimation of how strain gradients influence electromagnetic wave scattering,
offering insights critical for applications in photonics, nanotechnology, and sensor development.

The Non-Local Strain Born-Infeld Theory (N-LSBIT) combines non-linear
electromagnetic field dynamics with strain-induced effects, offering a framework to estimate
scattering properties in materials where both non-local strain and electromagnetic interactions
play significant roles. The theory incorporates the Born-Infeld model to modify the
electromagnetic field in high-intensity conditions and uses non-local elasticity to model the strain
distribution across materials. In materials affected by strain, the standard electromagnetic wave
equation is modified to include the non-local dielectric constant e(r) that depends on both
position and the strain in the material. In materials affected by strain, the standard
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electromagnetic wave equation is modified to include the non-local dielectric constant e(r) that
depends on both position and the strain in the material stated in equation (5)

e(r) = €0 + 6e(r) 5)
In equation (5) €0 is the unperturbed dielectric constant, and §e(r) represents the strain-

induced change in the dielectric function at each point in the material. The strain £(r) influences
de(r) as denoted in equation (6)

de(r) = ye(r) (6)

In equation (6) y is a material-dependent coupling factor, and £(r) is the strain tensor at
position r. The scattering of electromagnetic waves from a material with spatially varying
dielectric properties can be described using the differential scattering cross-section. In the case of
non-local strain effects. The estimation of scattering and binding energies within the framework
of N-LSBIT involves combining the Born-Infeld non-linear electrodynamics with non-local
strain elasticity. This approach modifies the dielectric properties of materials, which in turn
influences the scattering of electromagnetic waves. The scattering cross-section is derived using
perturbation theory, and the binding energy is calculated by integrating the strain and
electromagnetic energy densities. This theoretical framework allows for more accurate
predictions of scattering and binding energies in materials subjected to both strain and intense
electromagnetic fields, which is crucial for applications in nanotechnology, photonics, and
materials design.

3 Binding Energy Estimation with N-LSBIT

The estimation of binding energy within the framework of the Non-Local Strain Born-
Infeld Theory (N-LSBIT) integrates the effects of both non-local strain and non-linear
electromagnetic interactions. In this approach, binding energy is determined by considering how
the material's strain distribution alters its electromagnetic properties, as well as the non-linear
behavior of the electromagnetic field as described by the Born-Infeld model. The strain energy
density, influenced by non-local elasticity, modulates the material's dielectric constant, which in
turn impacts the electromagnetic wave propagation and scattering. The binding energy is then
calculated as the difference in total energy between the strained system and the unstrained state,
incorporating both the Born-Infeld electromagnetic energy and the strain-induced energy
contributions. This combined energy is expressed as an integral over the material's volume, with
the strain and electromagnetic field perturbations contributing to the overall energy landscape.
By considering both strain effects and the non-linear field responses, N-LSBIT offers a more
accurate estimate of binding energy, which is crucial for understanding the stability and
interactions in nanomaterials and advanced functional materials. The estimation of binding
energy within the Non-Local Strain Born-Infeld Theory (N-LSBIT) involves the integration of
both non-local strain effects and non-linear electromagnetic field dynamics. In this framework,
the total energy of the system is calculated by considering the combined contributions from the
Born-Infeld electromagnetic energy and the non-local strain energy. The Born-Infeld model
modifies the conventional electromagnetic energy density to account for high-intensity fields and
non-linear behaviors, while the non-local strain energy density reflects the long-range
interactions between strain fields throughout the material. The binding energy is then determined
as the difference between the total energy of the strained system and that of the unstrained
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system, which serves as a baseline. This difference is calculated by integrating the energy
densities over the material’s volume, taking into account the strain-induced changes in the
material’s dielectric properties and their impact on electromagnetic wave interactions.

Helium-4 (°He) Beryllium-9 (°Be)
Amy, = 0.02926 amu Amp,q = 0.06038 amu
= 4.859x10~2%g =1.002x10"28kg
BE = (4.859x107%°kg)(2.98x108 ™/¢)? BE = (1.002x107%%kg)(2.98x108 ™/¢)?
BE = 4.315x10712 ] = 26.9 MeV ‘ BE = 8.898x1071% ] = 55.5 MeV

Figure 1: Sample Binding Energy Estimation

The estimation of binding energy using the Non-Local Strain Born-Infeld Theory (N-
LSBIT) is a sophisticated approach that combines the effects of both strain and non-linear
electromagnetic fields to understand the stability and interactions within a material shown in
Figure 1. In typical materials, binding energy is a measure of how strongly the constituents (such
as atoms or molecules) are held together. However, when considering advanced materials like
nanostructures or graded materials, this energy must account for both electromagnetic and
mechanical interactions, which are often intertwined and non-linear. In the N-LSBIT framework,
the material’s response to electromagnetic fields is modified by the presence of strain. Strain is
the deformation of the material caused by external forces or inherent structural variations within
the material, which in turn affects its electromagnetic properties. Specifically, the strain modifies
the material’s dielectric constant (which governs the material's response to electric fields),
introducing non-local interactions, meaning the strain at one point can influence regions that are
far apart spatially. The total energy density in such a system consists of two primary
contributions:

1. Born-Infeld Electromagnetic Energy Density reflects the non-linear behavior of the
electromagnetic fields within the material. The Born-Infeld model provides a correction
to the standard linear relationship between electric field intensity and dielectric
displacement. It accounts for high-field effects where the field intensity becomes
comparable to the material's intrinsic properties, such as its dielectric constant.

2. Non-Local Strain Energy Density: This term accounts for the elastic deformation within
the material. Strain in the material is not only local but also can affect distant points due
to the non-local nature of the elasticity tensor C(r,r"), which defines how strain at one-
point influences other points. The binding energy E}, quantifies the energy required to
separate the constituents of the material, and it is calculated as the difference between the
total energy of the strained system and the unstrained system. The unstrained system is
considered as the baseline, where strain £(r) = 0, and the electromagnetic fields follow a
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linear relationship. The integration over the material's volume allows for a
comprehensive assessment of the energy landscape, providing insight into the binding
energy and the material's response to external fields and deformation.

4 Results and Discussion

The results and discussion of the binding energy estimation using the Non-Local Strain
Born-Infeld Theory (N-LSBIT) provide valuable insights into how strain and non-linear
electromagnetic fields interact to influence the stability and properties of advanced materials.
Through the integration of both non-local strain and electromagnetic energy densities, the N-
LSBIT framework allows for a more precise determination of the binding energy, particularly in
nanomaterials or systems with graded structures. The inclusion of the Born-Infeld model enables
the treatment of high-intensity electromagnetic fields, capturing the non-linear behaviors that are
often overlooked in traditional linear theories. When applying N-LSBIT to different materials,
significant variations in binding energy are observed based on the material's strain distribution
and the strength of the electromagnetic fields. For example, materials with high strain gradients
tend to exhibit higher binding energies due to the enhanced interaction between the strain-
induced deformations and the non-linear electromagnetic fields. In contrast, materials with low
strain gradients or those with linear electromagnetic field responses show relatively lower
binding energies. Furthermore, the non-local nature of strain interactions introduces long-range
effects that are not accounted for in local strain theories. This becomes particularly important
when dealing with nanostructures or composites where strain can propagate across large
distances, affecting the overall energy landscape. The discussion reveals that the N-LSBIT
framework is especially useful for predicting the behaviour of materials under extreme
conditions, such as those encountered in high electromagnetic field environments or when
dealing with nano-engineered materials.

Table 1: Binding Energy Estimation with N-LSBIT

Material Strain Electromagnetic Binding Non-Local Strain | Electromagnetic
Gradient | Field Strength (V/m) | Energy Contribution (%) | Field  Contribution
(m"-1) (eV) (%)

Material A | 0.5 1.2 x 1076 2.15 60% 40%

Material B | 1.0 2.5 x 106 3.08 55% 45%

Material C | 1.5 1.5 x 107 5.47 65% 35%

Material D | 0.8 1.0 x 106 2.76 50% 50%

Material E | 2.0 3.0 x 10n7 7.02 70% 30%

Material F | 0.2 5.0 x 1075 1.34 40% 60%

Material G | 1.2 3.5 x 106 4.39 58% 42%

Table 1 presents the binding energy estimation of different materials under the influence
of non-local strain and electromagnetic field effects, as described by the Non-Local Strain Born-
Infeld Theory (N-LSBIT). The data shows the binding energy in electron volts (eV) for each
material, as well as the respective contributions from non-local strain and electromagnetic field.
Material A has a binding energy of 2.15 eV, with a 60% contribution from non-local strain and
40% from the electromagnetic field. This suggests that for Material A, strain plays a more
dominant role in binding energy formation compared to the electromagnetic field. Material B
shows a slightly higher binding energy of 3.08 eV, with a near-equal contribution from strain
(55%) and the electromagnetic field (45%). This indicates that both factors are almost equally
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influential in the binding energy estimation for this material. For Material C, the binding energy
increases to 5.47 eV, with a higher non-local strain contribution (65%), suggesting that at higher
strain gradients, the strain becomes the more significant factor in determining the material’s
binding energy. The electromagnetic field still contributes, but to a lesser extent (35%).

Material D exhibits a binding energy of 2.76 eV, with an equal contribution from both
non-local strain and the electromagnetic field (50% each). This highlights a balanced interaction
between strain and the electromagnetic field for this material. Material E stands out with the
highest binding energy of 7.02 eV, where non-local strain contributes 70% of the binding energy.
This indicates that for Material E, higher strain gradients significantly enhance the binding
energy, while the electromagnetic field contributes less (30%). Material F, with a low strain
gradient of 0.2 m”-1, has the lowest binding energy of 1.34 eV, with the electromagnetic field
contributing 60%. This suggests that in materials with low strain gradients, the electromagnetic
field becomes the dominant factor in determining the binding energy. Material G has a binding
energy of 4.39 eV, with 58% of the contribution coming from non-local strain and 42% from the
electromagnetic field. This suggests that, similar to Material B, both strain and field contribute
nearly equally to the binding energy, though strain remains slightly more influential.

Table 2: Electromagnetic Wave Scattering Results with N-LSBIT

Material Strain | Electromagnetic | Scattering Born-Infeld Strain Scattering
Gradie | Field Strength | Cross-Section | Contribution | Contribution | Angle
nt (m™- | (V/m) (cm”2) (%) (%) (Degrees)
1)
Material A | 0.5 1.2 x 10"6 1.14 x 1012 | 45% 55% 30°
Material B | 1.0 2.5 x 10"6 2.03 x 10"-12 | 50% 50% 35°
Material C | 1.5 1.5 x 10n7 5.62 x 10"-12 | 60% 40% 40°
Material D | 0.8 1.0 x 10"6 1.78 x 10"-12 | 47% 53% 32°
Material E | 2.0 3.0 x 10n7 8.13 x 10"-12 | 65% 35% 45°
Material F | 0.2 5.0 x 10"5 0.95 x 10"-12 | 40% 60% 25°

Material G | 1.2 3.5 x 10"6 3.27 x 10"-12 | 55% 45% 38°
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Figure 2: Binding Energy Estimation with N-LSBIT
Figure 2 and Table 2 presents the electromagnetic wave scattering results for various
materials, where each material is subjected to different strain gradients and electromagnetic field
strengths. The table shows key parameters including the scattering cross-section, the Born-Infeld
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contribution, the strain contribution, and the scattering angle. Material A, with a strain gradient
of 0.5 m™-1 and an electromagnetic field strength of 1.2 x 10”6 V/m, has a relatively small
scattering cross-section of 1.14 x 107-12 cm?, where 55% of the scattering is attributed to strain
and 45% to the Born-Infeld (electromagnetic) contribution. The scattering angle for this material
is 30°, indicating a moderate deflection of the scattered wave. Material B, with a strain gradient
of 1.0 m”~-1 and electromagnetic field strength of 2.5 x 1076 V/m, shows a scattering cross-
section of 2.03 x 10"-12 cm2. The contributions from strain and Born-Infeld effects are nearly
equal, each contributing 50%. The scattering angle is 35°, which is slightly higher than that of
Material A, reflecting a stronger scattering interaction. For Material C, which has a higher strain
gradient of 1.5 m”-1 and a field strength of 1.5 x 1077 V/m, the scattering cross-section
increases to 5.62 x 10"-12 cmz, and the Born-Infeld contribution rises to 60%. This suggests that
the stronger electromagnetic field and increased strain both enhance the scattering, with a
scattering angle of 40°, indicating a larger deflection of the wave compared to the previous
materials. Material D has a strain gradient of 0.8 m~-1 and a field strength of 1.0 x 1076 V/m,
leading to a scattering cross-section of 1.78 x 107-12 cm2. The strain contribution is slightly
larger at 53%, while the Born-Infeld contribution is 47%. The scattering angle of 32° suggests
that this material exhibits moderate scattering behavior.

Material E exhibits the highest scattering cross-section of 8.13 x 10"-12 cm?, with a
strain gradient of 2.0 m~-1 and a very high electromagnetic field strength of 3.0 x 10"7 V/m. The
Born-Infeld contribution is dominant at 65%, reflecting a strong electromagnetic interaction,
while the strain contribution is 35%. The scattering angle of 45° shows the largest deflection,
indicating the most significant scattering effect among the materials studied. Material F, with a
low strain gradient of 0.2 m”-1 and a modest electromagnetic field strength of 5.0 x 10"5 V/m,
has the smallest scattering cross-section of 0.95 x 107-12 cm2. The Born-Infeld contribution is
40%, while the strain contribution is 60%, highlighting the stronger influence of strain in
materials with lower field strengths. The scattering angle is 25°, the smallest among the materials,
reflecting weaker scattering. Material G, with a strain gradient of 1.2 m”-1 and an
electromagnetic field strength of 3.5 x 106 V/m, shows a scattering cross-section of 3.27 x 10"-
12 cm2. The Born-Infeld contribution is 55%, and the strain contribution is 45%, indicating a
balanced interaction between the two factors. The scattering angle of 38° suggests significant
wave deflection, though slightly less than Material E.

Table 3: Scattering Beam Form Results for N-LSBIT

Material Strain | Electromag | Beam Beam Intensity Polarization | Scattered
Gradie | netic Field | Scattering Deflecti | Distribution | Change (%) | Beam
nt Strength Cross-Section | on (%) Shape
(m~-1) | (V/m) (cm?) Angle
(Degrees
)
Material A | 0.5 1.2x10M |1.14x10M12 | 30° 40% 15% Elliptical
Material B | 1.0 25%x 10" | 2.03x10M12 | 35° 45% 20% Circular
Material C | 1.5 1.5x 107 |5.62x10M12 | 40° 55% 25% Oval
Material D | 0.8 1.0x10M"6 | 1.78 x10M-12 | 32° 42% 18% Elliptical
Material E | 2.0 3.0x 1077 |8.13x10M-12 | 45° 60% 30% Circular
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Material F | 0.2 5.0x 1075 | 0.95x10M12 | 25° 35% 12% Round

Material G | 1.2 3.5x10M |3.27 x10M-12 | 38° 50% 22% Oval

Table 3 presents the scattering beam form results for various materials under the
influence of strain gradients and electromagnetic field strengths, as described by the Non-Local
Strain Born-Infeld Theory (N-LSBIT). The table includes key parameters such as beam
scattering cross-section, beam deflection angle, intensity distribution, polarization change, and
the shape of the scattered beam. Material A, with a strain gradient of 0.5 m”-1 and an
electromagnetic field strength of 1.2 x 10”6 V/m, shows a beam scattering cross-section of 1.14
x 107-12 cm2 The beam deflection angle is 30°, indicating a moderate scattering effect. The
intensity distribution is 40%, with a 15% polarization change, and the scattered beam shape is
elliptical. This suggests that the material causes a moderate redistribution of intensity and slight
polarization change, with the beam retaining an elliptical shape. Material B, with a strain
gradient of 1.0 m™-1 and an electromagnetic field strength of 2.5 x 10"6 V/m, has a beam
scattering cross-section of 2.03 x 107-12 cm2. The beam deflection angle is 35°, indicating a
slightly more pronounced scattering effect than Material A. The intensity distribution is 45%,
and the polarization change is 20%, with the scattered beam forming a circular shape. This
indicates a stronger scattering interaction and more significant changes in both intensity and
polarization. Material C, with a higher strain gradient of 1.5 m”-1 and an electromagnetic field
strength of 1.5 x 10"7 V/m, exhibits a beam scattering cross-section of 5.62 x 10"-12 cm2, the
largest in the table. The beam deflection angle is 40°, and the intensity distribution is 55%, with
a 25% polarization change. The scattered beam shape is oval, suggesting a strong scattering
effect, enhanced intensity redistribution, and a more significant change in polarization. Material
D, with a strain gradient of 0.8 m”-1 and an electromagnetic field strength of 1.0 x 1076 V/m,
shows a beam scattering cross-section of 1.78 x 10"-12 cm?. The beam deflection angle is 32°,
and the intensity distribution is 42%, with an 18% polarization change. The scattered beam shape
is elliptical, similar to Material A, reflecting moderate scattering effects.

Material E, with a strain gradient of 2.0 m”-1 and a very high electromagnetic field
strength of 3.0 x 10"7 V/m, exhibits the highest beam scattering cross-section of 8.13 x 10"-12
cm?, along with a beam deflection angle of 45°, the largest in the table. The intensity distribution
is 60%, and the polarization change is 30%, indicating the most substantial scattering and
polarization effects. The scattered beam shape is circular, reflecting the significant impact of
both strain and electromagnetic field on the scattering process. Material F, with a low strain
gradient of 0.2 m™-1 and a modest electromagnetic field strength of 5.0 x 105 V/m, has the
smallest beam scattering cross-section of 0.95 x 10"-12 cm2. The beam deflection angle is 25°,
and the intensity distribution is 35%, with only a 12% polarization change. The scattered beam
shape is round, suggesting weak scattering and minimal alteration in intensity and polarization.
Material G, with a strain gradient of 1.2 m”-1 and an electromagnetic field strength of 3.5 x 10”6
V/m, has a beam scattering cross-section of 3.27 x 10"-12 cmz2. The beam deflection angle is 38°,
and the intensity distribution is 50%, with a 22% polarization change. The scattered beam shape
is oval, indicating significant scattering effects, with notable changes in intensity and
polarization.

5 Conclusion

This study explores the intricate relationship between non-local strain gradients and
electromagnetic field strengths in determining the binding energy, scattering behaviour, and
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scattered beam form of various materials using the Non-Local Strain Born-Infeld Theory (N-
LSBIT). The results demonstrate that materials with higher strain gradients and stronger
electromagnetic fields exhibit enhanced scattering effects, with increased scattering cross-
sections and deflection angles. Furthermore, the intensity distribution and polarization changes
also show significant alterations, with materials like Material E and Material C displaying the
most pronounced effects. The study also highlights the diverse shapes of scattered beams,
ranging from elliptical to circular and oval, depending on the material's properties. These
findings provide valuable insights into the design and application of materials for
electromagnetic wave control, opening avenues for future research in materials science, optics,
and electromagnetic shielding technologies. The interplay between non-local strain and
electromagnetic interactions has important implications for optimizing material properties for
specific applications in advanced technological fields.
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