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Foreword

The process of research is a testament to human curiosity, resilience, and
determination. It involves hours of meticulous investigation, critical thinking, and the
courage to challenge established norms. In an era where information flows abundantly
like a vast river, discerning wisdom has become a rare gem nestled within the stream.
As we navigate through a sea of data, facts, and opinions, the ability to extract true
wisdom from this deluge has emerged as a distinct and precious skill.

In this regard, I am delighted to introduce this multi-disciplinary research based
scientific articles edited volume ‘Horizon®, published by the Tinsukia college, a evidence
to the intellectual prowess and scholarly dedication that thrive within the academic
community. As we embark on a journey through the pages of this research-based
compendium, we delve into a world of insights and innovative ideas that reflect the
very essence of our commitment to advancing knowledge.

For this, I extend my heartfelt appreciation to the editors and contributors who

have diligently curated and crafted this volume. To the readers, I invite you to delve
into the richness of this volume and to contemplate the implications of the research

presented here. May these pages spark new ideas, fuel intellectual discourse, and foster
a sense of intellectual exploration at the boundless possibilities that the pursuit of

knowledge offers.

Surjva Chutia
Principal
Tinsukia College
01092023




Preamble from I1QAC desk

The purpose of doing research in undergraduate educatior}al institutif}n s to improve
mainly the teaching and learning process by taking a collaborative , reﬂe(':tlve and problem
solving approach of investigation. Itcan also help to ﬁnc.;i out the .solutlons on problems
arising in the classrooms connecting to the sources ofmfonnatl(.ms,_thereby enhance
society by advancing knowledge, through the development of scu'antlﬁc_ conce.pts and
ideas. The research works are not always towards the new discoveries or inventions ?mt
it may be the new interpretations of previous observations through careful consideration
regarding to particular problem using scientific standpoin‘t. As e}'pm .of thf noble a}?proa?l1
of the publication of newly edited research book entitled "f{on%'on from Tms.ukm
College Publishing, Tinsukia encompassing a wide range of sc1en't1f.'1c researf:h artncl@
of micro to macro world will definitely provide sufficient academic lnf:OI"matIOIIIS to the
teaching and student community for enhancing in the field of quality teaching and

researches.

Bulbul Gogoi

Coordinator

Internal Quality Assurance Cell (1Q4C .
Tinsukia College

014692023




Chief Editor’s Note

We are glad to present this volume of compilation of research articles on multi-
disciplinary science entitled ‘Horizon’ before you. This is our second end.eavour of
publishing edited books under the project undertaken by the I.QAC, Tinsukla.l Colleg.e
with the objective of encouraging research activities and boasting the arcademlc pur§u1t
among the faculty members of the college. Accordingly we have published two. edited
books covering the disciplines of Arts, Commerce and Science last year and this b?ok
is a continuation of the process. However, for the present volume, we have invited
research based papers/articles from some distinguished scholars, researchers and
academicians from other institutions and this our pleasure that they have obliged us
with their valuable contribution. Here I record our gratitude to all our esteemed
contributors for their kindness. I also offer my thankfulness to the principz.al and
coordinator, IQAC of Tinsukia College for putting trust on us and entrusted with the
responsibility of bringing out the book.

I must appreciate the sincere efforts of the editor as well as the members 01.° the
editorial board to make the book possible. Despite all the care taken by our editors
some errors may occur which is highly regretted.

In this volume, we have attempted to include articles on different and diverse
branches of Natural Sciences contributed by Scholars/researchers anfi experts in the
concerned fields of study so that it helps the readers look through t?le 1nﬁnite Horizon
of knowledge and get a glimpse of advanced studies and researches in various branches
of Natural Sciences in different parts of the globe.

Finally, the edited book is before our esteemed readers and opens for public review.
Every kind of feedback and suggestions from our esteemed readers are most welcome
and highly appreciated. Thank you.

Nilim Jyoti Senapati
Chief Editor, Horizon
01/09/2023
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can only flower when there is an internal urge. It cannot

]have aiufay_g'fb” that science ) . i
5. I strongly believe that fundamental science cannot be

thrive under external pressure i
driven by instructional, industrial, Governmental or military pressures.

Sir C. V. Raman, Noble Laureate

" Page No 90, Affitiated East-West Press. 1989, ISBN: N183336245)

(From A Jayaraman 1 Raman-A Memoir




Contents

List of Contributors i

Preface

P Gogoi

m
nluence g1 aller Hubb]e constant
S.B Mimas on furn’g p; 103-111
% D.J; Gapys S Ring Syster,
Variationg o
NDV] a
nd g [
A. Boy Ag 12-12
rah, N Jogo; RG, atiop b i
Db ‘ Utam, dinfa]) over N )
" ~Oupling Strength i, " dtha " North East India
N Bha[fﬂCh(uje prCSCnCQ F 122_ | 20

130-141

11.

12.

13,

14.

1S,

16.

17.

18.

15,

20.

21,

22,

A Discussion on Nonlinear Energy Exchange Process through Kinetic theory

in Vlasov Ionospheric Plasma

S.J.Gogoi ' 142-152
Nurseries of Celestial Light: Exploring Star Formation in Young Open Cluiters
A. Hussain 153-169
On the pulsar-like compact stars: Strangeon stars .
J. Bora, D.J Gogoi , S. Bora

The Theory of Black Hole

177-183
R. Karmakar

Propagation of UHE Cosmic Rays and its Signatures

184-190
S.P. Sarmah

Transition metal mediated oxidation of alcohols using environmentally benign oxidant

191-198
B.Banik

Synthesis of some natural and synthetic adhesives and their applications

199-225
S.Phookan ,S. C. Das

: Qs lity Improv'ement Program
A Review of Six Sigma as a Qua
226-250
P.Dutta

From Certainty to Uncertainty-A paradigm shift I
D. Bhattacharjee

A Brief Note on Pi i
R.Gogoi

A Study on the Method of Finding Rank of Elliptic Curves

258-270
D. Buragohain

s ables Sold in
Investigation of Phytochcmicals in Some Common Vegetable

the Market of Tinsukia Town —_—
P. Saikia, P. Prasad




Assistant Professor, De chanicaj Epp;
Dibrugarh University, Dj .
panhaborthakurzz@gmail.com

Dipankar Das, M.Tech.(liT G )JPhD (11T G)

Assistant Professor, Department of Mechapji
Dibrugarh University, i i

ursdipankardas@gmai

Nabajyoti Borah, M.Tech

Research Scholar

Institute of Microbiology of the Czec, Academy of Scienceg
Prague, Czech Republic—]4220 S
nabajyoti.borah@biomed.cas.cz

Lachit Saikia, M.Sc.,Ph.D.(llSc)
Assistant Professor,

Departmeng of Physics,
Dibry Colle i

Kalyanj Pat

» M.Pharm, (Duy PhD (p
L > U
Woman Scleniist (l?HR-iCMR . Depy °f§’ha ) . |
ibrugarh Universiy, Dibrugay, India ~MaCeuticy Sclence
kalyakster@gmail.com '

Parimity Kality
Research Se
The Assam

\ M.Pharm(D
holar, Schog| of P,
Kaziranga Uniy,

Aparoop Das M.Pharm,

Professor, Dept of Pharmag .,Ranch

1)
: U)
aceyt

Dibrugarh University, Dibry lrcal :;,ences
aparoopdas@dibru.ac.in ?
Riya Saikia,
Research Scho
Dibrugarh Unij

M.Pharm(DU)
lar, Dept of
Versity, p

Macey;
. Cal .
lbrugarh’ lndia SCIeans‘

RGU) hvsics
1j . M.Sc..PhD( (of Physics.
Abhljeet Das ol Research, DepartmdenSh 791112, India
Ratie tOrdAi\i('ivljliri\iversity. Arunachal Prade
Rajiv Gandhi .
abhijeet.das@rgu.ac.in

1 h.D.(DU)
DhrubalJyoti Gogoi, M.Sc;nI: ohysins
Assistant Professor, De;.)artmarh i
Dibrugarh University,Dibrugarh,
moloydhruba@gmail.com

.D.(DU)
Jyatsnasree Bora? M.Sc.,Ph
Department of Physics e, india
Dibrugarh University,Dibrug

Shyamalee Bora, M.Sc. o of Physics
Research Scholar, Depai'tm b, India
Dibrugarh University,Dibrug
Swamaleebora@gmail.com

Anindita Borah, M.Sc. ot of Physics,
Research scholar, Depal‘im arh, India
Dibrugarh University, ];)lbr:ng
borahanindita97@gmail.co

Niki Gogoi, M.Sc. ¢ Physics,
Research Echolar, Deparimenta :h’ ia
Dibrugarh University, Dibrug

Rohit Gautam, M.Sc. 1 of Physics
Research scholar, Depal'fme arh, India
Dibrugarh University, Dibrug

DU)
U), Ph.D. (
inita Pathak, M.Sc., M.Tech. (And:l::ic Studies,
. ’ s
E:?i:tt:nt ia°rofes,sor, Centre for Atmosp
Department of Physics, b rugarh, India
Dibrugarh University, Dibrug

: .Ph.D(TU)
Saurav Bhattacharjee, M;ct of Physics,
Assistant Professor, Depszt“‘;ssam’ India
Tinsukia College, Ti!‘suma;nan,com
Sauravtsk.bhattacharjee@g

D.(DU)
Satyajyoti Gogoi, M.Sc., M'tp Zlf]ifhysics,
Assistant Professor,.Depa_rm::gi a
Tinsukia College, Tinsukia,
satyajyotitsk@gmail.com

Arshad Hussain, M.Sc. of Physics.
Research Scholar, Depar rugarh, India
Dibrugarh University,Dibrugarh,
arshadOO?h@gmaii.com




Ronit Karmakar, M.sc.

Research Scholar, Department of Pi\_\"sics_
Dibrugarh University. Dibrugarh, India
ronit.kannakar622@gmal L.com

Swaraj Pratim Sarmal. M.Sc. _
Research Scholar, Department of Physics,
Dibrugarh University, Dibrugarh, Ingia
swarajpratimsarmah | 6@gmail.com
Biplab Banik, M.Se..Ph.D.(Dy)
Assistant Professor

Department of Chemistry,

Tinsukia College, Tinsukia_ Assam, India

Saswati Phookan
Assistant Professor,
Department of Chemistr}:
Tinsukia College, Tinsukia_ Assam
saswaiiphookanl973@grnail.corn
Shauvik Chang

shauvikchdasmrg

ra Das. M.Sc, B.Eq.

Departmen; of Statisticg
Tinsukia Colle

ge,Tinsukia.Assam
dutta.porinital@gmail.com

Deepika Bhattachg jee, S¢.Ph.p (Du)
Associate Professor -
Deaprtment of M

: athematics
Tinsukia College,

Preface

innate human

itect of scientific rcsearci_]eS a]:;iu?:}ie natural world
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and the phenomena that Sth to .the pursuit of knowledge aI:Ll ropels researchers to
research in motion and.lea ;e entire scientific endeavour. stiries of the universe.
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Civilization. It is an inv . impact on students,
Hitiely s sililes rofound and multl1'aceteje:1l:]pa‘ild future career

Scientific research has a Fiencesa personal de"e]"’plrienc’es that enrich their
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of research articles

n edited books by institutes holds crucial sionificance in the
academic realm. It

serves as a platform for scholars to share their expertise and insights

Chutia,Principal Tinsukiq Coll . e 0 offer my heartfelt gratitude to Dr.Sul'j-)’a

Subport entie ditonn] fege for his nitiative, JQAC Tinsukia College for financial
’ cam for their cogpepar: g ir

valuable write Up and all staffs of « s Peration anq advice,to the all authors for the

dl . : am
m Computers efforts to make “Horizon™-

Satyajyoti G08 w

Editor, Horizo"
01/09/202°




Simulation: Methods, Applications,
and Future Directions

Partha Protim Borthakur",
Dipankar Das®

@ Department of Mechanical Engineering,
Dibrugarh University, Dibrugarh. India
Mail: parthaborthakur22(@gmail.com

Abstract

This book chapter encompasses the diverse field of simulation by analyzing its historical
development, methodologies, applications, and future prospects. Simulation, the act of mimicking
real-world processes, systems, Or phenomenon through computational modells, playsa signiﬁcant
role in various disciplines such as engineering, healthcare, economics, edu_catlon, and‘
entertainment. Building upon the methodology section, the tlext delves into a w1d§ range of
current and emerging applications of simulation. With techl?ologlcal ad\fallf:emEIIts and increasing
computational power, the horizons of simulation are continually expam.:hng.Thf:se applications
span numerous sectors such as healthcare, manufacturing, transportation, military, and social
sciences. Each sector-specific application of simulation is present_ed through_ case studies,
highlighting the practical implications and value derived from simulation. The review speculates
on the future directions of simulation. Here, the authors argue that the convergence of advanced
computational technologies such as Al, machine learning, anc.l guantum computing will bring
forth a new era of simulation, significantly enhancing ilS.C?pablllt}/_ and scope. They predict that
simulation will play an increasingly crucial role in F]eClSIOH making z}nd strategy fornmla-n'on
across various sectors, thanks to its enhanced prec‘hctwe accuracy and risk e.valum}on Capﬂ[")llll)’.
The chapter concludes by highlighting the necessity for_developmg novel sqnulghon techlllques
and their integration with advanced Overall, “Simulation: Methqu, Appllcatlons. and. Future
Directions™ provides readers with a solid understanding of the Sll"llmlailon ]ands'c'ape. its real-
world applications, and the trajectory it’s likely to take in 1hg coming years, positioning itas a
fundamental tool for strategizing and decision-making inan increasingly complex world.

Vethods. Applications. and Future Directions. Horizon(Ed Book). ! -

P.P.Borthakur,D.Das, Simulation: i,
blishing ISBN: 978-81-19322-07-7

31(3()33).t‘up_]'r'zghlf Tinsukia College Pu




1. Introduction
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2.4 Agent-Based Simulation: This approach simulates the actions and interactions of

tonomous agents withina given environment. It is used in social sciences, ecology, and
autono:
€CONnOmIcs.

2.5 System Dynamics: It focuses on the modeling of dynamic systems and their feedback

loops. It is extensively used in policy analysis, business strategy, and environmental
studies.

2.6 Finite Element Analysis (FEA): FEA isused for solving complex problems in structural

mechanics, fluid dynamics, and other fields requiring spatial discretization.

2.7 Molecular Dynamics Simulation: This method simulates the physical movements of

3.

atoms and molecules and is heavily utilized in chemistry and material science.
Applications ) .
: i ively across a wide range of domains due

i i ues have been applied extensive : .
tsou:llll;l;n;n S:;;?:;lto imitate real-world systems and p.l'edlCt outcomes under various
scenarios I;Iere are some of the most common applications [9,10]: |
Engineering: Simulation tools such as FEA are employed to analyze stress and strain on
structures and materials. . .
Healthcare: Simulation is used for training medical PT_OfeSSIOHaJS through simulators and

- ia DES.

for analyzing healthcare systems via ' .
Econonfics 'gEconomists employ agent-based simulations to study market dynamics and
economic systems.
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4.9

Simulation Execution: Simulation execution involves running the model multiple times
using the generated random samples as inputs. The model’s behavior is simulated for
cach sample, and the corresponding output values are recorded.

4.10 Statistical Analysis: Statistical analysis is performed on the output data collected from

4.11

4.13

4.14

4.15

4.2

the simulation runs. Descriptive statistics, such as mean, standard deviation, and
percentiles, are computed to summarize the output distribution. Confidence intervals
and hypothesis tests can also be used to make inferences about the system’s behavior.

Applications of Monte Carlo Simulation: Monte Carlo Simulation finds applications
in a wide range of fields and decision-making scenarios.

2 Finance and Risk Analysis: Monte Carlo Simulation is extensively used in finance for

option pricing, portfolio optimization, and risk assessment. It allows for the evaluation
of different investment strategies and provides insights into the potential range of financial
outcomes.

Engineering and Reliability Analysis: In engineering, Monte Carlo Simulation helps
analyze the reliability of systems by considering uncertainties in component parameters,
environmental conditions, and operational factors. It aids in identifying critical components
and optimizing system performance.
Project Management.: Monte Carlo Simulation is employed in project management to
estimate project schedules, costs, and resource utilization. By considering uncertainties
in task durations and resource availability, it enables project managers to assess project
risks and develop contingency plans.

Quality Control and Manufacturing: Monte Carlo Simulation assists in quality control
by evaluating process variations and identifying potential defects. It helps optimize
manufacturing processes by determining the impact of parameter variations on product
quality and performance.

Popular Monte Carlo Simulation Software:

4.2.1 @RISK: @ RISK isawidely used Monte Carlo Simulation software package integrated

with Microsoft Excel. It offers a comprehensive suite of tools for uncertainty modeling,

simulation execution, and result analysis. @RISK supports various distribution types, provides
advanced statistical features, and offers integration with other analytical software.

4.2.2 Crystal Ball: Crystal Ballis another popular Monte Carlo Simulation software that

integrates with Microsoft Excel. It offers a range of features forrisk analysis. optimization,

and decision-making. Crystal Ball includes a user-friendly interface, extensive statistical
k b- - . - A

analysis capabilities, and advanced sensitivity analysis tools.

4.2.3 Simul8: Simuls is simulation software that supports Monte Carlo Simulation and discrete

event simulation. It offers a visual modeling environment and facilitates modeling complex

systems using flowcharts and process diagrams. Simul8 provides teatures for input
sing ;

modeling, simulation execution, and result analysis.

5




the representation and ana]

over time. This chapter exp|
methods employed in g

5.2

33

J.4

5.6

. In.troduction: Discrete Event§
including engineerin

ling and Analysis|2,14,15]

ng, computer sciI:a,n uaton (DES) i powerful tool used in various ﬁddS;
ysis of conce, OPerations research, and many others. DES C“ablis
oresth < SEMS by modeling the flow of discrete ever?
Screte eveng Simulat?(:n concepts, modeling techniques, and 272
Of DiScrete E )
Vent S i
asa seq:tni;mulaf'o"‘ Discrete event simulation involv.es thirel
state changes Vethe System’s0 ég;screte events that occur at specific PO‘I:I; S,
s OF Qe 3 . .
attributes, ey, Othersi OCCurre avior and may include arrivals, depar™’

¢ neS,
Entiies: Enﬁtims’ 2 Quees "ees. Key concepts in DES include €™
 Entities ‘
tthe ol ‘
aspacketsin a ¢y cal Objects, Such ag custt“les of interest within the simulated Y oh
h

Uter netyy, Omers j ities, S
or] Inaque tentl
| k. Bac ent queue, or abstrac

. e
1ty typically possesses attributes that °

be static or d UteS descripe

. e . an
in  Ynamic jpq o Plopertie . ..« They®

Clude aTivy] time, Serviuen.cmg the Vi 30r characteristics of entities- Th 't)),utes
Events: Bygpyg - cetime, pi - V0T of the system Examples of 2
ithin the TePresent o . ori 0T Queye lengh . p
orchéﬁgesinm(; Cse ¢ e Oments intime h - e ges
order, ul'ceil\/ailabir canmcludeenti When significant cha?
Ouenses: 0 Bvents ope schteydtlne;als, e

: and processed in chr0

(o)
itio”™

cd

nolog

:rCr
old eptis: .. . . ervi®
denhtles awaitingprocessmg Orf 1111(35'

Sed according to the sy Stemt :rmi“e

O) or priority-based, %
atig : ti
m, lS]eI\l,]: dels Tequire appropriate abstr®
ling. Modeling techniques arc co

2 .

e, ock ;cs Modeling focyses on Captuflrelg t
Ori " COmpo s HOW dig It empha®” o
Pled gy ) Nen grams. It € ve

Sand the feedback loops that

“Olieng
e ) u
8 modelmg focuses on the sed

59

5.11

5.12

3.13

J.14

3.15

of activities or processes that entities undergo within the system. [t employs
flowcharts or activity diagrams to represent the flow of entities and their interactions
with resources.

Event Graphs: Event graphs provide a graphical representation of the events and
their relationships in a DES model. They illustrate the order in which events occur,
allowing analysts to understand the flow of entities through the system.

Simulation Execution and Event-Driven Simulation: To execute a discrete event
simulation, an event-driven approach is commonly employed.6.11 Event Scfhedul.i ng:
Event scheduling involves determining the next event to process and its associated time.
This can be achieved using event lists or priority queues, where events are sorted by
their scheduled time.
Event Processing: Event processing involves handling the. occurrence oi: an even.t !)y
updating the system state, generating new events, and performing relevant a.ctmns. Entities
may move through different states, and resources may become available or busy
depending on the event being processed.
Analysis and Output Evaluation: Once the simulation execution is complete, the
obtained results need to be analyzed and evaluated to gain insights into system
performance and behavior.
Performance Metrics: Performance metrics quantify the perfqme}nce of the simulated
system and provide a basis for compe}rison. Common metrics include throughput,
response time, utilization, and waiting time. o | | |
Experimental Design and Variance Reduction: To. obtam.rellable estimates, sunula’flon
experiments must be carefully designed. Techniques ll.ke. randOfn r.ufmber s'eedmg,
replication, and variance reduction are used to reduce statistical variability and improve
the accuracy of results. '
Sensitivity Analysis: Sensitivity analysis explore§ hon char.lges in model parameters or
assumptions affect system performance. It helps 1c.1ent1fy critical factors and understand
the impact of uncertainties on the system’s behavior. . | N
DES software plays a crucial role in various fields, including manufacturing, }oglstlcs,
healthcare, transportation, and more. Here are a few notable examples of discrete
event simulation software: . |
i AnyLogic: AnyLogicisaversatile simulatioq software that supports multnple modeling
paradigms, including discrete event simulation. It offers a t}serjﬁmndly interface and
allows users to create complex simulations using a com.bmatlon of dlSC'l'e[C events,
system dynamics, and agent-based modeling. AnyLogic supports a wide range of
industries and providcs powerful analysis tools.
ii. Simio: Simio is a simulation software that combines discrete anfi co.ntinuous
modeling approaches. It offers a drag-and-drop interface. making it casy to
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focusing on the behavior and interactions of individual agents. Th{@Ugh the study of
emergent behavior, ABS provides insights into system-level dynam.lcs that may r.xot be
apparent from traditional modeling approaches. By under_tandlng the principles,
methodologies, and applications of ABS, researchers and demsxon—mf.ikers can ie_verage
this powerful tool to gain deeper insights into complex systems and inform policy and
decision-making processes.

There are several popular agent-based simulation software packages available today,
each with its own unique features and capabilities. Let’s explore a few notable examples:

i. NetLogo: NetLogoisa widely-used, open-source software that plarovides an intuit?ve
environment for creating agent-based simulations. It features a 51r.nple programming
language and a graphical interface, making it acce?sible to users w1th dl_verse ba(_:kgrounds.
NetLogo supports the modeling of various domains, s'uch as social sciences, biology, and
economics, and offers a range of built-in agent behaviors and analysis tools.

ii. Repast: Repast (Recursive Porous Agent Simulation Toolkit) :is another popula_r. open-
source software framework for building agt?nt—ban.:d models. It l.)l'OVldes a
comprehensive set of tools for defining agefnts, their behaviors, a.nd the er}vmonmenf in
which they operate. Repast supports both dlscrete-ev-ent_and (EOIltlrll.IOllS-l}l-ne model.mg
paradigms, making it suitable fora wide range ofapplications, including social dynamics,
transportation systems, and ecology. . | |

iii. AnyLogic: AnyLogicisa commercial multi—r.nethod 51mulat10n'soﬁware_that includes
agent-based modeling capabilities along with systen.l dynamics and discrete-event
simulation. It offers a visual modeling environment with drag—afld-drop components,
allowing users to construct complex agent-based models q_unckly. Any[,-og.lc 'also
provides extensive data analysis and visualization features, enabling users to gain insights
from simulation results effectively. |

iv. GAMA: GAMA (Generic Architecture for Modular Agent-based Modeling and
Simulation) is an open-source platform designed to support the. development of agent-
based simulations. It offers a flexible modeling language an.d an mtfzgxated df:velopm?m
environment for building complex simulations. GA.MA medes_a w_lde range of modejlmg
features and supports the integration of external libraries, .makmg it suitable for various
domains, including urban planning, ecology, and economics.

v. MASON: MASON (Multi-Agent Simulator of Neighborhoods) is a Java-based
simulation toolkit specifically designed for develoipmg la?'ge—scale agent-based ‘[n()dcls_
It focuses on the efficient execution of simulatfons w1th_a large numbeTr of agcnts,
leveraging parallel computing and spatial inde.xmg techniques. -I-ViASC.)I\ p‘;rovldﬁ:s zf
high degree of flexibility, allowing users to customize and extend the simulation framework
to meet their specific requirements.
These software packages, along with many others, empower researchers and
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Engineers should monitor convergence criteria and refine the mesh or adjust solver settings if
necessary to ensure stable and reliable solutions.

ii.

iii.

iv.

Vi,

Vii.

Some notable FEA software packages:

ANSYS: ANSYS isa leading commercial FEA software widely used in industries such as
aerospace, automotive, and energy. It offersa comprehensive suite of tools for structural.
thermal, fluid, and electromagnetic analysis. ANSY'S provides a user-friendly interface,
robust solver capabilities, and advanced features like nonlinear analysis, optimization,
and multiphysics simulations.
Abagqus: Abaqus, developed by Dassault Systemes, is another popular FEA software
used for a wide range of engineering applications. It offers advanced modeling
capabilities for linear and nonlinear analysis, including structural, thermal, and coupled
multiphysics simulations. Abaqus provides a powerful scripting interface and
integration with other software, making it highly customizable and suitable for complex
analysis requirements.

COMSOL Multiphysics: COMSOL Multiphysics is a versatile FEA software that
combines finite element analysis with other modeling techniques like finite volume and
boundary element methods. It allows for the simulation of various physical phenomena,
including structural mechanics, fluid dynamics, heat transfer, and electromagnetics.
COMSOL Multiphysics offers a user-friendly interface and extensive built-in libraries,
enabling the modeling of multiphysics phenomena.
MSC Nastran: MSC Nastran is a widely used FEA software known for its capabilities
in structural analysis. It offers robust solvers for linear and nonlinear static, dynamic, and
transient analyses. MSC Nastran provides advanced features such as optimization, fatigue
analysis, and composites modeling. It is often used in industries such as aerospace,
automotive, and manufacturing,
LS-DYNA: LS-DYNA is a specialized FEA software primarily focused on nonlinear and
dynamic analysis. It is commonly used in industries like automotive, aerospace, and defense
to simulate crashworthiness, impact, and other high-speed events. LS-DYNA offers
extensive material models, contact algorithms, and multi-physics capabilities, making it
suitable for complex simulations involving large deformations and transient phenomena.

Femap: Femap is a pre- and post-processing software package for FEA simulations. It
provides a user-friendly environment for creating, modifying, and analyzing finite element
models. Femap supports a wide range of solvers, including NX Nastran, Abaqus, and
ANSYS, making it compatible with various analysis requirements. It offers advanced
meshing tools, visualization capabilities, and optimization features.

Open-source FEA Software:. Several open-source FEA software packages are
available, providing cost-effective alternatives with extensive capabilities. Examples
include CalculiX, Code_Aster, and Elmer. These software packages offer various
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unrelated to the species” need to adapt. In fact. the presence of resistance-conferring mutations
in bacterial populations predates the discovery and use of antibiotics. Lederberg’s 1952
experiments on streptomycin-resistant bacteria demonstrated that the mutations responsible
for resistance were already present in bacteria that had never been exposed to antibiotics'.
Furthermore, Bowden in 1991 noted that bacterial cultures frozen 140 years ago exhibited
resistance to antibiotics that were developed 100 years later'. This suggests that the natural
occurrence of the specific chemical need for resistance was inherent in bacteria and did not
arise through mutational events. Hence, bacteria do not necessarily mutate to become resistant
to antibiotics. and non-resistant varieties do not acquire resistance only through mutations.

Furthermore, pre-existing mutations can confer antibiotic resistance while simultaneously
decreasing an organism’s viability. As an example, surviving bacterial strains that develop
resistance are often less virulent and exhibit reduced metabolism, resulting in slower growth. It
is important to note that the acquisition of a specific trait through mutation does not necessarily
imply a complete transformation of the entire organism. A well-known case is sickle cell
anacmia in humans, where individuals carrying this mutation are resistant to malaria, which
may initially seem like a beneficial adaptation. However, the story doesn’tend there. While
these individuals may be resistant to malaria, they lack vitality and have shortened lifespans,
which is the cost of such resistance. Similarly, bacteria can develop resistance to antibiotics,
but this resistance comes at a price. In the broader context, acquiring resistance does not
automatically lead to the emergence of new species or types of or gam AR,

Regardless of the mechanism through which bacteria 'ficquire antibiotic I:GSIStal'lce (whether
itbe transformation, conjugation, transduction) they ren?am 1he same bacter_la they were be'fore
and afier obtaining this “resistant” characteristic. Evolution, in this cc?ntext, is not characterized
by vertical macroevolution but rather by horizontal microevolution, which encompasses
adaptation. Simply put, these bacteria “still belong to the same bacterial type a.nd are only a
variant that differs from the norm due to their antibiotic resistance. No new species have been
generated. Bacteria are not capable of arbitrarily creating Sfigniﬁcaxlt c}mnges sucl? as the
development of chlorophyll or flagella. The key cha.racte.rlstlcs of bacteria are exclusm‘e toa
Well-defined group, and they remain same, as is observed in -other grqups _Of living organisms.

These arguments, taken collectively, suggest that the existence of horizontal gene transfer

alone s insufficient to invalidate the principles of Darwinian natural selection.

C0nclusi0n

Science continually challenges our existing knowledge and compels us to reassess the

foundational assumptions upon which itis built. M%CrObinOiz B lik? any o%her SCie“‘ﬁﬁC field,
often necessitates the revision of previously established mfom?auon: This dynamic process
embodies the essence of knowledge advancement. Tl.le l'el.atlonsh.lp be.tween Parwxman
evolution and antimicrobial resistance is 0 exception _to.lhls ﬂOIlOi]-. While plnlc_nsoplncal delbat?s
persist regarding the merits and criticisms of Dalwm-la.n LitVOlll_thI). th‘f p?r!mu;:p.l QUQSI.IOI’I 1S
Sclentific in nature: how can we effectively combat antibiotic resistance? While it is possible to
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Table 1. Ratio of Xanthan g and CaCl,
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From Table 2, it was found that the drug
enhanced due to crosslinking. The compac
crosslinking of polymer chain enab|
of drug molecule. Hence on increas
increased. The yield (%) is also fo

loading efficiency of the nanoparticles greatly
tstructure of the nanoparticle resulting from
ed them to encapsulate properly and load more amount

ing the crosslinker concentration the loading efficiency
und to increase with inc

rease in crosslinker percentage. It
may be due to lower loss during isolation. The stability of nanoparticles increased due to
crosslinking of the po

lymeric chains which prevented the nanoparticles from agglomeration
and thus the zeta potent; i

range of -37.8 to
nano

inker concentration, the average
diameter of the particle decreased due 1o their compact and rigid structure (dd
TrindadeNeto et ql 2005)

3.3.FTIR study
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Fig. 12Number of viable cells, dead cells and

total cells were determined by trypan blue-based assayas shown
and expressed as percentage of cells relative to the values for the respective untreated mmmis {a) Cell mzfm
(%) of SIL (10, 20, 40 pg/mL), (c) Cell count (%) of A3 (25,50, 100 pg/ml) and (e) Cell count (%) of BF (23,50,
100 yg/ml). Pictorial image of MDA-MB-231 cells of (b) SIL (10. 20, 40 pg/nL). {d) A3 (23, 50, ’qolfgfﬂlLJ
and (f) BF (25, 50. 100 pg/ml) treated. The values are expressed as mean SEM of three individual

- X
experiments (n = 3) with similar results. p<0.05(*); p<O.01(3*); p<O.001(+%)
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3.5. DSC analysis
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3.8.In-vitro release study
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1. Introduction
a. Colloids

n
stingly, undey specific conditions, SUSP loid"]
20us to atomic phases’ S'leh as C(;def fﬂ{
&-range and short-rang® ° {0

colla: wgiant @
r OHOId.S can be Lhought of as glaﬂf uﬂlqu.
> Colloidg] suspensions also Offe" o5

Chature of lems in condensed matte”
TOWnian mot: asuspensiq . € Ol'the glagg s
" otion. The verage displar::;umformly Shapedg ystate (8, 9]

ent

Of these parie)

;
def 90‘11;?
colloidal particles u" ribed
Y% €S Over time can be €%

here <> < Ap2 ;
time, fepresents the dimensiir . 2dDt, v

H, ‘D d iS th . 1
T edi : s ¢
The diffigicy, Coefficient <y ffusion coefficient,and

Canbe determ; ;
mined U_Slng the St okes-Einstein re]atlo

92

keT
6rn R

which relates it to the particle radius * R " and the viscosity of the solvent “ 77°.

By applying this equation, we can estimate the characteristic structural relaxation time
() for the system, which is the time it takes for a colloidal particle to diffuse a distance
¢qual to itsown size ‘R’ in three dimensions. The equation provides different values for D’
depending on the system, such as ~1 pico second for atomic systems and ~1 second for
colloidal systems. This distinction is significant because colloidal systems operate on a micron-
sized length scale and a time scale on the order of seconds, allowing for direct experimental
Investj ga}ion using real-time optical microscopy, which is not possible in atomic systems.
Further more, colloidal systems exhibit interaction energies on the_ scale o_f thermal energy
(kT), while atomic crystals can have varying interactionenerg1e§ ranging f:l'OlTl val‘ues
comparable to kT to electron volts, depending on the na-ture ofmte:r atomic bondmg.
Nolab]yﬂ the elastic constants of these systems, representl‘ng thtle lattice cne}-gy per un.n
volume, can be casily estimated. For a system with N particles in volu-me If.. the elastic
modulus £ can be calculated. Comparing atomic size (R, ) and colloidal size (R , ).

I 103. the elastic constant of colloidal systems is approximately 10°
X s

times smaller than that of atomic crystals. This suggests that colloidal crystals are much

More deformable compared to the softest atomic mysta‘ls held together by d1 ?])e]‘SiOI] forc'es‘
Asaresult, colloidal systems are often referred to as “soft matter systems 'that Can 64?51]_\’
Undergo deformation under external influences suc.:h as temperainG; O_PT_lcale ?leCtI'l_CaL
Magnetic fields, shear, etc [10, 11,12, 13]. These distinctive characteristics of colloidal

. : iments.
SUSpensmns make them valuable tools n soft matter experit

Where R

b. Phae behavior of colloidal suspension ’ -

The phase behavior of hard spherical colloids and 1‘0d—shaPed CEHO; tzlgzt;zlcll:i c)}:l{;}}dfrs
Orellipsoids) is fascinating area of research in soft maﬂef'PhySI.CS 3111 '(?m i \CL 1]%56‘
Particles interact based on their shape, size. and mu_tual Onel?[atl??, ?:ino ugurhdens‘it ai ;e_ ? of
Phases apq phase transitions [14,15,16]. Hard spherical collF)IdS & ?“r'Lth mililml“in}tf:l‘_‘;lcl:_m a
845-like phase where the particles are dispersed ranfioni_ly 'E SI:jaCLr;’]‘é b parli::]e d;]; N 1 0::

“Ween them, The system resembles adilute £as, with high fluidity YA

c ition into a liquid-like phase. In
the Particle densitv increases. the gaseous phase makes a transitio _q i ]

thig Phase, the particles are closer 10 each other, oular: repeating pattem over long distance.
llel-eisno long-range order, and the system Jacksaregu ‘n,‘d.ty L s e
_ : , idi joidity. Wi as ‘
Beliquid phase di -« of both fluidity and 11! : .

e, l_lC]md phase displays properties Ofl?( e crystalline phase. The particles arrange
X m 31_13" ttern with long-range order. The crystalline phase
hattern W

i oree of randomness.

Jowde i . .
avs an important role in their phase behavior.
ayoc

Y- the liquid phase undergoes
emee : :
“Mselves in a well- defined. period

Xhibits strop g positional correlations and h'a*b a ]
As stat lier the shape of the colloldsP

S Stated earlier, the shape 0 ) i

! form an isoll

opic phase. where rods are randomly
e rod-shaped colloids at low densities
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a

helical twist. In the smectic p
ordering within each layer.
Phase transitions in both hard g
to changes ip thermodynamic par
concentration, The behavior during

ue
Pherical colloids and rod-shaped colloids ocCurtiile
ameters such ag temperature, pressure, or parctive
phase transitions provides insights into the colle ling
behavior of the particles. In addition to fundamenta] research, understanding and Contljo1 0
the phase behayio, ofhard spherica] colloids and rod-shaped colloids are crucia
various scientific and technologica] applications. Thes
systems for investigating fundamenta] princ;

. betwe ;
sence of any direct attractive forces
18 Induceq attractive force between th
Popularly known

asdepletiop Interactiop
are addedto 4 ¢ : S
Asg result,

1 artlc
: hen fon-adsorbing polymers or part
olloida] System, they tepqg 10 minim; b
‘ he Polymerg orp
eﬂ”ectwely depleti
Species anq Create

article™
) 1ze their contact with the colloidal pa*™"
articleg Create ap

ng the available Space. This ¢

110

excluded volume around the (;(;orbing

¢ Sde leti() 1 s : on-a e
Sadifferen, in _ Pletion zope i devoid ofthe n _ th

ds:

€.
fay d volum peé
nged, decayipg Orable exclude 1

e Is science, and biophysic
ions i ious fields, including colloid science, maﬁen;ﬂwegaﬁon or clustoring of
i i /ar ? . £y (=
e — ions, depletion interactions can Ieac.i to ;‘ft]]g ; vstem. It can affect the
In colloidal suspensions, N - ystem. '
i ' ing the prope : i ions. Additionally, depletion
collaical particles; alring ility of colloidal dispersions. . teins
i ,and stability of c the behavior of protein
phase behavior, rl]ef)loiggéant role in biological systems, such as
interactions play a sign ‘ -
and the assembly of biological struct

‘ idal membrane _ )
d. Self-assembly of colloids and colloida ’; ed colloids exhibits isotropic phase in
. As discussed earlier, suspension of rofl's apri entationally prominent nematic phase
sdisct 4 . ing show o consider
4 ch on increasing ic phase, etc. Now, let us
lower concentrations Wh]s like smectic phase, CholeStencdp discussed in this article, the
T complex phi“se dastinped ecligids. EorfiE ERIE B fdY21M, fdY21M-PEG
A<l Sspension o rDIloids are filamentous vlmsesd, e-gci’mc;nodispersed rod-shaped
Considered rod-shaped cosemiﬂexible’ highly char gﬁ d'fﬁl; te virus suspensions results in
se are s suchdi : i
M1 3?(0 7. etc: The dshililic p01yme1_'s tosu dhietodeplatiommioes. Depletion
colloids. Addition of non rich and virus-richregions dt crease in polymer coil entropy
a . er-. . 1n
Phase separation into pol)’;n olumes overlap, leading to anfdepl etion interactions can be
forces arise when excluded v The strength and range 0 depletion interactions exhibit
and a decrease in rod entropy. sions of rod-shaped ‘flmses’lets and colloidal membranes
tuned €xperimentally. In s.uspell formation Ofnematlf: drop ectively [19]. The colloidal
adirectional nature, causing ﬂ.le polymer concentrations, rezzents distinct microscopic
(discussed below)at low and hl?(};lron-sized lipid blla}-re;:t;on It offers a versatile system
-nembrane phase, akin to 1 nzt visualization and malllI]3 Jike light microscopy and optical
Interactions and allows for dire : mple experimental tools theaddition of non-adsorbing
for sclf-assembly studies using SlectII?On it was discussed ILtl”o‘:)vd shaped viruses induces the
i : 1 rod- . 3
laser hsezers.Infhepreceding ::o a dilute suspensio - The electrostatic interactions of
Polymers like dextran or PEG depletion interaCthIlZ-tion of electrolyte, allowing the
O'Mmation of rod clusters due‘ tOII screened by the addi effective diameter [20]. These
Chargeq biopolymers are typica d); with a slightly largeg aligning parallel to each 0Fher
rods to behave as model hard rOCIUded volume OV.er]aptezs Asa result, the}’ arrange into
“olloidal rods maximize their ?xtance between their Ce?he sl',ll'facc normal (Figure 2). At
and Maintaining the shortest dl;] rods aligning a(lj(-mi merge laterally to form larger discs.
S isc-li ‘uctures, Wi iall disc
i:tlearlr;d; s:ct 1 lkelsi; l;. concentrations, these S
ediate poly

ically stable, even reaching
be thermodynamically stab -
ve been 0 gt These self-assembled disc-
have bee bserVedl.( tion for days. These
hese disc-like structures iTibr
requilibra

: 1branes. The
colloidal men Sa

“microns afte . knownas c0 Y oitos stioning

lameters of hundreds of micro haped colloids ar€ have been investigated, duestioning

ike Structures consisting of rod-S 135 ir lateral growth ha mbranes. It was found that

d thel wo me ) ecules.

Sability of colloidal membranes an en the surfaces ‘-Jf: ce surrounding polymer molecules

Why depletion does not act bet‘ﬁual rods, whichdispla

. : indivi

Protrusion flyctuations of the

Play 4 Crucial role.
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solated 2D smectic monolayers [21].]

m
s beco
cen th : = ]PCU]GS i
higher polymer Con trations, c displacemem OfSUITOLlndl ng poner mo

energetically costly, leading to smoother mg

le with the hanometer-sized lipiq molecules. The rods in thect:)fl 01:;
membranes align along the membrane normg] however, rods at the edge show le
twist from being along the surface normal to Jje on the membrane plane [22,23] son r;,
Penetration of rod tyyjst atthe membrane’g edge occurs due to two possible read

€se Virus rods are ntnnsically chira] which favors 5 twist between neighboring 1ot J
depletion force favors the paralle] alignment,. A5 aresult, the chiral rod twist is eng sb o
Membrane’s edge Second, orientation of the rods at the edge similar to the meﬂé thu f
'S energetically Costly due to finjte line tensjon of the colloidal membranes an SUET
Penetration of the rod twigt at the edge Here, in thijs article we discussed theno ¢
ransformatjop, of the collojqy) Membranes thyt Occurs as a result of Crystalllz:?ie o
membr.ane_ © planar geometry of the membraneg transformed into non-Eucl! asse® i g

y Inang -Wisarticle highligjs the colloidal membran©® [y, gef?
oo P10 ity O homochira] ro g having similar handedness of chirality 47 i iﬂ;ﬂf
e oo Ming in an mplausiple e¥elie polygon shaped colloidal membranes- er 10
polygc(;ns Of thege ﬂl:lid Membraneg Composeq of longer rods whereas the %
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I.Methodology
“ Prepara,tion of virus; "0d-shapeq colloidy il dﬁ

Toconduct e Studies Outlined jp gy artic) s WETC ue b gﬂ

namely fdy) -fdY21 M-PEG, R €€, arange of filamentoys v1m§? o5 ha ri5ﬂb;
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1. Results

; . "
a. Crystallization of chiral colloidal membrane

The M13K07 rod-shaped viruses, 1.2 im in length and 6.6 nm in diameter, naturally
e M13 rod- ’

. rethylene
. n-adsorbing polymer called P olyethy ;
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Crystals and their various phases. such as nematic. cholesteric. smectic. columnar. and biye
pPhases, each displaying distinct arrangements of particles. However. relating the microscopic
Properties of the constituent particles to the macroscopic arrangement 2 the system is a
formidabe challenge. For instance, various filamentous viruses, despite having similar structures
and microscopic chirality, form different phases like cholesteric and nematic. The complexity
Of chira] interactions in the formation of these phases has been explored. particularly when
Polymer grafted virus rods form cholesteric phase, where a layer of polymer brush coating
could Possibly screen the chiral interactions. Therefore, the intrinsic chiral i:w:teraction ofthe
filamenoys viruses remains not fully understood, however it plays acrucial role in s§lf‘~ass§mbly
Colloida membrane phases. In this article, we have discussed the structural tra ns formation of’
Folloidal membranes composed of rod-like viruses due to internal phgse trans1.uons.bascd on
Niringije Interactions and physical properties of the constituent particles. Dilute [%O['I‘Oplc
SUSpensiong of rod-like viruses self-assemble into colloidal monolayer membranes of .illl gl.xcd
rods through depletion attraction. These 2D fluid colloidal membrancs are cireular.
macroscopically flat. and exhibit long wavelength thermal elastic ﬂucma[lton.s. U Pon
°ry Sallizatiop 4 curva,ture instability sets-in in the colloidal membranes due to chirality of lhf_
VIrus ro g leading to local wrinkling and global buckling of the membrane.and e.\«"enthuall,\
formin iti -di jonal structures. The emergence (‘)f cmjvat%lre msta'bﬂuy in th§
CIYstallipe ril lnéo threff unens‘ ted with the increase in intrinsic chiral interaction energy.
: €mbranes is assocla

hich jg released through the formation of local ridges and out-of-plane global buckling. The

Surf; . controlled by adjusting the number of’
"€ Toughness of the crystalline membrane can be

Ucleatjop, : chiral colloidal membranes do not di‘splay curvature
mstﬂbility dce'nters. Inter‘estl.ngl}_/ ’ gsz:::]}é the essential role of virus chirality m .1 his phenomenon.
Furg, " oimni C'llystalllz'aﬂoﬂ, lnfhomochira] rods with different aspect ratios self-assemble
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aspects of metabolism, appetite regulatio

_ ' n, and fat storage. While the scientific evidence
supporting their efficacy is sti]| evolving : e the scientific

numerous studies have explored the potential of
tMproving metabolic health. One herb that has

" (Cinnamormum verum), ginger (Zingiber officinale)
grefek (Trigonella fOEDUm-graecum) are among Other
t}-1e1r potential benefits in obesity management. The?e
3:[1‘“10113 meta.b olic pathways, including glucose and lip!
clite regulation, Despite the potential benefits of herl“t'

t}]e . - .
1ruse with caution, Lack of standardization, PotentI

mo nee :
Consjellr:t?;rllacll:mon Obesity is 4 COmpiidht:allctlErlnst;E; Specific subgroups that may benefit t'};e
a complementipryrz?l‘;hﬁz ;.138 :)besﬁy Management remzlnthﬁfil;;:cmn{g consequenzzfés offe"
By €xploring the Potentia] }c Perspective op Weight loss ang ental, herbal rem te
and their roje i, Combatin 9 hert?s, We can expang Wit Imprf)ved metaboli i
efﬁca;y, safety, anq optimef]g Obesity. HOWEVep furthey :;n g akhanio th]();s
Sobemy has become a glou: Ofl_lerbal treatmenys imhesizr ‘;h 1s needec? to estab et
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herbal reme; u\? Fanens) here i g thesto Weight management, such# " s

ing i i
S. Thi e“g.mterest In exploring the potennasity
. .
AMS 10 proyide an overview of ©

_(BMI), calculated by dividing an individual’s weight in kilograms by the square of their height
M meters, j5 commonly used as a measure to classify obesity. According 1o the World Health
Ofganization (WHO), a BMI of 30 or higher is classified as obesity -

The prevalence of obesity has reached alarming levels globally. In both developed and
detvek’ping countries, the rates of obesity have been steadily rising over the past few decades.
Itis estimated that more than 650 million adults worldwide were obese in 2016, representing
» ProXimately 13% ofthe global population. The prevalence of childhood obesity has also

lzncreased significantly, affecting over 340 million children and adolescents aged 5-19 years in
016 -5 ’

2,
2 Caugeg and Risk Factors

Obesity is a complex condition with multiple underlying causes and risk factors. It is
Influenceq by a combination of genetic, environmental, behavioral, and socioeconomic
ACtorg. [6]

Genetic factors play a role in determining an individual’s susceptibility to obesity. Certain

8enes ¢qpy affect appetite regulation metabolism, and fat storage, contributing to weight
8ai :

i : .
Oben and Obesity. However, genetic factors alonec
oIty rates, suggesting that environmental factors h

NVironmental factors, such as the modern sedentary sy
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Cardiovascular disorders. inc] uding hypertension
disease, and stroke, are more prevalent in individuals wi
the workload on the heart. leadin

ery
(high blood pressure), cor Ona.“'y iﬂas&‘
th obesity. The excess body fat ]ncisk 0
g to elevated blood pressure and an increased T

Obesity is also a signifi
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wih fact?
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that targets Various aspectg of weight loss, improved metabolic health, and long-te i
Maintenance. Conventional
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3.2 Physical Activity
ac{iyijgmar physical activity is 'crucial inthe managem'ent of obesity: Exercise and physical
b increase energy expenditure, pro}rnote fat loss, improve cardiovascular ﬁm‘ess..and
recomme overal'I .well-being. The American Hear_t Assgc1at10n_and .ot.her organ'lzauons
Vigorn. ex?d aminimum of 150 minutes of moderate-m?ensuy aerobic activity or 75 minutes of
- S-Intensity aerobic activity per week, along with n.luscle-streng_thenmg -acn\_fme§ on
it more da}fs per week. A combination ?f ae_ro-blc exercise .(such as bl_"'lsk walkmg Jjogging,
00 tf‘;’,) ?nd resistance training (such as weightlifting, ?odywelgh_t exercn_ses) 1S n'ecommen_ded
act \I; IMize weight loss, preserve muscle mass, and improve metabollc_ function. PI?yS{cal
Ity interventions m ay also include behavioral strategies, suchas goal setting, self-monitoring,

and so¢jq) support, to enhance adherence and long-term maintenance of exercise habits."*)

8 Pha"Tllacotherapy
P hannacotherapy may be considered as an adjunctive treatment for individuals with
e;_‘ty Who have not achieved adequate weight 10ss with IifesFyle interventiops alone.
inter}catmns approved for obesity treatment aim {0 SUPPress appe Tt ot Ckm
Cre with fat absorption. Prescription medications, such as orlistat, liraglutide, and

er}tennine/topiram ate. are available for short-termuse under medical. supervision. These
5 bination with lifestyle modifications and are intended

cati(_)ns are 1ca]l . .
£ vy rescribed incom . : .
or Ndividyq)s \t,\}fﬂ, a gBSII of 30 or higher, or those with a BMI of 27 or higher with obesity-
0 morbidities. !

'S Important to note that pharmacotherap
"8ement. The use of medications should becare
Potential side e ffeots and contraindications shoul

y is nota standalone solution for obesity
fully monitored by healthcare professionals,

d be considered. (16l
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outcomes. This section will discuss several herbs that have s}

for their potential anti-obesity effects. ¢! 10Wn promise in scientific studies

4.1 Green Tea (Camellia sinensis)

Green tea, derived
beverages worldwide fIr?? e !eave.s OfC.a.melIia sinensis, is one of the most widely consumed
-1t contains bioactive compounds, including catechins particularly

dex . :
nce 1$$)’ afld Waist circumference with green tea consumptio™
imited and inc onsistent, with variations in study design®

lism. (17
Mechanismg W
of Action :
playsarole in converting ex- HCA is belieyeg to inhibit an whicb
red‘_lce fat synthesig and pro . ?arbohydrates into fat, B e etrle lyase,A m?
T4, potentially redycjy, TMote fat oxidation HCA o Y Inhibiting this enzyme
Clinical Evidepe, sﬁg Petite and food crayjp, mf[il}?’]also increase serotonin levels "
. . gs

loss have shown mixeq e 1es Investigating the effect ight
and body fa¢ 5. Some stugieg h €S of Garcinia Cambogia oP gt

- -obesity agent, [17)
1S generally consj de)r{e dgsa fe when cons
the use of Garcinia Cambzigg.
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i should ex
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3 Cinnamon (Cinnamomum veruni)
CaSSiCmnamon is a spice derived from the bark of _CinnamomuTn VErum. OF (.:inna.momum
con t; trees. Ft has been used for its culinary and mec?mmal properties tor' centuries. Cmnam'on
forthn}s various bioactive compounds, including cinnamaldehyde, which have been studied

CIr potential effects on blood sugar regulation and weight management.

Mechanismg of Action: Cinnamon has been found to improve insulin sensitivity and
i lfle glucose metabolism. It may also delay gastric emptying, Ieachn.g' to increased feelings
o €SS and reduced appetite. Additionally, cinnamon may have anti-inflammatory effects
could be beneficial for metabolic health.
Clinical Evige nce- Several small-scale studies have explored the effects of cinnamon
Supplememati otion v;reight loss and metabolic parameters. While some studies have

"porteq improvements in body weight, body fat percentage, and metapolic markers
lood glucose and lipid levels, the evidence is limited and inconsistent. Further

W A y . .
reel “designed studies are needed to establish the efficacy of cinnamon as an anti-obesity
mEdy [17] )

of:{e t Considerations: Cinnamon is generd
May be N However, high doses of cinnamon sgp;; "
Indjy; associated with potential side effec'ts, 1.nc udi
\als with liver disease or taking medications sho

ly safe for consumption as a spice in food
lements or prolonged use of cinnamon oil
ng liver toxicity and allergic reactions.
uld exercise caution and consult with a

4 Qs
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ASTermeric (Curcuma longa)

‘ nic. derived § : e ‘ :
Turmenie. denved from the oot of Cureumg longa, is a spice Conmonly used i Asian
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Clinical Evidence: Studies investigai
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4.5 Turmeric (Curcuma longa)

Turmeric, derived from the root of Curcuma longa, is a spice commonly used 1n Asian

cuisine and traditional medicine. It contains the bioactive compound curcumin, which has
been studied forits potential anti-inflammatory and metabolic effects. ['*)

Mechanisms of Action: Curcumin has been found to modulate various molecular tar ge.ts
involved in obesity and metabolic regulation. It may help reduce inflammation, enhance insulin
sensitivity, and inhibit fat ce]] differentiation. Curcumin may also increase thermogenesis a4

fat oxidation, leading to potential weight loss effects. .
stigating the effects of curcumin on weight lossand metabo.hz
tsin preclinical and small-scale human studies. Some S“'dleh
dy weight, body fat percentage, and metabolic markers St

health have shown promising resul
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for th Allability and effectiveness
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eibility in their therapeutic effects-
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i . 1 y
Op erbal Iemedies may interact with plisfirrﬁg metabollsm, _le rsyne
§ i it dditive Or 8)
ety. g , terfere W have a :
¢ Ome nin a The
“\?HCentrationm“: hfrb}j (;a Additionall)’, he?bs lt]l:e);'isk of adverse leau.um; o
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> yt 0
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rgistic effects
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5.3 Regulation and Quality Control

i 3 ves. The
The regulation and quality control of herbal products pose significant challenges
herbal supplement industry is often su

. . dto
bject to less stringent regulations compare
pharmaceuticals, resul

: * - N . F afety-
ting in variations in product quality, labeling accuracy, and f‘urﬂ’ﬁf
Inconsistent manufacturing practices and adulteration with undeclared substances can] o
compromise the reliability and safety of herbal products. Implementing rigorous regula

. rand
quality control standards, and labeling requirements are necessary to ensure the safety
efficacy of herbal remedies used in obesity treatment. (%]

5.4 Combining Herbal Therapies with Conventional Approaches

; o . ; tisal
Integrating herbal therapies with conventiona] approaches to obesity managemern’
area of interest and challenge. Determinin

Combinatioy, Therapiey- Investj

multiple herbs op herba] eXtracts
the safety ang efficac
more effective herba

. pini??
gating the potentig] synergistic effects of cO™ i
Oenhance the effj

ICacy of obesity treatment. Eva inf
Y ofherb comp

inati . eloP
Inations may Provide new avenues for deV
I treatmentg,
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. i ing weight regain
hieved through herbal treatments. Understanding the factors influencing a
achieved through herba .

i ial for successful long-term
and developing strategies to sustain weight loss will be crucial f
eveloping s g g

Management, ) d the integration of herbal therapies
Standardizati egulation, herb-drug interactions, an tion. Future research should
with ot la roa::hes require careful CO{ISlqera ] df;rlyincr mechanisms, and
fi Com’en:jlonf'i 3 us clinical trials, investigaing un -

OCus on conducting rigoro

imi of herbal
i to optimize the use :
. | g aPProaChes ; d advancing our
explormg personalized and ¢om 1o these challenges an g

SSII i PR
treatments in obesity management. Bf a(i?arfly i f?er safe and effective options in the
knOWIEdge herbal therapies can poten

o [20]
COmprehensive treatment of obesity. -

i I ive and
6. Conclusion at requires comprehensi

llenge th 3 hes, such
Obesity is a significant global health 1(;};2ment. While conventional apﬂﬁ?fcfomm the
dimens oaches for effective mar apy, and bariatric Surgery. 101t
as dietajy i tonal o hysical activity, phamacothef I:ge potential of herbal rerpedles as
Uinggy Nterventions, phy (here is growing interest 1n ive in addressing obesity dueto
1 i 1 i i ) ;
ady onof obe.sﬂy treatment, dies offer aunique perspec " hways, appelite regulation,
t?tlve therapies. Herbal reme e ence various metabolic p +Fherbal freatments with
" bioactjye compounds that can u_lﬂU Htant to approach the usetial herb-drug interactions,
o 2o, However. | l1mllj<oof standardization, potel
°N, considering f; such as lac
g factors

ise in
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d quality control.Several h:C ? © cambopia;cinnamon,
entig lanonan i reen e, 6% ' faction
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Abstract
Fractals are obj

ects that exhibit different types of self-
In addition, the frac

; : mensio™
similarity and fractional dime
tal curves display space-filling properti

€s, i.e. the curves are adept Of'pasi;‘:ﬁ
ling feature allows for the i"corporawit
ding to nove] miniaturized antenna sigh
This approach offers many advantages in antenna d¢ ire
like Compactness, versatility, ecoriomic friendliness, enhanced bandwidth, etc. along with ‘deS 0
performance at wide range ies in varioys fields ofapplications. The article a”.n{;in
provide a minj review to the application ofspace-filiing curves as a possible path for desigt of
miniaturized antenna with Optima] Properties. Consequentl}’, it can act as an initiation pOlnwi
introduction to Space-filling cyrye and thejr application i designing novel fractal antenn@

size feature in antenna

design lea
and performance.

Optimal propertjeg

augmented performance.

Introducﬁon
L.Fractals:

"
] 1 5 44 fha
iilchaid Feynman once quoted «y think natyye 5 imagination is so much great€! pave
mans, she s neyey 80Mg 10 let us rejgy» Still, after centuries of inyegt gations humans ™ .,
only fecently started ¢ investigate. under

i
) ) jency

ture’s funetion: . Stood, and appreciate the augmented emclet 5
nature’s Unctioning, genemllyansmg from the ex eX yetintricate detailed struct™ ’

Representati . !
—_Eh____‘ heart beats, proteins, mot ?

CUIYES A path trae Mg towaprdy efficient
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‘ tWOIl\S. E‘l . llls [) ‘1 i =]

: already dealt from
: ctal objects were a :
fanch of Fracta) geometry. Interestingly, though fra de applicability was discussed

: iption and wi »of Nature.
the 1gm Century, its first comprehensive descrip tled The Fractal Geometry of N :
Y B : ry, ot in his Celebrated bo()k Bntlt.e o OfEuCIidean geometf}’ 1n
: denoit Mandelbrot in ity to overcome the limitatio A i
tveloped fractal geometr jects, 0 :
SCript; y tfi ffﬂfl lal gttems of rough or fr agmented ObJlocally smooth/regular or If_ﬂfegei
) p_lori of'spatial pa PO N ofonly_ mplexities and irregularities a
€ i i o shir co i
imerf:;;tdti(l)n ° atmbmed failing to describe the mtnnS‘I%I ouds are not spheres, moaimciu:s
‘ Ona‘Stmcmres . les. Mandelbrot quoted ino travel in a straight line” to
. Mg spatia] and temporal sca eS-Omh wor does lightning
hot Cones, and bark is not sm *

- is term
4 i 2 ot derived this )
Shlight the limitations of Eudide'fm geilzztgn as fractals. Mand::;al objects displaying
fro g SEOmSty Smdiés Obje?ts broken or fragm?meqicl;lll}fr fractal dimension (FD)
sel?1 ¢ Greek word “fdcrus |, meanizg Hausdorff- BesICOVI " terestingly, fractal
“Milar characteristics and havi

. fract ;
) identlﬁed A . er, ViZ.
L tha their topological dimension (TP) z;;eone of the following man ture at every
e “anexhibit self-similar characteristics display exactly the same struc
ts

fra urve, Sierpifiski
L ctal objec et, Koch curve, Sierpinis
Scala: A<t self-similarity: The

e

. " ometric
o lr""‘:53136:(‘.t1ve of'the scaling. e.g., Ge

ﬁ-actals“ Cantor s

tructure
attern of the s
- e completep d forms.
2 : objects app roxm]at(; t}iln distorted or degenerate
v ‘ i st S i 4 Thgll copies ofthe WiC'E with a random
g scaleg and contain sm - Giion
% liasets repe - ”
" Mgebraje fractals — Mandelbr Ot-iet,;;ects exhibit pattern Jations remain conzzr;iy
3. St . - o . rit : T e " Such n, ran
Propy, i it; gft"f“’ se’f-s”?:tll‘:at sytatiStical propemﬁ:z ialsi €
1 1 c ;
Zcr()Ss Scaleg S;I‘Ihbutlon :Ilso Kknown as self-affin
S s - Theyare
DOSIte SUrfaces, etc. ) display
Salgg  “ltifractals: These objects Ket, etc.
N e_g.’ Nebula clusters stock mar e (;f frac tingly,
descﬁ dltionally, a cha.racteristicfﬂafu;im ension. Interes
: : e
dimen o0 0f thejr complexity, is thel

rox
due to the fact that?pg and
S g . alS uc -countin
pmvicie;on S Used for different fract has, BoX

i been fractals
i i 35U tion, ithad Deen L - that fi
Higuc i Y different computing m,ethOdfractal. Inadditio er, the term S! gnifl
geome v alg()n'thm, etc. for a particular reovel
t .

logical

cy of topo

. More® incompeten <aTD

Poggeg. Y 1S @ special case of fractal geometn esting the’ Koch snowflake has
Sesse

: jon SUgé le, the o the snowflake
N . . lmCI'lSl k n ] { Stln“ t S :
d'men ; Sa fractlonal or non-integer d on. k0T < is infinite sugge ;’e 5. This in turn

; ripti . :

Of) t[lzlon " their comprehensive desrci aﬁy o PO sie i diversea g
Ugp i & 8

lo be enl e the cypve’s length bew.lofline segnm e?j wapit

gy, POSed of infinite numbet 3

, ) Losively
1At the snowflake is excess

corre .
a;, Brownian motio
=3

i ic 1 aCfOSS

. cios]
idi titative statistica
PFOVldmg:lI:Jea;C term, i.€. fractfil
thei%nately similar value :js
Cube-counting memo :
hown that Euclidean

tal ObjeCtS,

: snal. but too simple
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to consider as two-dimensional,
Captivatingly. the FD of Koch sno

a comprehensive dis

value of 2.

II. Space-F illing Curves

through al] the points

Space-filling curve. The ini

Who aimed to show a

by Hilberr, Moore, Si

curves in maihemalical

brief descri Ption tg the

Peano curve, ¢,

in a specific Spa

subje

e’Pm&*kﬁKnop;;

]

mis provided ip

space-filling curve. Generall

1.e. it must have a dimension between 1 and 2:
wilake is found to approximately 1.262.Nonetheless:
cussion of fractals and its quantitativ
scope of this article. However, interested
literatures [1-3].

) . he
e descriptors is beyond Ihe
readers can found overarching details 1n

.l
] : : . oM
glon, 1.e. from a unit Square to a n-dimerns

. ing
Y, a curve adept of passasﬂ
" . 1
ceconsequently, filling that space is know!

<. 878
tiation of the concept trace back to George Cantor(1®
ctive mapping

- 1S 1n
from R to R that include all the points i*

: o ire
orizontal reflection is requ

- . ! h 11
OWnin Fig, 1(c) and 1(d), respectively wit

en’
4l5
)
similar property of 1 i cd
h Space-filling property were proP 50
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he followin
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Prehensive overview Oi]cqs-‘l
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s . vt A s acne
T ey e Nt el

la, Hilber¢ Curve . 1 o derine of erid cells in a quad tree

[tis a generalization of the specific seqtlen.“a[ i nz hf;e cc;mect the mid-points of
COnnecting only the neighboring grid cells. The 1teratlfea0h iteration to next, the existing
the CCursively subdivided sub-squares as a polygon. d are connected via the reflection or
*Ub-squares are subdivided into four sub-squares arl'}z;)l In addition, in moving from one
Olation Ofthe fundamental pattern or initiator (Fig. 2a).

: flection or
i ‘ nnected using re
O next iteration four copies of the existing iteration are :r(zhy that the orientation of the
Olation such tha’t their start or end points meet. Itis note:rution of thei

. - ) he res
Uriteration remains identical irrespective of t

i i wn
iterations of the Hilbert curve is sho

rd
inr;'-a’ €. fundamental pattern, generator, and 3
Ig- 2(&"0)5 Fespectively [4]

[ ‘ i .
u iy Cunve ch that the endpoints comczdf:-hfor;r;r
e union of four copies of the Hilbert cumve ert curve. In general, the N or
the M

i b th K_
itis a variant of th; HlllaCing Jcopies of N-I"order
dbyp

, 1 ; 2 pieS
0
f .
d]m ’ 1 ’

M O0re cyrye, Conversely,
0

e
di '° curve in K dimension can be formrofth
th:lenSiOnal Hilbert curve at individual CO;;Z !
my;, . o . ,
of 3 \"la line segments, shown in Fig. 3

y laced at
“ony ln.]ensional Hilbert curve should be
Ing them by line segments.

S Siepr:
l'Etl'l)lllski_

cursive sub-structuring

Knopp Curve filling pattern via sub-

donre
Ofthe o - €aN0, Hilbert, and Moore curve, respe C-Uvei / anoVelSPaCE e KiopD
ey damenty] pattern into squares ’ equently, the space-filling
u alia split into congruent

e e resul . o
¢ mathematical description of th le is divided into two

Here, the :
Sllb.tn- OWn ag Sierpifiski- Knopp Cur;e tenuse the the hypotenuse of the SPlg_{ed
T ypo < in
Pargg anniles. Thereafier, via splitting ﬂ;zmental riangle make +1s and the corresponding
Suh,.. eqUentIy the legs of the fun
“try s

i estedinterV
Qe 105 Fig, 4 displays the first few ite
quﬁmlﬁllisali e R
Iy Ons,

Och Cllrve
‘vnn

€
Cllr\,e .

lsk_n

'Helge

- Iand) was l.ep()[’ted b}/ ‘ .g‘a

pRne rgesto~ 1.6 times the are
e conve

wire has ¢ 'I,
t).' A‘s | SU" t.hC ﬁ.(..,lll(..hde ﬁnl C
I' y re - : )
l ' L (+ iS “l\’e[l t ClU\a\_
c

Kol\e KOCII Curve (Koch snowﬂﬂ‘kes o
()f‘{h(} Qsh'ln 1904 Here_’ the limiting f’]gul‘e., ‘-:rge
i triangle while the perimeter Y

e, 8 uction©
d b = ~ nstl uc -
Oy i ine. The €0 . isible by 3-
ded by gy, infinitely long line. % Je length divisit!
thside

raw, . g . Wi
p) Wan €quilateral triangle Wi

. 4 )al‘ts.
Vide Cach side into three equI I
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3. Draw anequilateral triangle from the middle part and measure the length of the middle
third to compute the side lengths of the new triangle.

4. Divide each outer side into 1/3%, Here, the second generation of the triangles covers
parts of the first generation triang]es. _

5. Repeat the steps 3-4 for successive formation of new generations, e.g. 3¢ generation
of triangles, shown in Fig. 5. The limiting figure is known as the Koch curve.

Space-filling curves have found considerable application in low-dimensional PTObler_ns
such asthe travelling salesman problem, storage and retrieval of multi-dimensional data, or; ganiz®
and process raster data, antenna design, image compression, bandwidth reduction etc'-
Nevertheless, the aim of this article is to give abrief overview on the applicability of spac®
filling curves in antenna design,

III. Fractal Antenna

o _ -
The modern communication system follows the trend of 4A (anyone-anyﬂ‘lmg'an)mmth

anywhere). The communication system allows the operation of devices like Blu‘fwznt

devices, laptops, smart phones, computer peripherals, etc. Notably, antenna is signific

. . ili
for the transmission and reception of electromagnetic signals in these devices. Also, mobili®
and portability are indispensable requiremen

structures becomeg supportive
volumes, Notably, the space-fil]j
of large electrica] size

- fractal antenna. The first fractal antenna was re
utilizing fractal geometry to loop or dipole antenna. T

o’
ported by Nathan Cohen in 1988 : n?

. e
he concept endorses decrease in m:/wjof
gthe total length of the antenna [5]- i©
Ntenna ine ‘ a

()

. e with (2
Fig. Hlustration of Peano curve i 1
reflection, and (d)

i g s b) gt
Fig. o Hlustration of (a) initiator ¢

|
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ool (D)
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£ 3 Pictoria representation oft
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F]g. - First struction leS of the er Hl'.'.’\J-Kﬂr) curve |4
4. F rst few const g
8 b Y P P, ’
]

Step 2
Step 3 o

r do3s

steps in i
formation of Koch ¢
.’(J

friend];
lness_ 1 Y= . . . B . v '8 = .
Matchi, 1\ )enhanced bandwidth, v) higher gain and directivity. vi)improved input impedance
s Y Y " aes v ¥ .
indepen, g 11) low mutual coupling, viii) broadband or multiband properties, 1x) frequency
¢ et . ; . 5
Nt properties and unbiased efficiency. Nonetheless. like any other technology. it

alsop
08Sess lirmitatimm 1 § ;
after o, '1SS limitation like.i) complexity in design. i) gain reduction, and iii) less advantage
1 1 . - - .y . -
lenng ‘;rallons.Fractal antenna displayed significant applicability in the field of wide-band
. ¢ellular mobile communications. satellite communications, military applications, bio-

mEdICal 2
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vaimed to demonstrate the applicability of space-filling curves like the
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abricatio, gt“liﬂ:t?‘h‘l‘t curve, Moore curve. Koch curve. Sierpifiski curve, etc. in designand
Pace-fj lling Cur]\id[‘u”md fractal antenna with efficient performance for desired applic;tions,
CUrves aro greatl ,C-b share close relation to fractals in the sense that the regularities in these
S y linked to the self-similar property of fractals. A short description to the

OVe 1 4
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. : . : s v W'E'l\"e
in cosmological curvature [1-4]. Notably, analysis of the Planck cosmic micro
background spectra sugg

~ . . . . e N lc\fei
ests a preterence for positive curvature with a confidence
exceeding 99%.

The results highlight the compelling and effective nature of combining these two indcpcnieiﬂr:
datasets to constrain the Hubble constant following Ref. [13]. Across all models examm;om
Ref. [13]. remarkably precise estimates are obtained. aligning with conclusions drawn Iﬂq o
Planck data. which indicate lower values for the Hubble constant. Additionally, analyses W1

: erse
. - . . ~ . i ~ - Illlvers
the cosmological model provide strong evidence foran accelerating expansion of the t

at a confidence leve] exceeding 3o.

This study provides valuab]
prevailing understanding of a unj

with modern cosmological
ACDM model.

¢
insights i s th
¢ mnsights into the Hubble constant and SLijZJPOldanC‘3
verse undergoing accelerated expansion in accor a
. ' -
knowledge where our primary focus will be on the no

The Cosmological Mode]

constant A is intimately associat
its unchanging value and negati

To derive the Hubble p
profound domaip of Einste

. ; erize
ed with the concept of vacuum energy density, character!
Ve pressure,

R

- - ‘ lo
arameter within the ACDM framework, we venture lnc fof
in’s field cquations, providing the mathematical bedff‘?ma
time and its intricate link to the distribution 0117,

dynamics and evolution,
Inessence. the
profound interplay g

; it
exploration of the non-flat ACDM mode] allows us to delve mto s
mon .

aping ,
: nergy, and the fundamental forces shap ai?
celestial realm. Throyg .

}](Z) =

}I” ( Qmo (] +Z)z +
ble con ‘

Here H_ is the Hub Stantand 4 =
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\
: dark energy ]
o ns + dark matter), .
the curren dimensionless parameter of matter de;l)slf} gzsiizﬁvcm ,
ehsity ang Curvature density (Q, ,=1-Q,, — 4 )
BAQ Daty

isarticle, we
: 7 different surveys. In this
. This sample is composed of 11 measures obtained by 7 differe

. ints.
iona few importantpoin
*Ip the detailed discussion related to it and we only men?,g;,- diameter distance expressed as
Stelevang physical quantities for the BAO data are the ang

H-1 \me) if Q<0
__0_.__-sin(—'—"'"_— ; |

[13]):

[ Ha] H(z)
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"--_‘—-_-_-_‘_-—X I
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7 el MfL) i 20”0
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2y —]
D (z) =I( 1+2) D) i [4]:

the form [%)- {

nd the Sound horizon at the drag epoch e

) +R(zy)
2 ___6._-—-]!1[ 1+m

3k R(z,y) fi k_isthe scale of the

tyl"edshi * “eq atum density

Wh z_isthe oquall 1 to photon mome

I)E‘I‘ticle ;re %4 1s the drag epoch redshift, catio of the bary©
Can be Orizon a1 the equality epoch. The

= 4‘%
[6]), t"}"lzl}zre the symbols have usual meaning:
Quantity is given by:
r S( Z d)
_ "
d z( B = DV( z)
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One can define the Chi-square for this case as

2 iy z2,) - a’f’bi 2
B = s =] »
BAOI ™ & &
On the other hand, the BAO quantity for survey set I (BOSS-MGS [7], BOSS-LOWZ
[8]. BOSS-CMASS [8], BOSS-DR12 [9] and Wiggle Z[10]) is given by:

D (z2)
D(z) = v

rid
L2,

and, in this specific case, the chi-square function is:

6 thy - — Gpob 2
: =Z[9 Sl
YBaon i
=

@ gob
1

_*_[éth__@ob]Tc—! [gjjlh_ é;_job],

WiggleZ,

iz 18 the inverse covariance matrix, whose explicit form is [10, 13]

2.17898878  — 1.11633321

0.46982851
10-9 —1.1163332] 170712004 —0.71847155
0.46982851 —0.7] 847155 1.65283175

We use this data for further analysis of our cosmological model.
Galaxy Cluster Gas Mass Fractions Data

The gas mass fraction quantity for a cluster jg given by [11,12]:

Q (z fide 3
f ?;;:EW( 2) =A(2)K(z7) 7(2) __b_(_z_)_ -?.i.(_i B
2,.(2) D, (2)

W he re

H(2)D,(z) Tn

A(z) = Ty
fide .y o
HY(z) piia 4
Therefore, for this sample, the chi

“Squared function ig given by,
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inalizati in fr > Q -h plane (with two free
marginalization over the parameter () . we obtain from the Q -h plane (
parameters) the constrained values:

_ +0.034+ 0,057
h=0.645* 0.034— 0.056

AR e
Within this plane, we unravel the values that emerge from the analysis, shedding light 0;‘1
the interplay between Q and h. These values serve as crucial benchmarks, providing us with
a deeper understanding of the cosmic landscape and its fundamental properties.

Expanding our exploration, we turn our attention to the Q -Q, plane, once again featumﬁg
two free parameters. By employing the process of marginalization, this time over the paramefegr2 ?
we venture into this plane to unravel further insights into the intricate interplay between Qs and {2

_ +0.023+ 0.040
‘Qm,o =0.305 -0.022-0.035

_ +0.1524 0232
QA—O'661 -0.170-0.301

5.3 . ‘ ers
Within this plane, we uncover ntervals that capture the range of values these parameth'n
can assume. These intervals serve as critical guideposts, delineating the boundaries wit

. . . g 1t1011,
which Q ,and Q A are constrained and providing valuable clyes about the compositt0
€xpansion, and curvature of the universe.

On the other hand, in order to obtain the likelihood function for the h parameter, e

marginalize over ), ,and Q, parameters. The fikelihood function is shown in Fig. 02. Fro™
this likelihood, we obtain T = 0,43+0.925+004s -

-0.022-0,94¢ 10 16 and 26 confidence Jevels.
In summary, through the process
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7. Observation

7.1 Effect of Mimas-multiplier on the orbit of the particles
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6. Particles are massless and are not affected by each other, only by Saturn and
Mimas.
8. Discussion of Results

The presence of Mimas significantly impacts the stability of particle orbits within the
ring system. leading to the emergence of gaps and perturbations throughout. The limitations
of the Euler method in accurately simulating orbital motion are evident in this study, as ,the
particles deviate from their intended paths. even without the influence of Mimas’ gravity
This discrepancy highlights the need for more sophisticated computational techniques
capture the complex dynamics at play. While reducing the time step can partially allevia’®
the issue. it comes at the expense of increased computational resources, particularly whe?
simulating longer orbital periods. o

The disparity between the orbits with and without Mimas’ gravity is striking, underscori"®
the profound effect of Mimas’ gravitational force on the overall structure of the ring syster
With a sufficiently large number of particles and finely tuned time steps, Mimas’ gm"itaﬁon e
influence culminates in the formation of the iconic Cassini division, a distinct gap within
rings of Saturn that has captivated astronomers for centuries,

; . ——
In summary, this study elucidates the significant impact of Mimas on the stability (.)

. i in
. highlights the limitations of the Euler methode
accurately simulating the complex dynamics, emphasizing the need for more advanc,

computational approaches. The findings underscore the remarkable influence of Mim#®

celebrated Cassini division.

9. Concluding Remarks
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by the intricate orographic features of the region. The region receives the largest amQUlft of
rz;int'ail and highest temperature in summer monsoon. So, this region shows significant vanatlon&‘?
in vegetation over different regions in different months or seasons. Many other researchers
havebalso studied the variability of vegetation and its relation to meteorological parameters
over the Indian region (Singh et al. 2002, 2003, Sarkar et al. 2004, Prasad et al. 2007,
Krishna Prasad et al. 2008, Saikia 2009). The present study attempts a detailed analysis of
ND VI variation and its relation to rainfall over the North East Indian region.

2. Study Area

North-East India (NEI, 22° -30°N, 88°-98°E) consists of the states of Assam, Arunachal
Pradesh. Manipur, Meghalaya, Mizoram, Nagaland, Tripura and Sikkim, covering an area of
262,184 km’located at the eastern Himalayan foothills. Devoid of large industrial activity, the
entire population is mostly dependent on natural resources such as two major rivers (the

Brahmaputra and the Barak), various tributaries, small or medium sized wetlands, and forests -

are vulnerable to air quality and climate change. NEI comprises 66% vegetation and vast
water bodies (Pathak et al., 2022). The proposed objectives will be carried out for the
entire region based on varying altitudes and different distribution of vegetation to examine e
trends of NDVI and rainfall over NEJ.

The region is characterized for its rich biodiversity and heavy precipitation. It occupies?
unique position inrelation to the Indian summer monsoon. The climate is predominantly hurm!
subtropical with hot, humid summers, severe monsoons, and mild winters.

3. Data and Methodology
3.1 NDVI data

The NDVTis a popular spectral vegetation index acquired ﬁom remote sensing derived

. - : S5
Satel'NDVI _ NIR - RED 1ear infrared segments of the spectrum. It is expressed as follow
NIR + RED
NDVIvalues can range from “1 to | byt
values associated with greater density and

“ 1 i r
typical values range from 0.1 to 0.7, with hlg:fo
greenness of plant canopies. NDVI value ofz ;
1(0.8-0.9) indicates the highest possible e, d

investigate the large-scale features in climat®
NDVI, we used the yearly and seasonal datasets in high resoigution

) ; eter
derate Resolution Imaging Spectro radio™”

: 1nz
at250 m spatial resolution for the 18 years du*
arthdatacloud nasq, gov).

(MODIS) 16-day products (MOD13Q1)
2002 t0 2020 (https://appeears. ¢
3.2 Rainfall data

Rainfall data was obtained from t

indiawris.gov. in).Using these datasets, yearlya
the NEI region.

3.3 Methodology

via
he IMD from 2002 to 2020017
nd seasonal rainfall patterns are analys®

[n this study, data analysis is bein
conclusions in light of various finding

AW
; )
g done via python. excel and QGIS software. we d"

sand trends observed seasonally and annually-
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which is of fundamental scientific interest in metal nano crystals [18-19] because phase control
is the only step to improvee the functionalities for various applications.

2. Theoretical Formulation

Our theoretical model composed of an uniform dusty plasma having backtgrm.m(j
Boltzmanian electrons. cold streaming ions and fluctuating negativel y charged dust grains, ll; ic]
collision less scenario, where the collision mean free path is greater than the dust Debye len,gj )

Ap, near the plasma sheath [5, 20]. Dust grains near the plasma sheath encountelﬂ ’
downstream ion flow with uniform velocity ,, along z-direction towards the plas‘m‘d She‘f‘ .
Under the condition that dust particle radius ¢ < 415 - one can apply OML (orbital 111.0“‘;n
limited) theory [21] to describe the charging currents. The dielectric response function
presence of dust charging dynamics is given by [22]

] k 2 ) 2
14+ P)- L = —(1+0) ]
k*Az, ( ) k? ia) = Ky ) ( @
) ) P . .On
Where propagation vector k2 = 42 +4, P and Q are normalized electron and i
attachment frequency to dust grainand are given as
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Where A and B are given as

1 . 1+0) 2
_ LN T - S (8)
4 = E”‘ 1 ' :\_[‘3 :
9 ja:_“_-:z {
P \ A+ 5501+0Q) ©)

Where= /32 + z2,all yand zare normalized with electron Debye length A,

The second part of the above integral can be solved by performing closed contou!

integration _
inacomplex %k, plane for two poles corresponding to = (real one) gives oscillatory

wake potential and=, (imaginary one) gives repulsive Yukawa type of potential - Finally
using the saddle point integration method one can get the potentials as follows
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The expressions for corresponding interaction
can be obtained by putting P=Q=0,
The normalized equation of motion for

placed dust grains above the plasma shea
sheath is given as
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Thi:;hme 10 two different interaction potentials given in equation ( 12) andE 1 %;;efsii::g;:e)é
Sthat the modification in dust Debye cloud is caused mainly dueto1 e o
I n through P and Q. From Fig. 1,

und ar se ds the grai :
Seen g, plasma response towar g | from subsonic regime and becomes

Sty Value increages with increase in ion flow spee Isive Yukawa potential

l.ndepen aDproaching the supersonic regime. This makes the repu Stion 12)

eent °fMin supersonic regime and can be realized from equELi1 ey s;re sgthofboth
58, the Q increases linearly with ion flow speed M. As aresull;

: 11)arereduced in
N 1 oiven in equation (12)and( :
eandaitractive wake AT 2 m: gmt of constant charged dust grains
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-4 tvpical dust plasma paramete
; ?‘fili{:)t)(;gTe, jon to electron den?ty
It al.so clears the fact that for P=0,

: - independent of
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ra[i();:li_ ;-itron emperature Te=1.7eV, ion temperature
s Ving oo POmMalised dust radius g = r/Aos < L
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two particle becamesof;;ill’zzzltdlrection ofion flow. On further decrease i

and the particle gets back to its o o _eaCh other. the repulsive Yukaw. dr ot e

wake.: and_Yukawa Rtk r.lgmal configuration. The presencea fon?mat'es ool

for given ion flow speeds and is fl?:\iiliz; an a’l(l;Omalous transition []%] tiilii?rl;?igj]ijzgi
2. 3(b).
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pendent of M .
the strength of Yuk V1IN supersonic regi
a . ) regim . .
wa potential independent OfI\?I f;?d ;s discussed above. This leads
’ 1gher ion flow s
peed.

4. Conclusion

In this letter, w.
> We ha\":‘ prese
: e nted .
along with Yukawa potential in Coma;] €laborate discussion on the fi . cal
plex plasma and discussed the O;ma;(m of wake pOthﬂr .
strength of interaction 10

vertically placed d
ust subs st
observati ystem,asac .
rvations can be summarized as foll haracteristic of ion flow spesd s )
OWS: eed and grain s12¢-

c
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- | | Abstract
n this review article we present a brief
ie

interaction en
€rgy exc )
theory. hange process in ion

1. Introductuon

qualitativ : .
ospheric Pfa(:ehberatl.g non nonlinear foi‘fe‘P"f"ﬁGIB
ma medium through nonlinear Kinetic

The quasin
eutral plasma
. : ‘ 1S one of th
ml :r cocsrsts ofnegatively charged electr oy
CXiStscnstl)dered 99% of the visible matt On'S,
in both natural and laboratory e iron
nviro

s dYnamkal states of matter. This phas® of
the ue 'atoms ormolecules and neutral partic es-
niverse 1S COmpOSed OfplaSma. Plasma

nment. In
nature, plasma is found in interstfi”af

| space, within the star, solar
| S tar, solar corona, x-
.: lightning and even in pl rona, x-ray are, solar wi

| planetary ind, pl i

ionospheres, , plasma tails of magnetosph\‘«'fes’

Inplasma sta
te self-consis
tent T
electric and clectromagnetic fields exist and ndin®
an
correspon® ™

electric and electromagneti

f“orc.cs, plasma eXhibit?uit;jefOr cles are el-“ff:ctive. For long rang .y g n

liquid states. Different physi ajsa collective behaviours which(-3 ‘Charged. particles intere” o

and magnetic field may);/)el:t ILaram_eters like density, tcmperai5 brentinsolidand B

among plasma particles ma (Lllf basic p roperties of this Fourt}tllre, eSS EIein

instabilities can modify behzv.evelop oscillations and instabilti . of matter. [ntera®™ -4
lours of this both fully and partilalltll;?. r'heiie plasma W z;b/

ionized form of electr’”
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C()nd
. uctjy, i
np) Cmedium. Photoionizati
nization may be the possible do inant process for ionization

et
Soyp, ALY atmospher
c pheric plasm: ; . :
¢ ic plasma. Solar wind and interstellar ultra violet radiations are the
-less weakly ionized gas. In atmospheric
re observed from ground based

felectrostatic and electromagnetic
me complex

| €nerov -
| (I:l])zzm arge r:il}n‘;)id Illorl.]ema to this wal
Plagpy, Ories ang ﬁ'omrs of interesting phenomena a
®Xotje nwaves along Wémi icial satellites. In presence 0
Nlinegy effect ith plasma particles, their interactions may give s
theSe dErStand o thS. '
Plape ta,;nomena the - delafls of near-Earths space environment,
2 Space enviroough different theoretical approaches for
nment and the universe as a whole.

it is essential to investigate
better comprehension on

Argetarns:
(}rainin Clerizationg ) d
of Individual and Collective Phenomena of Plasmas an

ge asm . ) : :
an aparticle distance is smaller than Debye Jength, these particles experience
dual character of particles

| gle

! OUI 1 1 . - .
| Whe‘l i, Over theOI:nb collision which implies discreté of indivi : :
Plasm Situation, On the other hand collective character of plasmais commast
aparticle distance is above Debye 1€ and Debye screening 1s prevail
i ' and collision
Plag V.).a Vidual phenomenaare characterised by mean free path 1129) v

g Squ > and collective phenomena are characterised by Debye Jength (4
osenb ey chwas proposed by Rostoker
ain invariant, ie, Ay’

dified as both mean

(@,). Based on a thought experiment whi

luth ;
in

1960 [1], collective characteristics of plasmas
plasma are mo

rent

€co
nS 8 . ¥ .
tants while individual characteristics of

The mfp A collisj i
on frequency (V..) approaches tozero-
eter (2) distinguishes ™
approaches to zero: |
can consider as colli

- dividual and collective
ctive effects

the colle
and VlasoVv

COf dimenc:
ofyy.  Mensionless graininess para
gionless

do

Ihln ! p asm

3 erpti():: ling the 3\{;}6‘ s graininess parameter (g)

Pl‘ine ¢ "®quireg foroiie[;j’ stem and the system

q

ql Init‘ Oon '

rhdﬂjerentlally’ eg ‘Ospheres and I()n()spheric P]asma . Of

‘ Cppe Hability of j 1 Jocal e

g gy O agafb‘hly ofits physical parameter® '
S SH S lopg o 10n. For development of experime!!
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Uy, f‘hh%ol & ftcra Physics [3].
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902 a theoretical model 0B
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by O. Lodge [45].”
atmospheric COHdElciil—;leg ?:)2: iII'lonlosphere was proposed b
; -
remo?gsisnu;?ngr Zund bgsed and Witht;f)z:{(;:he United Kingdo},,n[;?d', Watson-Watt for this
From-ihe PG f ata, pictures of planeta ._and satellite based obsce ; Re_Search Board [5].
mission, ionos ‘31:1‘ -10, -11, the Voyagerry 10-noSp here were obtainrvatone.S combined with
moon Titan andP;\J :fzil d;,ata of outer Planet; llk Voyager- 2 ,Galileo ed for different aspects.
and other Spectrorr?eu-ie ; mocfn Triton were r;c:) Jupiter, Saturn, Ura?lnd Cassini Spacecraft
Merc : -1Uspacecr : onmeasurements
Spacet:;z;;1 lg_féot have a conventio?lfatl(;ptmal observations it w
s Spect’ro anfi radio occultation m onosphere. In situ me as found that inner planet
ionosphere dmeftnc measurements re casurements from M csurements from Venera-4
Analyzers (Rl;)nIlg dayside and night“'aaled that inner plan ariner-5 spacecraft and other
wionce (RS) A) of Viking-1 , Viki side duration, With t }?t Venus had a well-developed
experiment of Mars Glo g‘j"z, Phobos Spacec e help of Retarding Pote ntial
Surveyor (MGS), S;Z:ési\fhai s Express and Radio
ationized environment

isu e h
ratmosp eric region ehav ouro
pPp 1 .B 1 fthi art
thi 5p 1

I
(ILOM) and so on[10,11 12]
B 2 ] 2
Earth’s 10nospheric re ion can be
g characterj

paramet
ers
g electrostaticlzl?;e are few major characteris?
electromagnetic resonant d
15

pIaSma
particles m
ay o s
Yy give different types off
instabilities i1

partially ionized region 7, |
,13]
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4P
ag
Ma Waves in the

Ionosphere
form ionospheres in

.
tne Of plas;
Na waves
aves are prevalent throughout the nonuni
al properties in the

nggy, 0" EXternal f

;Sc‘iesc ‘s aLﬂSma wav:c:; le;ese plasma waves can perturb physic

™ : gelec‘;f]uctuatillg elecliitcros tatic and electromagnetic in nature. Electrostatic plasma

& r:;np Hudes e? ;nd by ﬁeldl;egi and diectromagne?ic plasma waves can have both

\ : Ig}?:]tised p]aS: small or large. T;hes :}:]I;s mi :,vaa(i,z g':::lrcumstanc.es, plasma waves can

hereas forongimdinalasrﬁ propagate poth unmagnetised
ode, fluctuating electric fields are

ode, fluctuating electric fields are perpendic
along or perpe

%lfla;y amg,, . parallel to the propagation vector,
angle%netlzed plasme ularto the propagation
O the directiop (;fp Jasma waves can propagate ndicular or atan
magnetic field.

¢
Quag; tug
1\ Y pro
rer.  Pagati
lopg Televang an(zin of electrostatic plasma waves, 0
o g Orelecyy, electromagnetic pl
nslty nlagn e OStatic - P asma waves are
' Clic waves, pj aves, plasma is affected due to perturbed
, plasma is affected through both the charge dens

nly Gauss Jawand the Poisson
govemed by Maxwell’s field

charge density and

ityand the current

nsg
abili
O Xp erj lities in Ion
Qfservaerimentlc Plasma pRup e
4 s ca :
gy Alinyegy; in be considered a natural ]
gations on wave-wave and Wave
understan

0} Ppe, Rl
faj Tat €n
th, g Mg Omeny :
" % °Ph and instabilities to gain better
n various processes in the
xperiments whic
borne 5ensors:

| rad: Cre, M
N Ofta 10 waye ost of the information
by, The, €Org arth alone v g or reflection € ;
M‘E‘}elen moge lica] poi ng with through space pased roc et and satellite”
b Neoy or ilnt of' view in some problems: ionospheric plasma car”
.%enospheﬁcnhomogeneous medium. If plasmaP ejfers vary It s
e € figy ; Onthe 0Plasma ‘s considered as homogen® us but this zfppro.xlrnatl -
humo ds, Corre ther hand, due to high variations i_rldenSiﬁes,gra _tsmtempcra P
ene()us \Sponding iODOSphCI'iC plaSmaS to be COﬂSidefedas omogeneo .
Ng, Te ds : forﬁ?sma theories, it becomes VerY gifficult o solvel
fy ey, '8y ang erse frels, appropriate nonlin€ar theory is MUt oy
€ ener . ? atmosp %
th.all andi Moment ergy sources 111 the arth’s » gradients oD
N Dertu Mo, u.m fluxes from these sources: atl " becorm®
My On from ops, along ‘ i *fthe per
Al the equilibrium state results 12 a gd' tributing
of red1s 2 ity 468!

l
b i Sty - cd
Wil Rajy Sl :

lo Sle Dstap; €rgy, instability is the generd
ad g, 1tes can be treated a5 plasma

l‘an L
5 Sitions ot
I; ns of a nonequilibrit™ sta

aboratory
cti

-particle intera
ding of th
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6. Nonlineari
earity and Turbulence in P]
asma

AS a ph 4
. ysical s
and time. 1t ] ystem deviat
.itleaves i es weakl )
fundamentally a llng.aar behaviours and y from its equilibri
among plasma w. nonlinear medium f becomes nonlin um phase with respect t
al;npliﬁed W r::;S and particles. Fo?; unstable collec tivzar system. In general, a plzsiﬁ:i:
ependin o modes and for energ
and strongg ;’Egn perturbation ﬁor(;lrt;‘lnStabxlitieg, then : h)l/ sical parameters ;i’i]e}:gy exchang®
nonlinear pla ulence are observed .e zeroth-order djm% as.ma systemisina tc are normally
algebraic ex sma system is desmbm nonlinear plasm ution function, both léziment -
i e . a > Wi
and obtain di};ress{ons are obtained bd by ‘nonllnear part [ 1 6’,1 7,18]. In analytical U:;;l’b mo
persion relations. To i y using either Fo _lal differential equati tment,
Investigate mCOreticﬁer transforms or Lapl ;;ns ?]n_aiafset Y
ear effects, few analyt

methods ar
e used whi
one of'i . icl
of its major limitati 1are based on a .
10ms. PProximations b
l.lt abSen
c
e of a general algon'thms

s us€

[15,16,19].
CtiOI‘ls .
analytlcally, Viassvmodel

There ar
e thre
and diS . c typeS .
tinct physical pro Oflnteractions sifind
cesses: Ie Involved in wi
eak
turbulence theory for differe™"

n.

The theo
ry of weak turbulence al
»alsokno

of I.)] s
1asma waves Ofﬁ lli te
) Wn as i
qu.aSl]inear
th
[&9) s deﬂls ]t l A um

by wav
vave ﬁelds an 58. Ac :
d this e cordi
ffectm 1g 10 this
Y SE’lf'COnsistel:*:;ory’ particle distributi
ity.
ty i

Pert
ge ampli OT G1st 1 o
plitudes ribution
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8,
el

To
ot Udy collectiy !
e behavi
aviour and instabiliti
ilities of collisi
onless plasma in veloci
elocity space

g
Otgnp. . SOV equati
1 qUathn W ;
as introduced by A. Vlasov in 1945 -nd LD, Land
D. Landau in 1946.

Stmjg, ;/ "Mplasma gy,
amics, thi
is Vlasov model is applicable in different fields like from

| Ucto
stellard
nami
ynamics problems to quantum mechanical pr bl
oblems.

| gy 1850
| ac Ve W
L hes 1, Zerguitlmn 1s valid and invariant i
: 1ere distributi ant ina plasmaat the limi graininess paran
tribution function and electron charoelzl ity e
ge density are invariant and

10 Co ISIO
ns
are negligible [2, 20].

Mechg .
Ve. t'};l?en and CIOSEdPTrthIE Interaction in Vlasov Plasma
Int : plasm i

] e aen '
.IH'SSiOns diise boraCUOns. In'space p vironment, nonlinear phenomenaare examined through
: terac;mdary layer. el plasma, some observed phenomena Jike formation of the
ion Ofplasma»waeCtFO-@agnetic outer zone chorus, plasmaspheric hiss
ves with Van Allen belt particles, ionospheric phenomena

a
0 Il'l ! urg
: ed effectively by this interaction process [15].
conversion takes place in absence

hey e collig ©S5 plasma, w
, wave energy dissipation or up
occurs in between wavesand particles
particle velocity

g, - Parg 1Slong
cle g and trang
Wa\,plas ®discreety fer of energy and momenta
€SS r]_ature lOSt th . . .
_Thereisaphase relation exists between
trong enough where

m
by Wi
U oD vesel
t D €ctric fi
h In];:menfler shifted at ;;g At resonance, this interaction become S
' otron frequency- Electric field of wavesisnot rapidly fluctuating
phase velocity

r velocities than
gy from

ving smalle
e. has acquired ener;

Ww,
ellj
arld lan dismbuﬁon
, plasma particles ha
tric field, i

| Sang e

R, 1 Y are

op, Dc ac
g On. Onsequf:nc: elerated by waves eleC
Cop, Pwellian &P]a?ma waves suffer dampine

°Iresp0°fslower ls,mbuﬁon, inagiven velocity interva®

Sep Sto invparthleS and waves arc gainin
ect erse Landau dampin
oy Lay and it p pine-
' Pliey tonmark hysical Mechanism
2 and Steno [21] had observe

e
generati
e ectl‘os»[z?lon mechanism of high fre
1c turbulence through plasma

d that the
quency plasma
particles a

qve gener a

inVe 5

stisats

asmg d‘gatmn on enhanced electromagnet ‘

. due to acceleration of plasma P icles bY eelectncﬁ
| spukla [22:23)

q
By, 2COYg¢;
S, was carried‘onb am
/ as veak rurbulence theory
ous resistivitys

tq
NN this fy
 Prey; 1l
) 1%%, in"lous srgdc.leveloped turbulent plasm
L T 26.27,28:29] penomena ke i
dscatteri pee, P inear interaction
teney tering of waves etc. Wer explained through oM
rbulence and elcctromagnetic waves:

W
eld of low

147




1d Nam I

weak wave turbulence and thi
e fhicinyesioaon s ha;}z; as;xd?/ had formed the foundation of plasm 1
ctpualto s phsse velogities oF ]OIS,]Ed that resonant electrons whose vel é I'mfser " ea:
sispeleration b e T i OfV» ﬁ-equency plasma waves, are ex & O_Cmeg. are nearl}
gener:te-: e A radi:;zﬁant waves and these a::celer:elizrzzzfrij Ss(i;(ﬁ;i
t initial stage a numbe i .
s B AIETS fi‘ ;)611‘52;111 (?\-/el‘SIGS arise on wave energy upconversion of :
orevious theoretical and-experim ;3) 1on sound wave. Based on quas:ﬁmlon Qt Langmlf[l;
Plasma maser instability which was mal.l’esU]tS’ Nambu [32] had introd -y 1he? et
instability, in a systematic way fo _prewo'usly known as physics of i
oS WETES r explanation on wave energy enhanmbeICH'[ bremSSIIﬂhluns
A nonlinear electric S
AR e ii?;:;d a:fgsa develf)ped for coupling between ;
caused to turbulent bremsstrahiu u? to mt.e‘raction between that no;‘l??(mam o nonresona“f
onlinear kinetic interaction. e ng instability. Therefore, in plas o ele_ctrc.mb
uon, energy exchange process taices I;lac?li T\iser et N ’
etween a resonant M0

and a non-reso
nant mode in
—— presence of resonant electro
ns and the non-resonant mode gain®

13. The Effecti i
ctive Non-linear Force of Plasma M
aser Effect

In a plasma
system due to in ;
. . te
can derive a high frequency nominracnon between non-resonant and i
arises from this nonlinear modulati ear modulation field. An effecti resonant plasma W&’
frequency non-resonant wa Fatmn field can take part in w; ective nonlinear force whi¢
. ve. For this hi ave ener, . nofall
Pl:lgse with low frequency resona this high frequency nonlinear fo = uPOOnverSlon.Of are in
these accelerated electrons ¢ m_WHVe are accelerated. A I elegtrons WthhA (o5,
an emit high fre — Wav. ccording to electrodynd™ i
es cause to d
grow unsted s Ll

equen y y
C aves T}l
f[‘ W . el‘ef(}re wa c O e tw S to I
VE €n
rgy ma U'ansférsfl' 11 eSO
nan ave

no
1 .

Under the framew en
ework of high f
gh frequency nonlinear force, different pl ‘
, phenomend !

astrophysical plasm
- hy aand fusi
instability w; ' S .
15 1ty was explained by Prof. M Nﬁiexg?ned. The effect of nonlinear forces i P "
. ! M. u ‘.

lasma maser effect in Space pl -

asma
d

Forinte .
rpretation of vari
. 1 Of various fusi
nonlinear plasn us fusion and
: sma theorie and astrophysic
NEoTiCs are physical phe . . an?,
used for further Propresg b I phenomena, different 1" e o0
espective fields. F atio
s. Forexplan )
p ) qzlf‘/

radiation ph
) enomenaa
L nd un 3;
highly relevant, derstanding of space envi
ironment, nonlinear plasma theo™™
¢y

- na maser effect descri
Pal'llcle ) nant waves in presence of '] 0“-, escribes wave energy upco . : - ueﬂ //
Interactions. Fr. S xconversion of high 1€9" ¢’
om experimental a

ﬁ‘equ
ency reso

nant we g
observations. it } waves through nonlinedl "

148

ces like drift waves, lower
heric and

ves are important.

llrbu]
brt e]]CC =Y
1d cnerpy g .
Waves, jon SOUEn)dm the form of low frequency turbulen
\\'a\.cs g . , - . - .
_Alfven waves etc. In different types of ionosp

(0Spheyi
The phenc radiation p}
phenomena the role of low frequency resonant W

1aty
! s, Pl on Mechanisms n .
| Ma mage, ¢ nay explain through plasma maser instability.
effect in lonospheric plasma

ndiffe

rent e
Serving 4 d?ﬁ-‘es of radiation emission phenomena and pl
Y both linear erent altitudes in terrestrial jonospheric pl
and nonlinear methods. In nonlinear theore

€ .
4 Ouphngs are d : . '
ominating interactions in wave- energy €

|
‘ Dlas Wﬂve ;
S :
fr Ma 1, l.nstablli[jes Toi _ :
- L0 1nvestigate energy enhancement of high frequency plasma waves,
inear wave-particle interac tion energy

sy ri

Bra, Dstability ;

re;sent ab0° €Sinph Othty 1s one of the prominent il

' s Oft}r: Cfer re astrophysical and tokomak plasma environment. [n.our study, we
N h frequency plasma waves at some
stability-

View

S i0n0n probable growth rate of hig

eka [3 ?Spher e through plasma maser in

OSphe,. - Of] 3] had studied on probable amplification ofele '

eg,imow frequency ion sound wave turbulence bY plasma maser effectin
'S ioe' For this problem, spatial In pomogeneity of density Was talf;’ i:

l " ; |ati Xima

o h/ation 8rowtp osphere. After lengthy and complex calculat1ons; thf? ﬂppmh i

rate for electromagnetic O- _With the help

e an(()in‘ the plasma Paramtetirs O-mode plasm ristics in SPACS

1 ’-355 6 10nospheric parameters from ROSE saté ervations ax}d other
“Ing, 37, the : the equationt was

iy s i -approximate growth rate f0r mode oy 0o iy

vestigation it had been ostablished that high ired

reg icl

enC g to wave-partlc €
€0 . s ; ma

0 fion sound wave 11 jonospheric plas

Ugh
he Plasma mager effect.

Y [38];
Wer [38] it was examined wave

B Wy, G hyby

Q&ra :"’Q iwhereiz?f wave through plasma mas

q“at]- tel‘gi L‘lenCe‘U 1 gradients in density and m
sing observational dataof W< hybn

: Orl[ Sp
iy, O8] g cel3
l th 139, 40,41,42] and considering density

Dy, o e
S the pl‘Qb
%QQQQ 0 fII‘DTOb able growth rate of lower hybl'l wa

€m y
[43] probable amplification® clectrostaic
i ospherlcp

S g VS bri
2 sg nq waves turbulence in PO arion a0
MVational data from Frejasatelli® observalo™ e
: reglOIl

le: OH r
Q'lq &1\»%&?“1@ Oung asjources at the Earth’s near spa
b oA
Q]QQ Ola; ~ Mayjg 02 which indicates wave enersy 2
ings in these studics ¢ plasma { electromd®
up conversion ol
ves in collis

qsma waves instabilities
asma. are attempting
tical model. nonlinear

xchange process for

|

ctromagnetic 0-

haracteé
[lite obs

Wwaves
ont as 0.11

i
found s

St e
¢ Waves iallon or wave energy
N presence of resonant Wa

149




i
|
|
{

has been found that electromagnetic O-mode is amplified in presence of low frequency ion

sound wave where the external magnetic field acts as momentum source. At mid-altitude
ionosphere region, electrons which are accelerated by resonant mode drift wave turbulent
field transfer its energy to high frequency lower hybrid wave through a modulated field nonlinearly:
Als-o due to wave-particle interaction a high frequency dissipative nonlinear force is developed
which acts as driving force for the growth of non resonant mode. At polar ionosphere, it has
been found the possibility of wave energy enhancement of Langmuir wave at the expense of
low frequency lower hybrid wave turbulence energy under considering only such parameters

which influence may be significant to the result of the estimate of growth rate. Thereis other
subdominant processes exist in such situations but these effects are not included in our studs-

17. Analytical Treatment Constraints
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: 30lighs. rs encompass a wide
death, may be studied. It has been recognized that stars are not distributed uniform!y rangih; f)/ears. Smaller in size compared to globular clusters. Open cshlljs:eThe y uioest i
throughout the sky. They are gregarious things, They typically exhibit a social inclination ages, with some being as old as, if not older than, our Sun.

; ClStere o . ] ich they originated.

and tend to congregate in groups and clusters instead of isolation. The first issue thal | 5 S il retain associations with the interstellar matter from which they ong
any discussion about star clusters must deal with is how to define a cluster and distinguish ‘ AStmnomical Importance of Star Clusters
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ance, mass, temperature, age, and

fastronomy, the measurement of dist : s ) ide
e bE i} rimarily prov
glrawtatxonally l')ou‘nd to one another. According to Krumholz et al. (2019), a St'flf inforproper‘[ies of celestial objects holds great significance. Obsewauon; pr mpeiles from
c 1ister 1s a gravitationally bogmd group of'stars inside a closed tidal surface if this theg ation op, the brightness o fobjects, requiring us to deduce their othe pr
volume 1snot dark matter-dominated and contains at least 12 stars. The first conditio” e

m galaxies. The latter distinguishes it from multiple stell?! Shice Poi

0t for understanding distant objects- .o ous domains. This
systems. These stellar clust - U v Br cISianding dis ial role in various
clusters (< 3 million y ers encompass a vasy 48€ spectrum, ranging from y outh - Bqye PMan astrophysical standpoint, star clusters playacrucialro und the same timeand
ton years old) embedded In gaseous . ters (7 ef . ? ) o have formed aro i
billion years old) making th luabl 3 ® oude to.ancfentalys n ) “ctthat stars within a clusterare believed! lar clusters arc assumed to ha
, em valuable indicators of star and galaxy formation 0y Cdatry. These stellar clu i+
; . s, 1hese . 11018
evolution. We can learn more about the historical €volution of thi ho ty alaxies of st?' ngmated - uehly the same distance from v ino in similar agesandChenn?al?O mpl(l)lsster is
cluster systems by evaluating thejr Properties, which vwi] stg ehen A, Sthe: Macommon interstellar gas cloud, resulting tiates members within a clus!
galactic origin and evolutjop, ? will help us better comp ’ theilrm Tmempe, stars. The only parameter that differe .+ fiantoncluster observations.
Stars are formed in colq thick molecular ¢loyg them®® Ygu‘lgo " For thege reasons stellar evolution theories heavlrlt);:_ﬁes for comprehending ]?ng-
support several stars in clysters or groups, These clm?du ] thgt have enough gas mservo s | Seal, . N stay clusters. in particular, offer exceptional 0pPO R to theiryouth and relaFweO);
" Sare re 8 Ormat: ’ ’ i - 1CS
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0 chca e 0
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'S accepted that the majority of stars o A been heate it | g o, ang the dispersion of material throughout o<
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T, L Mg exhibit a broad range, vary o ands of stars- is extended
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varies among clusters. High-luminosity stars are more prevalent compared to the solar

neighbourhood, with the brightest stars in some open clusters shining at a magnitude 150,000
times greater than the Sun, The luminosity of the brightest stars on the upper end of the main
sequence within clusters ranges from approximately -8 t0 -2 visual magnitude.

Although stars within an open cluster originate from the same material, they do not

remain gravitationally bound over time, Scattering their stars far and wide. As loose systems
with shallow gravitational potential, o
making their morphology and shape s
& Shu 2004).

<« S
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Figure I: Globuyly

Figure 2: Open

ar Cluster Terzan 4 (l::‘;A/Huth\. & NASA),

Cluster 'l'rumplcr 14 (ESA & NASA)

Figure 3: NGC 3324, DSS Image: 12
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human face, with a distinctive “bu
commonly referred to as the Gabr
winning poet from Chjile.

isochrones. Additionaﬂy, the prese

through the analysis of color-
2 Methodology

2.1 Optical CCD Photometry

. e 1o tifed
nce of objects exhibiting infrared excess was identifi¢
color diagrams,

U=Centra] wavelength 365 hm, Bandwidth 70 nm
B =Centra] wavelength 44 nm, Bandwidh 100 nm

V= Central wavelength 55() nm, Bandwidth 9q nm
It was the first standardized Photometric System known_ Despite its popularity- the
pBV system has certain drawbacks, The Earth’s atmosphere absorhg the shorter wavelen -
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Ky i = Koornneef + (-0.046) + 0.036 (J-K)mﬂ_’m’f (2.4)

.l%smg these transt@ed colors, different color-magnitude diagrams were plotted:
Additionally, colo.r—color diagrams were also constructed in the 2MASS system.
2.3 Color-Magnitude or H-R Diagrams
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Figure 2.4: J-H versus H CMD {2MASS)

o0
o
£
>
6
8 .
6
10 o
8
12
10
14 o
12
le
14
18
4 16
2 18
0 2 4 4 2 0 2 4
. H-K
2.6: H-K versus K (\ND (Kool nneet)

Froure =

Fig
Lure >
RN 3
H-K versus K CMD (2MASS)

r
1B
18upe 35 o
K versus K CMD (2MASY!




|

-2
0 H_K 2
4

Figure i N = < s
= 2.9:) ¢ bl
i u
I
COIC arail <o erted t
0 oor Y
aure 2.9: H *r H-K co (e} Qlor (]E,ll‘ n{converte Koo nneel™s s stem)

3.5

-0.5
' 2.5 3.5

l"i"ull
& s -—I” llrﬂ ” 1
- e ”"hl C i
)1 tl o o 1
e 1e reddening band.there the NIR ¢
Cil' ~](f|\]. the Tl 2XCEss sources fl'l.'d

gnitude d;
¢ dlil(‘!r-—l
grams (CM .
(CMDs) provide an estimated logarithmic age of 6 75
ge of 6.

CSDr .
ponds to a slightly lower age estimate of 5.62 Myr compared

Moggy VT
el S Calc
u ulated
Stsa v by Kaltchev “
by, Alicity g, alue of 7=() 04 u(; and Golev (2012). Regarding metallicity
s Iveg - 040, while the T ;
ﬁaction 0f m “Sasan indic: {lL the Padova model indicates 7=0.019.
0fhe ons, wher f‘lo’r of the chemical composition of astar
e X represents the fraction of hydrogen,

by
the iu
' esents the fraction of oth i
er elements, these fractions arc rel

the Geneva

cluster or galaxy.

Y represents the

E-:ISS f‘racu
ated

A -
g licy Xryrz=l 25)
el (- -SiMate of 7
[s en Met. COIé:OO'-l-O(G\ - ¥
USK( bear‘ : httal content eneva) or Z=0.01 9 (Padova)
0 tai -] e J l
Ny e -H ve .
l plottedd ff'oln 2MA§§5 H (obtained from 2MASS)
| B r o 18ure 2 4 [\ " and transformed to Koornneef)
g e ) 5 "Diag,., 02.8).
" ams
: westablished

suggeststhat the cluster

versus K and JK

and H-K
rall the sources

cMD fo

for. Ow.
Eke m Sac
app'() @L%ed W the [gorhcolOT diagram (J-H H-K)of
ornnee ’
rnneefsystem. Itis assumed that

Olig tlop Of;] (1985 ;
1s applicable to the cluster NGC 3324, provi galkranis
fate ecular materil

T € negy:
0,0 8] Car-
o Mgy Infrared (NIR) exti
hﬁ@rl aSh tarS, as € ﬁgure i de_d( ) extinction caused by the
icate the positi ed main-Seflucnce
positions of unredden theseC LIVES,

T T
2{) tted neS eten-n'
:;th;‘l%f ‘There Talle t(ined by Koornneef (1983)- Using the €% emes OF % 1 rhas
iy g, Pedde “8lon ¢, the Rieke &Leboﬁky(l%ﬂ terstellar ©© deningV i
Qlll‘ sﬁq ared nlng C]OSed behvee i . kn i d ing D
»chees duenceexee OT Norma St n these lines, '0 ’ forred10
Org iho Stage. Fe€ion (L, . The areato theright & ™= . . the prese eofprei
“T}R?%S“‘.‘h ®Xhjp;, vever nalf ﬁAdﬂmSw%)’ cOMESE™ . ctar ertal claig
) ! s o % t- )
HL[PQ’:QES leorﬁ diag, any neﬂlee T Tauri stars, PO e edden?
s@!ﬂes,t Serrli “C0lgy M (Mahe excess and can B¢ 0 - Jear
&:Q?Q?%Wo i Ssion dlagram (Csévar- etal. .2006)' . gent odtha exhlblt‘";zss
il depicy by, 1081 sourcesBVe PoehL e region” exces
t 2340 “tpo ed asred circles in Fi 2 10),W1thlﬂ g ccs\"’“hJ
W &ih 0 €se Pulat; ircles in Figure # sistsﬂf-"'our s
§ % the a“i Con tions can be observed- e first set cof meIOSIN]-Rexc
W USetay, . fi prises sources Wit set. T ar
o Rt oy, . ISt pe seco” Mahes”
((’n by, Yo i set, whereas 541 pelong t© % ver}’Youn (
u%:}lis S::l D; aredder color, indicating Lat the may
Qq q ?Qu
4 S8t
The % bo “lon haveé bee”
3324 cluster™ s age
GC Chasthed ter
su

A, Opt
aly Pticy
SI P . o
S wa fand infrared IIIVEstlgauons of gt
Ocused on determiniié ey pard

167




-._]25(]996)
. ster was estimated to be 5. . ¢ Bertelli. G & Nasi. E.,

rones, the age of the cluster was (?i\lj nl]li_heva&gdév 17, Girardj. L.. Bressan. A, Chiosi. C.. Bertelli, G

. ‘ Myr . ]

ously reported value of 6, 75 . des for 8, Handlyo
buted to the use of different stellar evolution co

Jow 19, Hure
nes. Additionally. metallicity was found to be very urley,
(Z.....=0.040 and Z, dore=0.019), indicating that NGC 33

of CCD, Steve B. Howell 1998)
+&Tou. C. A, MNRAS. 300.977-980(

24 is a young open cluster.

3(2005)
. 36. ]27—143(-— 5 14)
ber A, JD"gensen. B.R. & Lindegren. L.. A&A. 436 B.. MNRAS, 437, 804-8]5(~S8 0]
* o A P ar. .y 3 4 I-- -
: : .- ionificant num zi-JoshL 3 . ; A.. Joshi. S. & Kumar . cific. 124,
By analyzing the 2MASS JHK Measurements. it was identified thatasugnlﬁcH K color iy Y.C..Balona. L. A_Jo e micalSocityofhe
s = . 5 LT R ity N As
of NIR excess sources is present within NGC 3324, Utilizing the J—KS’SFS?Zg oy in (he 4 Klﬂ (Cheva, N I. &Golev. V. K st g ld
J\ ; . . e C Rioko Jf)()f.é-/(y Sredden tte N ]a|aj p Baumuardl H..MNRAS. 457. D A&A., i
diagram and assuming the applicability of Rje ke &Leho 16 " R
(r:gé(i);n thi Positions of unreddeneq main sequence and giant branches have] b:;“eg i 4, Kharchenko N. V., Piskunov. A. E.. Schilbah,E., Scho
’ 1 / 0 s NV Pis
based on Koornneef's work (1983). This analysis enabled to 1dentify sources
NIR excess region, w

t that 25
- ings sugges
hich are indjcative of VEIy young stars. These findings sug

26. = -
s region. 24 | : KOO"“ﬂecf‘.J.,A&A.128.84-%(1933)
7

. . o
. PubllShm:
. " Physics
ute of Ph)
Ritchin, R.. Astrophysical Techniques. Instit

| Oupg, p 2001, MNRAS, 322,231
R

1992)
" da, C-J.&Adams, F. C..APJ‘393‘278—288( )
2,1 7(2003 06)
ad AL 41,5 -000 (20
into Itsmolphologyand ongomgstarfonnatlon activity, . o -a, Cl.& Lada, E. A, ARA&A <1546 (2001) MNRAS, 000, 000-0
| : 3 eJEune’ T.&Schaerer, D_? A&A, 366, 538-> " K&Bhﬂﬁ,H.C'! " , 454, 151
1, ) ndey, A- 1995, AP
ahQS\ml- G dhi B.J., Pa hleen,
‘ 4., Saurabh, S., Medhi, d, Kat
’ L. East“foo y
- ﬂSsey Phij; Jol Kelsey E., Degio1d
References 3 ’ 1P, Johnson, 3 565
2fe 3, Kee, 1 &Ostriker. E. C. 2007 ARA&A, 45
I. 2MASSAII-SkyCatalogofPointSource e - &Ustriker, E. 465476 (1997)
2. Adams, F - &Myers, P.C, Apy, 553, 744 (2001 | Wy st o &Macder, 4., A%A, 321. 000)
! 2
3 Baumgardt, H, &K roups, P MNRAS, 380, 154 (2007 | . Uy, F\ &Stahter g W., ApJ, 540,255 | 576,899 (2009 2. 275-278(2015)
4. Bertelli, G, Bressan, A, Chtosi,C,Fagotto, F., Nas;, E,A&As, 106, 275 (1994) 'P°”egies Zwart 5. f & McMillan, S. L. Wo, AP 0miCalSocief)/:J . )
»I. & 1CS,
5. BressanA. MNRAS, 427, 127-145 (2012) 7 121 ¥ a KoreanAstron and Geophys
_ o RAS, 42" 3 han; pyg Ayu, R. P.etal., The 985) fAstronomy
6 BressanA.,MangO P.,GlrardlL., Salasnich B., Daj Cero C Rubele S.,NanniA.,MN 8, ie T 288 618-621 (1 GJoUT“aIO
2012) N & G-H-&Lebofsky,M-J-,Ap‘]’“ : dary, R NRIA
7. Carpenter, 1. M, A 12 2851 (2001) | ‘Selim,I_M Essam, A, Hendy, Y.H.M. &Benda:
5 ‘3 m, . C 3 e
Carraro, G, Patat, F &Baumgardt,H ,A&A,B?I, 107-1 14.(2001) 4 16 2(2’()16)
Chandar,R Fa]l,S. M., & Whitmore, B.C., Ap_],71] 1263 (20]0) p ' Theory OfStarF tion. Palla and Stahler 2018)
Ormati s '
10. Chen, W. B, Chen, . v &Shu,C.G, A 128,2306-2315 (2004 . Togngy " nocenti, - ¢
1. Claria, 1.J,A&AS, 27, 145 (1977) 2 Way, " 5 Moroni, . p e
12. Cutri R » Skrutskije M.F, Van Dyk S.,etal.(2003) 2t WI:. om, N. R-,AJ,87,9(1982)
. 8 i.CZ
13 Fm"—“.’“ChDsSChofz,A.&Raﬁery C-L, MNRAS, 374 399-408 (2007) 8Dp “1hive: weiylq, physics.muni-c
14 GarCJa,B,&Menni]liod J. C ,A&A,368, 122 (2001}
15 GielesM,BaumoardtH HeogieD.C,LamersHJ
i6 Gieles M P

d,‘
G LM, MNRAS, 408, 116 (2010) sipior"

» TOrtegies Zwart S.F, Baum ardt H., Ay - G.L. M.
heenaarts ). MNR pg] 371,793 (2006) (nASSOU . Lamers ).

168




the pulsar-like Compact starg:
e Strangeon stars

This article explores one of the h
From different astrophysical phenomg
comprised entirely of straflget-)ns (quark
amount of electrons to mal_ntan.l ¢
here including their formation, i

known as strangeon matter.

Introduction

ore accelerateq after the
paramount confirmatioy of Ej

attention from the scientific
this area of astrophysics, With
on such high gravity regime
fascinating topic of currep;.

J.Bora, D.J.Goga:‘, S.Bora, On
176(2 023}.copyr

t
ight: Tinsukiq Colte

Som
Sar
day

he
ge

na
-C

Pulsqy. g,

ers wi
harge Neutrality, p
dentiﬁcation Or manj

Munity, The study of
Crecent missjong lik
€ 8oing on, The exp
T€search aq we are |

c

e Compacy star

1
Pub!is}ring, ISB

N: 978-81-4

170

8 NASA’s
loration of'th
acking prope

Dibrugg, Unive
Email Jlyatn

Ypothetica] Compact Objects
,itis pointed that pulsar |
lust th three—light-ﬂ
tailed analyse
festation, Such

&5 Srrangeon
9322.07.7

Jyatsnasree BOT?::
DhrubaJyoti Gogmm

Shyamalee BOT?
Department of Physics
rsity, Dibrugarh, India
asree.borah@gmail.com

(0023

S.
known a5 strangeon Sta[)e
ke compact objects may

all
AVor symmetry) and a sm i
T
Softhese stars are dlchS.S "
- e
Stars have the key ingredi

is
ngavitationaI wave_S- T:nt
Sbeenable to draw signific

to
N€utron stars also belongs
NICER

P onG
Mission, investigatio

sa
€ core of neutron stars lof
rknowleq ge of the core

) J70-
Stars, Horizon(Ed. Book).

S— \Lésu—- —

i q1
jght exX1S
re mig
hat the tron
onventional neu

d for

it is possible
i Quchac

. ~ I' 5
sterious €o AD0SE
l 0 ‘or such a mysteru s further prop
tSe ¢ Mpact stars. For s is
f

nown as quark mattet r. 1018 S iomuing
Star y: "quark matte ) P 4%
Strange ql?aiir; 51‘18 ?;I LhiCh the d Uarl\r::n”?;'le)’ are Comr}t):iileunit,-
dre Ore COmpact than the neutron ffta)d 'almost inace
T-h Jrange Matters (quarks locah?;r both of the
el "0 the Strange quark matter as con’ is coined
fuds Quarks. The term ‘strang

de
: regar

. 1S alSO ent 1

g _which ompon tars
Sake of simplicity. T hls_termﬁovel type e yet these i
On, Was used to characterise a ar

¥ By,
: e
simt ocaliz
thay S raﬂgeness, Whiotgh e n matter the qup of strange? their lar
ac 1 3 . g ]geo e u
£ terlst:cs_ For the Sulq‘lduThe stars made
e more like a solid.

- 1 of state.
ast . tion 0 ro
Mange, intrinsic stiff equa y are P
thy Seon Sars and have intrinsi

Nt

the
on stars
by, © Strange quark stars and neutf dyofco
ISarg (_‘}, ) ding the stu Y
1 U Chaﬁeﬁge for physicists ltetbg,a; is propose
1y.
the Tse tter around nuclear denérhere are afe Jescribe’ atal
irgy Wtiop ¢ this challenge [1]. ¢ state 10 &S
iha}?g%n Matte Important equations 0 Jmpact siars
s o ) _like ¢ .
the Sti Wticle, The nature of pulsar

inqu
ribe e
e(deser  Th
I iTltf:rac:tion atlow energy scal ous effor’®
Ea::;[lm Is Still Problem despite ?nonirlly focuse
By t(?gd *Pace-based missions p.nmg;these cor ctured 12
0 Tay g teristics conje
K g ta;ierert“ charact yet 1tmay DO r
301: not un L T 0
S i i except fora 2
“ong;

hould
Strop o UNits with Strangene]s::eie Sﬁangeoé]. « onifi 0
ngly ®OUpled strangeons. omova [4:5 laya Slgéimin theerd
N Uring Core-collapse sup eness woul lem 501"6b
fera]]y believed that strang ajor prob ight
e, tg e probably the first ™
Y.F

alas .
CImore, it is propose | peutron®
A'to that of conventiona cts. Q

objec’ [sar
el for this class of COmp;‘;ttead existE (o be 2of PV
1ght
-but Strangeons migh

cen
Tavored S
Ucleons in the two-flavo

These stars
ark matter.

act

ropos

llQl
g

DI‘Q

e
g S i
tlil(jil_l tenlo
ll]n
B
‘tches interpre
Se‘dl‘iﬁing.‘ the glitches 11

171




X-ray dim 1solated NSs, as well as massive pulsars ( + 2M

can be explained with the concept of strangeon stars A;Jiti [.

light curve from GW170817 data are in agreement with (]
]

futur'e, t-he hypothesis of this compact stars may potential
gravitational-wave echoes connected to stran o

2 ) proposed before discoveries
onally, the tidal deformability and
¢ strangeon star model. In the

y be examined by looking for
geon stars [7].

free energy besides the kinematic energy Ofr);iaa:ii 2 t?j, 4}. Possibilities for the release of huge
° norpulsar-like com :
pact objects are recently

reported in Ref. [4]. It
p R [4]. It is further reported therein that the by ;
erg) could arise due to starquakes, under a i
pulsar-like compact object depends unquesti .
supra-nuclear density.

Singlet N, - quark state with =6,9, 12

then

€utron stars (h ior stry
(hadron star and hybrid/mixeq clure are shown, Among these models

Star a .
) are gravity-bound. The other two St4"

172

face by strong force [2].

Oy i 'S, the core should have a boundary and it maintains equilibrium wul:jthe
atter . ; ar
e eras the star has a surface composed of ordinary matter Ateachibie gl

; Star . ‘ AL i
: S the inper L uilibrium resulting
"Qrayjpy, . he inner and outer cores and the crust keep chemical equi

ty : rdina
U, th COUU.nd configuration [2]. Given that the star’s surface is made Ltll;; Ofstn’t anfz
tng) ¢ shoulq i s - b it However, there 1

: 1ave rium with 1t. J 159
Usj ve a limit and be in equilib g e

an e Obs :
v ervable o e »s surface. Strangeon
¢ able proof of a neutron star’s surfa identical to that

0 n .
e:their sur;;l Strange quark stars in that their internal s yructure is alm(I)]s ; sl 0
A ey the strangeo

ln | isi ting to note that strange quark

stars are bound by residual

Cls: st
srano T " .
In ney 8€ quark stars and strangeon stars are self-bound on sur
! tron Sta =

i Oung
Rgeon ;o OY bag-like strong interaction, and strangeon

Ntar. .
Ty, Weractiop,

®qu
aAtigy,
. 0
8i fstate Ofstrangeon matter

| _ c
f sug: Uationg of state, any material’s characteristics ma)l;b: ;:li::e. The strangeon
» 4Nucleqy atter, the equation of Stat€ is still under Omodel [5]. [tassumes a0
Hetio, ®Scribeq yg; ng the pheno menological Lennard-Jones dbythe Lennard-Jones
N asDotential between two strangeons which ¢t be describe

[

_ 32 (/)]
u(ry=4gl(c/r) ( ionorthe distance

> &
TR : . een
by, Uy, Presents fial, o isthe T :  teraction bEtW
T ) bee the depth of the potentia’, 1o describet elort- sorepulsion

Tﬁ H]Erl- 0 es e ey se
Mes zero. Thi initially U : s
g 0. This model was ction an *atial helps quark

ange of interat

8
0 m
E"‘lterlt)loy thi;)lecules’ with the property Oflong'rang:;t:fhat such PO ™ 1 5 fm), the
log L Cty Model for strangeon stars 00 ™ ortdistanc®s ' = unded
b Ce Sta] g orsh V sutT
Fy&h QQD iy lize ang to form solid strange St> : dM-e d pressure
Oy ﬂ&ract_ Cveqlg that there : epulsive cOr 0 oroy densi and pre>> :
g trange lve Wel] gt ere is a strong’ I;an ces [4]. The total €' orethe qurface (€St
. 0 - pd . - n
Vlbration Matter byrzzg;? Eimd ;)Iiililzubic attice Stru€ b '
n idering
S
'8y can be given as [4]
2 (2)
C
P =2¢(4,0"n’ fAﬁa"’rf)*”Mfm"
d / lln -—A(,O'()H} (3) k
W IQ b=n? -.M = 45(214'20’ Jumber of quarks
qtligthese dn re I-esel'lts thel
the eX. and pressul'e ’?

Pregc: . .
Ny, ;Slohs for energy density
J denSity of strangeons (4]

173




e
i
L

Neutronization V.S. Strangeonizati
on

—_—

ixed star: Girangeon Star
uarks localized

quarks de-con.Joon-
'avi{v-baund se!f—bound on surface

Hybrid/m

Quark star:
Sq{uarks de-confined
elf-bound on surface g

nvcmionnl

\ l /
. / (for electrons)
. o
13 b s ,
Netroni
1 Neutronization: ¢
wnwaysm dtgn-“ { e ¢ +p_}n+V¢ ’ Qu ke D
of freadon: micle by O 1,
» UG0S QIQ i n Sta Ql'Q.nt
O Str;::' °r?ul“m"s .
he thrc:t‘.-lniu:_]r ¢. Hadron star and hybrid/mixcd s
ght-flavor (u. d and $) symmetry slnlrlgCﬂCS-'

pFXNR
] ==
€ qu

G e 8
DERS .
ey
I B ¥ Wk
( ark g
star ;
and strangeon star [3]-

g‘"‘"geoni'zuﬁnn‘.?)\u.ﬁ\ R
egrees of freedom: qurks

N n
hha-lly dolltlo ok
r,ifW1tt !
,hov-feve gt oy 1189

Bigger s g
Oifferen
formal by h compregg
‘ Myonic mat $sion of
t!rhy
| gravity B .
* o Srore N
eleciron: CoOmpy . antic nycle : g; s 5 e bel;
Clronize 2) Parisop betw s NeUTfOn star or S'rﬂﬂgeon Sfﬂf h\,eell]ter t['an etate of - 1eved to be t}’plcal neutron S
een & ranhqh::tigns Quark 5 taitter is strange quark star rathe? than l-:ur iveb -
. > it S. - A
i) %g%hsks s x tlls CUIrenngformnatel}’, pecaus® oftheno" pF < laif™ coupling
o h“i def‘ ) in’\.)v en Strong en y difficultto demonstrate or refut® th red S e-clusters
mh]t()t}tuelyh-l : a Self‘bou(:ll:igh’ 3-flavoured quarks migh;b;tg;eﬂ;
i, Wy nsj : strangeon Star cou -
W, ito Ulat;ythmedlum are less Kknown [ Jetaile® :
Preg ¢ Con; physics of these highly Compacwbjeas'
S by in th erred that various manifestations of P
s (g e g pstars
b thl;() ST) re ady c OfStl'angeon Stﬂrs- uc
o, X S R DT like Five-hund®®
: ate )[8]. Te Kilometres AIraY (SKA) and © ey
Uge alf Cnse I?leSe proposed missions are ONe i
Begy, tPuls atter inside compacts' 5. With thi® lﬁ e AlsO;
ar-like compact St21° will be 3% m

Sta
r mOdel ﬁ,lrther

Ney
trop;
Nizat;
an
d Strangeo i
nizati
tion, the key W& 10

175



Acknowledgement

1.

o

L)

DJG acknowledges the contribution and support of

i 1 COS 1y
onal tensions in cosmoloZ

References

J. Lu and R. Xu. Strangeon Stars, in Proceedings of th

ars
¢ Workshop on Quarks and Compact 51"
2017 (QCS2017) (Journal of the Physical Society

of Japan, Kyoto, Japan, 2018).

R.Xuand Y. Guo. Strange Matter: A State before Black Hole, in (2017), pp. 119-146

ys.: Conf. Ser. 861. 012027 (2017)-

int
108, and R, Xu; Pree Energy of Anisotropic Strangeon Stars. Prepr

L. Xiaoyu and X. Renxin. Strangeon and Strangeon Star, J. Ph

S. Chen. Y. Gao. E. 7!
arXiv:2305.19687.2023.

X. Lai, C. Xia. and R. Xu.. Bulk Strong Matter: The Trinity, Advances in Physics: X 8,2137433 (2023)
X.Y.Laiand R. X. Xu. Lennard-Jones

-
Quark Matter and Massjve Quark Stars, Monthly Noti¢®
the Royal Astronomical Society: Letters

398,131 (2009).
C.Zhang. Y. Gao, C.-J. Xia. and R. Xu, Res

caling Strangeo
Wave Echoes, Preprint.

arXiv:2305.13323 (2023).
Z.-Q. Miao, C.-J. Xia, X.-Y. Lai, T. Mar
Condensed by the Strong

v 'onﬂ -
n Stars and Its Implications on Gravitat!

Uyama, R.-X.

tter
Xu, and E.-P. Zhou. A Bag Model of M2
Interaction, In. J. Mod. p

hys. E31,2250037 (2022),

"the European Cooperation in Science
and Technology (COST) Action CA21136— “Addressing observaj

with systematics and fundamental physics (Cosmo Verse)”,

The Theory of Black Hol¢

r
RonitKarmaij
Departmen! of ih);’s’ dn;
) Dibrugart
versit Di i
D"'b”;ga’:;g :z‘makaréﬂ@gmar
Email: r; ;
the
racted
a!!eanack Abstract g and haS_zf; o
Q. g Oleg . . 45 in the t J o
thenemnf{“fthe Sc?re among the most elusive ob-'i‘,credicted first by o sp;tl(;i i
DﬁeXtre elativf Cntific community for decades. Pl 5 },E spiranmg
Vio e Yoo 1918 thsse objects give us OpP :

5 tly-
lde i - | waves eml ot recen
lll(} dthe " Mes. The detection of Gravitationa of these obje

. istence ]

!;:luctiﬂn . Waited confirmation of the existe! ¢t waspredl,ctiy
Ny e 1 1967: b2 of Relativ!
(Qg?%lieerb Blacy hole’ was first coined by JOM Whe?lf]’i‘;Ge“m]Theow . . are

’Whie Y Mine oS s msteinin y raction aths which
O ‘\QQ hlsb . ntphylelstAlbertEI’fS matter int {esic orP thispoi"t’we
Qa;v & Qgrd Olcrfllly atheory of space-tll.Tle im foll ow the gBOE]aboratmg o time anj
oy Sy tin 113 theory, planetary objects 'ver ct. bricof . hout
t‘fhﬁrsy thata e~ fmasst™ . the fa 1

Me due to the presence 0

e i
0 . eep ™ ce- om
Q»fm]() ey o 1T Magg;ye object produces inspa phen®™"" . . tothe

tun
ate ular t du
hr bf{ th CCts fOl]OW the curved paths thus cre rs ectac ding f] gh
Q&eh%oh e Curveq o, {o which a0 ) of bel flions"
b QQE OFQILG’?Sin patl‘ls, due 10 is the phen® any 2™ cann!
I T Mg & Was discovered. It1 higee” o that W™
B Oy Sty s 38Siye g ar 45 0 adiat
O, 0§y g s Object. gare om dr
hhl‘Q ) tl]h In eed . Othe[' Star away fr Lhe Outwar 'ﬂﬂntan
"y gy S8 gy, o4 @ big star, But some every ST thent® g
Uy, they SCr thay, our sun. Such stars * 50 s beedl
\

P o star
*10 f, o Size. When the fuel of such aitationﬂl ¢
Slon decreages sharply, while g2

’(Jr 5 s 5
7'R‘RI"]OJ Black Hole, Horizon(

"19322.07.7

177




the star is squeezed to a point. This pointis so dense and extremely massive that it produces
= S " L) & = . . . b = t
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the field equations. Solving such equations lead to the metric function for that particular black
hole. Few such examples are the string clouds field or quintessence dark energy field orany
exotic matter content surrounding the black hole. In literature we find works on black hole
physics where authors have considered various surrounding fields to the black hole and studied
various properties of the black hole like Quasi normal modes, shadow, light deflection,
thermodynamics ete. In this note, we have shown black holes which are very simple and have
only one hair or property, thatI mass M. there can be in fact many different types of black holes
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for numerous itamins and f; .
based reagenctismgs’ VlD o - .CES:[]WMHOM methods involve small organic molecule-
pyridine, some (’)f tfe s:.&Mart.m periodinane, Swern, Moffatt, Corey-Kim oxidants, SO,/

; M beIng moisture-sensitive or stoichiometric metal-based systems (such as

Jones, Colli kT
‘ s, Oppenauer reagents, pyridinium chlorochromate (PCC), pyridinium dichromate,

ecotoxicity and atom €conomy.

Now-a-days, a chemi ‘
’ 1cal process for the y
evaluated according to the atom Production o

to the total mass of the oxidant, shou]q be
reported in Table 7, ordered accordi -
the ideal oxidant to be used, Im i

which also releases 1 i
Sarsen She s T €quivalent of H,0. Both ofthese oxi 2 of
g €mistry” as they are inexpensj OXidants fulfill the requirement

Table 1:C j ant
ommon oxidangg Ordered by active oxyg
— . €n content
Active OXygen conteny (wt.%) Wast duc!
| : aste pro
O 100.0

O,/redactor Nothing or H,0
50.0
H,0
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03 33.3 ;
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NO,
HN03 25.0
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Cro, 24.0
NaCl
Naoc 21.6
l CH,COOH
CH,c 21.1
;LO0H - BuOH
“OOH (TBHpP) 17.8 ¢ H,NO (NMM)
5HI|N02 (NMO) 137 K_HSO4
KHSOS 10.5 - CICH,CO00H
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ly, oy, , '™ OF the catalyst. PeroX ion while & " ents 47
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1. Introduction

Adhesives may be found naturally or produced S

ynthetically. Any substance applied to
one surface or both surfaces, of two se

Parate items that binds them together and resists their
dhesives are also known a
paste. Prior to discovery of synthetic resins, a]] wood p
with adhesives from materials of Natural origin- both plants and animals, Vegetable glue base

! . . o . 1,
on starch or soyabean glue based op S0Ya-protein is obtained from plants. Glues like anima
casein or blood albumin have thejy origin from animals"

The principal constituent of vegetable glue is starch which may be extracted commercially
from corn, potato, rice, sago, tapioca, cassa

vaand many other plant sources. The protein in
soya seed meal from which oj] hag beenre

s glue, cements, mucilage or
o : — done
Jomts including plywood were don

many advantages over bind;j
mechanical fastening, thermal bo

Disadvantages of adhesive use inc|y, Y athigh temperatures, relatix.re
weakness in binding large objects with small bonding surface area anq greater difficulty (Il?
separating objects during testing. Adhesive Y Organized by the method of adhesion””

de decreased Stabilit

attraction. On the other ha
the interfacial forces but g]
the two bulk faces®.
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nd, the mechanijcg] Strengt
SO on the mechanjcg]
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options from ancient times down through the indy

and vegetahje

. W
proteins were the only né
Strial revolutj

Onand nearly to the present-

200

ming
atent conce

By 1674,p 3
: binations were reported j:nercial glue factory Wi
AD, €2¢ white and lime com i

ino 1690, the firstco jlization of
B8 Beats fneried i B yland. During ’ 0, the
S been issued in Iing Jnimal glues. In 180 crcial use
ol Isheg InHolland which produced ani The first comm
In adn OCCurreq inboth Switzerland and Germany.
b

.nm-na d
: od patents were begini’s
i *Ves was in 1823 By 1865, plywo

inadhesive first
oof caselll in. The fir
: . . materials. Waterpr dehyde (UF) ¢$
89, IreceWedthe first patent for these matera a formalde

ins-
Idehyderes

, t for ure nol formaldenyce " it
tg, 97, Goldschmidt obtained Pat?nEnolandin 1901 (Ph‘:ate and acrylic resin

bak ‘Cememofphenolic resin was noted in ENg -

E3llte)

! dthe
ylace This opened {
{ th pOlyvm p form. il
By 101913, carly patent appeared f‘iﬁi‘;ve carriers in g)lnm]sinbec co! Velir;ed.
Wayf;p? Perang cloth began to be used as aea fofmaldehyde(U e resins Were dfa
g : ateq lastic materials. In 1920, ur
2] Plastic me

4, In 1922, melam?
o~ cd.
‘\lthau ) Pheng] furfural resins were develop

v SE
o resins are t <thanes, PO
g Oth = forTnaldchyde based the

. ed suc
Smphid Y hermoseltiﬂg resins are also uSS(I
Re:_s » Dlock Polymers and many otherr%ln
I -al or synthetic 08
Soyg |- €any natural or synt

: . is a viscous reakd® sibled™ . jour.
ey, AUid Substance®. It is b injuryandb o typicall tjuht own in 0
d, r] “Oniferoys trees. produced by ol resins ar . yellowis
e CSare 4] lled resins'". Natur
> also calle

cen u
transluce™* vario
by Stances that are transparent Of n
Wa al‘e f()

e ! iné a
: ions and at€ SO0 " ecially I s
b tey, M Cdin plant secretions ees;

(o} ns
r som | resit>’
rom ave aturd
nfsms SOy, . 2Ural resins are exud?d It;roductsth B industry rrle givided ! 0
ti etlC ode™ ™ "+ a4 therm
i t]atu*alr ¢ large class of synt Inme L hich ent, and

. & Hy'

Moy eS“‘Sb‘-ltare different chemica™ resti® o sttred
Y| ent ntheti¢ 1% 0 b

R S, th rely replaced by sy plastic 27

ng e,

. in
>Whio , CPlastic resins, Wh'Ch.rem;Ible on h_eat
Wy Rogiy " Decome ingouple and infu jophon
f 1thslnu alsq ownas Colophony Of C{OC :
uSﬁ.}d for Varnishing and in manufac™
Sl ¢

) Ty Of, S o
Yo S . cquid resi =l
%Qs st hat i obtained from liq! faint PIR°
g

a in a 4 b 5 -]
q i thay; YWhen it js warm and haz e Oleoreiiwhi‘?h 15;13 deriVaues soldert ¢ uitars
. s ti1lation 5 1C 1 3

s Llue

Op v
pa[-l

ic com secr®
1C " drocarbonwnofcellw

1o and s
it prittle a.l’:‘) ftisa solid

in t;’ﬂﬂsluc e Jucts 'Oneﬂtsm' It

arc Jariety © (ile comP. ts of the

ifferedtY" o volatl® " i 5

l rizing am0SI L  rees (
0

a

v
. chem dhes! 410
. e)- ] its€ r,d don 5age
ly Es‘lun ent is (e spiritoftwpe;':jr Rosmansizes forl_Jﬂis 2150 uscswdiosand
By 80 5 UsUally o darker coloU: osin
L S()a N yore

i ing ¥ rs: floors -poth th
anq , glOSS ,_vamishes’ printing L!lkS, Se]:ls i bi ndz B and ot ’
D%\,Q‘her Sh“im $Tor paints, pitch for Cii‘shoes of dan® s eﬂ R

Qélt Slibpin 8ed Instruments, on the $ po
N cand e

ng, Thetsms are a mixture beoth_g',luc‘:i Lo, Gum
ONtain traces of essentia

201




inféCtiOHS in
pla-ntS resu.:j .
derived fr u.Zimng n bre
resins ar;g:;;h? plant growing in deown of cell-walls (
The M .etlda-‘ myrrh. salai v and arid extracell
ucilage is a water-so - Buggul, etc. ©
outer layer Of cn
seed ere
metabolism formecsi, bctlrk.. leaves. and [r;ltlg a(I:S of plantsin
from the seed coat an\’;lti::n the cell (intracesl] - Mucilage
this ular) )

4are norm i
| Tfhe ey ilfphysm]ogical product of
plants produce mucilage

L ] ; ]

mucilage, and cell memb
"

into three cl
as
ses that are endosperm
non-star
Ch p

constituents of ‘m (soyb 1
thexs ybean hemj Olysacchari
ed coat (flaxseed Cn?lcellul()SeS i aride (galactomann
Irino d Fo , Chia see xylo ans), cell wall
goutand therefore ruitand maintaj d, and yellow glucans), and mucilaginous
. actsasah ) NS moistyr mustard). Muci mn
Y d‘?;“;g agentand aj:;a“d prevents .t;)ee,:i;I glage develops 2
10 Serpriessts ) acts as an om completely
nat €ne : ]
10, the promotiorf{);fjsiew Olrg-dMucﬂagcla
spersal, and sol

absorption of i
Ofl()ns
secret (Na, Cd ,
ed by the secretor ) P!.)z*’ andAP*)t orage abiljt
Y vesicl Ough root ce1)1,’ selective storage, and the
s. Furthe ’
rmore, it is primal‘ﬂ}’

polysacchari
aride (
to older r poly-g
. 0ot areag Se
€as, but epiderm I ;s cretory root ¢
al cells g ubsequ >ap cells ,
re also luently passed duri as a coagulate
uring root extension

es
o al?d buds of sey
soil water defi

es of hyper-

to retain

of food and water® -
) pecies; it 1y
1es; it may allow the leave®

S (0]

regj ular)
€g1ons. Some of 1} ). These are usually
1e commonly used gum
gum-

¢
Ty be epefldin

tances composed of Very large

hemical units called monomers.
ple, proteins, cellulose,
nd, quartz,

Pol

ymEr

e yofaclass 3 :

P‘lem s, called mac \ class of natural or synthetic Subs
romolecules that are multiples of simplerc

ers
a m
dn11cl a_k'e up many of'the e e R .
e materials in living 0rgamsms. for exam
minerals suchas diamo
Jastics,

dng f elc.ac'ids
2 n?b Par anci I\S’LOFEOVCE they constitute the basis of
the gy, > The wo 31 e man-made materials such s concrete, glass, paper p
rd polymer designates an unspecified number of monomer units. When
escalleda high polymer.

n
Bopeer of
0O -
iy S are nog ? WELS I3 VeI large, the compound 1S sometim
estricted to monomers of the SaMe chemical composition of molecular
osed of one kind of monomer Most
different types of

ymers arc comp
of two or more

e made up
: ous factors- Depending

lymers“o’.
depending O™ vario :
es- I/ hermoplastics an

gt 20 stry
mﬂn:)a] Syli(t:;uré' Some natural pol
Py Such etic polymers, however, af
On the lyrﬂer‘s ca polymers are known as cOPO
the,. motempera&be classified into different tyPes
re, polymers can be divided into two t

Sety; ngs
Jed. Thisis totally reversiPle
rs with flexible chains

arden when €00
may be given

g,

(3 enn() :
.;re ﬂlepeatablg.l al\itlcs S,Oﬂeﬂ when heated and
fpﬂl)fthol?.!asticSOSt linear polymers and branched stri

The Clie, Py, Tl.]ey undergo purely physical changes o
Selting 4 \.fmyl Chloride (PVC) €t¢- (8.9, fie

ng cq 1S in contrast to then'nopIaSﬁC pOlyITlCI'S, which do not so v . fronger

ﬂipatlng Op]a;ialem crosslink. Thermosetting pOlymerS are §° cheﬂf i
Reﬁnd e Cl;: sand have better dimensio™ stabiliﬂ-'meyﬁnj(:;glgo malde
D s), M ange is irreversible. Exampl 0

o can be o1
o Ll BT
ine Formaldehyde Resins (MF Resms)’ frepetiﬁon,

-+ present and ifS patter®©

div,: . 8O .
tvig n the type of monomer units P
ysand L0

ed int
tﬁn 4 Sillgleo two types- Homopolymé
Oy, Saho type of monomer undergo®® polymerZ™ | sting units
L Fop emOPOIYmer.Ahomopolymer pasically b2 1 10P i
oy Orn(:;( ample, polystyrene is 2 OmOPOIYmer i
" eﬁioéymersarefonned throv® 2P usihave el
on’ s TS ;
Poly’ inh. In this proces§, monome s | hichis "
Ceatig O usedass P e DL
ng unit. E.g. repeating units 3’ e , mjecuonm
oplasticsarf‘-‘Wl & Polypropyle

¢ ¢ ) 3

t}?é“l‘iif thg , N
Po

p()] Ost o

er.
st O Homopolymer therm

r on
) Pexamples include—
h ‘e, LDPE, HDPE.?
Vi, dto ) _I)Olwﬁlyiclﬂoride ) ”

CH Various i el are also useé

1on . industries. They oy
Crth fimg, blow molding. sheet m‘s o ore
©as, at is formed through h° ymef?
Copolymer. Thus. 2 copo




units. Usuall
Y, mo
polymerization. Somst‘elefcopOl
ﬁfﬁ copolymers (high-
BS), Vinyl acetate-

. for

dmp]eSO n]ed Ihro

il’l]pactpolfCOPOIy]nerSaj.e‘_El;ﬁ‘h a process called .

s ystyrene),Acry] =k ylene-vinyl acet condensation
anhydride-copo] onitile-butadicne. sty Rulbber sifrs ™

m c—stvrene 3
s erSL Sl}/rene—butadi—:um g;an e
olymers. S ene rubber, Styrenc™
- Styrene—butadiene—styrene tri

= _’6-. IS fr
bearings an €quently used
Oi the(}ige-arS due té’ its 2:]11‘11 textiles, and
; as1s of th =
into three : € sour
types- ) Natural oy e b
olymers. €y are obtained. 1},
- Ihe polymers ¢ i
an be classified

Natural
) pol IS, 1i
ym::ers are found jp nl;)[ Synthetic Po]
ure, i.e
»1.€. plant

]ubri . calpetl
ca ng,
iesh gineering material 1

2

Mmateria] i
; tsh , Carb
nk i ardnes Onatom &
e pro ; Planes that Cafl. In graphite ussdare linked in a thre®”
uced in djfy, slide acrogg asa lubricantand ”
Yleneerent types Onf? another
ErOWinaua ILPeix of reactions. Many
mer. Jt mi; ]}1::3 -Poly em;ziiormed into polymers by
€as , Com :
many ag | o,oooﬁgid afisps ?ngg
omers JO1

pencil “] :
S arbon atomyg [;
i

eth
in lylene Monomers
ong coiled Chainsj

204

polymers include
tin the manufacture

lextil .
€ Industry
istry and to make molded objects: Other addition
: oy are all importan

Ybugaq:
yisoprene. and polychloroprene: whi

& oniléc rubbers.

Well ag E fil:i“c"s- such as polystyrene, ar
by Cture f%;h‘f‘r“noplastic. Polystyrene can pe colored ' i
2 Moring gy and other plastic 0bJEC'™ ffone hydrogen 8 T, i e VO

, vinyl chloride is produced- This polymeriz fopolyvim1c %% el
number of

fo U.r €ss, hard t X b anufactured ina
s tough, thermoplastic material that canbem

inelyging
0y, Iny| aégg foams, films, and fibers:
o Orphoyg tate, produced by the reaction © ethylene & o WIth viny
ha\,emduCe E;Soﬁ resins used as coatingsan adhesives- Jtcopo erl.zes e e
Sugly Xygen lafge family of 1hermoplﬂStiC material>: ! “l?ifonec al
[sp()l acromOI‘ nitrogen atoms. along with those 0 bon, 11 the ace o tpOlyace
the > Yf‘onnalgleclllar materials with oxygen atoms 2 polye® Sc;I resis
used(_’tlon of chyde. It has a high melting point . rystalline @
solvents. Acetal resins ar¢ more like met d bearing> i
y (he backbo™® chain

Gt 1
A anufacture of machine parts such as
ition OfESTE e, themiOP
e e mani”

|, Ne
eqd ar
]]]0 aPolyg:gngchmacterized by arepe ourless e
. Open-chai Jyesters ar® colourie>> n ,
ain poyes 000molecule a@enlfﬁhe yoccurting
des ¢ . 1 plastics: fibers,

peratur c.

¢ glassy and fransparent ! roomltem '
any shade and is used 10 the

Se
Ofp,  With by
i
D’ntem’mold%.ggg?l@clﬂar weights (1000001
0§ e IS, Dacron: ] whichplasti>
:::}es ve;’asem, fatind f:lniﬁﬁfr:;zc;i ound i com (mal?‘?zi’i;r 5 area-f Ima]dehyde
Y “’h}and Coatings are d Amoné the synthetl pOIyanuedeobjeCts _ndasadnesi*® and
alstlngs ch are th r.na c. 410 pl‘O dJuce mold > o i asnylons,ﬂ”ley
Yoy, for textile ermosettng. TheY ' usetare the poly de reSl-nSandtht’fYCanbeCOk’red‘
1 . S an 1 C,
S o A 0 e 00 S s
§ ; any 0 . t1t1
u’le Anoth OWII use is as textile fibers. put they I?ave m is fo rrﬂed of lin€ dex
tng iy . mPortant family of' hetic orgA° poly e eric fiber® ¥
i e ;group ‘ Polyulftha};les ayﬂ;l 6mP10Yedinm § ;if;fs. Js. The most
iy, L dig roduction of coating bases 2 softand " "o organic compOUn® sistsof
4 Bory ferent coating o= ixed Orgamc-lﬂ heirbaCKbonecm )
te"f\ Te class of polymers is the ™ he s jcones: pofthe silicon atom
S, in Presentatives of this PO et > ached oeach O ot pecies
Qconesg S_llicon and oxygen atomswith rganic UPZS Higher—mol ::;we:, They &
4 Yery With Joy .+ gre oils & greds™ (very Jow© p
On ile g yeq: molecular weigh <~ 4 and rubberya el
g N Ajyg) astic materials that rem . made of € e
Ug hug, Y stable at hi htemperatures- 0.p01}'me » et oS vents:
'S uﬁd e | -111«.1“3,1
& o comP’ ity © ﬂuoro-po}

. I‘O
B, 1 - i
TR arbon-containing pOl}’me rth
,d rend® stiquu ks
Oﬂ[ .

i On ;
&Iflgi of Qar[(:S’ which are highly sta W
e e On— i - ther ll'l'lp e
fluorine bond & _fluor Oemy]ene (PrT

i
e u
ly evident in the PO yte



Semi-synthetic pol
_ ‘ ymers are generally deri
chemlc'al modifications. Examples can bey _ erived from natura
A — cited of chemicall
Polymerizationisa i
: process in which relati
chemically to produce a very large C:':;I;ilysmall molec
€ or netw

lly _occurring polymers by
y modified natural polymers,

orkujes, called monomers, combine
molecule, called a polymer.

or the ability to form fi - fft
ty ibers—that dj nti
. ere polymers
anci ;niplel: molecules; often, many thou::;i] | m en
molecule
e oea. pol'ymer. The formation of stable : vaal no
polymerization apart from other processe .
S, such as

omer unit i
e 1:0 are incorporated in a single
nds between the monomers

resen
gn pon;itot;atalysts, which in certain ca
ran :r ectsl on the properties of the psflS mer
polymers, which are com)}/)mer'
osed of ch

viscous liquids or solids wi

. oo with varyin

in certain liquids, and they soften og degrees of crystallini
r

ainli
ty;arizrlr:tl: molecules, may be
rofthem can be dissolved

melt upon heati
ting. C .
ofh th : g. Cross-link
eat but, once formed, do not me]t ermosetting resins (j.¢, ed polymers, in which the

Both linear and
cross-li
polymerization(® 12, linked poly

T I 1. Cl i

NATURAL IVES
- GLUE
Animal Glue r-___________s________
P .
rotein Glue T SYNTHETIC RESINS
Stare
: Synthet;
®  Hide glue Gl e Wood T
- e Other Synthetic
R — Blood gfug “‘b-—--_._. Adhé‘.s‘fl'es d ’
glue Casei erived — Wood Adhesives
sein glue urther
Sfrom
*  Soyabean giy, i classification is o
B arch o classification is
] given below)
]

206

£ : sonill)
o ——— Table 2: Classification of Synthetic Wood Adhesives
Syni - .\')':‘-"IHEI'!(‘H'(’)UD r\l)fﬂ\igj“/
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i. Either from skim milk by acid precipitation using either organic acids such as vinegar
or mineral acids such as sulphuric acid.
Skim Milk + Acids —-> Casein

ii. Themilk may be cultured with bacteria that convert lactose (milk sugar) to lactic acid
which in turn precipitate the casein.

N Milk (lactose) —--> lactic acid —--> casein (ppt.)

The precipitate is washed with water to remove acid, dried and ground. Adhesive capability
of casein glue depends on its dispersion during glue precipitation from powdered casein. TwO
facto‘rs influence the dispersion of casein powder in aqueous solution, viz. particle size and
alkali content in dispersion, ey
manj.o Iﬂi ;Yé);f:;fm _G!ue (SG):S_oya.ibean is an important agricultural crop in India and
it esin temperate' region. $oyabean isa good source of triglyceride oil and
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Y mildalkali like hydrated lime or ammonia. However, the bond obtained W1

strong alkali dispersed so i
3 ya meal is al ; ;
SOyameal is dispersed with mild aléll‘;ﬁ_ys Stronge.r than that obtainable from adhesive Whe"

Synthetic Adhesives prepared were—

Dr()p?nies of the reaction products are—
iy The relative molar ratio of urea and fo
11 Reaction temperature, _
'Il. pH values at which reaction is carried
ese factors influence the rate of InCrease Y
Olerance and rate of curing of resin-
aler tolerance is a measure of the nu™ o

I-malde hyde ’

out. Jubility, viscosity;

fthe molecular weight, SO

Water ¢ water whichcan be

ber of times by weight of

: oo formed - e is shown in
*Awith regip, before incipient precipitate s fo' 5+ The structir® Ofme!amin
B 'I°5Melan ine F. Idehyde (MF) resins- 27 < bu superior

hays, - clamine resins are chemically relate ¢ high {emperatures: ° he ratio 0f 2:1 0¥ parts
thig 8 gredter water resistance and stability @ yand melam : moc Melamine molect®

e
©ofresins are formalin (-37% formaldeh)’_

Wej i
hasgtht' Melamine is a white crystalline pPO¥ ¢4 eable hydrogen @ °th Jol compound ¢an %
ato Ce reactive amino groups With 6 I'eI.)laCOSSi e at he ame );r a4 1 cOBthlon.S,
fotms' ithanalogy to urea formaldehyde 1tslp ine. Butinfact Unup o anitrogen ot ¥
e O Teactiortl’ of formaldehyde with ™® £second methylol &
hind(::t Yiol compound is formed as the ent;ylogfoup.
re . 0
dby the already existing first methy M
Addiy; | 3 ATy RO
dition reaction H
__cH0 ¢=0
NH, H—N |
C— H b
[TO s+ n—cly T | gimethylore®
NH, NH2
jolured
Urea formaldehyde mono "
P . Lo
®lycon densation reaction O/CHZIT
*b /GHZ A =0
yelher Iinks /ri, JC.—-'
TN oo ko, =0 e
C:;::Q R c=0 NH2
; l
NH, NHz
_N—
‘b cH?
y melhylene “nks /rl’l/ % |C'_,1'-O
T e e p
N\' H HG-CHe ‘"’f‘ll ﬁﬁ, ;c pIJHz
C O+ ({; =4 - g UF :u.mSl"
N M2 ¢ 1theslzms
H:.’ N \,\«'hl C y

: |
. 4ng P
Figure 1: Reaction$ tak1




Figure 2: Chemical structure of Melamine (7,

- ¥ - t
An important difference between MF and UF is that the MF condensations occur 1°
only under acidic conditions but al

So under slightly alkaline conditions. With melamine a

! -90°C. Insoluble, granular methylol compounds that M2}
oceur with UF resin are not produced in MF resins,

However ifthe reaction is not wel] controlled, it may lead to viscous, hydrophobic MF
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©f Water layer. pH lower than 7.0 should not be used ¥
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; . : ne
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' tirred for few minutes ull
i dandis continuously StITe
3.METHODOLOGY: A% Finally, baking powder1s adde
3.1 Natural glues: thick dispersion is attained.

Amongst different types of natural glues, the protein-based glues were prepared. Three L1 Soyabean Glue or Soya-protein | ain
such glues were prepared, viz. BAG, CG and SG. Table 6: Materials Mw’
i f 1
3.1.1 Blood Glue or Blood Albumin Glue (B4 G): ! AMOUNTS (Parts by WeI&
Table 4: Materials required for BAG, ML// 33.9
_xr-——_.___‘ g //
sSoyabean flour ,,,]/7/
INGREDIENTS AMOUNTS (parts by weight) W 6.5
Dried Blood M//
50.0 i ide [Ca(OH)
| Ammonium Hydroxide (NHJOH) 3.0 ?ij(‘“‘lm {1}’df‘()l1d¢ [SZZ\IHOI']) Wl
Forsigiin® — 20% Sodium hydroxi As per
\J ' B— Water eal is soaked
o M u dered Soyam
*FOI"malln. Assaturated water soluble of about 409, formaldehyde by volume or 37% e"mdo’ogy" s ground 21 gt llowed
i by mass, is called *100% formalin®03), Y L p 100% fat free) is 8 peoilis added foll0
| ' Mot \ 2 2 S-
Methodology: ; ac_kc ted soyabean ( break any 1um.P o A0 kerose :
L. First ol un little amount of water t0 r ormation® ove ingredients:
| Slﬁfgﬁt: :1 oo t:ilﬁod (from goat) was collecteg ina thin glass plate from th n Defoamer (one which Preventsd dmixed with e
T'houses and kept it to g for £t . ; oxide. i cormly
II. " The dried blood was collected cazﬁjl; {?:/ dalys ; 1] oY addition Ofcalm}lm hyd;mj ormly Wete al well nutesto &t il
1L About 1.5 grams of the Aad Ynaclean small container 5 * Once the flour particles ar¢’ rse the S0 oll for fe
fied powdered blood wag taken and dissolved in about her dilution is done to d1SP°
mL. of water. Iy . alflir 1lution is oxideis adde nihesizedas
IV. Finall . o " Yally, sodium hydro < were SY ;
naty, z%bout el r'nL. ,()fNH4OH and about 0.2 of formalin was added in 1 3 dis y N JasticT® v~ed MUF resin>
maintaining the ratio of amoungs (in parts by we: : g ble4- 2., - “Persed glue. amin0P sins a1
Th : : Parts by weight) as given in the above Ta Yhtheic . ins, the&™™" . MFe
€Se are then stirred Well tl]l a tthk paste Was Obtained . Ic resins: fsynthetic reSd ’erc UF l-eSHl s
. : ngst i 50 W
3.1.2 Milk Glue or Casein Glye (CG): Payy of te I%Y 0?;2:?&223?; resins prep d
_ : _ 3 - A.0re - in.
Table 5: Materials required for CG; 2.7 Ure de (UF) resins’ ed for UFrest weigh!)
| Milk (abour 909 prrgy ——————___AMOUNTS — TbleT ol
e e L 100 mL. 3
| Vinegar W__ IN GREDIENTS 230
-‘WM‘@J’\% M L iz ,.gquf""d
Wate = ] 0 3
‘”"\ A5 per required Urea (i1, CONH,) on) | it
Metlzodology; e, S 500 ) oxide (N 4 AsP w flask
I Pure milki 0% Sodium hydrox! 00H) adbotiom "5
. ' .o 10U ti
IL. v?r:Zgn; is :sgict)?«!f(l?;lilzigg Ilea?] beaker and heated to boil. M 30% Acetic acid (CHC o taken 12 :;in s taken &5/
III. After casein s Separated?‘rlo;btﬁglﬁflu{ and constang]y keptonstirring f QU'O(IO Lo o ht=] 2.) SCHO) o
the casein. » Water is added slowly for the dispersion : gy: o parts welbal dehyde(
U 'ea and formalin (rati® by dof form

212

| -~ jnsted
ANd mixed well. Here, 115
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XL

3.2.2

I1I.

IV.

V.

VL. Finally the resin is alloweg to cool down

I11.

V.

VL.

diluted solution of HCHO containing 37%
HCHO during reactions).

HCHO by mass (to reduce emission of

In the above mixture, NaOH is added drop-wise to raise the pH to about 7.5-8.0
(this pH is maintained throughout the reaction) and stirred wel].
This flask containing the mixture is then fitted

with a reflux condenser and heated to
boil for about 2 hours at 90-95 O,

The solution obtained is a clear solution which is then cooled to about 50 fC and
acetic acid is added to lower the pHto 5.5-6.0.

This is again kept to boil at an elevated tem

formation of resin is checked constant]
required.

perature of about 90-95 f C and the
y and also the tolerance is maintained as

Finally, the reaction is arrested by

: ; . raising the pH to 7.5-8.0 adding NaOH drop-
wise and is cooled down gradually.

Melamine Formaldehyde (MF) resins

Table 8: Materials required for MF resin.

INGREDIENTS AMOUNTS (pPayts by weight)
Melamine 100
Formalin 2\00“\'\‘—
= .
20% Sodium hydroxide (NaOH) W.
\\‘.___—
Methodology:
. Melamine and formalin are taken i 1
; Ninaclean dry round i iven ratto
1:2 by parts wej ght and mixed well. i Pt Bk e gvent
II. - Sodium hydroxide is added in th i i
0.0 andstimecnscy, atmixture drop wise to raise the pH to about 8.0-

Tolerance is checked and maintained gt the requireq leve]
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esins:
31 Melamine Urea Formaldehyde (MUF )r
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(e A W
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: ‘ (ol — o

Melamine 45
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il i i
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Meﬂlodo lo gy: Jean dﬂed rOLlnd bottom
ac
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t

thof th
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®actions to occur. pH 18 chec i

n1s
ar soluti© Wwe
This mixture which has forl.ned a:ifon isa dedto lo e 1 contin
At this level, 50% acetic acid s0 iling at ab ;< reached:
. . : or botll . . rance 1>~
This mixture is again Kep! f FresiniS M e required D o olution:
Maintained, The formation© a5 500038 ingN@

. . d.
Pinally, the tolerance is eheek®C L e pH!®
the reaction is arrested by 1"

| to about 50-55C.

o about 3"
v,
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4.2 Synthetic Resins:

Table 11: Productyield and color of Synthetic resins synthesized.

’ Range of AP

S.Applications of the Adhesives:

PRODUCT YIELD | pH of Resin | COLOURAND [ Storage Lije in TOLERANCE OF
RESINS (inmL.) Sformed NATURE Liguid Form (in FORMED RESIN
days)
UF 60 8 | Beigedome | 30 1:3
ligueied
| Dense yellowish. | 1.9
MF 59 8.5 brown liguid /
MUF 57 8 | oo 50 16
dense liguid ‘J

. jcability
Figure 6. Pie chart showing applic?®

Bindinng capacity--->

@ UF resin
™ MF resin
@ MUF resin
pH of f_ormed Storage life in Water tolerance
resin liquid form,
__ _— —_—s

Figure 5: Bay diagram showing diffe

rent properjpg of Synthetic Resins.
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5.7 Natural Glues:

ned after tesriries R S T Y

e e

Table 12: Applications of Natural glues in the five selected substances.

f—

| GLUES | CLOTH |

GLASS PAPER PLASTIC WoOOD f
— 3
. BAG L+ + - - _
| e + + + +
L i _
\ SG -+ iy \+\ " 4

5.2 Synthetic Resins:

Table 13: Applications of Synthetic resins in the

five selected substances.

RESINS | CLOTH | GLASS | PAPER | prastic | wooD |
l[ _-—-_-_-—-—-— i
UF + G + d &
_‘_-_‘_'_‘—-_.
MF _ + +
MUF B + ]

with the same substances.

6. DISCUSSION

Properties: The glue ob

tained fro b
and about 18mL. glue was o »

btained.

plastic materials,

Advantages'":

L They are used as paint for brickwq
and building stones,

i. They have also been previously
non-toxic and tasteless.

k. and as an adheg
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AdvantagesV:

i They have great potentials of application for wood composites due to their eco-friendly

and proper adhesion properties, fast and sj
prices.

i. Noveland environment-friendly SOy-
become perfect choice to replace s
ii. It can also be used to make inter;

Drawbacks";

L Soyameal glues bem.g hatural in origin cannot be stored longer due to fungal growtD-

¢ nSfOI'WhiCh reservatives suc ¢ . ted hel‘lol'
or “Copper naphthanate’ are wj e p ves such as “Chlorinated p

i.. The bonds gradually get weaker

based adhesives without any formaldehyde emission
ynthetic resins with high human cancer risk.
or grade plywood.

for long-term €Xposure to external atmosphere-
Remarks: These glues are good m

highly durable ),
6.2 Synthetic Adhesives:

oisture resistant and the bonds formed from them

; . e—
Urea Formaldehyde ( UF) resins, Melami amino-based resins. They we! -
Urea Formaldehyde (MUF) resif,u-_ “nine Formaldehyde (MF) resins and Melamin®

6.2.1 UF resins:

Properties: The product vi i
) yield of UF re . ;
resin was beige dense liquid having astoragfg +15 Was 60mL with a pH of 8. The formed UF

e life of 30 days in liquid form and with a toleran

Applicability: UF resin was fo
was taken for testing, j.e. cloth,
under room temperature and n

und (o show it binding capacity in all the materials that

glass pi i .

0 = ] bieces, paper pieces, plastic and wooden malerlals
rmal pressure conditiong

Advantages™; |

L Itis gsed indecorative lmninates,textiles paper fi
fabrics, cotton blends, rayon, etc R

i. These adhesives are also used to glue wood

dry, sand moulds, wrinkle resistant

Thes ogether i ins
mterior grade Ply-woodS, doors, etc ) = roslyedin preparu a
UF foam was commonly used whenp produci

ng electrica] 4 lian, . , desk
lamps) due to good insulating Propertis Pphiances casing (e.g-

Itis also used in agri
griculture as 5 controlled releage Source of Nitr
Itrogen fertilizer.

S S.
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mple preparation methods as well as cheaper
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6.2.3MUF resins:

Properties: MUF resin obtained was a light brown dense liquid having a QH Of&:g 8
product yield was 57mL. with a storage life of 60 days. The tolerance of the resin was 1 z;l

Applicability: Only glass pieces were able to bind using MUF resins under rlO.I'm A
pressure and room temperature. MUF resins were not found useful to bind the rest, 1.€-

showed negative results for cloth, paper, plastic and wooden pieces.

Advantages:

. . - F
L Although they are similar to UF resins, yet they are higher moisture resistance than U

resins and they also show good performance as compared to MF resins.

5 . - : : or
i. These resins are mainly used to produce panels with higher performance, such as d

kitchen, floor or some structural composites.
Drawbacks™:

. _ : . s
i. One of the major drawbacks of MUF resins is that they require very high temperature

and pressures for good bonding or it may loosen at no time.

ii. These resins also liberate formaldehyde but to a very lesser amount.
Remarks: They have hi gh durabili

ty and can be used for external applications unlike UF
and MF resins V.,

Following are some figures showing consumption of amino resins:

GLOBAL AMINO RESIN MARKET,
BY PRODUCT (usp BILLION)

ure2 maldenyde

Fo‘ma\demda \

‘na FOI
Mo a \'-u.’)tﬂt\a““"““de

petamine Ure
02020 w2027

vIY

Figure 6: Global aming resin market
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showing variation Jrom 2020 44 2027 (estimated) .
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Also, a conclusion can be drawn from the applications carried out in everyrday used mu‘tcrliliz
that MF and MUF resins require high temperatures and pressures for binding w.oode'n fran 1
and ply boards, which can be easily carried out in industries, whereas UF resins give goo
bonding under room temperature and normal pressure conditions.

Among the three synthetic resins, UF resins showed versatile use than the other two:
i.e. MF and MUF resins in room temperature and under atmospheric pressure conditions:
while under high temperature and pressure, MF and MUF resins give good result. Butd
disadvantage of these resins is that being thermosetting in nature; once they form lun‘lli{S
these cannot be softened on heating to be again used as glues. Overall, UF resins also emit
high amount of formaldehyde, as a replacement of which melamine adhesives came int
existence which causes less emission of formaldehyde. Along with that, large resin kettles
are used to manufacture these adhesives, which reduce the emission of harm ful formaldehyd®
to the environment directly.

Preparation of synthetic adhesives should be done cautiously only in reflux condense’
not in any open container if done inside a laboratory to prevent any kinds of health
hazards. Varieties of natural and synthetic adhesives are available. A fter their use- th°
hands should be properly washed to avoid any skin problems. And before using thes€

adhesives, one must know their proper applications and also handle these adhesives with
utmost care.Q
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Abstract
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In the late 1980°s Motor
. ola e S
xtended the six sigma methods to its critical busi
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iii. Eliminate defects and outliers

After the identificati
o 1cation of the prob
eliminate defects. Eliminate any aitiv‘[en']’ makg appropriate modifications i
customer value. Ifthe value chain i ity in the given process that d ations in the process to
in 1s unable to reveal the proble oes not contribute to the
m area, various to
’ ols are used

to find out the
problem areas a .
e n figis
bottlenecks ina give doutliers. Eliminating the outli
glven process. g the outliers and defect
cts removes the

:1:. Involve stakeholders

structured process sh

: ould

to finding solutions to com lebe_adopted where all stakeholde

methodologies and principles plex issues. The team needs t N CQIIaborate and contribute

to lower project failure risk applied. Hence, specialized kn o achieve proficiency in the
v.Flexible and resp > and enzure gptiia] PerfOrman(::‘:]etfltie and training are required

onsive system ofthe processes.

Wheneverani i
_ inefficient or fa
practices need to be changed. Aﬂexl;lg processis eliminated, the e
e and responsive envir(,)nmegtlltﬂgee approach and word
0 the changes in processes

7. Challenges of Six Sigma

Six Sigmaisn
ota one-siz
o e-fits- -
ownsetofchallenges and imita 01 allsolution to all prop)
ns th.at' must be addressog ffrngigr processes. It comes withits
: : gin, it requires a considerable

nizational vic;
al vision
and add

ction, ) .
Involving stakeholders ang issues affecting business
n

employees in the projects:
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d improvementare also
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vement solutions.

8. M
ethodology of Six Sigma

caI;zbS ;gma has been defined as the statistical uni
i ' free perform
i e IJion, which is 2 world class

Prod
Derfol;f products and services with only 3.4 defect:
inap ance. Six Sigma has also been describedasa high-pe
alysing the root fbusi roblems and solving them [2]-
ot causes of businesS PrO%= ¢ g e o hichare compose dof

The[‘e .
Ve sect; are two major methodologIcs e Breakthrough and
Sections, according to the 2005 booK « JURAN Inst

itute Six Sigma

Three Main Areas

Luwst
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Eliminate
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Fig 3: Objectives of Six Siema Figd: Key Principles of Six Sigma
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Incresed Productivity

Improved Quality

Reduced Operational Cost ’
Higher Customer Satisfaction

Improved Communication among
team workers

Fig 5: Importants Benefits of Six Sigma

Beyond” by Joseph A. De Feo

and William Barngrq DMAIC Methodology and DMADY
Methodology, both inspired b

Y Deming ‘s Plan-Do~Check—Act Cycle.
) DMAIC isused to improve an existing businesg process,

i) DMADV is used to create new product or process design,
DMAIC ( Deﬁne-Measure~Analyze-mer0ve-

p ; d
Control) isa data-driven approach use
for optimizing and improving the existing busineg

; . . ive

s designs and processes. It is an effect!

L . e
-Sanintegral part of 3 Six Sigma initiatty ;

but in general can be Implemented ag 5 quality improvement procedure or as part of othe

€ssuchas lean.
DMAIC is the better k

focuses on IMProving an exj

a
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DMAIC is the better known and most used Lean Six sigma project method. DMAIC focuses
on Improving an existing process by incorporating the following five phases.

PHASE DESCRIPTION ]

DEFINE Define the problem. the goals of the project, output to be improved,
customers and process associated with the problem.

MEASURE Measure key aspects of the current process and collect relevant data

ANALYZE Analyze the data to veri fy cause-and-effect relationships. Determine what

the relationships are, and attempt to ensure that all factors have been
considered. ’

IMPROVE Improve or optimize the process based u

pon data analysis using
techniques like Design of Experiments

CONTROL

Control to ensure that any deviations from target are corrected before they

result in defects. Set up pilot runs (o establish process capability, move on

to production, set up control mechanisms and continuously monitor the

TOcess.
p I

Define the problem and the
objectives

Analyze the data to find
the root causes of defects

Control the improvements to keep
the process on the new course

N\

e et
IMPROVE CONTROL

S

Develop, test and implement
solutions o imnrove the nrocess

Measure key aspects of the
current process

1. Define the purpose of'the project, product, or service,
2. Measure the crucjg] cOmponents of a process and product capabilities.

234

e best design.
This phase may

. ting th
: timately selec
3. Analyze data and develop design altemall‘«’ei:jlitails of the process-
*Design the selected best alternative and tes
uire Simulations.

. imple
S. Veri fy the design, set up pilot runs, and 1mp

ent the production process- [5]
m

ntifying and removing
d business proce§s_es.
thods and by uring

ollows @ defined
pollution or
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TABLEII: KEY TOOLS OF DMADY METHODOLOGY

Objective: Objective: Obijective: Obiective: Objective:
Define the Project goals Measure the Analyze the process | Design the processto | Verify the design

customer needs &
specifications

options ta meet the
customer needs

meet the customer
needs

performance

Key define Tools

i)Project Management
Tools.

ii)Project Selection.
iii)Bench marking

iv)Survey

10. Six Sigma strategies,

Key Measure

Key Analyze Tools

Key Design Tools

Key Verify Tools

Tools
1)Brain storming

ii)FMEA
screening

iii)Bench marking
transfer

iv)Process Map

i)FMEA
ii)Reliability
tii)Pareto Analysis
iv)Risk Analysis

V)Gap Analysis

)Work design
ii)Machine design
iii)Engineering design

ivJSpecification design

i)Reliability test

ii)FMEA
ii)Simulation

iv)Control plan

pi
gmaex

i

process and utilizip
SiX sigma is to ‘tak
rous application of statistical

' production. The followin
tools, techniques, and principles. [6]

tools and techniques

Six Sigma Strategies seck to im
causes of defects
is done by using em
who serve as Six Sj

has specific valye tar
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Prove manufacturing quality by identifying and removin.};’
and minimizing variability in manufacturing and business Processes. n’i
rical and statistica] quality management methods and by hiring peop!®

perts. Each Six Sigma project follows a defined methodology an
ecif gets, such as reducing pollution or
Six sigmaisa Systematic, data-driven a
and contro] (DMAIC)

fundamenta] principle o

increasing customer satisfaction.

pproach using define, measure, analysis, impf"f’e’
g design for six sigma method (DFSS). The
€an organization to an improved level OfSingna
tools and techniques. It generally applies
g Table summarizes six sigma strategics:

LS TECHNIQUES & PRINCIPLES

TABLE III: STRATEGIES, T00 o
Tools and Technique 1
Strategies and Princip Satist

i)
\__‘_-.—“—-_____'__-_____._‘—-—'—.-' ,
. I i ;__-‘mcm o 15
1) Project manage - capability analys
Il 3

ii)Data-based decision making ystem analysis

)l‘-'leasuremeﬂt :

iil
iii)KnowIedgc discovery

iv)Process control planning
V)Variability reduction
Vi)Belt System
Vi)DMAIC process

e ols
Vii)Change management 10

\_/_/

“Sign for Six Sigma(DFSS)
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Initiate & Capture Develop
Plan the

Project

Develop
detailed
design

Implement
Customer design

full Scale
processes

Concepts

Team Charter Chief technology High Level

Detailed Pilot Product

Officer design

design
Management Leadership
Project Managements.
Customer Research

TOOLS >
Benchmarking

Failure mode and effect Analysis (FMEA),
Business Process Simulation:

Quality Function Deployment:

Rapid Product Prototyping:

ETC

YVYVYVVYYVYVYVY

Fig.8: Five Steps of DFSS process

12. Six Sigma tools

way they are applied and integratedas part of 3
r tools commonly used i i provement projects
' i) Charts and Graphs: Usually, the firsg
is to create a picture of the data. Charts ang g

are:;

and'best way o analysis measures of a process
Taphs are really nothing more
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Kaoru Ishikawa of Japan.” Itis the simple, graphical method for presenting a chain of causes
and effects and for sorting out causes and organizing relationships between variables.

The first step in performing the analysis is to identify the probleni people want to solve
and have to write down who works on the process and when and where the process occurs.
Next step is to write the problem in a box on the left-hand side of the paper. Then draw a
horizontal line extending to the other end of the paper. From there, draw vertical lines extending
off of the “spine”. On these lines, write the major reasons behind the problem and think
through any possible causes. One can further break these causes down into sub-causes.
Once complete the diagram with all possible causes of the problem, one can analyze the
results. The results may need further testing and analysis, ,

iii) Statistical Process Control (SPC): SPC is the application of statistical techniques
to determine whether the output of a process conforms to the product or service design. In
SPC,.con_trol charts are used pn:marily to detect production of defective products or services
Z; i?ai:?gi:i;:;t dt;? produc.:;lon process has changed a.md that products or services will

oo he g spectlications unless something is done to correct the situation. [13]
o :iﬁcysli : eﬁi?::éi t;ese c:a%ram maps c.>ut the p-aths z.md tasks necessary to complete

. J pecific goal. This technique is used to seek answers to such
questions as “What sequence of tasks will address this issue?”
show the links or hierarchy of the ideas brainstormed. [13] |
N v})J J.Histogram: In its basic form, it is the visy

istribution i 1S SiX-Si
baph,Subscquont'y, e caovmt e LY ST th variatons n
s : . where problems exist in processes so that we can
: em with corrective measures. The significant thin
is that we need to find the root causes accurate]

this approach will produce better results.

viii) Process Mapping: Business Process Ma
rocess and bett i i

p er understand how it works, A typical map outlines the roles, responsibilities,

and standards involved in the process. It presents this daty ina structured way that shows the

steps of the process along with that i ible, w hi
' : 1s responsible i
e T Edecs P , What the Inputs and outputs are, and other

Business process mapping is a
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visualize the roles of the people wi
addition to that, business process

A structure tree is used to

al representation of the frequency
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y and then implement the measures. Only
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ix) Value Stream Mapping: This is a six- sigma tool that uses a flowchart to outline the
information as well as materials required for process improvement. Every flowchart has three
core elements: process map, information, and timeline. With this flowchart, we can clearly
visualize information such as time, delays, error rate, etc. Overall, we can streamline process
flow with the necessary information required by using this six -sigma tool.

x) FMEA: FMEA is the short form for Failure Modes and Effects Analysis. Pro
activeness isthe basic principle behind this six- sigma tool. According to this method, anyone
needs to find potential failures in processes and implement corrective measures before any

failure can happen. Besides, it is one of the cost-effective tools since it allows making corrections
in processes before implementing them in a production environment.

xi) Project Charter: Project Charter is a document that defines the purpose and the
scope of the project. It works both as the blueprint for the business process and as legal
authorizati?n of'the project. Project charter usually includes the project overview and its
scope, de.taﬂs about the team and the resources, and the timeline, It gives you all the basic
mf(‘)nnatlon about the project and clarifies the main points about it. The fnain benefit of 2
project charter is that it keeps things less chaotic. Once ateam dives into the project, it is €asy
tolose track of who is responsible for what, which deadlines l ’

h e i the team has to meet first, etc. If
e cosz.x.lpany oesn ‘t have a clear managerial hierarchy, things will get even messier.
xii) Scatter Diagram: Scatter diagrams are used to determine whether relationship

really exists between two process two .
: : process charac i . : the
relationship. [13] teristics and the direction of

customers.
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Starbird (2002) argued that six sigma processes are part of a management system to
achieve business excellence in organizations and presented keys to six sigma successes as:
i) Start process management: identify core processes, customer needs, and measures.
ii) Drive performance through reporting: Leaders must maintain and report opportunity
lists, status of active projects/resources, and results from finished projects.
iil) Consistent and visible leadership involvement.
1v) A measurement system to track progress, providing accountability for the initiative
v) Integrate championing of active projects: Select and charter projects and require updates
during existing staff meetings.
vi) Internal and external benchmarking of the organization’s products, services, and
processes. You must find out where you really are,

vii) Setting challenging stretch goals that focus your employees on changing the process:
not just tweaking it.

viii) Educating and informing everv member of vour organization about the Six Sigma
methodology.

ix) Developing the infrastructure to support change throughout your organization.
X) Working to create a “cause,” not just a business success.
Successful Six Sigma implementation requires an ideological shift, everyone in the

organization from the tOI.) down will need to change their behaviours to address problems
once a.nd f.orall. Leadership has a crucial role in the success of Six Sigma implementation inan

with a pilot project. One can identify a com
problems, usually production. The proces

people carrying out the work and consider
isinvolved.

pany process that generates defects or has other
> O.f l.d entifying a pilot project has to involve the
their input. Six Sigma only works when everyon¢

15. Application of Six Sigma
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Some of the successfully implemented six sigma projects include improving timely and
accurate claims reimbursement (Lazarus and Butler, 2001), streamlining the process of
healthcare delivery (Ettinger, 2001), and reducing the inventory of surgical equipment and
related costs (Revere and Black, 2003).

d) Engineering And Comnstruction Sector

In2002, Bechtel Corporation, one of the largest engineering and construction companies
in the world, reported savings of $200 million with an investment of $30 million in its six -
sigma program to identify and prevent rework and defects in everything from design to
construction to on-time delivery of employee payroll (Eckhouse 2004).[13].For example,
six sigma was implemented to streamline the process of neutralizing chemical agents, andina

national telecommunications project to help optimize the management of cost and schedules
(Moreton, 2003).

¢) Research And Development Sector

The objectives of implementing six sigma in Research and development organizations are
toreduce cost, increase speed to market, and improve Research &Development processes-
To measure the effectiveness of six sigma, organizations need to focus on data driven reviews,
improved project success rate, and integration of Research &Development into regular work
processes.[13]

- Qne sur_vey. noted that as of 2003 only 37% of'the respondents had formally implemented
SIX sigma principles in their Research &Development organization (Johnson and Swisher,
2003).Rajagopalan et al. (2004) reported that the development and manufacturing of the

new prototypet at W.R. Grace (Refining Industry) was cut to §-9 months from 11-12 months
by implementing the DFSS process.

kl

regulated sector, and food companies
¢ safety and quality of their products.
: hese regulations by identifying and eliminating
applied in the food industry in various ways, depending
company. Some of the key ways in which Six Sigma i

must comply with strict laws & regulations to ensure th
Six Sigma can help food companies to meet t
sources of defects. Six Sigma can be
on the specific needs & goals of the
applied in the food industry include:

i) Identitying & eliminating sources of food contamin

Y ) : ation.
ii) Improving process efficiency.
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ii)) Creating a culture of quality & safety.

V) Improving customer experience.

V) Compliance with regulations.

V) Supply chain management.
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objects. in practical experiments it can be observed that the properties demanded by the
theory are only approximately true. For example. to understand the theory of spheres we
can consider the shape of an orange but this is definitely an imperfect copy (or approximate)
of an ideal sphere.

Among the numerous paradigmatic changes in the field of Science and Mathematics. the
concept of Uncertainty is one of the most significant changes. Traditionally it is expected that
Science should strive for certainty in all respects and what is uncertain is considered as
unscientific. But uncertainty is unavoidable and hence the concept of uncertainty is essential to
scientific discussions also.

The introduction of the concept of Fuzzy set marks significant paradigm shift in
Mathematics. It emerged from the need to bridge the gap between the mathematical models
and their empirical interpretations. This gap is very much disturbing in the areas of social

sciences, biological sciences or in case of medicines.

The modern concept of uncertainty was introduced by Lotfi A. Zadeh in his seminal
paper [1965b], “Fuzzy sets”, Information and control,8(3), pp.338-353. In this article W€
discuss the concep‘f ofa Fuzzy Set and will try to analyze how it is different from the classical
(non fuzzy) set which is generally referred to as Crisp set.

We stz.u‘t with the concept of a crisp set which is most basic in Mathematics. In almost all
Mathematical system we require certain collection of sets

A (classical or cri ] i .

ol d(ef‘ e sp) setis deﬁfled asa collection of well defined objects. By the terms

ined” we mean that what is there in the collecti i

clear to us. For example the collection of Lo and whatiz notshould be

. C i - c

iy : ion 0 all vowels of English alphabet is a set because the

n contains the five members viz, a, €, 1, 0 and u and hi hand
RO : : %1, nothing else. On the other han

e collection of all important rivers of India is not

e < Is not a set because the term important is not

well defined”. For some person Mahanadi or Tapti River i« i bE

some person who may not consider th : p‘ - VRIS Imponanthutinero may
€serivers as important rivers of India. The concepl

of “Important river” i i i

Sets ap d triver”is very much relative and so this collection is not considered as a set:
re denoted by uppercase letters and their membe

examples of sets used in Mathematics are:

N :
(collection of Natural numbers), Z ( set of Integers), Q (set of Rational numbers). R

(set of Real numbers) etc. Thus 5 bei ‘
belongto N, €ing a natural number belongs to N but 0.7 does not

rs by lowercase letters. A feW

Representation of a set:

In general any set can be represented by one of the following methods
1. The Tabular method or List method |

In Tabul
ular method all the elements of the set are listed, the elements beino separated by
D

commas and enclosed within brac
es { }. Forexample, if V i X
. ple,if Vis the ; . of English
alphabets then we represent this set in Tabular method as V = { Set_of vo':veis of Eng
={aei,0,0}.
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2. The Rule method or Set builder method

i 1 x (or any other
In Rule method. we describe the elements of the set by Ufsézi 1 SLT‘:;; (T.(;l; co);amon
Symbols like y, z, u etc.) followed bya™: ™ and after the signo

the whole description
Property which s satisfied by all the elements of the set and enclogs; s ot
Within braces { }. Thus the above set V ¢an be represente

d by usin
*X1savowe] of English alphabet }-

3. Ui . )
Usmg Characteristic function
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function takes the v
alue eith
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1500 century , Indian mathematicians discovered that Pi could be represented by the infinite

series as
r4=1-13+15-17+...
In 1630 Christoph Grienbeger calculated the value of Pi to 38 digits which was the

most accurate approximation of Pi using polygon algorithm. In 1665 English mathematician
Sir Isaac Newton used infinite series expansion of the arcsine function

1x3 13x° 1.3.5x7
+ +
23 245 2467

Arcsine (x) =x +

Asarcsine (1/2) = /6 ,s0 the series would be

! 1 1 1.3 1.35

]

| T=6(=+ + + * o

I (2 2.3.23 24525 2.4.6.7.27 )

using this series Newton calculated the value of Pi to 16 decimal places.
In 1748 , Euler used the following infinite series to calculate the value of Pi

T2 1 1+1 1+1
6 12 22 32142 52 ..........

nt _p 2 3* 52 72
e (55 (5 ) ()

One of the most well known and famous way to calculate Pi was to use the Gregory
Leibniz series (1671 -1674)

1 1 1 1
m S =TF T EE T i
T4 =1 3ts5-77%5

Another famous series which converges more quickly to get the more accurate

approximate value of Pi was the Nilakantha series which was developed in the 15" century

) "
= - 4

234 as6t 678" 8910 T —

T=3+

“he great Indian mathematician Ramanujan (1914) discovered the

. . formulae for computing
the value of Pi rapidly . His formulae were F

1) Ramanujan 1 1914

1 _ V8 <o (4m)! 1103+26390m

T - 992 n=0 (4nn;)4 Qg4n
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2) Ramanujan 2 1914

14601
-1)"(4n)! Eﬁﬁ-———

-+ 1 0 (____.-—— 2n
_ = — - | 4 882
or 882 Zn 0 (47171.)

e formula that cOnverses
In1987, Chudnovsky brothers discovered the Ramanujan = 0P

n'l()[- §
€1apidly . The formula was
T

| 13591409

=12 Yp=0 3!’ (640320?) :

q 1=
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A Study on the Method of
Finding Rank of Elliptic Curves

Debakanta Buragohain
Dept. of Mathematics,

Tinsukia College, Assam.
E-mail: debakanta8@gmail.com

Abstract

A curve C over Q is an equation f(x,y) = 0, where f is a polyno-
mial: f € Z[z,y]. We denote C(Q), the set of rational points for curves
which consists of pairs (z,y) € Q x Q satisfying f(z,y) = 0. For
curves of degree 1 and 2 we know how to write C(Q) as a pm'ametrized
set, therefore enabling us tc
these (‘1(—=.g1-ee;.;,
with

> know all the rational points for curves of
For irredu(:ible, smooth curves of degree 3 equipped
at least one rational point, which are called elliptic curves. C(Q)
form a group called Mordell-Weil Group. This group is always ﬁnitely.
generated abelian group and hence due to fundamental theorem of
finitely generated abelian group, C(Q) is isomorphic to Z" B C(Q),0rs-
Hcl.-e " 15 a non-negative integer and C(Q),,,. is the subgroup of all
rational points of finite order in C(Q). The non-negative integer 7
is called the rank of the elliptic curve over @. In this paper we will

describe the basic theory of Mordell-Weil Group of an elliptic curves
and then focus on rank.

1 Introduction
The most general cubic equation over @ js given by

” - S 3 2 . . y .
Fle.y) = ar® + b2? + cry® + dy® 4 ex? 4 Fey + gy + ha + iy+ =0 (1)

where a. b, c, - .. 1,7 € Q.
A point (i, Y1) on a curve (' js called singulay if
or OF
e ) = (g = 0

D Buragohain™ A Study on the Methad of Findin
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_ o3 is singular. Here (0.0) is a
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Smguly point. The graph of this singular
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18—

- 0.0)
2(a+1) smjufaz Here (
en belou )
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which is the third point of intersection of the curve with the line parallel to y-
axis and passing through P+Q). It P+Q = (r.y). then clearly P+Q = (z. —y).
This is shown in the following diagram.

10 - . . - . r
s} /
I '75/ pa

F1s

-8} [

P+Q
°l - \
o SN

-3 -2 =1 0 1 2 3 5

From the following diagram, it can be seen that the Mordell-Weil group
law is associative.

8 T
af PQ /
%/
i Q or
%

>)§ (P+ayR

-2}
P*(Q+R)

al :“‘W‘W-lmtu §

[
m%\

o

3.1 Special cases

To find P+ P, we have to draw a tangent at the point P. This tangent will

intersect the curve at another point, say
3 A L say P ox P Tho[ ) ‘
v . 1 We s J S
below we will get P+ P a
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Definition 2. Let M be an : -

to be finitely gener Af : [b( o (Lbclu'ug group. Then the abelian group M is said
iately generated if there exist elements my. my. -+ .y in M '

every m € M can be written as g,y in Msuch that

m = nymyp -+ Natng + - - - 4+ Ny
for some integers ny, ny, -0 0y

Finitely generated abelian groups have a very nj

group G, if a,b € G have finite order, tl l ; mieé structure; In an abe 11
' ’ I, then a + b also has fini .

a and —a hav e e also has finite order. Again.
e have always same order. Thus, if T is the s pdet. AEsl

of finite order, then T is a subgroup of & i e set of all clements of

group of G. This subgroup is called the

torsion subgrc s
§ subgroup of G. The F.

enerated abel; following theorem gives the struc : :
generated abelian groups. s the structure of finitely

Theorem 1 (Fundamental T
amental Theorem of Fini A
AT e o . - nitely Gener: i :
If M is an abelian group which is finitely gen(j"(ﬂisllf(;mted Abclian Group:
Y generated then

M=7"&T(M)

P

where T (M) is the torsion subgroup of

which s calle M and r i o
hich is called the rank of M. nd r is a non-negative integer

Proof. For a proof, see [2]and [1].
O

We are now going
5  golng to state th i
elliptic curves which i » PI€ Most important i :
' o ol i oo ant theore ik i
A. Weil. is due to two great Inatlleu'laticial'l: HI_I; 11} t%\f thlcﬁr} ii
’ . J. Mordell at
Thioiegnbl (Mordell- Weil Theorem,)
et e an elliptic cury fined
- b ‘urve defined oyer
(Q) is a finitely generated abelian gri))':';f Q. Then the Mordell- Weil group
Proof. For a proof, see [4].
To prove the Mordell-We; -
e el 5 s s cil theorem, one needs to prove i i
_ as Weak 1\"101‘(](-311-\;\-’@i1 Theop ml {)\\f the following the-
orem. We need this theoren!

ek F bl e ]l(')f] [(” ] 1

Theorem 3. (Weak Mordell-Weil Theores)
s -

Let £ be an elliptic
| - etiptic curve defined
finite index in E(Q). That 4 e oo 3 Then the
12} Lhat is. the quotient group ;f(g(;():/'z?;f{?mm) ‘ZE(@) s
! P L(Q)/2FE(Q) is finite.
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y Mordell- Weil
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S Al B it . . ..7;_ s
This obviously does not effect the group £1(Q). The new equation again ha
118 obviously : dinates the curve will have the form
icients: in the new coordinates the cur 3
' or cocfficients: in tl
imteger o

E:yf =234 a2 + bz
habeZ. Then T = (0,0) is a rational point on £ and satisfies 27 = ().
with a. .

Theorem 5. If P = (x.y) is a rational point on Y = ) = r*+ar? +br+c
e . 2 1
then x,y have the jorm, m n

r=—= =

for some integers m.n,e with e > 0 and ged(m, e) = ged(n,c) =1

Proof. Since = and y are rational, so we can write 7 — a7 and y = ~ in
lowest terms with A7 > 0 and N > (. Substituting these values of r and Yy
OWes :

in the equation of the curve, we find that

n>  md m? m

=—ta— 4" L.
N o ap togE iyt

and then clearing denominators yields

M3n? = N2m3 4 oN2 Mm?* 4 bN2 M2, + cN2Af3

Here we see that N2 | Af%n2. But ged(n, N
prove that M3 | N2,

From equation (4) we immediately see that M| N2p,3,
1, we find that M [ N2 Using this fact back in (4)
M |N. Finally, from the equation (4) :
Thus we have shown that N2 | As3
seen that M | N. So. if we

(4)

) =1,s0 N2 | A3 Now we will

» we get M2 | N2m3, so
» We see that M| N2/p3. g ag3 | N2,
and M*| N2 s pf3 — N2 Also we have
let e = 7, then we find that
, N2 Ap3 N3 N8
2.—.-———:—-—:’\;[ d 3= _ _ &N

M2 a2z T M and ef = Mi- =N
rand y takes the desired form: 4 = ™

- n
= and y = = ]
Let E and E| be

e

Therefore 2

two elliptic cupyeg given by the equ
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5 ;

Y =g? +aa? 4 ba

Eiy =2 g
where @ = —2q and b = 42 — 4b.
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Also, since ged(m, M) =

T defined by

. 'y
, ism @ :
Theol‘em 6. There is a hommnov*ph

' 7
v y(fg“’)), if P=(zY) %PO;T; (7)
(P(P) — { '((jn:"" - zf P_,___O I
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hism ¥
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LS O (8)
N )1
i ‘si(?f?."b))v ¥ £ p=T
— (‘—i‘;,‘—é}"—— f_P::O or
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h - [(OT
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p— 7 t
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1INas -at10
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Hence.

(E(Q) : ¥(E(Q))) = #a(E(Q))

Ovservati Tk
ion II: Using the :
ing the analogous homomorphisin @ E(Q Q*
S Y - ol 2
) s W

find that
This giv . (E(Q) : 2(E(Q))) = #a(E(Q)) | . s v
is gives the following attractive formula for the rank of E( S llvestlgation Of Phytochemlcals n
he rank of E(Q): Om | SOld in the
Market of Tinsukia Town

Using the at :
'sing the above for 5
) e formula we can compute the rank of 11
an elliptic curve. Q
p. Saikia
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have subtle. drug-like effects which can influence your body’s chemistry. Some may help
inhibit the growth of many diseases like cancers or some degenerative diseaqcé kPVtOChCI]-]iC' ls‘l-
rich food is generally used to treat or cure rheumatoid arthritis, but it isAd;:.siljabl >to k o /
which foods are high in content. There are numbers of phytochemicals which '1(;t g L. O',d[rw“Q
an_d therefor_e that protects cells from cancer and cardiovascular diseas.:,f as anltllom ‘dI]LS
urinary tract {ert_:tionS, rheumatoid arthritis, etc. Scientific study has showr; ‘[El1 S ?’e af froflln
consume a dietrich in fruits and vegetables, and therefore in phytochemical ]al ave s lC wer
incidence of many disorders, including cardiovascular disease, diabetes, and s 1ave a owe;
cancer. A.dditionally, phytochemicals may enhance immu;le res 01’132 Cf;ltcml]ltypes ?l
Commumce-ttion, allowing for the body’s built-in defenses to vfork an- C?‘—t(icf
Phytochemicals may even alter estrogen metabolism, cause cancer cells tr-:?ccl)ilee (:pt(;;lt:):;))/.
C )

repair DNA damage caused by smoking and .
i g other toxic expo ; .
Wild vegetables and traditional medicinal plants contain a ety caroimoge.

that have been linked to the promotion of good health
There are thousands of phytochemicals found info
phytochemicals are listed below-

number of organic photochemical

ods of plant origin. Some of common

T . ] "
ablel: Different types of phytochemicals present in vegetables and fruits®

Types Subtypes Examples
Terpenoids Carotenoids Q- carotenes, f3

. -Carotenes, xenthophills, etc.
N ' ‘ 5 p ’
I\/11-1teq:«-:-nomis Saponins, oleanoljc acid, etc.

onoterpenes Limonene, perillyl alcohol, etc,

Steroids Sitosterol, etc.

Polyphenolic compounds '
po Flavonoids flavones, flavonols, isoflavones, flavanones, etc.

Caffeic ’flCid, Vanillic acid, Ferulic acid.,
Rosmarinic acid, etc,

Phenolic compounds are
. secondary plant metabol;
part of human diet and naturally present in a] abolites that a

origin. The majority of natural antioxidants

Phenolic acids

re thought to be an integral
arr:olit all ;.)lant including food products of plant
phenolic compounds, and the most important

]

' . choccurij > of hi
and flz vonols are found in almostevery plant, p L:I lnlall] type of higher plant tissues. Flavones
e s i “H particularly in leave i

IEERIG inors femman ’ yinleaves and petals avonols

flay onoi:ljs, have b;elrt f:!il[l): tt!‘adn_ﬂcn_/(‘)nes, More than 8000 PO]thenoliiczlsisl;:;ﬁéii’ 4000

“ | cutthied in different plant species and th - ing’

How do phytochemicals work - SR
Phytochemical con ipounds have

. , dify Est o
Phytochemical are®: terent biolo

oical A by 1 & .
gical functions. Some possible actions of

272

S . .
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ivi tourc
ctivity and protect ™ i
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atherosclerosis, Alzheimer
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amage" lost ph}’t("Clm‘mcalff h.ave antlo:u e
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Arkingop g disease’
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Ost‘eoporo sis. g ivolved to stimulate
For Stimulation of enzymes: Phytochemica! 2% Tj(:nulate enzymes (a1
lessexalnple, indoles, which are foundin CabbageS;;cer.
. ®ctive and could reduce the risk }Cor bf'Seaf; 4 phytochemical-have Slf ication of cel
Dy NA replication. Saponin® it 3
by g s S
A > PNA from carcinogens. ical have als°
Uljg; Bti-bacterial effect: Some PhYtOChe.m
om garlic has anti-bacterial PP
the . hysica) ackion: Sofe phytochemlc 5 anthocyate™ i educe therisk of

esi 11 walls. P10 es Wi
Uhg: S1on of pathogens to humag(:s mption of cranber™?

hormonal action. For eXamp]eS,
. duce menopausal symptoi:

flay
enzyme activity-
ake the estroge?

cific roleinthe
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Table 1: List of examined vegetables

Sample Local name Family Scientific name Part used

label

A Bengena Solanaceae Solanwmn melongena var - Fruit part
esculenruin

B Bengena Solanaceae Solanum melongena var  Fruit part
serpentivum

C Bengena Solanaceae Salanwm melongena var  Fruit part
depressum

D Bengena Solanaceae Solanum melongena var Fruit part
esculentum

E Boga bengena Solanaceae Solanum melongena var - Fruit part
esculentum

Bengena Solanaceae Solanum melongena var - Fruit part

G Methi Fabaceae Trigonella foenum- Leaf, twigs
graecum

H Tengasi Oxalidaceae Oxalis corniculata 1. Leaf, whole

plant

I Kasu Araceae Colocasia esculenti Leaf, stem

J Jilmil (Bhatua)  Chenopodiaceae Chenopodium album Leaf, twigs

K Khuotura Amaranthaceae Amaranthus viridis Whole plant

Fig

Solanum melongeng var esculentum
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Fig2: Solanum me
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Estj
matij
M .lon of Moisture content
O1sture ¢ . )
€onstant wejght On(l)ﬁm was determined by 2 gravimetric method by drying the samples 0 |
08sin weigl: at 95-100 °C inan oven. cooled inadesiccator and weighted. The percentage
R Test f, was expressed as percentage moisture content.
B4 _,_l-‘ - Anll Ortannins -
SRRk Ab
e BN TN OUt 0,5 ¢ of the di
I 18 10: Chenopodin m”ﬁ | and then filte 5 g of the dried powdered samples was boiled in 20 ml of water inatest tube
{111 | i .
I 8reen g red. A few drops of 0.1 o, ferric chloride was added and observed for prowrish
est f, ablue-black colouration indicates the presence of tannin
DOr Phlobatannins
. “Cpositi
Oiled v; t;;‘;“ of a red precipitate when a1 aqueous extrac! of each plant sample Was
phlobatininS /6 aqueous hydrochloric acid was taken 23 evidence for the presence ®
T .
St for
Ab Aponins
- ; _ th
Rea and ﬁlterscti 2 g of the powdered sample Was poiled in | of distilled water 1 “‘Jai;e:ouzly
gent.s & Chemicals " astab] - 10ml of the filtrate Was mixed with ml of gistilled YR .Sh il alfshaken
i Femc Chloride, Hydy Wgor(lusl e persistent froth. The frothing was mixed with 3 drops of olive Ot
ydride, Ethanol, Clﬂofc?l oric Acid, O st £o ¥: then observed for the formation of emulsion
Methodolo oform, Djst; Veoﬂ’Al'nm . r ﬂavon :
Pr &Y tilled Wae Onia Solutj Sm] oids fltrate Of each
ep;ration of powdereg P ution, Sulphutic ACid,Acetlc Play ext of dilute ammonia solution W' addedtod portion © S tr'fal;(c;(r):tlo; observedi?
.iis e ract C
cut int:;all:lﬂle samples of ;;fmples S‘Zfl extr:Cl followed by addition of concentrated ) ‘A; e”m;l i ppeared
mall pi . otract ingdj - ello
weight of thel g: C; e Weigh:fieltllt.l"alieﬁes Al T ding, tindicated the presenc€ ! flavonoids They
] €
1IN a mixer gri samples > en drieq ; collect Cst
grinder an are agy; inan oo and w for ,
Preparation of dPowdereq sallr:,tiken aOCura?\;en for COnStZSn]}[ed' The samples 2 the? o oml Osfterolds Jch sample with 2]
a € i = by U . i t f
About 1 i Otfl‘leous extract Ple were Preserz' LaStlY, the dn}’;’zlgh t. After dryn_lg 4 ed prlp Uric 5 ('?.Cetlc anhydride was addedto 0.5 gethanollc ?; i some ples mdjcaung the
containing distil cach powde ed for further samples are &1 “Sence g id. The colour changed 1™ violettoblue®"
mixture and the ,Eid A e and-p;:'d Sampleg et st Fsteroids.
e filtrate is Putonm en or tey aml
Preparation of eth - Sireed asagnetic sti '€Quired) j ¢ W Ve penmids (SalkOWSkj test) m, an concenﬂ"ated 0.0 wj
Al anolic ex¢ eous and stjpy, aken in a 100m! beéll"-er ag ml of each ext . cedin? mlof¢ orofor™ fthe inter face WS forn
ut 1 gofeach ract €Xtract ed for 40 mi ; e to areﬁll] 1extract was mix _ o colOl’atlon 0
ethanol (20 ml)and Powdereq sam g minutes. Filter€ Sh() y added to form a Jayer: re dish bro? v
putonvang stinedli}es {(Whep req ReSu] Positive results for the presence of terpen®’
Or 30 m; u]_red . M ts a
my . n ;
futes, Fij )istaken ina 100m: g N d Discussion va
tered 00ml beak Ainine re ; Coment v
Consid ercon® i  tOntent of the ve etables e 2. The moistur
ered as cthanolic ¥ Saley OlSture ¢ i s show? i the a0 i
Ated a5, ontent of the vegetables oon fresh and dry samp
e weight differences W
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; ey = 7 g \
Moisture content (Po) = _ X 100 hymchemlcals inithe T
= . T - Y =Y ey i
A= weight of fresh sample, B=weight of dry sample medicihe Present study carried out on the vegetables samples revealed the presence of
Table 2: Moisture content of the vegetables are SUmna“Y‘athe constituents. The phytochemical screenings of the 11 investigated vegetab}es
Sample Moisture content (%) s pres mi}nzed in Table 3. Tannins and flavonoids are present in all the samples. Phlobatanmr.ls
A 92.81 % . Salflml M most of the sample but absent in samples G H, J and K. Steroid is found only in
B 90.23 % Samp) s K-.TeFDenoid is present in the sample C and F whereas saponis is present only in
C 91.39 % PleHang j,
D 93.45 %
E 92.69 % éalnp[ Table 3: Phytochemicals identified in the vegetables
; es g ] : :
F 89.50 % Tanning Phlobatannins ~ Saponins Flavonoids Steroids Terpenoids
G 84.97 % A N
H 85.49 % + s # -
I 89.37 % B 2 . ) )
J 87.32 % & + -
K 87.83 % 4 4 ) + } +
- D -
Moisture content of all the vegetables were shown in the table 2. Green leafy vegetables + i _ 4 -
are believed to occupy a modest place as a source of trace elements due to their high water E + )
content. The moisture content of the vegetables ranged from 84.9% (Trigonella foenum- P + - + -
graecum, sample - G) to 93.45% (Solanum melongena var esculentum, sample-D). + g } afi
+ -
G -
+ ) ) o -
94.00% H )
92.00% " + - + + -
90.00% 1 N i _
88.00% i 3 -
86.00% Jr + N + - -
84.00% 1~ _ K =
82.00% + W~ + ) o + -
80.00% 8 " +Pre -
< m —— Sent. - :
dug Que g e Wh TElTlnins >~ Absent ; . 4 saponin etc are secondary metabolites
= =3 g § z g 43y T a Chpy W ’ ﬂa-V()ﬁOidS’ phlobatannins, steroid, allial oic, SP° and flavonoids are good natural
oo = L . Ve ] .
“ 38 g3 % = % = 3 § ant.l OXiday, ®d some important biological activitics. Tmnsthat they have strong antioxidant
Ten g ﬂc hvi@. F and the presence of these phytoc’hemmals PrOVTS +chenolic compounds including
I Dla Vongg ;vonoids are a large group of naturally occurring pan Ifich occur inall type of higher
- o thant t‘Ss’ eavonolss isoflavones, flavanones and chalCOHei(‘::sted to play a protective ro_le.m
Figure 12: Comparison between moisture content of the vegetables QSQ de elg ¥.F lav()noids and other phenolics have bee;suiils also have antioxidant actlwt)lf
an‘;" Q“a aljlmem ol cardiovascular discase A arllgcneﬁci'll to lower total cholesl:rl(;
s ti . 5 s 1ine tannin are be . . ._inflamatory
278 Sti atelbac_lel'l'dl activity. Food containing ape ological eftects like anti-inflat

o R R e pharmac
€ Immunity, Terpenoid exhibit some phe
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= e : — %

ffect. anticancer, antibacterial activities. Phlobatannins also have antioxidant effect as well as
= e . 5 i ‘ : j
i ti-inflammatory properties. Steroidal compounds are of importance and interest due to
anti-
their pharmacological effects.

J
i |
Concclzxs':s:on vegetables containing phytochemicals can be very useful to our body SyS_t'el'ﬂS-
These are non-nutritive but very effective t-o our Immune- system. Foods contamil?ﬁ
phytochemicals are already part of our daily dl.et. Pl_lytochemlcals are naturally preselll . éh
many foods but it is expected that through bioengineering new plants will be developed, whi

References

1. Stengaland T.. Remberg S.F. & LyeK_E. (2009)
vegetables. Food Chemisiry, 113,85-9].

Hakkim F. L., Shankar C. G, & Girija S. (2007). Chemical com
Basil (Ocimum sanctum L) leaves, stems g

- Total antioxidant activity in 35 Ugandan fruits and

R

5. UC Cooperative Extension Center for He

alth and Nutrition Res
vniversity of Calitornia, Davis, CA 956 16-§

earch, Department of Nutrition
669, Uctober 2008,

6. WWw.phytochemicals.info

' : iew, Arch of Toxicology, 86,
345397,

8. Edeoga H.O.: Okwy D. E.; and Mbaeb

ie O.B.(2OOS). Phymchemical C
medicinal plant. African Journaj ofBioiechno/r)gy, 4(7), 685-688

9. White P. J. & Xing Y. (1997). Antioxidant from
antioxidants, chemistry, health effects, application

onstituents of some Nigerian

cereals and langmyes. In:Shahidi F (ed) Natural

5.AOAC Press, Champaign, pp 25-63.
NB: This study was a Project work dope

in the departmeny of
partial fulfilment of B.S¢ degy

chemistry. Tinsukia College for the
ee under Dibrugarp Universig,

280

T e e




4

.07-7

Tinsukia College Publication ”“‘Hm“"m mlll
g ID8811913220777

https:tinsukiacollege.in

—



