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Dr.Burin Gumjudpai

Professor of Theoretical Physics

Centre for Theoretical Physics &

Natural Philosophy (NAS), Mahidol

University, Nakhonsawan Campus

Mystery of the Universe

Late acceleration of the universe needs to be explained
by a consistent physical theory. Dark energy is one of the
choices. Alternatively, standard gravitational theory, the
Einstein’s general relativity (GR), can be modified with
concepts and ideas that still satisfy observational data and
well-known facts. These are things such as, late acceleration
predicted by supernovae data, characters of structure
formations and suppression of fifth force of nature. This also
includes signatures in gravitational waves emitted from
blackholes. Our team members at NAS are working on a
model that is a modified version of GR. This theory allows

coupling between geometrical sector to scalar matter sector.

We also consider holographic idea of quantum gravity in
cosmology. The idea allows a limited or upper bound of a

mount of dark energy density in the universe.

The picture is taken from Maria Ezquiaga and Miguel Zumalacarregui

Front.Astron.Space Sci. 5 (2018) 44 e-Print: 1807.09241 [astro-ph.CO].
Thermodynamics Formulation of Economics

Collective systems are complex. We postulate that in
such systems, a scalar function playing a role of temperature
exists. There are also variables playing a role of “mechanical
pairs” of thermodynamics’ equation of state. Therefore,
there should be equation of state and thermodynamics-like
fundamental laws in systems in economy. We develop
thermodynamics formulation of both demand-side and

supply-side economy.

The picture is taken from Burin Gumjudpai, arXiv: 2201.07975.


https://arxiv.org/abs/1807.09241

Dr.Kumar Abhinav
Lecturer, Centre for
Theoretical Physics &
Natural Philosophy (NAS),
Mahidol University,

Nakhonsawan Campus

Nonlinear dynamics explains motion of fluids. Natural
entities like sea and river water, atmospheric gases, geo-
thermal liquids (lava, molten rock) etc. are all fluids and thus
are modelled by particular nonlinear equations. The
nonlinearity arises as these systems self-interact, a process

not accessible by linear equations.

Figure 1: Charge Density Wave

In particular, conduction electrons in metals are
delocalized to form a fluid-like distribution at very low
temperatures (Super-fluids), aptly represented by the
Landau-Ginzburg equation. Then degenerate bosons at very
low temperatures, the Bose-Einstein Condensate (BEC), can
be approximated by a wave-function explained by the Gross-
Pitaevskii equation. Both these equations are particular
extensions to the Nonlinear Schrodinger equation (NLSE) that
primarily represents low-energy quantum dynamics with two-
body interactions. These models explain phase-transitions

and transport parameters that are known experimentally.

Figure 2: Moderate tsunami

8

Similar success is enjoyed by the Korteweg-de Vries

(KdV) equation that models shallow water flows, explaining

sea-waves, tsunamis and slobal oceanic flows etc. The

sine-Gordon equation explains density flow of charge-
distributions and DNA deformations. Its generalization, the AB
equation describes excitations in fluids with layered density

distribution, like that in the oceanic flows.

Figure 3: Great red spot in Jupiter which is a gas-flow vortex bigger than

the earth

All these equations are completely solvable (Inte-
grable). Since they possess infinite degrees of freedom,
solving them means obtaining infinite number of definite
quantities (Charges). As the system is continuous, by N&ther’s
theorem, this means infinite symmetries. However, real
physical systems contain impurities/defects and thus deviate
them from such ideal conditions. Even realistic boundary
conditions (Like the Shore of the Sea) hamper ideal

correspondence between nonlinear equations and real

systems.

Figure 4: Quasi-NLS Single Solitons

To explain a real system more accurately we need to

deform a nonlinear equation, but in a way, it can still

produce solutions close enough to physical phenomenon.




The Quasi-Integrable Deformation is one such approach that

support localized solutions (Solitons) similar to real-life

waves in physical fluids (Fermi Liquid, Superfluid, Sea-water,

Neurons etc.) by supporting charges which are conserved
only asymptotically for such solutions as they have particular

symmetries.

Figure 6: Quasi-AB 2-Solitons

We studied quasi-deformation of different extensions
and generalizations of the NLSE and obtained general
expressions of the charges in these systems?. It was further
compared against integrable (Non-Holonomic) deformations

of the NLSE2. Our results should yield localized dynamics in

cold-atom, super-fluid, BEC etc. that are much closer to

experimental data. In a recent work, the quasi- AB
equations were obtained for the first time with primary

localized.

localized solutions?. This is expected to fit observations of
local modes in oceanic currents and continental magma
inter-flows, and may explain excitations of inter-layer
interactions in the earth’s climate. In the future, we plan to
obtain delocalized solutions of such quasi-deformed
models that may explain long-distance behavior of various

fluidic excitations in nature.

References/Publications:

1. Study of quasi-integrable and non-holonomic deformation
of equations in the NLS and DNLS hierarchy, Kumar
Abhinav, Partha Guha and Indranil Mukherjee, Journal of
Mathematical Physics 59, 101507 (2018).

2. Analysis and comparative study of non-holonomic and
quasi-integrable deformations of the nonlinear Schrédinger
equation, Kumar Abhinav, Partha Guha and Indranil
Mukherjee, Nonlinear Dynamics 99, 1179 (2020).

3. Non-holonomic and quasi-integrable deformations of the
AB equations, Kumar Abhinav, Indranil Mukherjee and
Partha Guha, Physica D 433, 133186 (2022).

4. On Quasi-integrable Deformation Scheme of The KdV
System, Kumar Abhinav and Partha Guha,
arXiv:2102.09881[nlin.Sl].
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Dr. Nandan Roy

Lecturer, Centre for

Theoretical Physics & Natural

Philosophy (NAS), Mahidol
University, Nakhonsawan

Campus

Dark Energy the Biggest Mystery of the Universe
Our universe is expanding at an accelerating rate. Even
after two decades of its discovery and high-precision
cosmological observations, the reason behind it is unknown.
No known matter can describe this phenomenon. Some
exotic component must be taken into consideration which is

named dark energy.

It seems we cannot understand almost 95% of the
components of our universe. Within this 95% of unknown
components 70% is Dark Energy. Another 25% of the

unknown part is till now not detectable through any kind of

experiment, but can be seen from their gravitational effect,
named dark matter. The simplest explanation of dark energy
is the cosmological constant (Lambda) which is the energy
associated with the space itself. The Lambda Cold Dark
Matter model (CDM), in which the cosmological constant is
considered the dark energy component of the universe, has

been confirmed with unprecedented accuracy by the current

cosmological probes. However, the Lambda-CDM model

suffers from challenges coming from both theory and
observations and suggests that the dark sectors of the
universe might involve new physics. Also, the possibility of
interaction between the two biggest components, dark
matter and dark energy cannot be ruled out. At the Centre
for Theoretical Physics & Natural Philosophy, Mahidol
University we are interested in finding alternative models to
the standard Lambda-CDM model and investigating the
possibility of interaction between the dark sectors and its

effect on cosmic evolution.




Dr. Pradeep Bhadola
Lecturer, Centre for
Theoretical Physics & Natural
Philosophy (NAS), Mahidol
University, Nakhonsawan

Campus

Physics of Complex Systems

The world we are living in is made up of elementary
forces and constituents. In our research, we are trying to
understand how these forces work together to make life,
evolution, human societies, ecology, living cells, economies,
etc. The systems stated above are very complex in nature.
By complex systems, we mean systems with a large number
of units with intricate relationships and interconnections. In
layman's terms, a complex system can be defined using the
beautiful quote by Aristotle “The whole is more than the
sum of its parts”. This means that the collective behavior of
different parts of these systems gives rise to various
emergent properties in the system which cannot be deduced
from the properties of its parts. The physics of complex
systems provides a new way of analyzing and understanding
the behavior of these systems. We study the properties of
complex systems, using statistical mechanics, computational
physics, network theory, and data science in a new

”

framework which is termed as “experimental” theoretical
physics, where we try to understand the self-organization and

collective behavior of systems, which emerges when a

Figure 1: Interaction network between positions in Protein
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large number of parts interact through a network. We are
working in various systems involving biology, financial

networks, social network, and natural language processing.

Figure 2: Motifs & important positions in Beta-Lactamase family

In the biological network, we are studying the evolution
of biomolecular sequences such as protein, RNA, or genome.
One of the works involves understanding the complex nature
of protein sequence and determining the residues and
interactions responsible for the structure and function of a
protein. We devised a new methodology to analyze the
information contained in protein sequences, using random
matrix theory and converting the sequences into a network
of amino acids. The method gives a graphical way to
represent protein sequences using physiochemical properties
that gives a fast, easy, and informative way of comparing the
evolutionary distances between protein sequences. The
method is tested on the beta-lactamase enzyme family
which are the enzymes secreted by bacteria in response to
beta-lactam antibiotics such as Penicillin, Cephalosporins that
make the antibiotics inactive thus posing a threat to the
medicinal future of antibiotics and points toward the need
for a better understanding of this enzyme family. In our
approach, we find the important positions and structural
motifs for targets to deactivate (activate) the enzymatic
actions.

Our next involves the classification of DNA barcode
sequences for the insects belonging to the Orthoptera order
using the quantum-inspired tensor network. The tensor
network classifier can assign the DNA barcode sequences of
varying lengths to four different classes with an accuracy

greater than 99% and with fewer model hyper-parameters.



We are also working in the field of natural language
processing (NLP). Language, in general, is a sequential process,
where the sequence of words gives meaning to the sentence
which gives rise to a short temporal correlation in the
sentence. In NLP, we call this a language model, which is a
probabilistic model that describes probabilities for the next
word based on the last few words. The goal of our research
is to investigate the working of the language models (Deep
Learning) in NLP and study the behavior of single-layer
recurrent arithmetic circuits, which is a class of recurrent
neural networks that can be mapped to matrix product
states. We analyze the behavior of the model for the
sentiment analysis of movie reviews using the von-Neumann
entanglement entropy as a proxy for information
propagation. We found that single-layer RACs possess a

maximum information propagation capacity, reflected by the

12

saturation of the EE. Despite the simplicity of our single-layer
architecture with low-dimensional word embeddings, we still
achieve a training accuracy of over 98% and test accuracy of
over 90% placing our minimal model in the list of top-

performing models.

References:
1.Jirawat Tangpanitanon, Chanatip Mangkang, Pradeep
Bhadola, Yuichiro Minato, Dimitris G. Angelakis, and

Thiparat Chotibut. "Explainable natural language

processing with matrix product states." New Journal of
Physics 24, no. 5 (2022): 053032.

2.Pradeep Bhadola, and Nivedita Deo. "Targeting
functional motifs of a protein family." Physical Review E

94(4) (2016): 042409.




Dr.Thaweesak Chooma
Instructor and Assistant to
the Vice President for
Nakhonsawan Campus in
Operation and Environment,

Mahidol University

The Implementation of Communication Strategies

to Improve English Speaking Skills for Eco-Cultural

Tourism Staff at Highland People Development
Area in Thailand

Tourism has become one of the largest industries
globally and a fast-growing economic sector. Asia attracts
many quality-conscious tourists because of its biodiversity
and cultural heritage. In Thailand, the government has the
policy to diversify tourism income opportunities into the
foundational economy by promoting tourism and enhancing
and adding tourism value to the community. There are
measures to stimulate tourism in the secondary cities of 55
provinces (Less Visited Areas). Uthai Thani provincial tourism
office promotes learning in terms of culture, community way
of life, and conservation of natural resources. Uthai Thani
provincial governor supports a creative economy and
introduces Thai culture to the world to increase foreign
tourists. Therefore, communication between people in the
tourism industry and those involved in ecotourism requires
effective language and communication skills. In addition, the
use of language for communication creates a good image for
tourists and generates income for people in the community.
Therefore, the use of English communication for tourism is
important.

Eco-cultural tourism is a concept that combines both
ecological and cultural landscapes to create a tourist
paradise. It is a trip to a destination where culture and nature
are the main attractions. It is a strategy that can support the
conservation of natural habitats and economic sustainability,
especially for the indigenous community. Tourism related to

ecological and cultural attributes is becoming increasingly
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prevalent worldwide. One of the definitions of eco-cultural
tourism is environmentally responsible travel without
destroying natural areas and enjoying and appreciating nature
whilst promoting conservation. Tourists are acceptable to the
community and benefit the local population's economy. On
the other hand, it is proposed as a way for disadvantaged
communities in terms of cultural or environmental resources
to develop long-term sustainability in this type of tourism.

Communication strategies play an essential role in
language learning and take many forms. The latest research
on teaching and learning communication strategies is
designed to improve English reading and writing skills.
However, there needs to be more research on English
speaking skills, especially among eco-cultural tourism staff.
The advantage of communication strategies is that people
learn to develop their oral communication skills.
Communication strategies improve learners' ability to speak
more fluently and refer to how a speaker can use
communication strategies to enhance their ability to
communicate in English. This study synthesizes the types of
researcher communication strategies involving eight essential
strategies: 1) First Language-Switch Strategy is when the
speaker mixes the mother tongue with the target language.
2) Word Coinage Strategy is a strategy where people think of
new words because they do not remember the vocabulary
of the target language, so they create new terms.
3) Approximation Strategy is when a speaker uses words or
phrases close to the target language. 4) Circumlocution
strategy is when the speaker describes several words or
phrases to convey what he wants to say. 5) Surfing Strategy is
a strategy to tell the listener that the speaker has not
finished speaking and is thinking or is having trouble
communicating. 6) Repetition Strategy is when a speaker
repeats words or sentences; they hear from interlocutions
when they do not understand the meaning. 7) Self-Repair
Strategy is when the speakers find themselves saying the
wrong words or speaking with incorrect grammar or
sentences and trying to correct words or sentences
immediately. 8) Message Abandonment Strategy is a strategy
for the speaker to stop talking about things the speaker

needs clarification on or has limited speaking ability.



The purposes of this research were: 1) to compare the
pre/post-test scores of high, moderate, and low English
proficiency eco-cultural tourism staff by using the BSPE
model; and 2) to conduct in-depth interviews and observe
the types of communication strategies (CSs) employed by
high, moderate, and low English proficiency eco-cultural

tourism staff.

In summary, the research found that the English

proficiency test was valid for dealing with speech problems.

In addition, this research improved English language
proficiency. The measurement tool compares learners'
English knowledge skills during the pre-test and post-test
after taking the fifteen-hour English language course (BSPE
Model) for eco-cultural staff learners. It found that the
average score after students' knowledge of English skills was
significantly higher than the average before the test. The high
proficiency score group tried to explain using familiar words
and sentences, using body language if possible, speaking

slowly and paying attention to terms and question words,
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and using Thai mixed with English. The moderate proficiency
score group tried to communicate by using familiar words
and body language, speaking as much as possible to
understand, and paying attention to the terms and the
questions.

In comparison, the low proficiency score group tried
hard to maintain communication. The learner uses simple
words and sentences, drawing pictures for some time if they
cannot say the right words, using simple body language,
trying to say new words, asking someone else to help, and
saying some words while thinking of the correct words.
However, the high, moderate, and low English proficiency
scores believed that English speaking strategies were
essential for eco-cultural tourism staff. The interview showed
that the fifteen-hour English learning course for eco-cultural
staff learners made learners more confident in using various
communication strategies. The communication strategies
enhanced the English-speaking skills of eco-cultural tourism
staff.

The limitation of this study was the group-specific case-

study approach to the different English backgrounds of the

learners. Suggestions for further research may be researching
the development of communication in four skills of English.
Finally, the authors would like to thank the National
Research Council of Thailand (NRCT) for the NRCT research

grant to promote and support research activities.
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