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Keynote Presentations

Fundamental Commutator, Energy Conservation, and Quantum Electromagnetics
Weng C Chew1*, Dong-Yeop Na2, J. Zhu3, and C.J. Ryu3

1Purdue University, USA; 2POSTECH, Korea; 3U Illinois, USA

Abstract
In this work, we will show that the fundamental commutator can be derived by energy conservation arguments.  To begin, we 
started with the Hamiltonian of a simple pendulum and derive the Hamilton equations of motion by energy conservation.    Such 
EOM can also be derived by starting with a quantum Hamiltonian.    Then the Heisenberg equations of motion can be derived.  
By repeated use of the commutator, the Heisenberg equations of motion can be made to resemble the classical Hamilton 
equations which we call the quantum Hamilton equations.  Similar to the classical Hamilton equations, these quantum 
Hamilton equations can be derived from energy conservation arguments.   It follows that the fundamental commutator can 
be derived from energy conservation arguments. We will then show that this commutator can be used to derive quantum 
Maxwell’s equations.  When the medium is modeled by Lorentz medium, the quantum equations of motion can be derived using 
this fundamental commutator as well.   Conversely, we can show that the quantum Hamilton equations can be derived using 
energy conservation arguments.   Then It is clear that the quantum equations of motion can be derived by repeated use of the 
commutator, or by energy conservation arguments.   It does follows that the commutator can be derived by energy conservation 
arguments.   Loss can be incorporated by coupling the main field equations to a bath of Lorentz oscillators.

Biography
Weng Cho Chew received all his degrees from MIT, between 1973-1980.  He has worked in industry and academia. He is a 
Distinguished Professor at Purdue U since 2017. He has published over 1,000 papers, books, and lecture notes.   He has won 
many teaching and research awards.  He is a member of US National Academy of Engineering, is EIC of PIER, and has both 
industry and academic experience.  He was the President of IEEE AP-S for 2018. His research interests are in wave physics and 
mathematics of inhomogeneous media. His recent interests are in multi-physics phenomena including quantum effects.  

Interconnectedness of Fields and the Nature of Quantum Reality
Yew San Hor
Department of Physics, Missouri University of Science and Technology, Rolla, USA

Abstract
More than 100 years after quantum mechanics was developed, it remains one of the most successful yet puzzling theories in 
science. While it is the foundation for new technologies like quantum computing, many basic ideas such as superposition, 
uncertainty, and entanglement, are still not fully understood. Several interpretations, like the pilot-wave theory and many-
worlds theory, have tried to explain these quantum effects, but none offer complete answers. In this talk, I introduce a new idea 
called the interconnectedness of fields. This theory suggests that all matter is linked through invisible fields, such as electric and 
magnetic fields, and these fields determine the behavior of particles. Using Gauss’s law from electromagnetism, we can show 
that particles are not independent things, but results of how fields interact. This helps explain why light can act like a wave in 
one experiment and a particle in another. The outcome depends on how the experimental setup shapes the surrounding field. 
The theory also gives new insight into quantum entanglement and the idea of wavefunction collapse during measurement. 
To support this view, I will present an experiment where microwaves, normally seen as waves, are detected as particles with 
measurable size. This shows that light can appear as particles when the field setup is right, but not when we look for wave 
behavior. This experiment provides real evidence for the theory and may lead to a better understanding of quantum mechanics, 
potentially offering new tools for quantum technologies.

Biography
Dr. Yew San Hor is an Associate Professor of Physics at Missouri University of Science and Technology. He received his Ph.D. in 
Physics from Rutgers University–New Brunswick and held research positions at Argonne National Laboratory and Princeton 
University. His research focuses on quantum materials, including topological insulators, superconductors, and magnetic 
compounds. A recipient of the NSF CAREER Award and recognized among the world’s top 2% scientists, Dr. Hor is also dedicated 
to education, teaching quantum information and mentoring students in research on quantum computing and materials 
synthesis.
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Oral Presentations

On the Mass Accretion Rate Variations/Fluctuations During the Hard-intermediate 
Outburst Evolution of MAXI J1535–571
Ambrose C. EZE 1*, Romanus N. C. EZE2

1Department of Physical and Geosciences, Faculty of Natural and Environmental Studies, Godfrey Okoye 
University, Enugu, Nigeria
2Department of Physics and Astronomy, Faculty of Physical Sciences, University of Nigeria, Nsukka, Nigeria

Abstract
MAXI J1535–571 accretion flow consists of the optically thick (Keplerian) flow atop and beneath the optically thin (sub-
Keplerian) flow. In this study, the MAXI/GSC, SWIFT/BAT, and NuSTAR observed data of the source were reduced and analyzed 
using HEASoft v6.28 alongside the pipeline product software of each X-ray detector. Spectral fitting/modelling was done using 
XSPEC v12.10.1f alongside accretion f low phenomenological, analytical, and physical models. The constrained model-fitted 
parameters were utilized in the MATLAB-written codes of physical equations to estimate other accretion flow parameters, and 
they were correlated using Pearson product-moment. Mass accretion rates are intrinsic properties of the accretion flow that 
interact at varying distances. Their variations/fluctuations explain the regions of the accretion flow where its constituents 
dominate. They are responsible for the dynamic behavior around the black hole and periodic changes in the shape of the 
Compton cloud/post-shock region. Also, quasi-periodic oscillation (QPO), distribution of power law energy spectral indices, and 
variations/fluctuations in electron temperature, optical depth in the post-shock region, and intermittent/flickering behavior 
in the accretion flow are tied to mass accretion rates. Hence, variations/fluctuations of mass accretion rates cause a decrease 
in the accretion rate ratio as the outburst progresses, and this is responsible for the delay in a transition period, the origin of 
the photon index-QPO frequency relation, and the flickering behavior of MAXI J1535-571. Keywords: MAXI J1535-571-accretion 
flow: mass accretion rates; QPO, accretion rate ratio, dynamic/flickering behavior.

Biography
Ambrose C. EZE (PhD) is a graduate of the Nigerian Institute of Science Laboratory Technology (NISLT) and the University 
of Nigeria, Nsukka (UNN) with the following qualifications: National Diploma (ND), Higher National Diploma (HND-Physics/
Electronics), B.Sc.-Physics and Astronomy, M.Sc.-Space Sciences/Astrophysics, and PhD-Astrophysics. He is a Technologist and 
Lecturer and works with the Godfrey Okoy University (GOU), Enugu, Nigeria. A winner of Best Mentor of the Year 2023 at GOU, 
and one of the winners of the African Astronomical Society (AFAS) 2021 Seed Research Grant. He is a prospective postdoctoral 
student committed to delivering quality teaching and research in a high-level setting.

Field Energy, Mass and Dark Mass - from the Rotational Special Relativity View
Yin Rui, Ying Ming, Wang Yang
Beihang University, Beijing, China

Abstract
This work investigates the field energy of spinning charged particles, proposing a model where the charge is uniformly distributed 
within a spherical volume. By analyzing the electromagnetic field in both the particle’s rest frame and an external laboratory 
frame, we find that a significant portion of the field energy is contained within a defined radius, with calculations indicating that 
99.9% of the energy resides within a sphere of radius 1000 times of the radius opf the charge ball.
The results suggest that the effective mass of a particle arises from its field energy, linking mass to electromagnetic properties. 
Furthermore, we explore the implications of relativistic effects on energy values, revealing that spinning particles exhibit 
quantum properties that lead to multiple values for mass and orbital radius.
This work also introduces the concept of dark mass, highlighting discrepancies between rest mass measurements in different 
frames and suggesting that dark matter may be linked to undetectable components of mass in the particle’s spin frame. Overall, 
our findings deepen the understanding of fundamental physics, offering new insights into mass-energy relationships and 
potential avenues for future research on dark matter.

Biography
Rui Yin graduated from electronic engineering department of Beihang University, Beijing, China in 1960. Since then, he has 
worked at Beihang University as lecture, associate professor, and professor. From 1982 to 1983, as a visiting scholar presented 
the research work about MRI with DR. Paul Lauterbur at State University of New York at Stony Brook. The research interests are 
digital signal processing, MRI, and Magnetic Resonance Therapy (MRT) and relativistic effect of rotation
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Berezin Intergral As a Limit of Riemann Sums 
Roman M. Sverdlov
Strike Foundation, United States

Abstract
Properties of Berezin integral contradict what we know of Riemann integrals. Integrals of even functions are zero while integrals 
of odd functions are non-zero (while for Riemann integrals it’s the other way around) and also integral of ekθ is k rather than k-1. 
Apart from this, it is also seemingly impossible for Riemann sum involving products of Grassmann numbers to ever return real or 
complex number. For that reason, it is conventionally assumed Grassmann numbers are just symbols, that don’t exist outside of 
integration sign. This view, however, clashes with the notion of superspace where Grassmann numbers are used as coordinates. 
Conventional response to this might be that superspace itself is only symbolic and the observable results are devoid of it. 
However, I am strongly opposed to this viewpoint. I would like to define Grassmann numbers as literal mathematical objects, 
its integral a literal Riemann sum and superspace as literal geometric space. I have written a joint paper with Thomas Scanlon 
where it was done J. Math. Phys. 61, 063505 (2020) https://doi.org/10.1063/1.5144877 which was also listed on his university 
website as BIRS-9May2020.pdf The key ideas of that paper are the following:
1) Instead of having two product signs (scalar product and anticommuting wedge product) we have three product signs: namely, 
we have Clifford product in addition to the above two and we define anticommuting product as antisymmetrization of Clifford 
product. In Berezin integration, we put Clifford product sign between infinitesimal part and finite part of the integral. This is how 
we enable a real or complex outcome. At the same time, we keep anticommuting wedge product within the finite part of the 
integral. Thus, definition of exponentiation and other similar “finite” operations remains untouched. 
2) We view Grassmann numbers as vectors in a space with very large dimension D (Berezin integral will emerge in a limit of D 
approaching infinity). In that space, we either integrate over closed hypersurface that encloses volume 1/D (thus breaking scale 
invariance by specifying the volume) or integrating over volume but making the measure of integration decay further away from 
the origin (thus breaking scale invariance in this way). Since integration of ekθ being k-1 is the consequence of scale invariance, 
the fact that we break it implies we no longer have any reason to believe it is k-1 Thus, we find a way for it to be k in a way free 
of mathematical contradictions
3) dθ has a direction. In case of surface integral, its direction is borrowed from conventional multivariable calculus: it is orthogonal 
to the surface. In case of volume integral, we introduce a new notion of ``directed volume” with the direction pointing away 
from the origin. In both cases, the direction would make dθ an odd function. Thus, if f(θ) is even, dθ* f(θ) will be odd, and if f(θ) 
is odd, dθ* f(θ) will be even, which explains why integral of even function is zero and integral of odd function is non-zero.

Quantum Foundation and Statistics
Inge S. Helland
Department of Mathematics, University of Oslo

Abstract
A new foundation of quantum theory, a foundation partly based upon statistical concepts, is described. The basic notion is that 
of theoretical variables, which may be accessible or inaccessible to a researcher or a group of communicating researchers in 
each context. An important case is when the variables are physical variables. Two other important cases are: 1) The theoretical 
variables are statistical parameters, which are accessible when they can be estimated from the given data. 2) The variables are 
decision variables. The basic theory is the same for all these three cases. Two mathematical theorems are formulated. The 
first theorem assumes the existence of two different maximal accessible variables, i.e. two complementary variables. Then 
there exists a Hilbert space describing the situation, and every accessible variable has a symmetric operator associated with it. 
Consequences of this theorem are given. The second theorem gives the Born formula. Physical and statistical applications are 
briefly mentioned.

Biography
Inge S. Helland was born in 1947. He has a background as a statistician at the University of Bergen, the Norwegian University 
of Life Science, and the University of Oslo. He retired as a full professor from the last institution in 1996 and has since been 
occupied by investigation the basis of quantum theory, as seen from his point of view. The result has been a book (Epistemic 
Processes 2021 on Springer) and several articles, some in leading journals in theoretical physics.
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Slowing Down of Electromagnetic Transitions of Atomic Nuclei in Metals as a Sign of 
Dilation of Time for These Nuclei 
Vladimir Koltsov
Khlopin Radium Institute, Saint-Petersburg, Russian Federation

Abstract
Nuclear conversion transitions (the scattering of atomic electrons on nucleons of excited nuclei with the energy transfer ΔE) for 
isomeric nuclei 235mU (ΔE = 76 eV), 154mEu (ΔE = 910 eV) and 99mTc (ΔE = 2.1 keV) slow down when atoms with isomeric nuclei are 
transferred from the surface of metals into the interior of metals. The slowing down of these transitions for nuclei in metals is 
not explained by a change in the chemical state of their atoms or by the scattering of conversion electrons on metal atoms. This 
differs from the suppression of atomic transitions in a small metal cavity, when the increase in the lifetime of excited atomic 
states can in principle be explained by the reverse absorption of emitted photons by atoms when the photons are reflected from 
the walls of the cavity.
Slowing down of conversion transitions of nuclei in metals can be caused by metals suppression of zero-point fluctuations of 
the electromagnetic field (ZPFs), which stimulate conversion transitions. Then the slowing down of these transitions can be 
interpreted as a slowing down of time for atomic nuclei in the metal. In this case, ZPFs act as a global clock, and time intervals 
are determined by the number of ZPFs quanta stimulating the interaction of particles. This concept of time corresponds to the 
relational theory, which considers time as a relationship between material objects.

Biography
Vladimir Koltsov in 1976 graduated from the Sub-faculty of nuclear physics, Faculty of physics and mechanics, St. Petersburg 
Polytechnic Institute, Russia. He works as a researcher at the Khlopin Radium Institute, Saint-Petersburg. On the topic of this 
work, he has published more than 30 papers in reputed journals.

Analysis of Ionizing Charged Particle Shielding and Range: Compilation for Space 
Exploration, Medical Physics, and Nuclear Safety
Ilker Can Celik 
Department of Physics, Faculty of Art and Science, Harran University, Sanliurfa, Turkey

Abstract
This study explores the stopping power and range of ionizing charged particles, including electrons, positrons, protons, 
deuterons, tritium, and alpha particles, as they interact with various materials, such as boron, aluminum, silicon, copper, 
tungsten, lead, water, and air. This highlights the dependence of energy loss mechanisms—ionization, excitation, and 
bremsstrahlung radiation—on the particle and material properties. Key findings include the distinct behaviors of light versus 
heavy particles, the significance of the Bragg peak for protons and alpha particles, and the critical role of the material properties 
in determining the stopping power and range. Recommendations include tailored radiation shielding, improved computational 
models, further research on heavy ions, and multilayer protection strategies. These findings have significant implications for 
applications in space exploration, medical physics, nuclear safety, and radiation detection, while advancing material science 
and computational simulations.
Keywords: Radiation shielding; ionizing charged particles; multilayer shielding; stopping power; range; space exploration; 
nuclear industry; nuclear safety; medical physics; Bragg peak; material science

Biography
Keywords: Radiation shielding; ionizing charged particles; multilayer shielding; stopping power; range; space exploration; 
nuclear industry; nuclear safety; medical physics; Bragg peak; material science Dr. İlker Can Çelik is an Assistant Professor of 
Nuclear Physics at Harran University, Turkey. He earned his Ph.D. with scholarship from the University of Surrey, UK, specializing 
in experimental nuclear physics. His research focuses on nuclear structure and gamma-ray spectroscopy, with 15 publications 
in prestigious journals. Dr. Çelik has conducted research at international facilities including TRIUMF, GANIL, GSI, and CERN. He 
teaches both undergraduate and postgraduate courses and previously served as Vice Department Head (2016-2022). Dr. Çelik is 
proficient in data analysis software ROOT and C++ programming.
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Towards Accurate Estimation of Gamma Radiation Exposure from Complex Soil 
Geometries
Boubaker Askri1*
1Research Laboratory on Energy and Matter for Nuclear Science Development (LR16CNSTN02), National Center for 
Nuclear Science and Technologies, Sidi Thabet Technopark 2020, Tunis, Tunisia 

Abstract
Soil contamination may occur following the release of nuclear materials into the environment, whether from industrial nuclear 
activities or weapons development. Modeling external radiation exposure from contaminated soils is essential for assessing 
health risks and guiding remediation efforts. Several multipathway codes—such as RESRAD [1] and MEPAS [2]—are widely 
used to estimate the total effective dose equivalent from radiological soil contamination. Notably, U.S. Department of Energy 
(DOE) Order 5400.5 mandates the use of RESRAD for establishing clean-up guidelines at DOE sites [3]. However, these models 
generally assume simplified exposure geometries and often neglect key spatial features of the contamination, such as depth, 
surface area, and orientation. To address these limitations, we propose a two-step computational approach combining Monte 
Carlo simulation with a geometric transformation based on the Tait–Bryan angles formalism. This method enables accurate 
estimation of external gamma exposure from arbitrarily shaped contaminated soil sources. To support the Monte Carlo model, 
a mathematically optimized geometry—dependent on source depth —is derived to represent a semi-infinite soil-cover-air 
system, incorporating realistic gamma-ray attenuation in matter. This approach enhances the precision of exposure assessment, 
offering a more robust framework for radiological risk evaluation and soil remediation planning.

From Tamm/Sakharov First Thermonuclear Reactors Toward Toga Device with 
Tokamak Fusion as It Should Be
Leonid E. Zakharov
LiWFusion, Princeton, NJ

Abstract
At present, when we found a new concept of magnetic fusion which opens the way to ignition, it is worthwhile to look back on 
what went wrong with this 74 old program. 
It started as classified in the early 1950s, flourished fast international development after declassification in 1958 and especially 
after 1969 (when tokamaks were recognized as the leading approach), created a foundation of basic magnetic fusion science 
in the 20st century but had a backset in 1994-1997 while attacking the breakeven milestone for fusion amplification factor Q=1. 
The lessons were not learned properly. Some cosmetic modification of the plasma shape, not touching the plasma regime were 
made, the big fusion project ITER was initiated with the same plasma regime which was essentially exhausted in the 1990s. In 
the 21st century, the fusion propaganda of  apparent, but exaggerated progress exploded together with unrealistic promises on 
soon-incoming electricity to the grid from fusion.  Regarding experiments, this dominant approach failed miserably with Q=1/3 
in two deuterium-tritium campaigns (2021, 2023) of the best tokamak JET (UK).
 At the same time, a parallel concept, called Li Wall Fusion, was developed and resulted in invention of the toga upgrade to 
tokamaks. Toga returns magnetic fusion to its basic idea on insulation of the high temperature burning plasma from material 
surfaces. It specifies the technology of the best possible elimination of the plasma cooling y the cold particles from the walls, 
the root problem which was envisioned remarkably as early as in 1951 by the founders of magnetic fusion Igor Tamm and Andrei 
Sakharov. With toga invention, fusion can be returned to the state of a normal physics research and development program 
which justifies iteself by tangible progress visible to the society, from its present propaganda program and fake promises. I 
expect that this story of fusion might be instructive to other physics programs as well.

Biography
Leonid Zakharov is a leading researcher at LiWFusion, based in Princeton, New Jersey. His work focuses 3rd International 
Conference on October 21-24, 2024 | Boston, MA | Hybrid Physics and its Applications 6 on advanced fusion energy research, 
with particular expertise in plasma physics and the development of innovative approaches to fusion technology. Zakharov’s 
research aims to address some of the most pressing challenges in energy production, striving to harness the potential of fusion 
as a clean and sus tainable energy source.
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Quantum Sensing for Particle Detection Based on Single Molecule Magnets
Giuseppe Latino
University of Florence, Italy

Abstract
Answering the most puzzling questions in fundamental physis drives a continuous quest for the development of new detection 
techniques which may allow to go beyond traditional measurement approaches. On this purpose, an increasing R&D activity 
for the development of new detection strategies based on exploiting the extreme sensitivity of quantum systems is currently 
ongoing, aiming at introducing innovative sensors with frontier performances.  mong the quantum systems being investigated 
in this rapidly evolving interdisciplinary field, Single Molecule Magnets (SMMs, molecular crystals where each molecule 
substantially behaves as a tiny, isolated magnet) are considered to have promising potential for developments in the context 
of spin-based devices. After an introduction to these relatively new materials, we present the INFN R&D project NAMASSTE 
and its results, which give strong evidence for the potential application of quantum sensing based on SMMs to particle 
detection.

High Temperature Dielectric Based on Bi0.5 Na0.5 TiO3 /NaNbO3 in Solid Solution for 
Energy Storage
Cécile Autret-Lambert1,2, Thomas Fourgassie1 ,2, Pierre-Eymeric Janolin2, Brahim Dkhil2 
1 - Laboratoire GREMAN, UMR 7347 Université Tours - CNRS- INSA CVL Université de Tours UFR Sciences & 
Techniques Parc Grandmont 37200 Tours, France
2 - Laboratoire SPMS, UMR CNRS-CentraleSupélec- Bâtiment Gustave Eiffel - MB. 105- 8-10 rue Joliot-Curie 91190 
Gif-sur-Yvette, France

Abstract
The energetic needs of our society seems to grow endlessly, that is why we need to increase our energy storage capacity for a 
sustainable future. Novel lead-free solid solutions are promising candidates to replace lead-based piezoelectric ceramics such 
as Pb(Zr,Ti)O3. Among the lead-free material, Bi0,5Na0,5TiO3 (BNT) ceramics have attracted a large attention for their excellent 
and competitive dielectric properties. Our goal is to synthetize a new lead-free material based on BNT presenting high energy 
storage properties in a wide range of temperature. BNT was chosen as a base material for his high maximum polarization (Pmax) 
and his relaxor properties making his phase transition more diffuse, resulting in broad peaks of dielectric permittivity. In order 
to improve the electrical properties for our final material, we decided to work on the optimization of the base material BNT by 
two ways: the sol-gel method and the A and B-site doping with solid solution with NaNbO3. We therefore report the impact of 
different synthesis processes on the structural and dielectric properties of BNT, as well as the impact of the addition of dopants 
on the properties usually seen in pure BNT. BNT and NaNbO3 was synthetized using a sol-gel process known as modified citrate 
method allowing obtaining dense homogeneous samples. The samples and the BNT-NaNbO3 solid solution were investigated 
for high-temperature capacitor applications.

Biography
Cecile Autret-Lambert is a professor of materials science of the Materials, Microelectronics, Acoustics and Nanotechnology 
Research Institute (GREMAN) at Tours University (France). She has authored/co-authored over 108 papers (H-index 23) in the 
field of oxide ceramics. As a solid-state chemist, she focuses on establishing relationships between the structures and the 
electrical and/or magnetic properties of functional oxides compounds that she has synthesized. A part of her work consists to 
the design of functional materials with different processing and characterization methods.
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Poster Presentation

Dissipative Nonlinear Structures in Dense Relativistic-degenerate Plasmas 
Saeed Ahmad
University of Azad Jammu and Kashmir Muzaffarabad, Pakistan 13100

Abstract
This work examines the linear and nonlinear properties of ion-acoustic excitations in a dense relativistic degenerate plasma 
composed of ultra-relativistic degenerate electrons and non-relativistic degenerate ions under a collisional regime. The study 
primarily focuses on dissipative effects caused by plasma-neutral collisions, considering interactions of both electrons and ions 
with neutral particles. A relativistic equation of state is adopted for electrons, and a non-relativistic one for ions, using the fluid 
model.
The study first explores unidirectional ion-acoustic solitary waves in an unmagnetized collisional plasma under quantum 
and relativistic effects. A linear dispersion relation is obtained by linearizing the scaled evolution equations. The nonlinear 
analysis is done using reductive perturbation technique. In the weak dissipation limit, the low-frequency ion-acoustic 
dynamics are governed by a damped Korteweg-de Vries (KdV) equation. The undamped KdV equation is solved analytically 
using the generalized pseudo-potential method, yielding a pulse solution. The damped KdV equation is solved using the soliton 
perturbation technique to obtain an approximate time-dependent solution. Both analytical and parametric results show that 
solitary waves exist as dissipative solitons.
The model is then extended to investigate three-dimensional ion-acoustic solitary structures. Considering weak transverse 
perturbations, a multi-scale perturbation technique leads to a damped Kadomtsev-Petviashvili (KP) equation. The soliton’s 
amplitude, energy, and velocity decay exponentially with time, eventually disappearing. Analytical results are supported by 
parametric study and graphical analysis has been done. Plasma density and ion-neutral collision frequency significantly affect 
soliton profiles. The findings are consistent with earlier studies and relevant to degenerate plasmas in ultra-dense astrophysical 
objects.

Biography
My name is Saeed Ahmad and I am from Pakistan. I have completed 18 years of education in Physics, 
specializing in Plasma Physics. Currently, I am pursuing my PhD at the University of Azad Jammu and 
Kashmir, Muzaffarabad, Pakistan. My research focuses on the theoretical and computational study of 
plasmas with particular interest in the dynamics of astrophysical plasmas and the formation and behavior 
of nonlinear structures in plasmas. I am passionate about advancing our understanding of space and 
astrophysical environments through plasma modeling and nonlinear wave analysis, contributing to both 
academic knowledge and future applications in space and plasma research.
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DAY-2 TUESDAY, JULY 08, 2025ABSTRACTS

Keynote Presentations

Shape Reversibility and The Role of Twinning Reactions in Martensitic 
Transformations in Shape Memory Alloys
Osman Adiguzel
Firat University, Department of Physics, Elazig, Turkey

Abstract
A series of alloy systems exhibit a peculiar property called shape memory effect. This phenomenon is initiated on cooling 
and deformation and performed thermally on heating and cooling, with which shape of material cycle between original and 
deformed shape in reversible way. Therefore, this behavior can be called Thermoelasticity.
This phenomenon is result of crystallographic transformations in atomic level, thermal and stress induced martensitic 
transformations. Thermal induced martensitic transformation occurs on cooling with cooperative movements of atoms in <110 
> -type directions on the {110} - type planes of austenite matrix, along with lattice twinning, and ordered parent phase structures 
turn into the twinned martensite structures, and the twinned structures turn into the detwinned structures by means of stress 
induced martensitic transformation, with stressing material in the martensitic condition.
These alloys exhibit another property called superelasticity, which is performed with stressing and releasing material in elasticity 
limit at a constant temperature in parent phase region, and shape recovery is performed simultaneously upon releasing by 
exhibiting elastic material behavior. Superelasticity is also result of stress induced martensitic transformation and ordered 
parent phase structures turn into detwinned martensite structure with stressing.  However, lattice twinning and detwinning 
reactions play important role in martensitic transformations, and they are driven by inhomogeneous lattice invariant shears.
Copper based alloys exhibit this property in metastable β-phase region, which has bcc-based structures.  Lattice invariant shear 
and twinning is not uniform in these alloys and gives rise to the formation of complex layered structures.
In the present contribution, x-ray and electron diffraction studies were carried out on copper based CuAlMn and CuZnAl alloys. 
X-ray diffraction profiles and electron diffraction patterns exhibit super lattice reflections. X-ray diffractograms taken in a long-
time interval during aging at room temperature show that diffraction angles and intensities of diffraction peaks change with the 
aging duration at room temperature.
Keywords: Shape memory effect, martensitic transformation, thermoelasticity, superelasticity, lattice twinning, detwinning

Biography
Dr. Adiguzel graduated from Department of Physics, Ankara University, Turkey in 1974 and received PhD- degree from Dicle 
University, Diyarbakir-Turkey. He studied at Surrey University, Guildford, UK, as a post- doctoral research scientist in 1986-1987, 
and studied were focused on shape memory effect in shape memory alloys. His academic life started following graduation by 
attending an assistant to Dicle University in January 1975. He became professor in 1996 at Firat University in Turkey, and retired 
on November 28, 2019, due to the age limit of 67, following academic life of 45 years.  He supervised 5 PhD- theses and 3 M. 
Sc- theses and published over 80 papers in international and national journals; He joined over 120 conferences and symposia in 
international level with contribution.  He served the program chair or conference chair/co-chair in some of these activities. Also, 
he joined in last six years (2014 - 2019) over 60 conferences as Keynote Speaker and Conference Co-Chair organized by different 
companies. Additionally, he joined over 180 online conferences in the same way in pandemic period of 2020-2023.

Some Dark-matter and Gravitational Details That Explain Otherwise Seemingly 
Unexplained Cosmic Data
Thomas J. Buckholtz
National Coalition of Independent Scholars, USA

Abstract
We provide quantitative explanations for known ratios of dark-matter effects to ordinary-matter effects, and we suggest 
explanations for the rate of expansion of the universe and for cosmology tensions. Our work features a well-defined specification 
for dark matter. Our work features multipole expansions that combine Newtonian gravity and special-relativistic interpretations 
of properties of objects. Our work adds one integer-based equation to successful popular modeling. Some solutions of the 
equation help to quantitatively explain dark-matter-to-ordinary-matter ratios and help to suggest insight regarding galaxy 
formation, rate-of-expansion phenomena, the Hubble tension, and the S8 tension.
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Biography
Dr Thomas J. Buckholtz does research in (1) cosmology and elementary particle physics and (2) innovation and leadership. 
His background for (1) includes a mathematics BS from Caltech, a physics PhD from Berkeley, and work as a physicist. His 
background for (2) includes catalyzing a grassroots innovation program throughout an energy utility and serving as a United 
States General Services Administration commissioner {including leading a $1-billion-revenue-per-year business unit and 
serving as co-chief information officer for the federal government’s Executive Branch}. His contributions to society span aspects 
of research and development, business, government, education, information technology, and the environment.

Oral Presentations

Complex Pyramid Structures to Enhance Localized Surface Plasmon Resonance for 
Silicon-based Mid-infrared Photodetection Based on Hot Carrier Dynamics 
Ching-Fuh Lin1,2,3,4*, Yao-Han Dong1, and Ting-Kai Chang1

1Graduate Institute of Photonics and Optoelectronics, National Taiwan University, Taipei, No.1, Sec. 4, Roosevelt 
Road, 10617, Taiwan
2Graduate Institute of Electronics Engineering, National Taiwan University, Taipei,  
No. 1, Sec. 4, Roosevelt Road, 10617, Taiwan
3Department of Electrical Engineering, National Taiwan University, Taipei, No. 1, Sec. 4, Roosevelt Road, 10617, 
Taiwan
4Graduate School of Advanced Technology, National Taiwan University, Taipei, No. 1, Sec. 4, Roosevelt Road, 
10617, Taiwan

Abstract
This study investigates the potential application of silicon-based Schottky devices optimized with localized surface plasmon 
resonance (LSPR) structures for mid-infrared detection. While significant progress has been made in near-infrared sensing, 
research on silicon-based Schottky devices for mid-infrared applications remains relatively underexplored, particularly in 
enhancing response and spectral detection capabilities in the mid-infrared range. To address these challenges, this work 
proposes a novel LSPR structure design that integrates an upright pyramid within an inverted pyramid geometry. Theoretical 
simulations reveal that this innovative design effectively induces pronounced LSPR, enabling superior confinement of incident 
infrared light and significantly enhancing electric field resonance effects. This unique geometry overcomes the limitations of 
conventional inverted pyramid structures, which struggle to concentrate electric field enhancement regions, thereby achieving 
significantly improved photoresponse. Experimental results reveal a progression in responsivity across three device types: 
planar Ag/n-Si Schottky devices (nA/W to µA/W), pyramid-structured devices (µA/W to mA/W), and complex pyramid devices 
(mA/W). At a wavelength of 3.46 µm, the complex pyramid device achieves a 16-fold increase in responsivity over planar devices 
and a 4-fold increase over pyramid devices. Furthermore, the device successfully detects mid-infrared light with wavelengths 
up to 10 µm, achieving a peak responsivity of 1.821 mA/W. Importantly, this mechanism differs from conventional photo 
thermoelectric (PTE) effects based on photothermal conversion and thermoelectric processes. Instead, it enables a rapid 
photoresponse while maintaining high responsivity, underscoring its potential for high-performance detection. In conclusion, 
these advanced Schottky PHYSICS-2025 structures leveraging hot carrier effects offer a cost-effective pathway for broadband 
mid infrared detection, paving the way for next-generation high-speed plasmonic photodetectors with superior performance.

Biography
Prof. Ching-Fuh Lin obtained the B.S. degree from National Taiwan University in 1983, and the M.S. and Ph.D. degrees from 
Cornell University, Ithaca, NY, in 1989 and 1993, respectively, all in electrical engineering. He is a Fellow of IEEE, a Fellow of SPIE, 
and a joint distinguished professor in the Graduate Institute of Photonics and Optoelectronics, Graduate Institute of Electronics 
Engineering, Department of Electrical Engineering and Graduate School of Advanced Technology at National Taiwan University. 
He has published over 200 journal papers and 600 conference papers and holds about 100 patents. His major research area 
includes Si-based photonics, solar cells, micro-LED technologies, etc.

Reformulating Classical Mechanics with Non-hermitian Operators 
Yehuda Roth
Oranim College

Abstract
Entanglement is often considered exclusive to quantum mechanics, yet we demonstrate that it also emerges in classical 
mechanics, particularly in the center-of-mass system. However, unlike quantum entanglement, where all orthogonal states 
carry physical significance, classical entanglement does not necessarily imply the meaningfulness of orthogonal states.
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Here, we reconstruct the laws of classical mechanics using an operator-based framework and reveal its inherent reliance on 
non-Hermitian operators. This challenges the conventional notion of a space-spanning basis of states, explaining why classical 
mechanics identifies individual states rather than a complete orthogonal set.
Moreover, we identify signatures of a collapse-like process in classical mechanics. We propose that developing a theoretical 
model for this classical collapse could have broader implications, particularly in biology. As an example, we examine the 
stem cell system, suggesting that classical mechanics may offer novel insights into cellular differentiation and developmental 
processes.

Biography
Dr. Yehuda Roth is a researcher in theoretical physics and cognitive modeling, affiliated with Oranim College. He holds a Ph.D. in 
physics, with specialization in quantum mechanics, quantum-like formalisms and interdisciplinary applications in neuroscience. 
His recent work explores the integration of quantum information theory with models of neurodivergent cognition. Dr. Roth has 
presented at several national and international conferences and is actively engaged in bridging mathematical physics with 
cognitive science. His publications include work on quantum observables, thermodynamic frameworks, and neural conceptual 
structures. 

Study of Fractional Quantum Hall States in Electronic & Bosonic Systems
Moumita Indra
Indian Institute of Technology (IIT) Guwahati, Assam, India

Abstract
The fractional quantum Hall effect (FQHE) [1] is a collective quantum phenomenon that occurs in a two-dimensional electron 
system subjected to a strong perpendicular magnetic field and very low temperatures. The Hall resistance becomes quantized 
at specific values, corresponding to integer or particular fractional quantum numbers. Remarkably, there is a huge degeneracy 
of many-body states due to strong interactions between particles at fractional filling fractions of Landau levels. It is a challenging 
problem to solve the Coulomb Hamiltonian in such a correlated system and requires substantial computational resources. 
Experimentally, the FQHE has also been observed in systems of massless Dirac electrons in SU(4) monolayer graphene [2]. 
Recently, there has been a proposal for observing the FQHE in neutral, rotating, trapped dilute Bose atomic systems at ultra-
low temperatures [3]. In this talk, I shall discuss various partially polarized fractional quantum Hall states in multi component 
systems [4-5]. After a brief overview of the basic composite fermion theory, Chern Simons theory, and the numerical techniques 
used for simulation, I am planning to explain the partially polarized states observed in experiments and our findings related to 
those states. Additionally, I shall describe the composite fermionization of Bose atoms in ultra-dilute rotating Bose system and 
discuss the neutral collective excitations, presenting some exciting results on collective spin-conserving and spin-flip excitation 
spectra [6] in bosonic system as well as in the SU(2) electronic system.

Biography
Moumita Indra is from Kolkata, West Bengal, India. She completed her graduation and post-graduation from the University of 
Kalyani. She is awarded Ph.D. degree in theoretical condensed matter physics from Indian Institute of Engineering Science & 
Technology (IIEST) Shibpur, Howrah, in 2022. Her doctoral research focused on the fractional quantum Hall effect. She also has 
experience working on semiconductor devices at IIT Bombay. Currently, she is a postdoctoral fellow at IIT Guwahati, working on 
quantum droplets and Bose-Einstein Condensation.

 
Spin-wave and Random Magnetic Anisotropy Studies in Amorphous 
Tb1-xAux alloys
A. El Boubekri a, ⁎ M. Sajieddine a,b, M. Lassri c, M. Sahlaoui a, A. Razouk a, H. Lassri d

aLGEM, FST, Sultan Moulay Slimane University, Morocco
bNational School of Applied Sciences, Sultan Moulay Slimane University, Morocco
cIAP-EMINES, Mohammed VI Polytechnic University, Morocco
dLPMAT, Faculty of Sciences Aïn Chock, Hassan II University of Casablanca, Morocco

Abstract
This work explores how varying gold (Au) content influences the magnetic properties of amorphous Tb₁₋ₓAuₓ alloy foils, with 
compositions of x = 20, 25, 30, and 33 at.%. Magnetic measurements were carried out across a temperature range of 4.2 to 
250 K under an applied field of 0.5 T. Our results show a clear trend: the Curie temperature (TC) decreases as terbium (Tb) is 
progressively replaced by gold.
To gain deeper insight into the magnetic behavior, we applied Bloch’s law to analyze the temperature dependence of 
magnetization. From this, we extracted key parameters such as the spin wave stiffness constant (D) and the exchange constant 
(A). We also examined the approach to saturation magnetization using the random magnetic anisotropy (RMA) model.
One of the most notable findings is the strong variation in the local magnetic anisotropy constant (KL) with composition. KL 



A
B

ST
R

A
C

T 
B

O
O

K

12Physics and its Applications
4th International Conference on

July 07–09, 2025 | Virtual

increased significantly—from 2.30 × 10⁷ erg/cm³ to 9.1 × 10⁷ erg/cm³—as x increased from 0.20 to 0.30, before dropping to 3.28 
× 10⁷ erg/cm³ at x = 0.33. These results provide new insight into how gold substitution modulates the magnetic interactions and 
anisotropy in rare-earth-based amorphous alloys.

Cold Sprayed Zn Coatings Obtained by Low Pressure Cold Spray
John Henao1*, Astrid Giraldo2, Carlos Poblano3, Paola Forero4, and Jorge Corona3

SECIHTI-CIATEQ A.C.1, México, CINVESTAV2, México, CIATEQ A.C.3 , México, TECNM4, México.

Abstract
This study investigates the deposition of zinc coatings using low-pressure cold spray on magnesium substrates, focusing on the 
influence of processing conditions on the critical impact velocity of the coatings. Two types of zinc powders were employed to 
evaluate their effects on deposition efficiency and coating characteristics, including microstructure, porosity, and thickness. 
The coatings achieved thicknesses ranging from 100 to 600 micrometers under varying conditions. By analyzing the relationship 
between processing parameters and critical impact velocity, we elucidated how these factors affect deposition efficiency and 
the resultant properties of the coatings. The findings indicate that optimizing processing conditions can significantly enhance 
the performance and integrity of zinc coatings, making them suitable for various applications in protective and functional 
coatings. This research contributes to the understanding of cold spray technology and its potential for improving the durability 
and reliability of coatings in industrial applications.

Biography
John Henao holds a PhD in Engineering and Advanced Technologies, an MSc in Advanced Materials, and is a Materials Engineer. 
With over 10 years of experience in thermal spraying, he has authored several publications in materials science and thermal 
spray coatings. Currently, he is a research fellow at the Secretary of Science, Humanities, Technologies, and Innovation (SECIHTI) 
in Mexico, based at the Advanced Technology Center (CIATEQ) in Querétaro. His research focuses on developing projects related 
to bioactive coatings, thermal spraying, and materials for different applications.

Retrieval of Greenhouse Gas Concentrations from Uvsq-Sat NG Observations Using 
the Levenberg-marquardt Method
Mustapha Meftah1*, Cannelle Clavier1, Alain Sarkissian1

1 CNRS / LATMOS, 4 Place Jussieu, 75005 Paris, France

Abstract
Uvsq-Sat NG is a French 6U CubeSat (10 × 20 × 30 cm) developed under the International Satellite Program in Research and 
Education (INSPIRE), designed for advanced Earth observation. Launched in March 2025 aboard Falcon 9 Transporter 13, it 
focuses on monitoring greenhouse gases (GHGs) such as CO₂ and CH₄ while also measuring the Earth’s radiation budget (ERB). 
The satellite is equipped with a miniaturized near-infrared (NIR) spectrometer operating in the 1100–2000 nm range with a 
spectral resolution of 7 nm and a 0.15° field of view, enabling observations in both nadir and solar directions. This study presents 
the application of the Levenberg-Marquardt optimization method for retrieving atmospheric concentrations of CO₂, CH₄, O₂, 
and H₂O from Uvsq-Sat NG’s space-based measurements. A Monte Carlo approach is employed to assess retrieval uncertainties, 
ensuring robust and reliable estimations. The findings highlight the potential of CubeSat-based spectroscopic observations for 
high-precision greenhouse gas monitoring, contributing to improved atmospheric modeling and climate research.

Biography
Mustapha Meftah (MM) is a Professor at Paris-Saclay University (Master NewSpace) and a research scientist with 20+ years of 
experience in Astronomy, Solar Physics, Climate Physics, and aerospace instrumentation. He holds a PhD in Earth Sciences and 
Solar Physics from Université de Versailles and an aerospace engineering degree from Toulouse, France. MM is the Principal 
Investigator of UVSQ-SAT, INSPIRESat, and UVSQ-SAT NG, specializing in space environment studies and instrumentation. He 
has contributed to over 120 peer-reviewed publications and is a COSPAR task group member on small satellite constellations 
for Earth observation.

Enhancement of the Psi Optical Properties after Doping with a Metal Oxide (Nd2O3 ) to 
Be More Efficient for Solar Cells
Ibtissem Zarouki, and Beya Ouertani
Photovoltaic Laboratory, Research and Technology Center of Energy, Borj-Cedria Science and Technology Park, 
BP, 95, 2050, Hammam-Lif, Tunisia
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University of Carthage, Higher Institute of Environmental Science and Technology of Borj Cedria, Borj-Cedria 
Science and Technology Park, Tunisia

Abstract 
PSi is a promising material for optoelectronics and photovoltaics but suffers from surface defects and instability. To address 
this, Nd₂O₃ was applied as a passivating layer using a simple chemical method. In this aim, the present work investigates the 
surface passivation of porous silicon (PSi) using neodymium oxide (Nd₂O₃) to improve its structural and optical properties. 
Characterization techniques such as XRD, FTIR, and photoluminescence were used to analyze the treated samples. The objective 
of this work is achieved. It concerns to evaluate the effectiveness of Nd₂O₃ for enhancing PSi optical performance. This study 
contributes to developing efficient materials for several applications in energy conversion, particularly solar cell technologies.
Keywords: PSi, Rare earth oxide, Nd2O3, Nd-O bonds, Nd-O-Si bonds, chemical deposition method, PL, Reflectivity, EDX, SEM, 
τeff, FTIR, and XRD.  

Biography
Ibtissem Zarouki obtained her Baccalaureate in Technical Sciences, in 2019 at Ibn Abi Dhiaf  high school, Mannouba-Tunisia. 
Then she succeded and obtained her diploma of Bachelor’s Degree in Energy Engineering in 2022 at the Higher Institute of 
Environmental Sciences and Technologies (ISSTE)-University of Carthage, Tunisia. Now she is going to finish her Research 
Master’s Degree in Energy and Processes, at the same Institution. She has been being a researcher at the Photovoltaic Laboratory, 
Research and Technology Center of Energy, Borj-Cedria Science and Technology Park of Broj Cédria, Tunisia.

Heat Treatment Effect of the Nd-doped Psi Thin Films on Their Structural, 
Morphological, and Optical Properties
Imen Hammami, and Beya Ouertani
Photovoltaic Laboratory, Research and Technology Center of Energy, Borj-Cedria Science and Technology Park, 
BP, 95, 2050, Hammam-Lif, Tunisia
University of Carthage, Higher Institute of Environmental Science and Technology of Borj Cedria, Borj-Cedria 
Science and Technology Park, Tunisia

Abstract 
The goal of the present work is to improve optical properties of PSi to better pave the way for its integration in photovoltaic 
applications, its rare earth (RE) doping leads to obtain Nd2O3/PSi structure making it a promising material thanks to its anti-
reflective and light trapping properties. Hence, in a first step, PSi samples were fabricated by electrochemical anodization 
technique. In a second step, neodymium oxide (Nd2O3) was deposited on the pre-prepared PSi substrates by a simple and 
low cost chemical deposition method. The as obtained samples were immediately annealed at different heat temperatures. 
The structural, morphological and optical properties of the heat treated Nd2O3/PSi structures were investigated by studying 
minority carrier lifetime (τeff)  measurements, X-ray diffraction (XRD), Fourier transmission infrared spectroscopy (FTIR), 
spectroscopy energy dispersive X-ray (EDX), scanning electron microscopy (SEM), photoluminescence spectroscopy (PL) and 
reflectivity measurements. The FTIR spectroscopy study supports the XRD analyses which confirm the incorporation of Nd 
particles in the PSi structure. The obtained interesting results confirm the wise choice of the Neodymium as dopant of the PSi 
for enhancing its efficiency acting as antireflection and passivation.
Keywords: PSi, Rare earth oxide, Nd2O3, Nd-O bonds, , chemical deposition method.

Biography
Imen Hammami is a student at the Higher Institute of Environmental Sciences and Technologies of Borj Cédria, University of 
Carthage, Tunisia. She obtained her engineering degree in Energy in 2013 from the National Engineering School of Monastir 
(ENIM), and she is currently doing her final internship for a Research Master’s in Energy and Processes within the  Laboratory 
of Phototovolaïc (LPV) at the Research and Technology Center of Energy (CRTEn), Science and Technology Park of Borj Cedria- 
Tunisia.

Comments on the Accuracy of Pressure Determined by Thermal Equation of State of 
Solids
Jinyuan Yan
Material Science Division, Lawrence Berkeley National Lab, Berkeley, California, USA

Abstract
In geophysics, geochemistry, and other high-pressure and high-temperature (P-T) research, pressures are often determined 
using pressure gauges based on their thermal equations of state (TEOS). The standard TEOS, P(V, T) = P(V, T0) + Pth(V, T),  
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comprises an isothermal compression term, Pth(V, T), and a thermal pressure term, Pth(V, T), of an isochoric heating. However, as 
solids in soft pressure media at high P-T conditions are not heated isochorically, thermal pressure cannot be determined from a 
single heating process.  Furthermore, the thermal pressure of a sample doesn’t equal that of its pressure gauge. This discussion 
also makes some comments on the most popular thermal pressure EOS (Anderson model). Finally, a new thermal expansion 
equation of state is proposed, with partial validation using MgO and Au under ambient pressure conditions.

Biography
Dr. Jinyuan Yan graduated with a degree in Nuclear Engineering from North Carolina State University in 2005. From 2006 to 2020, 
Dr. Yan focused on high-pressure research at the Advanced Light Source (ALS), Lawrence Berkeley National Laboratory. In 2020, 
Dr. Yan transitioned to work on EUV lithography in the Materials Science Division at Lawrence Berkeley National Laboratory.
While at beamline 12.2.2 of the ALS, Dr. Yan conducted high-pressure, high-temperature research utilizing advanced techniques 
such as diamond anvil cells, double-sided laser heating, and resistive heating. Additionally, Dr. Yan contributed to the 
development of mechanical and optical systems, advancing techniques and instrumentation in these areas.

Poster Presentations

Keck DEIMOS Coadded SBF Spectroscopy of M81 Dwarf Satellite Galaxies
Vinayak Sinha1*, Shreyanshi Garg2, Aparajito Bhattacharya3, Yuze Cai4, Puragra 
Guhathakurta5, Shivani Kota6, Elisa Toloba7

1The Harker School, USA;
2University of California Santa Cruz, USA
3St. Xavier’s College, India; 4Concord Academy, USA
5University of California Santa Cruz CrEST, USA
6University of California Santa Cruz, USA; 7University of the Pacific, USA

Abstract
We present ongoing analysis of images obtained with the Hubble Space Telescope (HST) images and images and spectra obtained 
with the Keck 2 10-m telescope and DEIMOS instrument of the partially resolved stellar population of three dwarf satellite 
galaxies of the massive spiral galaxy M81: KDG63, KK77, and F8D1. The spectra were obtained with the goal of measuring the 
line-of-sight velocity and chemical abundance of the dwarf galaxies. At the distance of M81 (D = 3.6 Mpc), individual old red giant 
branch stars are so faint that it is difficult, if not impossible, to obtain meaningful spectra using even the world’s most powerful 
telescopes and spectrographs. Instead, we rely on the “co-added surface brightness fluctuation (SBF) spectroscopy” technique 
pioneered by Toloba et al. (2016a,b). This technique uses the fact that, in ground-based seeing conditions, the upward SBFs 
correspond to pixels that contain a higher-than-average number of luminous stars as a result of Poisson fluctuations. We design 
each DEIMOS mask to target these upward SBFs and then co-add the spectra of multiple slits to increase the spectral signal-
to-noise ratio. On the HST imaging side of the data analysis, we use SExtractor-based source catalogs of stellar positions (RA, 
DEC) and apparent magnitudes in the F606W and F814W filters to construct radial stellar surface density profiles, while properly 
accounting for the rectangular shape of the HST image and CCD gaps, and color-magnitude diagrams as a function of projected 
distance from the center of the dwarf satellite galaxy.

Biography
Vinayak Sinha is an 11th grader at the Harker School in the San Francisco Bay Area, California. He is passionate about making 
a meaningful and measurable impact in the communities we live in. He is interested in researching the formation of galaxies 
and spacecraft design. Raja GuhaThakurta (PhD, Astrophysical Sciences, Princeton University) is a Distinguished Professor of 
Astronomy and Astrophysics at UC Santa Cruz. His research is focused on the formation and evolution of galaxies - specifically, 
their accretion/cannibalism history, dark matter content, chemical enrichment, and star formation history - using the Keck and 
Hubble telescopes.

Thermoelectric Properties and Eelectron Transport in Bi1-xSbx Wires and Layers
Albina Nikolaeva1*, Leonid Konopko1, Tito Huber2, Igor Ghergishan1, and Gheorghe Para1

1Technical University of Moldova, Moldova
2Howard University, USA

Abstract 
We present results of study the thermoelectric properties and electron transport the Bi1-xSbx single-crystal wires and layers in 
a temperature range of 3.1–300 K at magnetic fields of up to 14 T. The Shubnikov de Haas oscillation periods exhibit anomalies 
that are not typical either for bulk Bi1−xSbx samples or for semimetal wires based on Bi1−xSbx alloys; this fact indicates a significant 
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role of surface states of topological insulators in 1D-systems. With a decrease in wire diameter d at temperatures of T < 60–50 
K, a transition from the semiconductor to metallic conductivity of resistance R(T) is observed; the transition represents the 
presence of surface states (TIs) and their significant contribution to the conductivity. Based on a technology developed by the 
authors for forming unsupported p-type Bi1−xSbx  single-crystal microlayers and an n-type Bi–17%Sb foil, a facility that provides 
a temperature difference of ΔT = 11 K on a thermocouple made an area of 0.01 cm2 due to the Peltier effect at 300 K has been 
constructed. That can be used to design miniature sensors for thermoelectric devices, such as micro-thermoelectric coolers.
This work was supported by the Ministry of Education and Research of Moldova within the program 020201.

Biography
Nikolaeva Albina holds a MSc from Moldova State University, Chisinau, Moldova, PhD in physics and mathematics from the 
Institute of the Applied Physics of the  Academy of Science, and  doctor habilitat, professor from the Institute of Applied Physics 
of the  Academy of Science, Chisinau, Moldova. Her current research interests include applications of nanomaterials based on 
nanoparticles and nanowires for use in sensors and energy conversion devices.

Anisotropic Thermoelectric Devices Based on Single-Crystal Glass-Coated  
Bi-Sn Microwires and Bi Films
Leonid Konopko1*, Albina Nikolaeva1, Tito Huber2, Denis Shiversky1

1Technical University of Moldova, Moldova
2Howard University, USA

Abstract
Here we studied an unconventional thermoelectric energy conversion based on a single element made of an anisotropic 
material. In such materials, a heat flow generates a transverse thermoelectric electric field lying across the heat flow. A feature of 
anisotropic thermoelectrics is that the thermoelectric voltage is proportional to the element length and inversely proportional 
to the effective thickness. We have prepared an experimental sample consisting of a 10-m-long glass-insulated single-crystal 
tin-doped bismuth microwire (D=20 μm, d=4 μm). Crucial for this experiment is the ability to grow the microwire as a single-
crystal using a technique of recrystallization with laser heating and under a strong electric field. The sample was wound as a 
spiral, bonded to a copper disk, and used in various experiments. The sensitivity of the sample to heat flow is as high as 10-2 V/W 
with a time constant s of about 0.2 s. Polycrystalline Bi films with a thickness of 2-5 μm were deposited on the mica support by 
the vacuum thermal evaporation method. Experimental samples of heat flux sensors were made on the basis of recrystallized 
Bi films under laser heating and in a strong electric field.
This work was supported by the Ministry of Education and Research of Moldova within the program 020201.

Biography
Leonid Konopko holds a MSc from Moscow Higher Technical School named by Bauman, Russia and a PhD 
in physics and mathematics from the Institute of Applied Physics, Chisinau, Moldova. His current research 
interests include applications of nanomaterials based on nanoparticles and nanowires for use in sensors 
and energy conversion devices.
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DAY-3 WEDNESDAY, JULY 09, 2025

Keynote Presentations

Mathematical Equivalence is Not Physical Equivalence
Tepper L. Gill
Departments of EECS, Mathematics and Computational Physics Laboratory Howard University, Washington DC 
20059 USA

Abstract
The purpose of this talk is to show that mathematical equivalence cannot be equated to physical equivalence and how 
mathematical con cepts not designed for physics can muddle understanding and/or prevent progress. I provide the following 
examples to justify my position:
1.	 A proof that Minkowski’s (third) postulate is incompatible with Einstein’s first postulate for two or more particles.
2.	 A proof that the Dirac equation is not physically equivalent to the square root equation but is related by a unitary 

transformation.
3.	 The design of a Hilbert space for Feynman’s path integral formu lation of quantum theory KS2[Rn], which is not physically 

equiv alent to L2[Rn], the Hilbert space for the Sch¨odinger formulation, but is related by a unitary transformation.

Biography
Dr Tepper L. Gill is joint Professor, Departments of EECS, Mathematics and Computational Physics Laboratory, Howard University, 
He was formally Chairman, of the Department of Electrical Engineering, Founder and Director, of the Computational Science 
and Engineering Research Center He is a past member of the School of Mathematics, Institute for Advanced Study, Princeton  
N. J; Visiting Professor, Mathematics, University of Minnesota, Visiting Professor Physics, University of Michigan, Visiting 
Professor, Depart ment of Physics, Virginia Tech.; Editor, Hadronic Journal (Theoretical and Mathematical Physics); Editor, 
Electronic Journal Theoretical Physics (Mathematical Physics); Past Editor, Journal of Mathematics and, Treasurer and Member, 
Board of Trustees, International Association for Relativistic Dynamics.

Oral Presentations

Nonlinear Wave Solutions in a Modi ed (2+1)-dimensional Equation with Variable 
Coefficients
Solomon Manukure
Florida A&M University

Abstract
Nonlinear integrable systems have been a central topic in mathematical physics, with growing inter est in integrable equations 
that involve variable coe cients. These equations provide a more accurate representation of physical phenomena, particularly 
in modeling the complexities of wave propagation in di erent media. This presentation will focus on nding exact solutions for a 
modi ed (2+1)-dimensional nonlinear equation with variable coe cients. Various types of solutions will be examined, including 
soli tons, lump solutions, rogue waves, breather solutions, and interaction patterns, many of which have been observed in 
oceanic environments

Offset Boosting of Chaotic Oscillation in Memristive Neurons
Chunbiao Li
School of Artificial Intelligence, Nanjing University of Information Science & Technology, China

Abstract
Offset boosting is a critical issue in the non-bifurcation regulation of chaos in memristive neurons, distinguished by its dynamic 
preserving and free polarity conversion. This report elucidates two primary methodologies for the offset boosting of a neuron 
attractor. The first strategy resorts to auxiliary offset parameters in a neuron by the memristor introducing. This allows for 
the deliberate shifting of attractors along one, two, or even multiple dimensions in the corresponding phase space, combined 
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with effectively relocating of the system’s equilibria. The second strategy is based on the alterations of basin of attraction, 
where arbitrary movement of the attractor can be realized by the selection of initial condition. These methods depend on 
the slightly modification of the original system structures with the help of memristor. Specifically, incorporating an absolute 
value function facilitates the process of doubling coexisting attractors exhibiting symmetric multistability. Employing periodic 
functions combined with the selection of initial values gives the attractor self-reproducing releasing periodic oscillation 
patterns. Furthermore, the balance of offset boosting unlocks the potential to generate countless coexisting attractors. These 
versatile offset boosting mechanisms provide a unique and powerful perspective for manipulating the dynamics of neurons. 
Consequently, it provides a significant theoretical and practical routine for the neuromorphic computing and adaptive 
memristive dynamics regulation.

Biography
Chunbiao Li received the Ph.D. degree in succession from the Nanjing University of Science and Technology, China in 2009. He 
was a Visiting Scholar with the Department of Physics, University of Wisconsin Madison, from 2012 to 2013. He is currently a 
Professor with the School of Artificial Intelligence, Nanjing University of Information Science and Technology, China. His research 
interests are in the areas of nonlinear dynamics and chaos, including nonlinear circuits and systems, memristive circuits and 
corresponding applications. He was a recipient of several awards for his teaching and research from Jiangsu Province, China.

Branches and Bifurcations of Ejection–collision Orbits in the 3 body Problem
Gianni Arioli
Department of Mathematics – Politecnico di Milano - Italy

Abstract
In the framework of the circular restricted three body problem (CRTBP), we discuss the existence one parameter families and 
bifurcations of Earth to Moon to Earth orbits. The CRTBP considers the dynamics of an infinitesimal particle moving in the 
gravitational field of two massive primary bodies. The motion of the primaries is assumed to be circular, and we study ejection–
collision orbits where the infinitesimal body (say, a spaceship) is ejected from one primary and collides with the other. We 
consider branches of ejection–collision orbits which are (i) parameterized by the Jacobi integral (energy like quantity conserved 
by the CRTBP) with the masses of the primaries fixed, and (ii) parameterized by the mass ratio of the primary bodies with energy 
fixed. The method of proof is constructive and computer assisted, hence can be applied in non-perturbative settings.

The Critical Mass Problem
Emanuel Indrei 
Kennesaw State University, USA

Abstract 
Gamow developed his model of atomic nuclei with a 1930 paper and it successfully predicts the spherical shape of nuclei and 
the non-existence of nuclei with a large atomic number. More specifically, assuming E to be a (three-dimensional) nucleus with 
constant density one, the number of nucleons corresponds approximately to the Lebesgue measure of the nucleus, |E|=m. In 
the surface energy, the surface tension keeps the  nucleus  together and the repulsion energy encodes the repulsion among 
the protons. The main feature of the minimal binding energy is the inclination of the surface energy to generate a ball and the 
tendency of the Coulomb repulsion energy to avoid the ball via the fact that the ball maximizes the Coulomb energy with a 
mass constraint. In this way, the existence is not in general anticipated true for any mass yielding the non-existence of nuclei 
with a large atomic number. In the talk, I will discuss my recent theorems on the anisotropic minimization and my explicit mass 
interval for non-existence.

Biography
Emanuel Indrei is an Assistant Professor of Mathematics at Kennesaw State University. He received his Ph.D. in Mathematics 
from the University of Texas at Austin in 2013. His doctoral thesis was selected for the Frank Gerth III Dissertation Award. He 
was a 2012 NSF EAPSI Fellow, a Postdoctoral Fellow at the Australian National University, a Huneke Postdoctoral Scholar at the 
Mathematical Sciences Research Institute in Berkeley, and a PIRE Postdoctoral Associate at Carnegie Mellon University. The 
main themes in his research are nonlinear PDEs, free boundary problems, and geometric & functional inequalities.
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Near-surface Energy Control of High-speed Flows in Different Gases 
Olga Azarova1* and Tatiana Lapushkina2 
1Federal Research Center “Computer Science and Control” of the Russian Academy of Sciences, Russia; 2Ioffe 
Institute, Russia

Abstract 
The study is devoted to problems of active high-speed flow control using energy deposition. The main objective is to demonstrate 
the active influence on the position of the bow shock wave and the parameters of the aerodynamic model using a gas discharge 
organized near its frontal surface, between the model and the bow shock wave. The model had the shape of a cylindrically 
blunted plate. The research is carried out using both experimental and numerical methods at the freestream Mach numbers 4 
and 6.8. The working gases were air and xenon. It has been shown that the location of the steady bow shock wave along with the 
current and power of the discharge, is associated with the change in the adiabatic index of the plasma created by the discharge, 
which, in turn, is determined by the plasma parameters, such as the degree of nonequilibrium and the degree of ionization. The 
behavior of the adiabatic index depending on the discharge current and power is investigated and the differences in it for air 
and xenon are shown. The study of the discharge created plasma zone was conducted and the correspondence between the gas 
discharge current and power, and the average parameters in the plasma zone created by the discharge are presented. A good 
agreement between the numerical and experimental data was obtained. The results obtained can be useful in the development 
of high-speed flow control systems based not only on the effects of heating, but also on the impact of plasma parameters.

Biography: 
Dr. Prof. Olga A. Azarova, PhD, DSci, Leading Research Scientist of Federal Research Center “Computing Science and Control” 
of the Russian Academy of Sciences (FRS CSC RAS), Moscow, Russia. Olga Azarova graduated from the Lomonosov Moscow 
State University. She received her PhD and DSci degrees in Mechanics of Liquids, Gases and Plasma at Dorodnicyn Computing 
Centre of RAS. Field of her research interests: computational fluid dynamics, aerodynamics, flow control, Richtmyer-Meshkov 
instability, shock waves, Sonic Boom problem. Olga Azarova collaborated with Rutgers University, USA. She participated in 
more than 70 international conferences; list of her publications includes more than 150 names.

Physics-constrained Generative Artificial Intelligence-enabled Feasible Space 
Transformation and Rapid Engineering Design
Xiaosong DU* and Samuel Sisk
Missouri University of Science and Technology, USA

Abstract
Engineering design optimization significantly shortens design cycles and discovers real optimal design compared with human-
supervised design optimization. Engineering design has demonstrated its success in designing automobiles, aircraft, spacecraft, 
watercraft, bridges, buildings, electric circuits, and manufacturing equipment with unprecedented detail and completeness. 
Conventional design optimization, however, has drawbacks when dealing with large-scale engineering applications. First, 
conventional optimization iteratively evaluates high-fidelity but time-consuming simulation models, which makes design 
optimization computationally prohibitive. Second, practical optimization typically involves complex, nonlinear constraints 
posing critical challenges to optimization algorithms. To address the challenges above, this work proposes the physics-
constrained generative adversarial networks (physicsGAN) and surrogate modeling. Generative adversarial networks are a 
state-of-the-art generative artificial intelligence to enable intelligent parameterization in engineering design by generating 
only realistic shapes, such as realistic takeoff trajectory of an electric drone without sudden drops in this work. The proposed 
physicsGAN transforms the original space to a feasible space, where all design constraints are inherently satisfied. Specifically, 
physicsGAN leverages surrogates to efficiently predict the satisfaction/violation of design constraints which add corresponding 
penalty to the training process of physicsGAN. The proposed approach will be demonstrated on optimal takeoff trajectory 
design of an electric drone. We will show the superior performance of physicsGAN-enabled design optimization compared 
against simulation-based design and conventional surrogate-based design optimization in terms of accuracy and efficiency.

Biography
Dr. Xiaosong Du is an Assistant Professor in Aerospace Engineering at Missouri University of Science and Technology. He 
graduated his PhD at Iowa State University in 2019 and worked as a postdoctoral research fellow at the University of Michigan 
until 2022. His expertise includes artificial intelligence (AI), especially generative AI and physical AI, surrogate modeling, and 
engineering design. So far, he has published over 50 papers and received the ASME Best Paper Award, Editor’s Choice Article, 
to name a few. He has also received a few institutional and external research grants since he started his faculty position in Fall 
2022.
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Full Levitation in Magnetically Stabilized MicroSystems (FLi-MaSS)
Jaesung Lee*, Pooja Roy, Samira Yasmin, 
University of Central Florida, USA

Abstract
Diamagnetically levitated and trapped systems hold great promise in the development of high performance anchor-
less resonant devices with excellent stability. This scheme generates sufficiently large levitation force via diamagnetism, 
effectively counteracting gravity and facilitating levitation at room temperature. In this work, we combine theoretical analysis 
with experimental investigations to explore the complete levitation and rigid body resonances of diamagnetically levitated 
millimeter- to centimeter-scale graphite and dielectric composites. Leveraging the strong diamagnetic susceptibility of graphite, 
we employ square composite plates with heavy mass (mass > 1g), which exhibit stable levitation above permanent magnets 
without requiring active control. The resonance motions of the levitating graphite devices are excited by electrostatic or 
dielectric gradient forces and detected by using an ultrasensitive optical interferometry system. We observed two distinct rigid 
body resonance modes at frequencies of f ∼20Hz with quality (Q) factors of Q > 20,000 in vacuum at room temperature. Notably, 
we find that the Q factors are primarily compromised by eddy current and air damping. Besides, we study the frequency stability 
of the levitated system by using a feedback control based on a phase-locked loop (PLL). We find that the device shows Allan 
deviation σA≈10-7 to 10-5 and it can be further improved by optimizing PLL parameters. Our study represents an important step 
towards the development of 3D levitated systems, and high-performance future levitated resonant sensors.

Biography
Dr. Jaesung Lee received his Ph.D. in Electrical Engineering from Case Western Reserve University (CWRU) in 2017, following 
his B.S. and M.S. degrees in Electrical Engineering from the University of Electro-Communications (UEC) in Tokyo, Japan. He is 
currently an Assistant Professor in the Department of Electrical and Computer Engineering at the University of Central Florida. 
Dr. Lee’s research focuses on developing micro- and nanoscale devices (e.g., NEMS/MEMS, optoelectronic, and phononic 
devices) utilizing advanced materials such as 2D crystals and wide-bandgap semiconductors. His work aims to integrate these 
technologies into high-performance systems for signal processing and sensing applications, spanning both classical and 
quantum regimes. He is an active member of IEEE and AVS and serves as the Technical Program Chair for the MEMS/NEMS 
Technical Group at the 71th AVS International Symposium & Exhibition.

Amorphous WNx Metal - the Ultimate choice for Modern Accelerometers and 
Gyroscopes
Abdulilah Mohammad Mayet*
King Khalid University, Abha, Saudi Arabia

Abstract
Nano-electro-mechanical (NEM) switches alongside devices are currently receiving increased attention due to their advantageous 
characteristics, such as higher resonant frequency (fo), low power consumption, and lower threshold voltage. These attributes 
are primarily attributable to their nano scale dimensions. The distinctive attributes of NEM switches provide them with a 
preference and advantage over classical and larger in size micro-electro-mechanical switches (MEMS). CMOS transistors exhibit 
certain challenges, including stiction, line edge roughness, nano fabrication complexities, and limitations in material selection 
due to issues such as material fractures and fatigue, which impact the fabrication of NEMS devices. This study presents the 
successful demonstration of a novel material, namely amorphous tungsten nitride (aWNx), which effectively addresses the 
majority of the aforementioned challenges. The amorphous nature of WNx exhibits numerous intriguing properties.

Biography
He is an Associate Professor at King Khalid University, teaching courses in Nanofabrication and FPGA for AI. He is also the director 
of the engineering college research center and consultant at the artificial intelligence center (AIC). He has joined King Abdullah 
University of science and technology (KAUST) and got his master’s and doctoral degrees in electrical engineering in the field 
of microelectronics. He had a co-advisor from Cornell University. He earned his bachelor’s degree from King Fahd University of 
Petroleum and Minerals (FUPM). He has research collaboration with the University of California Irvine and Cornell University. His 
research interests are in M/NEMS, Sensors, AI and Advanced Materials. Dr. Mayet is a life member of IEEE, MEMS.



A
B

ST
R

A
C

T 
B

O
O

K

20Physics and its Applications
4th International Conference on

July 07–09, 2025 | Virtual

Poster Presentation

Auniversal Training Strategy for Learning Different Phases
Yuan-Heng Tseng*, Fu-Jiun Jiang

Department of Physics, National Taiwan Normal University, 88, Sec.4, Ting-Chou Rd., Taipei 116, Taiwan

Abstract
Recently, both the supervised and unsupervised neural networks (NN) have been applied to distinguish various phases 
of matters. In a NN study, typically real (spin) configurations are employed to train the NN, and this procedure is time 
consuming and uses a lot of computing resources. Therefore, instead of considering real spin configurations for the 
training, we use two artificially made configurations as the training set. In addition, we construct a NN contains only 
one hidden layer consisting of either 2 neurons or a few neurons merely. Our approach speeds up the calculations by 
at least a factor of a few hundred times when compared with the conventional training strategy. Remarkably, despite 
its simplicity, our NNnot only detects accurately the critical temperatures of the q-state ferromagnetic Potts models 
on the square lattice with q = 2, 3, 4, 6, 8, 9, 10, it also uncovers the nature of these considered phase transitions 
unambiguously. By applying the same training idea to two unsupervised NNs, the obtained NNs can determine 
precisely the critical points of more complicated models, including the two-dimensional 3 state generalized classical 
XY model and the three-dimensional classical O(3) model.
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