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ABSTRACT

The Moon, the only natural satellite of Earth, has many unique
characteristics, including, atmosphere temperature and density. Al-
though there was once a magnetic field connecting Earth and the
Moon, this is no longer the case, and the anomalies of the Moon’s
magnetic field present an interesting field of study among its many
mysteries. This research is based on two main models, the Purucker
and Tsunakawa models, to investigate the magnetic anomalies on
the Moon. The polar-orbiting Lunar Prospector, which was in low
(11-66 km) orbit, enabled the first global mapping of the lunar mag-
netic field. In 2007, and 2008, Japan’s Kaguya satellite succeeded
Lunar Prospector, utilizing a triaxial fluxgate magnetometer to in-
vestigate the magnetic fields at 100 km altitude and lower. Using
numerical simulations and observational data, these models char-
acterize the magnetic anomalies on the Moon’s surface and provide
varying perspectives on the variations in the magnetic field. Analysis
and visualisation of data by using Python programming language,
the similarities and differences between the two models’ magnetic
field strengths are examined.
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ABSTRACT

X-Ray Diffraction (XRD) is a versatile, non-destructive analytical technique used to
analyze physical properties such as phase composition, crystal structure, and orientation of
powder, solid, and liquid samples. In this study, XRD analysis was performed on various

compounds from different crystal systems, and their lattice parameters were calculated.

Pressure, like temperature, is another important thermodynamic parameter with the
widest range. It is quite important to know about the materials under pressure since the effect is
more prominent compared to that induced by temperature. X-Ray diffraction measurements have
been made on Aluminium Antimonide (AISb) at high pressure upto 12 GPa and at room
temperature in a Diamond Anvil Cell (DAC) using Molybdenum source and mar345 image plate
detector. The initial Zinc Blende structure of AISb was found to transform at 8.6 GPa into an
orthorhombic structure with a space group cmcm and the reduction in volume, interplanar

spacing, lattice parameter for the zinc blende structure were plotted. The Bulk modulus B 0 and
the pressure derivative B, were deduced from the equation of state using a non linear fitting

method.
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ABSTRACT

Special research has been carried out on lead-free materials to find more efficient
and environmentally friendly alternatives to conventional lead-based perovskite
solar cells. This work draws attention, focuses on the design and fabrication
of lead-free perovskite solar cells using SCAPS-1D software, with methylammo-
nium tin with specific emphasis on iodide as the reactant.

The traditional silicon-based solar cells dominate the market due to their high
efficiency and long-term stability. However, the high cost of manufacturing
and the complexity of the design are major drawbacks. Perovskite solar cells
have emerged as promising options due to low manufacturing cost, flexible op-
erating procedures and high energy conversion efficiencies. Regardless of these
advantages, there are lead related toxicity and environmental concerns which
are affecting the perovskite solar cells.

Methylammonium tin iodide is a promising candidate due to excellent optoelec-
tronic properties, including adequate bandgap and high absorption coefficient,
which are essential for efficient solar energy conversion but require investigating
challenges such as physical properties and material’s environmental impacts are
effectively and efficiently carried out.

In this study, the design of devices are simulated to evaluate the performance
of perovskite solar cells based on C H3N H3Snl3. Key parameters such as layer
thickness, doping concentration, bandgap, temperature and defect density are
analyzed and studied in this. The simulations also provide insights into charge
transport mechanisms and highlight potential efficiency gains through custom-
designed devices.
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ABSTRACT

In this project work, an attempt has been made to develop ZnTiO3 filler based polybutadiene
composites for microwave PCB substrate applications. Ceramic filler based polymer matrix has
great importance in electronic and communication field. Pure phase ceramic filler materials like
ZnTiO3 was prepared through conventional solid state ceramic route. The composite laminates
of different filler fractions have been prepared through well mixing and then followed by
thermal — lamination. The density of the composites have been measured using Archimedes
method. The density varied with filler concentration. The distribution of the filler in the PB
matrix has been studied by Scanning Electron Microscope technique (SEM). The dielectric
properties of the ceramic filled composite laminates have been studied by Vector Network
Analysis (VNA). The prepared substrates can be used as an ideal material for microwave
applications.
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ABSTRACT

We present a simple and fast method for determining the amorphous content in nano samples.
Current methods, such as Fluctuation Electron Microscopy (FEM), are not widely accessible
and are too expensive. They also require specialized software for image processing. X-ray
diffraction (XRD) is also an effective method for this, but it is more accessible at the bulk level
than at the nano level. Hence, electron diffraction is preferable to XRD, as the electron has a
much shorter wavelength than the X-ray wave. Thus, we proposed a method based on Selected
Area Electron Diffraction (SAED) image analysis to quantify the amorphous content of nano
samples. The analysis is based on multiple SAED images of the same sample, which yields
more accurate results. Our semi-automated algorithm uses two parameters, area and entropy,
to estimate the amorphous phase within a nanosample. Here, we tested this algorithm on several
SAED images of three different samples: SiO», carbon nano, and Pt-Ir. Results from the
standard carbon nano sample were compared with XRD results, showing high agreement.
Additional findings are strongly supported by diffraction theory. The proposed algorithm was
performed in MATLAB. Our results indicate that the proposed algorithms have significant
potential for future advancements. Although our main aim is to determine the amorphous
content, in this paper we have also proposed an additional semi-automated algorithm that
processes multiple SAED images of a nano sample to produce the interplanar spacing (d value).
Even if XRD is a well-established method for phase determination, electron diffraction is more
precise at the nanoscale. These d values were compared with standard XRD values from the
JCPDS dataset and showed good agreement. From the indexed SAED images, we determined
the corresponding phases. We applied this procedure to two known samples, TiO (titanium
oxide) and BiSn (bismuth tin), identifying the anatase and rutile phases of TiOz. By analyzing
multiple images, the course information regarding the major chemical phase can be identified.
This methodology represents a basic step in structure determination with promising

development prospects.
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ABSTRACT

Accurately determining the ripeness of fruits is crucial for optimizing their quality,
nutritional value, and marketability. Traditional methods of ripeness assessment, based on
visual inspection and tactile evaluation, are often subjective and inconsistent. This project
explores an innovative approach that integrates the TCS34725 color sensor, image processing
techniques using MATLAB, and artificial intelligence (Al) to develop a precise and reliable
method for detecting papaya maturity stages. Initially, the maturity detection of papayas was
conducted using the TCS34725 color sensor, interfaced with an ESP32 microcontroller, to
capture detailed color information. Additionally, high-resolution video footage was captured
using a smartphone and processed with MATLAB to extract relevant color features.
Comparative analysis revealed that the image processing method provided higher accuracy in
detecting papaya ripeness stages compared to the TCS34725 color sensor alone. Building on
these findings, further analysis was conducted on an additional 19 papaya samples. The
dataset's image-derived color information was used to train Support Vector Machine (SVM)
algorithms. This Al-driven approach enabled the precise classification of papayas into various
ripeness stages based on the combined data. Preliminary results indicate that the integration of
image processing techniques and SVM can provide a highly accurate and reliable method for
detecting papaya maturity. This approach leverages the strengths of sensor technology,
advanced image processing, and Al, offering a scalable and precise solution for ripeness
detection. The implications of this research extend beyond papayas, presenting a promising
method for maturity assessment in other fruits and agricultural products. This approach also

opens up a wide range of applications in various other sectors.
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ABSTRACT

Metamaterials are artificially created composite materials that possesses ex-
traordinary electromagnetic characteristics that are non-existent in nature. Mag-
netic permeability (1) and electric permittivity (¢) are the two basic parameters
characterizing the electromagnetic properties of a medium. In metamaterials,
either both of these factors are negative or any one of them is negative. The neg-
ative permeability metamaterial structure called Split Ring Resonator (SRR) can
be used as electromagnetic sensors by manipulating their structural parameters.
Applying a time-varying electromagnetic field to the structure causes the induced
charge and current distributions to form capacitance and inductance, which leads
SRR to function as a LC resonant circuit. Therefore, the intrinsic values of the
capacitance (C') and inductance (L) determine the resonant frequency of SRR.
Among L and C, the value of C' has more significance. The overall capacitance
of the SRR is determined by several factors. Capacitance due to spacing between
rings (Cy) and capacitance due to split width (Cs) are the most significant factors.
Among C; and C, changes in C; has more importance. Both the inner and outer
split widths contribute to the changes in C;. The objective of the present work
is to investigate the capacitive contribution of outer split gap on the resonance of
SRR. By changing the widths of the inner and outer splits of an SRR structure,
the variations in resonant frequencies are examined. Additionally, the variations
in resonance frequency are investigated when a dielectric sample is fitted in the
inner and outer split gaps. All these investigations shows that the outer split gap
has more impact on the resonance of SRR. Hence, we are able to develop a wide
range of sensors based on SRR for specific applications.

The entire study make use of the HFSS software to construct and simulate
the SRR structure. Also, the results are experimentally verified using VNA. This
project is divided into 5 chapters. A basic overview of metamaterials and split
ring resonators is provided in Chapter 1. The theoretical analysis of SRR is
covered in Chapter 2, along with an introduction to simulation methodologies
and experimental techniques. Chapter 3 deals with the findings of simulation

and experimental studies. Conclusions of work are presented in Chapter 4.
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ABSTRACT

The increasing demand for efficient energy storage solutions has propelled re-
search into advanced materials, such as supercapacitors, known for their high
power density and rapid charge-discharge cycles. This project focuses on synthe-
sizing graphene oxide (GO) using a modified Hummers method and the subsequent
development of Copper Sulfide/Reduced Graphene Oxide (CuS/rGO) nanocom-
posites to enhance supercapacitor performance.

Firstly, graphene oxide is synthesized through an improved Hummers method,
which involves the oxidation of graphite using a combination of strong oxidizers.
This modified approach ensures a higher yield and better quality of graphene oxide
with fewer structural defects. The synthesized GO is then reduced and combined
with copper sulfide (CuS) to form CuS/rGO nanocomposites.

The synthesized materials are characterized using techniques such as X-ray
diffraction (XRD), and Fourier transforms infrared spectroscopy (FT-IR) to ana-
lyze their structural and morphological properties. Electrochemical performance
tests, including cyclic voltammetry (CV) and galvanostatic charge-discharge (GCD),
are conducted to evaluate the supercapacitive behavior of the CuS/rGO nanocom-
posites. Preliminary results indicate that the CuS/rGO nanocomposites exhibit
significantly improved electrochemical performance compared to pristine rGO,
showcasing their potential as promising materials for high-performance superca-
pacitors. This research contributes to the ongoing efforts to develop efficient,

cost-effective, and scalable solutions for energy storage applications.
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Abstract

Sleep is a complicated process that renews both the body and the intellect. EEG signals
may be used to analyze sleep by detecting minute variations throughout different
phases. Characterizing the EEG signal during different periods of sleep, and its
relevance. All of these approaches rely on frequency information to characterize
EEGs. Nonlinear approaches may effectively analyze EEG features under different
neurological situations. This paper talks about sleep paralysis and lucid dreams in
Rem Stage. Sleep paralysis is a state, during waking up or falling asleep, in which
a person is conscious but in a complete state of full-body paralysis. [1][2]. Lucid
dream is discussing about when a person is asleep but aware that they are dreaming.
Nonlinear approaches, such as Permutation Entropy and Dispersion Entropy, may
detect dynamic changes in real-world signals, including EEG, using ordinal pattern
analysis. This research evaluates the effectiveness of approaches for detecting sleep
stages by analyzing changes in their ordinal patterns. Our investigation found little

differences in sleep phases across age groups.
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