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ABSTRACT

Metamateri
1als are artific; :
cially fabricated materials in nano-scale or micro-scale that

have unusu
> unusual electrom -
; agnetic nronertises ¢ ,
gnetic proper ties, that are not found in nature, extending

from electr :
Omagnetic t te e
8 ¢ to acoustic. Tlhe emergence of seismic metamaterials be-

comes of paramo ' st as :
p unt interest as we consider the potential of protection and safety

this can offer in the field of cjvi] engineering and seismology.

This master’s Project investigates the design of structures to create low-
frequency bandgaps on soil substrates for vibration and noise control. Through
analyzing various structural samples, key insights are gained into bandgap for-
mation highlighting the potential of structurally complex shapes for practical ap-
plications. Depth within the soil significantly influences bandgap characteristics,
while optimizing the structure-soil interaction is crucial for effective low-frequency
bandgap formation as the material properties of the soil substrate is shifted with

further penetration of the structure into the soil.

This project dissertation is divided into five chapters. The first chapter
is a short introduction to metamaterials, and acoustic metamaterials. A concise
introduction to the origin of negative parameters in acoustic mctamaterials is
done in the second chapter. The third chapter deals with the theoretical aspects

of seismic metamaterials which include local resonance properties as well as dis-

] elation and methods Of num iCﬂl si latio S a.nd parameters fOI‘ each
persmn I ’ el S lll]ll 1 | j |
t is 1 ed G pter 1 1 h Slllllll&thll (lt\ &, resonant
IChld 5 FOUItll cha ter co 1ains t
sample tes .ed 1S 1I e t

results and discussions. Finally, the fifth chapter contains the
ures,

bandstruct

conclusions derived.
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Chapter 1

Introduction

Metamaterials, in general, are a class of artificial materials engineered to exhibit
properties not found in naturally occurring substanices. They are constructed
from periodic arrangements of sub-wavelength unit cells (generally smaller than
a third of the wavelength), allowing for precise control over wave propagation.
This structured periodicity enables metamaterials to interact with waves in ex-
traordinary ways, leading to extraordinary phenomena such as negative refraction,
super-lensing, and cloaking across various wave domains. Metamaterials, crafted
at a microscopic scale with unique properties, have revolutionized material sci-
ence, and in acoustics, metamaterials leverage these properties to control sound
wave behavior. Specifically designed structures allow us to manipulate wave paths

and character istics enabling effects like negative refraction and wave steering for
’
sound waves.

i ] i i i i TSC fields, f ‘Ol 1 lloise l't‘dllC—

. . [ l

tion to advanced imaging and signa '

tions in ultrasound, architectural acoustics, and the develop-
nnovation:

o sound control. The domain of acoustic metamaterials is
ise s :

processing. Their engineered properties pave

the way for 1
ment of devices for prec
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ABSTRACT

One of the biggest problems facing the glok :

The main cause of water contam; ‘ ‘R SRSV B SNEATn i o S
[ discnarge difir amination is human activity. Numerous industrial
e i s rent types of effluents such as dyes and other heavy metal
cho\;v t bq i "C systems. Even at very low concentrations, these dyes have been
: n to be toxic substance that pose a risk to the environment and living things.

This could eve
ventually re : : :
y result in an entirely out-of-balance ecological systerm.

The eliminati ;
tion of dangerous organic pollutants resulting from human activ-

ity has in signi :
y grown in significance for the creation of environmentally friendly water

treatment methods and techniques. Different wastewater treatments exist. Or-

ganic dyes make up more than 50% of water pollution. These days, photocatalytic

degradation is the most popular method. It is thought to be a cheap, easy, safe,

effective, and nontoxic way to guarantee that all pollutants are fully mineralized

while also producing less hazardous and environmentally friendly inorganic com-

pounds like carbon dioxide and water.

One of the heterogeneous semiconductor photocatalyst Cu Fe,0, nanoparticles

which possess clectrical and chemical properties,catalytic activity are considered
rk, I have studied the photocatalytic dye degradation

to be efficient.In this wo
of Methylene Blue . A hydrothermal method was adopted for the synthesis of
were done using XRD. The optical

noparticles. Structural analysis
ffussion Reflectance Spectrosopy(DRS) and Photo Lumi-

aims to purify water on large scale which is a tiny

CuFex04 na
analysis was done by Di

nescense studies. My project
e welfare of civilization.

step toward th
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Chapter 1

INTRODUCTION

1.1 WATER POLLUTION

Water is the universal solvent of life and a necessary component for all living
things to survive and thrive. Its importance transcends from simple hydration to
include vital functions in industrial operations, agricultural production, ecologi-
cal balance and human health. Serving as the cornerstone of various ecosystems,
its scarcity in certain regions emphasizes how valuable it is and the need for the

prudent preservation and equitable distribution[1].

Water contamination arises from multitude of sources which includes incor-
rect waste disposal, urban sewage, plastic, agricultural runoff, industrial discharge.
These pollutants which include chemicals, heavy metals, synthetic dyes, pathogens
and nutrients; damage human health, disturb ecosystem and deteriorate water

quality. The open channels of rivers, canals and seas receives the tainted water,

dissolves in water bodies in a way that is highly hazardous to human health.

The growing problem of water pollution, mostly caused by non-degradable con-

taminants from industries. Synthetic dyes which are widely used in variety of

tries including textile and cosmetics are among the most common pollutants

indus
t cffect on water system. These dyes are easily dissolved in

, having a significan

ter, giving a vibrant color while subtly changing its chemical composition. It
water,

h tive consequences for human health including skin irritation, allergies and
as negative

cer: in addition it has adverse impact on aquatic life. Their pres-

potentially can
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ABSTRACT

This study focuse

using both g stand

S on the detection of the Hydrogen 21cm line

ard R

ant adio horn antenna and a light weight horn
ntenna constructed from

lightweight mesh. The project involved sev-

(&} S {SAY, S CeSss .
tO al ,]ll VO & ucce SO flll (l(,t( ( t;l()‘l ll'l"l ., ) S ©

ensure accuracy. Subscquently,

we utilized electronic equipment snuch
as low noise amplifiers,

bandpass filters, and spectrum analyzers to en-

ha i i imij '
nce signal reception and eliminate noise. The antennas were strategi-

cally positioned, and observations were conducted while rotating them
to various angles, with a particular focus on the East-West direction.
Additionally, software tools like Stellarium aided in positioning the
antennas relative to celestial objects. Despite initial challenges, in-
cluding signal interference from nearby towers, we persisted, refining
our techniques and utilizing specialized detection software. Eventu-
ally, breakthroughs were made, with redshifts and corrected spectrum
frequencies identified. The Featherlight horn antenna demonstrated
exceptional performance, particularly in mitigating interference. Our
findings underscore the importance of precise antenna design and signal
processing techniques in radio astronomy research. Looking forward,
this study paves the way for further exploration and refinement of an-

tenna technologies in the quest to unravel the mysteries of the universe.
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Chapter 1

INTRODUCTION

An antenna is a reason for radiating or receiving em energy.It can be
considered as a transmissions device tor transducey between a guided
cwave and a free space or vice versa. J.C. Bose horn antenna were
highly popular in the fields of microwave application. Due to its high
gain, bandwidth, good handling capability, it is widely used for astro-
nomical research purposes also. Our galaxy Milky way is the Combi-
nation of stars, dust particles dark matter,gas and solar system. It was
originated before 14 billion years. At the center of the Milky Way, their
lies a supermassive black holes called Sagittarius A which has a mass

equivalent to 4.1 million times the sun. Our solar system is located in

one of the spiral arms (Surrounding the central bulge) known as the

Figure 1.1: Milkyway
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ABSTRACT

R'&‘C&mh on carbon quantum dots is intcresting and is of unlimited opportuni-
ties because of its various practical applications, including biosensing, sustained
conductivity and fluorescence, and reduced toxicity.

Additional investigation into its characteristics may result in significant progress
across various scientific domains and enhanced utilization of carbon quantutn dots.
They arc currently cmployed as photocatalysts, biosensors, and drug transporters.
The goal of this research Is to synthesize, characterize, and study carbon quantum
dots’ thermal diffusivity and antibacterial properties. The hydrothermal approach
is the most straightforward and economical way to complete the synthesis.

It Is addressed how to use characterization techniques including optical charac-
teristics, photoluminescence bandgap, UV-visible spectroscopy; and X-ray diffrac-
tion spectroscopy.Single beam thermal lensing is used to monitor the variation of
thermal diffusivity with concentration since it is an extremely sensitive mcthod of
determining the thermal diffusivity of the given sample. Since carbon quantum
dots have strong antibacterial properties, an attempt has been made in this work

to see how they affect bacteria like S. aureus and E. coli.

RS e |
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Chapter 1

INTRODUCTION

1.1 BRIEF INTRODUCTION TO CARBON
QUANTUM DOTS

Carbon quantum dots (CQDs) are a new class of fluorescence small carbon nano
particles with a particle size of less than 10 nm and have vast applications in the
field of bio imaging, bio sensing and disease detection. Because of their reduced
particle sizes, superior biocompatibility, excitation wavelength-dependent photo-
luminescence (PL) behaviour, photo-induced electron transfer, chemical inertness,
and low toxicity, these materials show promise for use in nano-biotechnology(2].
Compared to conventional fluorescent semiconductor quantum dots, these materi-
als have superior fluorescence features, including broad excitation spectra, narrow
and tunable emission spectra, and great photo stability against photo bleaching
and blinking. These materials arc less hazardous and chemically inert, making
them useful as carriers for biological imaging and drug delivery. They can also
be functionalized with bio molecules. Additionally, CQDs show promise in the
fields of optronics, sensors, and electrochemical luminescence. Hola et al. provide
a brief overview of the fundamental photoluminescence characteristics of carbon

dots as well as their sophisticated in vitro and in vivo bio applications, including

targeted drug administration(7].
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ABSTRACT

Liquid concentration measurements play a crucial role in various industrial and
scientific applications, ranging from pharmaceuticals to environmental monitor-
ing. In this project, we investigate the efficiancy of Complementary Split Ring
Resonators (CSRR) for precisely determining the concentration of NaCl solhitions.
We compare the performance of modified CSRRs with conventional CSRRs to as-
certain improvements in sensitivity and accuracy. Both modified and conventional
CSRR setups exhibit a noticeable correlation between the resonant frequency and
the concentration of the NaCl solution. Through continous experiments, we ob-
serve that as the concentration of the NaCl solution increases, there is a systematic
shift in the resonant frequency of the CSRR. This shift is due to changes in the di-
electric properties of the surrounding medium, impacting the effective capacitance
and inductance of the CSRR structure. Furthermore, we analyze the relationship
between the concentration of the NaCl solution and the frequency shift in both
modified and conventional CSRR configurations. Our findings reveal that the
frequency shift exhibits a proportional increase with changes in concentration,
while resonance frequency exhibit a decrease in its value with increase in con-
centration. Moreover, we study the comparative performance of frequency versus
transmitted power characteristics for both modified and conventional CSRR se-
tups. Our results demonstrate distinet advantages of the modified CSRR over
the conventional CSSR, showcasing enhanced sensitivity and a broader dynamic
range in frequency-based concentration measurements. In summary, through this
project we can understand the potential of CSRR-based sensors for precise liquid
concentration measurements,in NaCl solutions. The comparison between modi-
fied and conventional CSRR configurations shows us the advantages of innovative
design modifications, paving the way for improved sensing capabilities in diverse

applications requiring accurate concentration determination.
This dissertation is divided into 5 chapters.The first chapter consists of in-
troduction to metamaterials, Theoretical analysis of CSRR is included in chap-

ter 2.Simulation,Fabrication and Sample Preparation in chapter 3.Chapter 4 and

chapter 5 deals with results and conclusions
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Chapter 1

INTRODUCTION

1.1 METAMATERIALS

Metamaterials, dencted by the prefix ”meta” meaning ”beyond” in Greek, repre-
sent artificial materials exhibiting electromagnetic characteristics not present in
natural materials such as glass or diamond. Unlike conventional materials with
positive electrical permittivity, magnetic permeability, and refractive index, meta-
materials, also known as negative index materials (NIM), double negative (DNG)
media, left-handed (LH) materials, or backward wave (BW) media, display nega-
tive values for these parameters.

These unconventional material properties enable the creation of miniaturized
antennas and microwave components for applications in wireless communications
and defense industries. In the field of optics, metamaterials introduce the possibil-
ity of a "super” lens capable of focusing on features smaller than the wavelength
of the light itself. This advancement opens avenuces for sub-wavelength magnetic
resonance imaging (MRI) in medical applications, offering increased resolution for
observing minute cancerous cells.

Notably, the electrical permittivity (€) and magnetic permeability (4) of meta
materials are negative, leading to a negative refractive index. Consequently, when
iight enters meta materials from a vacuum, it bends away from the normal direc-
tion, contrary to the typical bending towards the normal in conventional materials.

An immediate consequence of negative € and j in meta materials is the forma-

tion of a left-handed triplet in the electric field (E), magnetic field (H), and phase
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ABSTRACT

A novel class S

sobA n;:::A:;ijlzfjhfn}‘(l (?‘““]’USN(‘ material called nanofluids is made up of

fuid. Wi ‘ S (size ranging from 1 to 100 nm )scattered throughout a base
: ; 1(’1{ compared to other noble metals, copper nanoparticles have superior

Cata]};‘.lc effectiveness, which has drawn a lot of attention to them.

T?HS work represents chemical synthesis of copper nanoparticles and its char-
acterisation. Here a detailed description of Thermal Lens technique which is an
application of copper nanoparticle is presented. Thermal lens spectroscopy Was
used to obtain the thermal diffusivity of Cu Nps for different concentrations. Us-
ing single beam mode matched thermal lensing technique determine the thermo
optic properties of synthesised systemn.

The fundamental idea behind photothermal method is the thermal lens ef-
fect, which is caused by an excited species that, when exposed to a laser beam
with a Gaussian intensity profile, experiences nonradiative relaxation. Copper
nanoparticles used in random lasers and biomedical application.

In this paper also determined Antibacterial activity using the test orgnisms
E.colli and S.aurues. Copper nanoparticles give good result in both gram positive

and gram negative antibacterial study.
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Chapter 1

INTRODUCTION

I\TRDO-haSCd fluids, which arc composed of a basc fluid and a small amount of nano-
sized metal particles or metal oxides, are used in a variety of human applications,
such as power and chemical engineering devices, medicine, clectronics and more.

In the history of nano fluids we can see theory of heat transport was initially
developed thanks to Galileo. Galilei developed the Galilean thermometer in the
middle of the sixteenth century, and in the eighteenth century, he proposed New-
ton’s Law of Cooling. One more The breakthrough in 1822 came from Fourier’s
mathematical theory of heat transmission. In addition, it resulted in the for-
mulation of several basic theories related to heat, temperature, thermal energy,

thermodynamics, and many other topics.[4, 7, 8].

Several scientists have used a variety of active and passive techniques to en-

hance the heat transmission mechanisms in liquids [6]. By dispersing extremely

small magnetic particles in typical heat transfer fluids, a research team under

the direction of Akoh et al. investigated the impact of particle suspension on
heat transmission for the first time (2]. Later, Maxwell, Hamilton, and Crosser

posed a number of ground-brcaking theories on the thermal conductivity of
propos ;
lid-liquid combinatiOHS[n] Because of its multifunctional character, nanofluid
solid-liqu1 : ;

ffi array possibilities for research and exploration at the leading edges of
offers an

nanotechnology-
Although theoret
started, the biggest obst

. ca] Tesearch on potential heat transfer processes has been
ice

acle to date is still knowing how heat is transferred in
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ABSTRACT

We can calculate n fold integrals and derivative exponentially faster us-
ing fractional calculus which save computational cost. in this theses we
can find errors in gamma function so we need new gamma function,we
also discuss gamma function for variables,we can also find laplace trans-
form of functions whose value is oo

Here we are using python to demonstrate the power of fractional calcu-
lus.we can also find negative integer factorial we can find general trend

using (-1)!=1/0 apply left limit and right limit

S |
lim - =00
=0+ T

In all research need for computing power is increasing day by day.Even
though we have super computer .it is not sufficient fulfill needs of
all kinds of research.Many researchers can’t afford to use super com-
puter.so what we do?.There are 3 ways to solve this issue.first one is re-
searchers can use distributed systems like boinc distributed computing
software,another one is using CUDA along with Nvidia GPU or using

cloud computing to accelerate computing task,last one is optimizing

the Algorithm using various mathematical tools to save computational
cost.we are modifying conventional method to solve n fold integrals not
only that we can find gamma function of zero I'(0) # co.We can solve n
fold integrals exponentiaally faster along with less memory usage.These
problems are seen in many fields like physics,mathematics,computer
science,digital biology,chemistry.

In physics we can use this method in signal processing,image analy-
sis,control systems.

In computer science we can optimize machine learning tasks.
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Chapter 1

INTRODUCTION

fractional calculus is extension of differentiation and integration to com-
plex number order or quaternions (4D numbers) _Fractional calculus
has been applied in various fields, including physics, engineering, and

finance. [4]
The results of fractional calculus have applications in various fields, including

signal processing, control theory, and image processing.

in calculus we have clear physical,geometric interpretations

we are going to extend gamma function to find negative integer factorial we
will prove that it is not oo but a function when we extend gamma function we

can solve n fold derivatives or integral faster using our function. we can’t find

laplace transform of some functions but using extended gamma function we can

find it.These have applications in FFT (Fast fourier transform)

we have to find general trend of different function in order to find n-fold inte-

gral/derivative

if we extend permutation we can solve many problems in fractional calcu-

Jus much more easily. This extension of permutation is called fractional permu-

tation.Domain of fractional permutation is complex numbers or quaternions (4D

numbers).permutation is approximation of fractional permutation

Scanned with ACE Scanner
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ABSTRACT

\[-tlal.l "

i 1ater lal\‘ are artifie; |

e F S are artificially falew: i i |
]( ]-\“:\ 1\])] “'”‘»U(l l]l;l'v(l. 1“.'.' h“. 1mng 'Illll].'\lnl (‘.](‘(ft OIT118, r]l(‘.t](“

properties. Permittivity g | i : -
Y and permeability are two electromagnetic properties of

ma ,Oria[. )\ atll ¥ Y O S 1AY
t S. \].»l\“" SO X q' 'V A\’ 'JI'I ] ittivi
ally OC( "ll"lu ]ll?”.(‘-l'l!ll; llt e I)()- itive 'l'l”ﬂ‘. e abs I

'Elll(l perm ﬂl)ll]l '’ hi e ] A% 24
e V. W vt : ive v, s f itti
3 \ hll 2 ¢ hl]llnlul‘luj. hﬂ ¢ ne ﬂ,“ e ;J.]”C.' 01 the I) - "“tutl

1ty and permeability, Split Ring Resonators (SRR) is the negative permeability
counter part of the metamaterial, There are different types of SRR in size and
S.hape. SRR consists of two metallic copper ring structures with a split at opposite

sides. The Complementary Split Ring Resonator (CSRR) is the complementary

structure of SRR. This SRR and CSRR exhibits LC resonance nature due to the

capacitance and inductance arise in them due the charges and current induced in

the structure when a time varying electromagnetic field is applied to the structure.

This project focuses on the sensing application of the CSRR sensor.

In this project work, a modified structure of the CSRR sensor with enhanced
resonance characteristics is introduced. This modified CSRR sensor is designed,
simulated and experimentally verified. The simulation of the structure is done in
High Frequency structure simulator (HFSS) software and experimentally verified
using the device Vector Network Analyzer (VNA). The simulation results and the
experimental results are in good agreement. Compaction analysis of food pow-
ders(Corn flour, Gram flour, Refined Wheat flour and Ragi flour) are done as an

application of this modified CSRR sensor with enhanced resonance characteris-

tics. The food powders in packing stage requires minimum volume to reduce the

shelf space. The volume can be minimized by maximizing the density of the food

powders. The density of the food powders can be determined with the modified

CSRR sensor. This helps in minimizing the volume of the food powders at packing

stage. This thesis i divided into five chapters. The fist chapter gives an introduc-

tion to metamaterials. The second chapter deals with theoretical analysis of the

CSRR sensor. The designing, simulation, fabrication and experimental methods

iven in third chapter Fourth chapter contains the results of simulation and
are gl §an

The fifth chapter incorporates the conclusion of the work done in

experiments.

this project.
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ABSTRACT

Water pollution is the major environmental issue faced by the world today. Scarcity
of pure water deadly affect the life of living beings on the earth. Most of the rea-
sons for water pollution arises from human activities. Many hazardous effluent
reaching the water sources are from industrics, for example dyes. Dyes are the
toxic agents which threat the life of living beings. Very little amount of dye can
affect the organisms severely.

Sustainable water treatment strategies includes the removal of endangered con-
taminants from the water resources. There are ways to remove the contaminants
from water. Photocatalytic degradation is a widely accepted technique for re-
moval of dyes. It is very simple, effective, and eco-friendly degradation method
which degrade the toxic components completely into water and carbon dioxide
and no other secondary toxic byproducts formed. In the past 15 years studies on
calcium tungstate as a photocatalyst were extensively done, due to it’s character-
istics such as high stability, less toxicity and other characteristics.
Photocatalytic degradation of methylene blue dye using CaW Q4 as photocata-
lyst as sunlight as the source of light was studied in this project. Percentage of
degradation of photocatalysis using 0.1 molar, 0.2 molar and recycled CalV’Oyq
were compared. CaWOy4 was synthesised by precipitation method. Analytical
techniques such as XRD, DRS and PL spectroscopy was taken. The antibacterial
activity of CaW Oy also validated. This project solely aims at better advancement

of society in purification of water.
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Chapter 1

INTRODUCTION

1.1 WATER POLLUTION

Wader is the most important component of life which is necessary for the exis-
tence of all living beings. The earth is almost composed of water, that is 71 % of
the earth is filled with water[1]. Now the world faces tremendous cnvironmental
issues and one of the biggest problems we face is the hazardous wastes contami-
nating the groundwater. The rapid increase in pollution is due to the growth of
population and industries. The pollution can be from the civilian, commercial,
and defence sectors. For example, the waste from military installations causes
the disposal of wastes in lagoons and it may cause the pollution of groundwater
with a variety of hazardous chemicals[15]. Also, the environment is polluted by
the toxic effluents from textile industries, agriculture, pharmaceuticals, etc. This

will affect the quality of water and thereby the life of human beings.

1.2 WASTE WATER TREATMENT METHODS

One of the major challenges in this 21st century is the availability of clean and

safe water. Even though 71

suffering from poor water qu
are implemented to solve this issue and to yield more water resources. Rainwater

harvesting for daily activities

% of the world is filled with water, living beings are

ality. With this growing demand, various strategies

and increasing storm-water capturing capacity are
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ABSTRACT

4 arra s ] « on ]il-‘ (8)) v
y lavo a ] L ] “t- ‘_ ()r more 'vll“ll I() J > 8 >

itl ' :
a 1 the development of electronic and informa-
tion technologies,

playing an ind; : : :

tion d rad aying an indispensable role in wireless communica=
ions and radar. T\

. Tos : : ‘ ;

upport the ever-increasing demand on connectiv=

ity and datarates, multiple beam antennas are identified as a critical
technology for the fifth generation (5G), the sixth generation (6G) and
ERw ge.nerally beyond 5G (B5G) wireless communication links in both
terrestrial networks and non-terrestrial networks. With the rapid de-
velopment of electronic and information technologies, the demand for
all-time, all-domain, and full-space network services has exploded, and
new communication requirements have been put forward on various
space/air/ground platforms. To meet the ever increasing requirements
of the future sixth generation (6G) wireless communications, such as
high capacity, wide coverage, low latency, and strong robustness, it is
promising to employ different types of antenna arrays (e.g., phased ar-
rays, digital arrays, and reconfigurable intelligent surfaces, etc.) with
various beamforming technologies (e.g., analog beamforming, digital
beamforming, hybrid beamforming, and passive beamforming, etc.)
in space/air/ground communication networks, bringing in advantages
such as considerable antenna gains, multiplexing gains, and diversity
gains. However, enabling antenna array for space/air/ground com-
munication networks poses specific, distinctive and tricky challenges,
which has aroused extensive research attention. In this thesis, the
principle of operation, design, and implementation of multiple beam-
forming networks are discussed. The suitability of these sub-systems

for 5 G and 6G antenna arrays is reviewed. Major technologies and

future works are highlighted.
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Chapter 1

INTRODUCTION

1.1 METAMATERIALS

Metamaterials are artificially fabricated materials in nanoscale or microscale,

that have extraordinary kind of electromagnetic properties that showing negative
values for refractive index n. They are also called metamaterial if one parameter
show negative value. There is no exact definition for metamaterials. The word
metamaterial arise from a Greek word meta, meaning “beyond”and Latin word
materia,meaning “matter’or “material”. The term metametrial was introduced
by Rodger M. Waitser in 2011. It consist of assembly of multiple discrete con-
stituents called meta atoms, which can be considered as artificial atoms. They
are constructed from materials such as plastics,metals etc. with befitting capac-
itive and inductive characteristics. They are arranged in periodic arrays at scale
smaller than the wavelength of the phenomena observed. All naturally occurring
materials such as gold,diamond,glass etc. They are called Negative Index Materi-
als(NIM) or Double Negative Media(DNG) and later one called as Single Negative

(SNG) medium. The behaviour of materials to electromagnetic waves depends on

it’s value of permittivity and permeability. In case of metamaterials when we

substitute the negative values of both p
a left handed triplet of electric field, magnetic field and phase vector(k),

normal materials it is a right handed triplet. Here the phase vector

arameters in the four Maxwell equations,
we get

but in case of
and and poynting vector arc in opposite direction. As a result the wave flows in

odcward direction in case of metamaterials. The benefit of metamaterials over
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ABSTRACT

In this project, we searched for a potential correlation between spectral index and
galactic parameters like linear size and red-shift in a sample of FR-II Galaxies
within a linear size range of 0-100 Kpc (based on APPENDIX A: CATA-
LOGUE OF THE CAMBRIDGE-SDSS FR-II RADIO GALAXIES). A

comprehensive analysis was conducted on 68 radio sources using data obtained

from the NASA IPAC / NED database and the corresponding plots were traced

with Python pandas module. The research findings indicate no significant corre-

lation between the calculated spectral index and either of the parameters such as
linear size and red shift.
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4.3.9 Object Name: 87GB 080956.24+-530653 . . . . . ... ... 32
4.3.10 Object Name: 87GB 085721.7+512220 . . . . . ... . .. 32
4.3.11 Object Name: 87GB 132358.5+543323 . . . . .. .. ... 33
4.3.12 Object Name: 87GB 134359.54362320 . . . . . . .. ... 33
4313 Object Name: 87GB 140359.64+600020 . . . . . . .. . .. 34
4.3.14 Object Name: B2 0812438 . . . . ... ... ... ... .. 34
4.3.15 Object Name: B20913+38 . . . ... ......... ... 35
4.3.16 Object Name: B2 1033436 . . . ... ......... ... 35
4.3.17 Object Name: B2 120434 . . . . ... ... ..., ... 36
4.3.18 Object Name: B2 1237438 . . . . L 36
4.3.19 Object Name: B21332+38 . . ... ........... .. 37
4.3.20 Object Name: B2 1539435 . . ... ... 37
4.3.21 Object Name: B3 07554379A . . . . . ... 38




4.3.22
4.3.23
4.3.24
4.3.25
4.3.26
4.3.27
4.3.28
4.3.29
4.3.30
4.3.31
4.3.32
4.3.33
4.3.34
4.3.35
4.3.36
4.3.37
4.3.38
4.3.39
4.3.40
4.3.41
4.3.42
4.3.43
4.3.44
4.3.45
4.3.46
4.3.47
4.3.48
4.3.49
4.3.50
4.3.51
4.3.52
4.3.53
4.3.54

Object Name:
Object Name:
Object Name:
ODbject Name:
Object. Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:
Object Name:

B3 08114451
B3 08271438
B3 1019+451
B3 10424475
B3 1218+421
B3 14124410 . . . . . . ...
B3 14574414 . . .. ..o
B3 1538+425 . . . . ...
B3 1540+476 . . . . ... ...
CGCG150-014 . . . ... ... .. ... ..
CGCG 183-022 . . . ... ... .. ... ..

FIRST J154059.4+345216 . . . . . . . . . .
LRG J125411.67+273732.7 . . . .« . . . .
MRC 12164061A . . . o o o oo
NGC 2484 . o o oo
NGCA261 .« o o oo oo
NVSS J141418+405226 . . . . . . . . . . .
NVSS J145939+411758 . . . . . . . . ...
NVSS J160817+315046 . . . . . . . . ...
SDSS J153557.724512552.6 . . . . . . . . .
UGC 08782 « + o o e
VLSS J1334.945843 . . . . .. ... . ...
WISEA J084803.34+580948.4 . . . . . . . .
WISEA J112839.51+564017.3 . . . . . . . .
WISEA J134541.65+312406.6 . . . . . . . .
WISEA J142644.07+493237.7 . . . . . . . .
WISEA J153218.95+493756.2 . . . . . . . .
WISEA J153557.634+512530.8 . . . . . . . .
NVSS J134616+360900 . . . . . .. .. ..
MCG +05-21-006 . . . . . .. .. ... ...
B3 07274450 . . o o
87GB 153427.24-513530

38
39
39
40
40
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1.3.55 Object Name: (HB89)0235+ 164
1.3.56  Object Name- 87GB 131813.04+19090%

Designations of Catalogue in the Names of Gal

axies . . . . . . ..

Results and Discussions

5.1
5.2
5.3
5.4
5.5

Observed data for Linear size range 0-50 Kpc

Observed data for Linear size range 50-100 Kpc

Consolidated Plots between Linear Size and Spectral index . . . .

Consolidated Plots between Red shift and Spectral index
Conclusion




