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Saw Dust 
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Abstract 
In this work, nanocellulose was extracted and fibrillated from wooden saw dust of Malaysian 

wood. The fibrillation of cellulose nanoparticles was done by two major steps such as chemical 

pre-treatment and acid hydrolysis. Firstly, the saw dust was pre-treated with alkali, and then 

de-waxing of saw dust was done. Then cellulose was extracted. Finally, it was chemically 

washed etc. The extracted chemically purified cellulose was further treated with acid hydrolysis 

process and then fibrillated into nanofibres by using high intensity ultrasonication. After the 

fibrillation process of nanofibres, some basic characterization process were adopted for 

determination of presence of functional groups, morphology, shape and size etc. by FTIR, FE-

SEM, EDS and XRD. The FTIR result indicated that lignin and hemicelluloses were eliminated 

from cellulose. The XRD result showed that the crystallinity was approximately 61.64% and 

diameters of fibres ranged from 8 to 20 nm. The EDS result confirmed that nanocellulose 

particles contain carbon and oxygen as main component.  

 

Keywords: Saw dust, chemical treatment, ultrasonication, nanocellulose, nanocomposite 
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INTRODUCTION 

Cellulose is a naturally occurring bio-polymer 

which is extracted from various types of natural 

sources like roots, leaf, stem of trees and plants, 

domestic waste and agro-industrial residue etc. 

Nowadays cellulose is widely used in many 

fields and industries for different kinds of 

applications because of its availability, bio-

compatibility, bio-degradability and 

sustainability [1]. Nowadays nanocellulose has 

gained more attention by researchers due to 

their exceptional mechanical properties (high 

specific strength and modulus), large specific 

surface area, low coefficient of thermal 

expansion, high aspect ratio, environmental 

benefits, low cost and widely used in medicine 

and pharmaceuticals, electronics, composite 

materials, construction and industries etc [2]. 

But their major application are used in the field 

of composite materials, where nanocellulose 

are used as reinforcing agent in matrices of 

polymer, which enhance the mechanical 

strength as well as thermal barrier properties of 

composites. 

 

The major sources of cellulose are wood, 

soybean, wheat straw, rice husk, lemon, maize, 

coconut husk fibre, banana rachis, sisal and 

many other natural products [3]. But extraction 

of cellulose from these natural products is a 

very complex and it involve various chemical 

processing steps like alkali treatment, de-

waxing of sample, extraction of cellulose, acid 

hydrolysis and ultrasonication of cellulose. In 

all these chemicals processes de-waxing and 

extraction of cellulose is very essential. De-

waxing is very long and time-consuming 

process but major advantage of this process is 

removal of wax/oily liquid from the sample of 

products. After that one more important process 

is extraction of cellulose, where some 

chemicals can be used for removal of lignin 

from the sample in order to obtained pure 

cellulose [4].  
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The present investigation is concerned with a two dimensional axisymmetric problem in a homogeneous 
isotropic micropolar porous thermoelastic circular plate by using the eigen value approach. The Laplace and 
Hankel transform are used to solve the problem. The expression of displacements, microrotation, volume fraction 
field, temperature distribution and stresses are obtained in the transformed domain subjected to thermomechanical 
sources. A computer algorithm is developed for numerical computations. To obtain the resulting quantities in a 
physical domain, a numerical inversion technique is used. The resulting quantities are depicted graphically for a 
specific model. Some special cases are also deduced. 

 
Key words:  micropolar porous thermoelasticity, eigen value, Laplace and Hankel transforms, thermomechanical 

sources. 
 

1. Introduction 
 
 The theory of micropolar elasticity developed by Eringen [1] aroused much interest because of its 
possible utility in investigating the deformation properties of solids for which the classical theory is 
inadequate. The micropolar theory is significantly useful for investigating materials consisting of bar-like 
molecules which exhibit microrotation effects and support body and surface couples. A special micropolar 
material was fabricated in which a uniformly distributed rigid aluminium shot was cast in an elastic epoxy 
matrix by Gauthier [2] and the values of the relevant parameters based on specimen of aluminium-epoxy 
composite were investigated. 
 The linear theory of micropolar thermoelasticity was developed by Eringen [3] and Nowacki [4] to 
include thermal effects. Touchert et al. [5] developed the linear theory of micropolar thermoelasticity in 
which Duhamel-Neumann analogy is extended to micropolar materials and the thermoelastic problem is 
reduced to a corresponding isothermal one with body forces and couples. Boschi and Iesan [6] investigated 
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Optimal Eighth Order Convergent Iteration Scheme Based
on Lagrange Interpolation
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Abstract In this paper, based on fourth order Ostrowski method, we derive an optimal eighth order iteration

scheme for obtaining simple roots of nonlinear equations using Lagrange interpolation and suitable weight

functions. The scheme requires three evaluations of the function and one evaluation of the first derivative

per iteration. Numerical examples are included to confirm the theoretical results and to show the competitive

performance of the proposed iteration scheme.

Keywords nonlinear equations; Ostrowski method; Lagrange interpolation; order of convergence; efficiency

index

2000 MR Subject Classification 65H05; 65B99

1 Introduction

Solving nonlinear equations is one of the most important problems in numerical analysis[5,26].
A great importance of this subject has led to the development of many iterative methods.
Throughout the paper, we consider iterative methods to find a simple root α i.e. f(α) = 0 and
f ′(α) �= 0 of a nonlinear equation f(x) = 0, where f : I ⊂ R → R for an open interval I.

Newton method is probably the most widely used algorithm for the calculation of α, which
is given as

xk+1 = xk − f(xk)
f ′(xk)

. (1)

This method has quadratic convergence[26,36] and requires two evaluations per iteration namely
f and f ′.

As the order of an iterative method increases, so does the number of functional evaluations,
which increases cost of method also. The efficiency index[11] of the method gives a measure of
the balance between these quantities and is defined by p1/n, where p is the order of the method
and n is the number of functional evaluations per iteration. The major aim in category of
iterative methods is to develop most efficient methods. Kung and Traub[21] introduced the idea
of optimality that order of a method cannot exceed optimal order 2n−1. Among the category
of two-step methods requiring three functional evaluations, a method of optimal order four
would be constructed and in case of three-step methods requiring four functional evaluations,
an optimal formation is the construction of eighth order methods.

The famous Ostrowski method[27] is an example of two-step fourth order optimal method,

Manuscript received June 18, 2015. Revised June 22, 2017.



Eigen value approach for dual
phase lag micropolar porous

thermoelastic circular plate with
ramp type heating
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Abstract
Purpose – The purpose of this paper is to investigate a two dimensional problem of micropolar porous
thermoelastic circular plate subjected to ramp type heating.
Design/methodology/approach – Three phase lag theory of thermoelasticity has been used to formulate
the problem. A numerical inversion technique is applied to obtain the result in the physical domain.
The numerical values of the resulting quantities are presented graphically to show the effect of porosity and
dual phase lag model. Some particular cases are also presented.
Findings – The Laplace and Hankel transforms are employed followed by the eigen value approach to obtain
the components of displacements, microrotation, volume fraction field, temperature distribution and stresses
in the transformed domain.
Originality/value – This paper fulfils the need to study the two-dimensional problem of micropolar porous
thermoelastic circular plate subjected to ramp type heating.
Keywords Dual phase lag model, Eigen value approach, Laplace and Hankel transform,
Micropolar porous thermoelastic
Paper type Research paper

1. Introduction
Eringen and Suhubi (1964) and Suhubi and Eringen (1964) presented a general theory of
non-linear microelastic continuum in which the balance laws of continuum mechanics are
supplemented and the intrinsic motions of the microelement contained in a macro-volume
are considered. The micromorphic continuum theory was developed by Eringen (1965) as an
extension of the theory introduced by Eringen and Suhubi (1964). A micromorphic
continuum is a collection of material particles which can undergo classical motion and
deform. The deformation of material is assumed to be affine. Thus, every material point in
this body possesses 12 degrees of freedom: three for macro motion and nine for
micromotion. Eringen (1966a, b) established theories for a subclass of micromorphic
materials show microrotational effects and microrotational inertia.

The theory of micropolar elasticity was extended to include thermal effects by Nowacki
(1966a, b, c), Eringen (1970), Tauchert et al. (1968), Tauchert (1971), Nowacki and Olszak (1974).
Sherief (1986) obtained the solution of the problem of determining the stress and temperature
distributions with a continuous heat source in an infinite elastic body by using Laplace
transform technique governed by the equations of generalised thermoelasticity. One can refer
to Dhaliwal and Singh (1987) for a review on the micropolar thermoelasticity and a historical
survey of the subject, as well as to Eringen andKafadar (1987) in the Continuum Physics series,
in which the general theory of micromorphic media has been summed up.

Multidiscipline Modeling in
Materials and Structures
Vol. 13 No. 4, 2017
pp. 550-567
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PLANE STRAIN PROBLEM IN A ROTATING
MICROSTRETCH THERMOELASTIC SOLID

WITH MICROTEMPERATURES

Praveen Ailawalia, Sunil Kumar Sachdeva,
and Devinder Singh Pathania

Abstract. A two-dimensional problem in an infinite microstretch thermoe-
lastic solid with microtemperatures subjected to a mechanical source is stud-
ied. The medium is rotating with a uniform angular velocity Ω⃗. The normal
mode analysis is used to obtain the exact expressions for the component of
normal displacement, microtemperature, normal force stress, microstress ten-
sor, temperature distribution, heat flux moment tensor and tangential couple
stress. The effect of microrotation and stretch on the considered variables are
illustrated graphically.

1. Introduction

The dynamical interaction between the thermal and mechanical response has
great practical applications in modern aeronautics, astronatics, nuclear reactors,
and high-energy particle accelerators. Classical elasticity is not adequate to model
the behavior of materials possessing internal structure. Furthermore, the microp-
olar elastic model is more realistic than the purely elastic theory for studying the
response of materials to external stimuli. Eringen and Suhubi [1] and Suhubi and
Eringen [2] developed a nonlinear theory of micro-elastic solids. Later Eringen [3–5]
developed a theory for the special class of micro-elastic materials and called it
the “linear theory of micropolar elasticity”. Under this theory, solids can undergo
macro-deformations and micro-rotations. Eringen [6] developed a theory of thermo
microstretch elastic solids in which he included microstructural expansions and con-
tractions. The material points of microstretch solids can stretch and contract inde-
pendently of their translations and rotations. Microstretch continuum is a model
for Bravais lattice with a basis on the atomic level and a two phase dipolar solid
with a core on the macroscopic level. For example, composite materials reinforced
with chopped elastic fibres, porous media whose pores are filled with gas or inviscid

2010 Mathematics Subject Classification: 74F05; 74E10; 74F10.
Key words and phrases: thermoelasticity, microstretch, microtemperature, rotation, normal

mode analysis.
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Effect of mechanical force along the interface of 
semi-infinite semiconducting medium and 
thermoelastic micropolar cubic crystal
Praveen Ailawalia1*, Sunil Kumar Sachdeva2,3 and Devinder Singh Pathania4

Abstract: The present investigation deals with the two-dimensional deformation in 
a thermoelastic micropolar solid with cubic symmetry at the interface of the semi-
infinite semiconducting medium under photothermal theory. A mechanical force is 
applied along the interface. The analytic expressions for the components of normal 
displacement, temperature distribution, normal force stress, and tangential couple 
stress for a thermoelastic micropolar solid with cubic symmetry have been obtained 
using normal mode analysis technique. The effect of anisotropy, microrotation, and 
thermoelasticity on the derived components have been depicted graphically.

Subjects: Science; Mathematics & Statistics; Applied Mathematics; Engineering & 
 Technology

Keywords: thermoelasticity; cubic symmetry; semiconducting; photothermal; normal mode

1. Introduction
A micropolar continuum is a collection of inter-connected particles in the form of small rigid bodies 
in which materials’ deformation is determined by both translational and rotational motion. In such 
type of motion, the force at a point of the surface element of the body is completely characterized 
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methods with dynamics
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Abstract In this paper, we present a family of eighth order methods for solving nonlinear
equations. Formula is composed of three steps, namely; Newton iteration in the first step and
weighted-Newton iterations in second and third steps. Hence the name weighted-Newton
methods. In terms of computational cost, the family requires three evaluations of function
and one of first derivative. Therefore, it is optimal in the sense of Kung–Traub conjecture and
has efficiency index 1.682 which is better than that of Newton method of efficiency index
1.414 and many other higher order methods. Numerical examples are considered to support
that the method thus obtained is competitive with other similar robust methods. Moreover,
basins of attraction are presented to demonstrate the performance in complex plane.

Keywords Nonlinear equations · Eighth order convergence · Weight function technique ·
Computational efficiency · Basins of attraction
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Machinability and Wear of Aluminium based Metal 
Matrix Composites by MQL - A Review

Ankush kohLi*, h. s. BAins, suMit JAin and D. PRiyADARshi

Department of Mechanical Engineering, DAVIET, Jalandhar, India.

Abstract
Metal matrix composites have exhibited better mechanical properties in 
comparison with conventional metals over an extensive range of working 
conditions. This makes them an appealing alternative in substituting metals 
for different applications. This paper gives a survey report, on machining 
of Aluminium metal Matrix composites (AMMC), particularly the molecule 
strengthened Aluminium metal matrix composites. It is an endeavour to 
give brief record of latest work to anticipate cutting parameters and surface 
structures in AMMC. The machinability can be enhanced by the utilization 
of Minimum Quantity Lubrication (MQL) during the machining of AMMC.

 

Article history 

Received: 21 July 2017
Accepted: 4 August 2017

keywords:

AMMC, MQL,
Machining, Wear,
Reinforcement.

ContACt Ankush Kohli  ankushkohli204@gmail.com  Department of Mechanical Engineering, DAVIET, Jalandhar, India.
© 2017 The Author(s). Published by Oriental Scientific Publishing Company.
This is an  Open Access article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License 
(https://creativecommons.org/licenses/by-nc-sa/4.0/ ), which permits unrestricted NonCommercial  use, distribution, and reproduction in 
any medium, provided the original work is properly cited.
To link to this Article: http://dx.doi.org/10.13005/msri/140218

Material science Research india

www.materialsciencejournal.org

ISSN: 2394-0565, Vol. 14, No.(2) 2017,  Pg. 194-203

introduction
Aluminium Based Metal Matrix Composites (Al 
MMCs) are one of the latest Functional materials 
having the properties of high wear resistance, good 
specific strength, light weight and has capable to 
adjust the thermal expansion coefficient. Al MMCs 
composite materials are used in constructural, 
aircrafts and products used in automobiles like piston 
cylinder, cylinder liner, Brake disc and drum etc. 
During fabricated of Al MMCs, the Aluminium as a 
basic material, known as matrix, which is reinforced 
with ceramic hard particles like Titanium diboride 
(TiB2), Boron Carbide (B4C), Silicon Carbide (SiC) 
and Aluminium oxide (Al2O3). It can be used as high 
length fibres, particulates may be an irregular shape 

or spherical shape. The properties of the resulting 
material are controlled by three critical components: 
the matrix, the interface and the reinforcement1. 
However, the properties of a composite depend 
on the following parameters such as properties 
of the matrix, properties of the reinforcement, 
relative amounts, size, shape and distribution 
of the reinforcement etc. The composite prove 
advantageous over conventional metals and alloys 
based ontheir engineering application and quality, 
safety, fuel economy, emission, styling, performance, 
ride handling, comfort, recyclability etc.

Manufacture of aluminium MMCs can be ordered 
into: liquid state, semi-solid and powder metallurgy 
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Application of a hybrid Taguchi‑entropy weight‑based GRA 
method to optimize and neural network approach to predict the 
machining responses in ultrasonic machining of Ti–6Al–4V

Gaurav Kumar Dhuria1 · Rupinder Singh2 · Ajay Batish1 

Received: 10 April 2016 / Accepted: 16 August 2016 / Published online: 25 August 2016 
© The Brazilian Society of Mechanical Sciences and Engineering 2016

The process has inherent advantage over some of the 
other non-traditional processes such as electric discharge 
machining (EDM) and wire-cut electric discharge machin-
ing (WEDM) by virtue of its ability to machine materials 
irrespective of their electrical properties. Conducting as 
well as non-metallic materials preferably with lower ductil-
ity and relatively higher hardness are suitable for machin-
ing using USM [1].

Ti and its alloys have been some of the most sought 
after work materials for researchers in last few years due 
to their excellent mechanical properties such as superior 
strength to weight ratio, corrosion and oxidation resistance, 
superior properties at elevated temperatures and bio-com-
patibility thus leading to their increased use in aerospace 
industries, marine applications and as bio-materials for sur-
gical implants among several other applications. However, 
problems associated with effective and efficient machining 
of these alloys, along with higher related costs, are the driv-
ing force behind trial of non-traditional machining methods 
such as EDM, USM and hybrid machining for these alloys.

The present study was carried out to model the pro-
cess of USM for Ti alloy using artificial neural networks 
and optimize the response variables of MRR and TWR, 
together, for the best machining efficiency under the influ-
ence of selected process parameters related to machine, 
tool and slurry by GRA method based on weight genera-
tion using entropy measure. The use of these techniques 
in USM of titanium has not been found in the literature 
to the best of the knowledge of the authors. Additionally, 
cryogenic treatment to the tool and work material was also 
included in the process parameters. Cryogenic treatment is 
a complementary progression to the established techniques 
of heat treatment and is being used to enhance wear resist-
ance and improve mechanical properties in tool steels. Cry-
ogenic treatment of non-ferrous materials is, however, still 

Abstract The present study was carried out to perform 
predictive modelling of material removal rate (MRR) and 
tool wear rate (TWR) during ultrasonic machining (USM) 
of titanium (Ti) alloy (Ti–6Al–4V) by realizing an opti-
mum artificial neural network (ANN) created by exploring 
the effect of two different learning algorithms with varied 
number of neurons in hidden layer. Experimental studies 
were carried out to explore the effect of various process 
parameters of ultrasonic machining on response variables 
MRR and TWR. The basic nature of USM makes these 
two variables a conflicting one and, therefore, an entropy 
weight-based grey relational method was used to optimize 
the process for the two response variables. It was found that 
the ANN-based predictive results were very closely related 
to actual experimental findings.

Keywords Ultrasonic machining · Titanium · Entropy 
weight-based GRA · Artificial neural network

1 Introduction

USM is a non-conventional method of manufacturing and 
involves material removal by mechanical action of abrasive 
particles, suspended in a fluidic media, on the workpiece. 

Technical Editor: Márcio Bacci da Silva.
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Watermark Image Enhancement from various Attacks by SWT Using 

Hybrid Meta-heuristics  
Vikas Sharma, P.S Mann 
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Abstract: Digital watermarking enables one to protect the document; it is the kind of material authentication. The major problem in 

hypermedia technology is attacks on digital watermarking.In digital watermarking single attack on a given watermark image has effective 

outcome but multiple attacks on a given watermarked image and other watermark scrambling need to be improved. This paper purposes a 

new watermarking technique using integrated approach of SWT with GA and PSO for watermarking scrambling is used. The proposed 

methodology enhances imperceptibility and robustness in the watermarked image which has result in improving the visual quality of 

watermark. 

Keywords: watermarking techniques, SWT, SVD, PSOGA.  

1. Introduction 

Watermarking is likewise a sub-order of data covering up. The 

watermarking procedure is by and large material to waveform 

sort of data sources. Computerized watermarking is a method, 

which allows a man to incorporate covered copyright sees, or 

other check messages to cutting edge sound, video or picture 

banners and records. Such a message is social event of bits 

depicting data identifying with the sign or to the maker of a 

sign. The technique takes its name from watermarking of paper 

or money as a security measure. Progressed watermarking can 

be a kind of stenography, in which data is concealed in the 

message without the end customer's learning. The 

watermarking method contains two phases the watermark 

embedding and watermark recovery. 

2. Watermarking Techniques  

2.1    Distinct Cosine Transform 

 

The DCT turns or buttons a signal from spatial domain in to a 

frequency domain. DCT is real-valued and offers a better 

approximation of a signal with few coefficients. This technique 

reduces how big the standard equations by discarding higher 

size DCT coefficients. Crucial structural data is contained in 

the paid off size DCT coefficients. Thus, breaking up the high-

frequency DCT coefficient and using the lighting advancement 

in the low–volume DCT coefficient, it'll acquire and cover the 

edge information from satellite images. The increased picture is 

reconstructed by utilizing inverse DCT and it is likely to be 

sharper with excellent contrast. DCT is popularly used within 

data force approaches these for case JPEG and also MPEG. 

The top great things about DCT consist of their massive 

electric power compaction buildings and also handiness so that 

we can promptly data to the working out regarding transform. 

The force compaction house from the DCT results within 

transform coefficients with only very few coefficients getting 

costs, as a result which makes it suitable for watermarking [18]. 

 

 
            Figure 1: Discrete Cosine Transform regions [5] 

 

2.2    Discrete Wavelet Transform 

The DWT is only an arrangement of filters. You can discover 

two channels included, one could be the "wavelet channel", and 

the other could be the "scaling filter”. The wavelet filtration is 

a high pass filtration, while the scaling filtration is a low pass 

channel. In the wake of utilizing a 1-level DWT on a photo, we 

have the estimate sub-band LL, the outside sub-band LH, the 

straight sub-band HL, and the corner to corner sub-band HH. 

Moreover, on the off chance that we need to utilize a 2-level 

DWT on the photo, we simply utilize yet another 1-level DWT 

on the estimation sub-band LL. Taking after utilizing a 2-phase 

DWT, we likewise have the estimation sub-band LL2, the 

outside sub-band LH2, the straight sub-band HL2, and the 

corner to corner sub-band HH2 of the guess sub-band LL other 

than sub-groups LH, HL, HH. Figure 1.7 shows Workflow of 

DWT. Favorable position of DWT over various changes is it 

permits great limitation both in time and spatial recurrence 

space. In light of these characteristic multi-determination 

natures, wavelet coding plans are exceptionally perfect for 

projects where versatility and average pulverization are 

essential. DWT is favored, since it gives both a parallel spatial 

confinement and a recurrence spread of the watermark inside 

the host picture. The progressive property of the DWT offers 

http://www.ijecs.in/
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Abstract 

Digital watermarking enables one to protect the document; it is the kind of 

material authentication. The major problem in hypermedia technology is 

attacks on digital watermarking.In digital watermarking single attack on a 

given watermark image has effective outcome but multiple attacks on a given 

watermarked image and other watermark scrambling need to be improved. 

This paper purposes a new watermarking technique using integrated approach 

of SWT with GA and PSO for watermarking scrambling is used. The proposed 

methodology enhances imperceptibility and robustness in the watermarked 

image which has result in improving the visual quality of watermark. 

Keywords: Watermarking; Watermarking Techniques; DCT; SVD; ABC; 

SWT; GA; PSO    

 

1. INTRODUCTION 

With the quick worldwide extension of web, the development of computerized 

advances has turned into an essential requirement, and these innovations give various 

preferred standpoint to exchanging information over the web. The propelling 

universes of computerized interactive media confront issues connected to safety and 

legitimacy of computerized information. The data safety time period is portrayed as 

ensuring data or advanced information against any assault that might be performed by 

using distinctive assaulting advances, strategies and techniques. Digital watermarking 
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ABSTRACT 

This paper represents digital watermarking is a technique 

which allows an individual to add hidden copyright notices or 

other verification messages to digital audio, video, or image 

signals and documents. Two types of digital watermarks may 

be distinguished, depending upon if the watermark seems to 

be visible or even cannot be seen to the rare viewer. The 

complete goal of this paper is to explore the comparison of 

various techniques based on watermarking image and it also 

demonstrate that it provides the secured image watermarking 

with a decent capacity. 

Keywords 

Digital watermarking, Discrete Wavelet Transform 

(DWT).Watermarking techniques 

1. INTRODUCTION 
Watermarking plan top quality is usually made a decision 

putting on robustness, openness along with capacity. 

Openness usually means soon after installation of watermark 

the primary photograph really should not be distorted. 

Robustness pertains to attacks. If watermark treatment 

methods are tricky to diverse strikes such as turn, scaling, 

compression setting, noise next watermarking plan is usually 

robust. Total capacity usually means amount, which will are 

placed to pay for image. A lot more amount usually means it's 

possible to handle lots of files [2].Searching for watermark 

could possibly be obvious or invisible. An apparent 

watermark generally contains plainly obvious info or perhaps 

enterprise manufacturer exposing a usage from the image. 

Upon the next fretting hand, the invisibly watermarked 

impression appears just like the original. The existence of the 

invisible watermark can just simply be founded utilizing an 

suited watermark removals or acknowledgement algorithm. In 

this study most of us prohibit our own care about cannot be 

seen watermarks. A strong invisible watermarking approach, 

on the whole, consists of encoding approach and a decoding 

process. Watermarks involving varied quantity of coverage 

are extra with display mass media because amount of 

protection involving excellence, top quality, possession along 

with supplier [3]. 

1.1 Features of digital watermarking 
Different top features of watermarking are as follows 

1.1.1 Robustness 
Robustness talks about how the watermark embedded in 

details offers the potential involving living adhering to many 

different control treatments and also attacks. Subsequently, 

the particular watermark should be solid intended for 

fundamental sign control function, geometric alteration and 

also damaging episode [4]. 

1.1.2 Imperceptibility 
Watermark cannot be observed by simply observation or 

simply certainly not get noticed by simply individual scalp, 

just be found as a result of specific command or perhaps 

faithful circuits. It can be found by a state corporation only. 

Like watermarks are used by material or perhaps author 

accreditation and for stinking unauthorized copier. 

1.1.3 Safety 
The watermark practice is known as safeguarded, in the event 

the nuller can't remove the watermark without the need of 

total familiarity with embedding algorithm formula, detector 

in addition to arrangement involving watermark [5].Your 

watermark have to simply be readily available simply by 

licensed parties. That will need is considered as a burglar plus 

the watermark is mostly obtained simply by the application of 

cryptographic keys. Watermark data possesses the correct 

gauge to understand, the licensed men and women may 

possibly formally identify, find and even affect the 

watermark, and therefore control to obtain the aim involving 

hallmark protection. 

1.1.4 Verifiability 
Watermark ought to control to supply complete and 

trustworthy information for the possessing copyright-

protected information and facts products. The item may be 

used to discover if thez item will likely be attached and keep 

an eye on disperse involving the info staying attached, 

discover the particular authenticity, and purchase a grasp with 

against the law plagiarizing [6]. 

1.1.5 Volume and knowledge payload 
Amount with the watermarking plan pertains to the best 

quantity of information which can be jammed in the duvet 

work. The quantity of watermark sections within the 

electronic mail in know-how payload and also the many 

regularity of knowledge payload in an image could be the 

watermark capacity. With regards to the plan a number of 

watermarking tactics need a knowledge payload going above 

10,000 bits. Any watermark often have huge know-how 

volume level nevertheless small know-how payload. 

1.1.6 Computational charge 
In an effort to lessen computational fee, some sort of 

watermarking tactic has to be less complex. Watermarking 

tactics using big complex algorithms is going to requirement 

much more request and also consumer electronics resources 

and therefore bear much more computational cost. A 

Computational ease is normally decided on in resource-

limited ecosystem including cell devices. 

1.1.7 Watermark recognition stability 
In order to model highly effective watermarking in the 

trademark safety scenario, we could try a watermark in which 
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 ABSTRACT 

 In the present investigation the disturbances in a homogeneous transversely 

isotropic magneto-Visco thermoelastic rotating medium with two 

temperature due to thermomechanical sources has been addressed. The 

thermoelasticity theories developed by Green-Naghdi (Type II and Type III) 

both with and without energy dissipation has been applied to the 

thermomechanical sources. The Laplace and Fourier transform techniques 

have been applied to solve the present problem. As an application, the 

bounding surface is subjected to concentrated and distributed sources 

(mechanical and thermal sources). The analytical expressions of 

displacement, stress components, temperature change and induced magnetic 

field are obtained in the transformed domain. Numerical inversion techniques 

have been applied to obtain the results in the physical domain. Numerical 

simulated results are depicted graphically to show the effect of viscosity on 

the resulting quantities. Some special cases of interest are also deduced from 

the present investigation.                          

                                                 ©2018 IAU, Arak Branch. All rights reserved. 

 Keywords: Transversely isotropic; Magneto-Visco thermoelastic; Laplace 

transform; Fourier transform; Concentrated and distributed sources; Rotation.  

1    INTRODUCTION 

 URING the past few decades, widespread attention has been given to thermoelasticity theories that admit a 

finite speed for the propagation of thermal signals. In contrast to the conventional theories based on parabolic-

type heat equation, these theories are referred to as generalized theories. Because of the experimental evidence in 

support of the finiteness of the speed of propagation of a heat wave, generalized thermoelasticity theories are more 

realistic than conventional thermoelasticity theories in dealing with practical problems involving very short time 

intervals and high heat fluxes such as those occurring in laser units, energy channels, nuclear reactors, etc. The 

phenomenon of coupling between the thermomechanical behavior of materials and magnetic behavior of materials 

has been studied since the 19
th

 century. Chen and Gurtin [7], Chen et al. [8] and Chen et al. [9] have formulated a 

theory of heat conduction in deformable bodies which depends upon two distinct temperatures, the conductive 

temperature   and the thermo dynamical temperature T. In case of time independent situations, the difference 

between these two temperatures is proportional to the heat supply, and in absence of heat supply, the two 

______ 
*Corresponding author. Tel.: +91 9463383751 . 

E-mail address: ms.priyankakaushal@gmail.com (P. Kaushal). 
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Effect of pore connectivity on reflection amplitudes
of an inhomogeneous wave in a composite porous
solid saturated by two immiscible fluids

Neeru Bala1,3 and Ashish Arora2,*
1Department of Mathematics, DAV Institute of Engineering and Technology, Jalandhar 144 008, India.
2Department of Mathematics, IKG Punjab Technical University, Kapurthala 144 603, India.
3IKG Punjab Technical University, Kapurthala 144 603, Punjab, India.
*Corresponding author. e-mail: dr.ashish10@hotmail.com

MS received 16 January 2017; revised 13 September 2017; accepted 28 September 2017;
published online 29 May 2018

Present paper aims to study the phenomenon of reflection and transmission when an inhomogeneous
wave strikes some discontinuity in a composite porous medium saturated by two immiscible viscous flu-
ids. The incident wave splits into six reflected and six transmitted waves at the interface. All reflected and
transmitted waves are inhomogeneous in nature with different directions of propagation vector and atten-
uation vector. A dimensionless parameter ς ∈ [0, 1] is introduced to represent the extent of connection
among the pores at the interface. Expression of Umov–Poynting vector is derived to obtain energy flux
vector. Continuity of energy flux vector at the interface gives the required boundary conditions for the
system. Connecting parameter ς is also employed in boundary conditions to model the partial connection
of pores at the interstices of two media. For numerical discussion we consider a porous medium composed
of sandstone and ice, saturated with oil and water. The effect of parameter ς and angle of incidence is
determined numerically on the amplitude and the energy ratios of reflected and transmitted waves.

Keywords. Composite porous medium; reflection; transmission; inhomogeneous wave; pore connect-
ivity; energy flux.

Nomenclature

Sf Saturation of each fluid phase
Ssf Fraction of each solid in composite matrix
R11, R22 Coefficients related to viscous drag
A11, A22 Coefficients related to inertial drag of

first solid
B11, B22 Coefficients related to inertial drag of sec-

ond solid
A12 Inertial coupling parameter connecting

fluid phases
Gsf Shear modulus of each solid phase
kβ Complex wave number of dilatational

wave

kl Complex wave number of rotational wave
wf

i , Normal component of drainage velocity
of pore fluids

â Unit normal vector to surface S
F, F ′ Time averaged energy flux along normal

at interface in both half spaces
T1, T2 Surface flow impedance for both fluids
Am Attenuation vector of propagating waves
Pm Propagation vector of propagating waves
Ao Attenuation vector of incident wave
Po Propagation vector of incident wave
s Slowness vector of a wave
sx, sz Horizontal and vertical components of

slowness
1

0123456789().,--: vol V
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Abstract
A simple theoretical model is constructed to study the wiggler magnetic field assisted third
harmonic generation of intense short pulse laser in a cluster in its expanding phase. The
ponderomotive force of laser causes density perturbations in cluster electron density which
couples with wiggler magnetic field to produce a nonlinear current that generates transverse third
harmonic. An intense short pulse laser propagating through a gas embedded with atomic clusters,
converts it into hot plasma balls via tunnel ionization. Initially, the electron plasma frequency
inside the clusters ωpe > w3 1 (with ω1 being the frequency of the laser). As the cluster expands
under Coulomb force and hydrodynamic pressure, ωpe decreases to w3 1. At this time, there is
resonant enhancement in the efficiency of the third harmonic generation. The efficiency of third
harmonic generation is enhanced due to cluster plasmon resonance and by phase matching due to
wiggler magnetic field. The effect of cluster size on the expansion rate is studied to observe that
the clusters of different radii would expand differently. The impact of laser intensity and wiggler
magnetic field on the efficiency of third harmonic generation is also explored.

Keywords: expanding cluster, harmonic generation, wiggler magnetic field, phase matching

(Some figures may appear in colour only in the online journal)

1. Introduction

The interaction of ultra short highly intense laser pulse with
clustered plasma has been a field of latest research for many
researchers. The applications of this laser-cluster interaction
have come up in the form of generation of energetic ions [1],
electrons [2], efficient debris-free x-ray generation [3],
extreme ultraviolet radiation [4] and pulsed neutron produc-
tion [5]. Due to the dispersive nature of clustered plasma, the
interaction of laser with it is much more efficient than any
other homogenous medium [6]. The number of nonlinear
physical phenomena arise as the consequences of this efficient
laser-cluster interaction [1, 7, 8]. The harmonic generation of
electromagnetic radiation is one of these nonlinear phenom-
ena which is widely explored by many researchers and have
number of potential applications [4, 9–11]. Although a
number of research papers have been published on high-order
harmonic generations in clusters [12, 13], but the third har-
monic generation holds a unique place in the research related
to laser cluster interactions. The third harmonic generation
can be used as a diagnostic tool to detect the presence of

clusters and for measurement of their size in cluster experi-
ments. The harmonics are generated by the nonlinearity of the
currents of cluster electrons subject to the laser field.

In order to realize the practical utilization of applications
of harmonic generation, the main motive is to increase the
conversion efficiency of the generated harmonics. Many
efforts are being made by various researchers to achieve high
conversion efficiency [14–19]. Fomytskyi et al [14] have
presented a model for the nonlinear response of a small
cluster to study the third harmonic of laser in cluster. They
observed that the nonlinear response of the core is due to non
uniformity in the ion background density, which could be due
to some intrinsic non uniformity or may arise naturally in the
process of cluster expansion. Particle in cell simulations are
carried out by the authors to reveal that the third harmonic is
resonantly enhanced when the laser frequency is close to one
third of the core eigen frequency. Shim et al [15] have
reported the enhanced third harmonic generation from
expanding cluster of Argon gas in 2007. They performed
pump-probe experiment, in which the pump heated the gas jet
to generate clustered plasma and initiated the cluster
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ADVANCED MATERIALS FOR ENERGY STORAGE AND CONVERSION APPLICATIONS

Effect of Dopants and Sintering Method on the Properties
of Ceria-Based Electrolytes for IT-SOFCs Applications

PAYAL SHARMA,1,2 CHETAN SHARMA,2 KANCHAN L. SINGH ,1,3

and ANIRUDH P. SINGH2

1.—Department of AppliedSciences,D.A.V InstituteofEngineering andTechnology,Jalandhar 144003,
India. 2.—IKG Punjab Technical University, Kapurthala 144601, India. 3.—e-mail:
kanchan_69@rediffmail.com

Doped and co-doped ceria ceramics are used as electrolyte materials in solid
oxide fuel cells. In this work, ceria-based oxides, Ce0.90Gd0.06Y0.02M0.02O2�d

(M = Ca, Fe, La, and Sr) were prepared by conventional as well as microwave
processing from the precursors prepared by the mixed oxide method. The
consolidated calcined powders in pellet form were sintered in microwave en-
ergy at 1400�C for 20 min and in an electric furnace of IR radiation at 1400�C
for 6 h. The x-ray diffraction analysis confirmed that all the compositions were
crystallized into a cubic fluorite structure. Surface morphology of the sintered
products was studied using scanning electron microscopy and the micro-
hardness was investigated using the Vickers hardness test. The comparative
results analysis shows that the microwave-sintered samples have uniform
grain growth, higher density and higher microhardness than the corre-
sponding conventionally sintered products. The microwave-sintered sample of
composition Ce0.90Gd0.06Y0.02Sr0.02O2�d was found to have the highest micro-
hardness among the four compositions due to its high density and smallest
grain size.

INTRODUCTION

Microwave sintering is an advanced technique for
material processing in which microwave energy is
transferred to materials through molecular interac-
tion with the electromagnetic field. This technique of
energy transfer can result in many possible advan-
tages of using microwaves for processing of materials.
Microwaves penetrate the material and generate heat
throughout its volume.1,2 This non-conventional heat-
ing method can modify the sintering mechanism,
which affects the microstructure and phase composi-
tion of the materials. It also significantly reduces the
processing time and energy consumption. Intensive
research work has been reported in microwave pro-
cessing of ceramics, as they inculcate improved prop-
erties by coupling with microwave energy at room
temperature. However, at elevated temperatures,
enhancement in diffusion rate has been observed with
non-thermal effects. The non-thermal effects, also
termed microwave effects, are the result of interac-
tions between high-strength microwave fields and
ceramic materials.3–9

Solid oxide fuel cells (SOFCs) are electrochemical
devices that can convert the chemical energy of a
fuel into electricity with high efficiency and easily
sequestrable carbon dioxide by-products. The basic
structure of an SOFC includes a solid ceramic
electrolyte sandwiched between cathode and anode,
combined with interconnectors and sealants.10 The
electrolyte of an SOFC must be dense and should
have high ionic conductivity along with minimum
electronic conductivity. Further, it should have good
mechanical and thermal properties at operating
temperatures.11 Ceria-based materials have found
potential applications as electrolyte materials for
intermediate-temperature SOFCs (IT-SOFCd)
(500–750�C) because cerium oxide has an open
structure which leads to high ionic conductivity in
this range of temperature. Moreover, unlike other
rare earth oxides, cerium oxide tends to consist of
non-stoichiometric compounds with + 4 and + 3
oxidation states of cerium, which creates a lot of
oxygen ion vacancies and leads to a very high ionic
conductivity of ceria-based electrolytes as compared
to stabilized zirconia electrolytes.12,13
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Abstract: In the present work, nickel oxide and ytttria stabilised zirconia 
(NiO– YSZ) nanocomposites, a precursor of the anode of solid oxide fuel cell, 
was synthesised by combustion method, using glycine as fuel. In this 
preparation, nitrate solutions of respective metals were taken in their 
stoichiometric ratios. Five different concentrations of glycine were added to the 
nitrate solutions in order to vary fuel (glycine)/nitrate molar ratio. The 
fuel/nitrate molar ratio was kept to be 0.8, 0.9, 1.0, 1.1 and 1.2. The combustion 
of these five solutions resulted in five samples of composite powder with 
composition mNiO-(1–m) Zr0·9Y0·1O1·95 (m = 0.4). The composite powders 
obtained were then characterised by FTIR, XRD, TGA-DTA and SEM to 
determine its properties such as decomposition temperature, crystalline size, 
lattice constant and microstructure. The influence of different fuel/nitrate molar 
ratios on the characteristic of precursor nanocomposites was also analysed. It 
has been observed that the presence of monoclinic phase decreases with 
increase of fuel ratio used in the combustion process. 

Keywords: NiO-YSZ; combustion synthesis; XRD; TGA-DTA; FTIR; 
scanning electron microscope; SEM. 
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Abstract:- Talking about the operating system, most of the people around the world are using Macintosh or windowsoperating system then why 

to bother about   LINUX? Which is very less known and used, but these operating systems could not exist without LINUX and its ancestor 

UNIX. Its superior functionality and the security make it unique from the other operating systems that exist in this world. Actually, internet is the 

producer of LINUX[1]. The need of high security and better performancewithout rebooting it often made it the best operating system for the use 

of internet. Linux kernel also make its way to enter in the handheld devices and provides an environment to run various application 

simultaneously. In the proliferation era of android OS surpassed many changes to assess the maturity level. One in this account is hybrid design 

of application intended a mix of both native and web based technologies that leveraged to deliver capabilities from both native and web based 

application. This paper highlights the major rolled played by open source tool and cross-layer approach for growing market opportunity.  
 

LINUX is a UNIX-based operating system which was created by Finnish student named Linus Torvalds in 1991. Linus Torvalds Design the 

Linux kernel as anopen source as non-enterprise,after then he arguablymake original non-free license to the GPLv2.  

 

It is„open source‟ software which means it can be easily available to download and use. User can make changes in it according to their use. Due 

to this reason it has become a very powerful OS that is gaining popularity worldwide, especially among those seeking an alternative to Windows. 

It is free to use and install, and is more reliable than almost all other systems and it can run for many months and even years without the need of 

rebooting. 

__________________________________________________*****_________________________________________________  

 

I. INTRODUCTION 

One of the significant benefits of LINUX is that it has no 

owner therefore it can be debugged without the permission 

of a license owner. LINUX a multiuser operating system 

which means on a single computer many users can use the 

resources and work together. Most of the supercomputers 

having LINUX in their core system. 

LINUXhold immense grip on many different kinds of 

electronic devices to operate, also nourish much faster than 

any other operating in era today. This environment include 

global connectivity frameworklikemany application 

browser, e-mail client, allowing users to work on the 

Internet without having to boot all the way into their 

device's primary operating system even if that operating 

system is Windows. 

Also LINUX is showing up on mobile Internet devices. In 

this category embedded devices such as Smartphone‟s and 

notebook devices are having LINUX in their core. That 

features  

the core functionality of their larger counterparts in a 

smaller, more energy-efficient package.Cloud computing 

now a day is more reliable on Linux than any other 

operating system. Like cloud services of Amazon‟s A3 
works superior with LINUX. Thus we cannot neglect the 

advantages of Linux over the other existing OS‟s and also 
its great impact on the computer world through. 

Statistics of different operating system used all over the 

world 

 

 

Figure 1 

II. FILE SYSTEM 

In computing, a file system[2] is used to control how data is 

stored, retrieved or access. A file system organizes data in 

an efficient manner and is tuned to the specific 

characteristics of the device. In Linux, everything is 

configuring as a file. This includes not only text files, 

folders, images and executables programs, but also 

directories, device drivers and partitions. 

Each file system contains a control block which holds the 

information about that filesystem. Another block in the file 

system is inodes, which contains the information about files, 

and blocks. 
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Abstract 

Vehicular network is the real time network formed by the highly dynamic nodes. This environment of VANET 

along with the fixed geographical mapping of roads slows down the delivery of the message in case of unicast 

and broadcast. When unicast is applied then the latency increases significantly as hop count increases. While 

broadcast make use of the network resources which degrades the performance by decreasing the efficiency of 

the network. However, multicast is proposed as the parameter to enhance the performance by introducing 

multicasting trees. This strategy is applied for maintaining the vehicular nodes in a multicast tree manner which 

will provide single path between two vehicles in the tree. Further, in case of the link failures, tree partitions and 

reconfiguration is needed this induces to have very low latency and reduces packet overhead. Various location 

based routing protocols are discussed which reveals different aspects and applications of variety of routing 

protocols relying on the location information. 

 

Index Terms: LAR, Multicasting, VANET, Location based routing. 

 

© 2017 Published by MECS Publisher. Selection and/or peer review under responsibility of the Research 

Association of Modern Education and Computer Science 

1. Introduction 

Vehicular networks are the adhoc environment having various vehicles and the roadside units. This network 

comprises no prior setup of infrastructure and the roadside units as well as the vehicles contact with each other 

in order to receive and send the warnings of the current traffic. Such messages transferring become significant 

in development of innovative safety technologies over different modes of transportation and traffic 

management applications. However, Intelligent Transportation System (ITS) makes safer and smarter use of 

the transportation by enabling users to be more informed and more coordinated. The technology is named as 
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Influence of exponential density ramp on second harmonic
generation by a short pulse laser in magnetized plasma
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A R T I C L E I N F O

Keywords:
Second harmonic generation
Exponential density ramp
Magnetized plasma
Chirped pulse laser

A B S T R A C T

Second harmonic generation (SHG) of a chirped pulse laser propagating through magnetized-
plasma has been examined by taking into consideration the exponential plasma density ramp
profile. Highly intense laser beam propagating under the effect of transverse magnetic field
through homogeneous plasma is studied and noticed that the transverse current density starts
oscillating with a frequency almost double of the laser field. One may observe that the ex-
ponential plasma density ramp plays a key role in the enhancement of SHG. It is due to the fact
that the exponential plasma density ramp helps in making the self-focusing of pump laser
stronger which leads to enhanced SHG in plasma. Also, it is noticed that with the increase in the
value of the positive chirp parameter and magnetic field, the enhancement in the conversion
efficiency of the harmonic generation of second order remarkably observed. Our results reveal
that the conversion efficiency of SHG enhances significantly in the presence of exponential
plasma density ramp.

1. Introduction

In the last few decades with the advantage of ultra-high power lasers, laser propagation based on the technique of chirped-pulse
amplification in under-dense plasma has been broadly studied leading to several applications comprising harmonic generation [1,2],
X-ray laser [3,4], laser particle acceleration in plasma [5–7] and laser-driven fusion [8] etc. Such unique applications inspire the
investigators to study the basic physics phenomenon occurring during the intense laser-plasma interaction. Also it is analyzed that
highly intense electromagnetic and quasi static magnetic fields are produced as ultra-short laser pulse propagates through underdense
plasma, due to its interaction with plasma.

Harmonic generation by short pulse laser in plasma has been a more extensive area of research for last few years [9–17]. It is
reported by most of the researchers that vibrational motion of the electron is induced by the short pulse laser through a density
gradient. It in turn delivers perturbation in the electron density comparable to the laser frequency and hence coherent harmonic
generation is produced. Highly intense laser beam propagating through homogeneous plasma in the presence of transverse magnetic
field is studied and noticed the current density oscillations of frequency almost double of the laser frequency [18]. A substantial
increment in the conversion efficiency of SHG was reported by them.

Density transition in plasma plays a crucial role in the strong resonant SHG [19]. Experimental demonstration of essential wave
number and amplitude increases the importance of density ripple. Also, the effect of plasma density ramp on ponderomotive self-
focusing of a short pulse laser was reported [20]. It was found that with plasma density ramp of upward nature the laser beam attains
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चतुगुणुी गौस यन लेजि बीम की मेग्नेटोप्लाजमा में 

स्ि-प्रक्रिया 
शिवानी ववज1, कमल ककिोर2 

  
जालंधर (पंजाब) 

 

 ाि: 
इस पत्र में चतुर्ुणुी र्ौशसयन लेजर बीम की सघंट्टरहित मैग्नेटोप्लाज्मा में स्व-कें हित प्रकिया का 

अध्ययन ककया र्या िै। चतुर्ुुणी सर्ौशसयन लेजर बीम चार समान र्ौशसयन लेजर बीमों को शमला कर बनती 
िै जजनका अक्ष z अक्ष  के समानांतर िोता िै और z अक्ष से xo की दरूी से स्थानांतररत ककया जाता िै। लेजर 
बीम की र्ैर-यूननफॉम ुतीव्रता के कारण चालात्मक बल उत्पन िोता िै जो लेजर बीम की स्व-कें हित प्रकिया में 
सिायक िोता िै। बािरी चंुबकीय क्षेत्र की उपजस्थनत में उपक्षीय ककरण सजननकटन (paraxial ray 
approximation) को उपयोर् करत े िुए परावैद्युतांक (dielectric permittivity) का उचचत व्यंजक ववकशसत 
ककया र्या िै। इस ववश्लेषण में चंुबकीय क्षेत्र के बीम की स्व-कें हित प्रकिया की तीव्रता पर क्या प्रभाव पड़ता िै 
उसका अध्ययन ककया र्या िै। 
विशेष  िंकेत : स्व-कें हित प्रकिया, चतुर्ुुणी र्ौशसयन लेजर बीम, मग्नेटोप्लाजमा, पोंडरेोमोटीव चालात्मक बल 
 
परिचय: 
 प्लाज्मा के साथ तीव्र ववद्युत चुम्बकीय तरंर्ों की अनयोनयकिया मित्वपूण ु िै, क्योंकक इसके कई 
अनुप्रयोर् िैं, जैसे, प्लाज्मा आधाररत बीट तरंर् त्वरक (beat-wave accelerators) [1 ], जड़त्वीय संसीमन 
संलयन (inertial confinement fusion) [2], आयनमंडली आिोधन (ionospheric modification),लेजर आवेिी कण 
त्वरक(laser charge particle accelerator) [3] औरएक्स-रे लेजर। उपरोक्त अनयोनयकिया के कारण कई 
अरैखिक (non-linear) कियाऐं उत्पनन िोती िैं जैसे कक कफलामेंटेिन, स्व फेज माडुलन(self phase 
modulation), समूि वेर् पररक्षेपण (group velocity dispersion)और चालात्मक स्व कें हित प्रकिया। स्व 
कें हित प्रकिया एक र्ैर-रैखिक ऑजप्टकल घटना िैजो की ववद्युत चुम्बकीय ककरण के ककसी माध्यम से 
पारस्पररक मेल से उस माध्यम के अपवतकु सूचकांक (refrective index) में बदलाव के कारण उत्पन िोती िै। 
स्व फोकशसत प्रकिया के लेजर पे्रररत फ्यूजन काफ़ी मित्वपूण ुिोने के कारण वपछले कुछ दिकों से िोधकताुओं 
ने दनुनया भर में इस प्रकिया पर अपना ध्यान कें हितककया िै। चालात्मक बल और सापेक्षतावादी (relativistic) 
प्रभाव से िोने वाली स्व-कें हित प्रकिया को मग्नेटोप्लाजमा में कई िोधकताुओं द्वारा सैद्धांनतक प प से और 
प्रयोर्ात्मक प प से लंबे समय से व्यापक प प से अध्ययन ककया र्या िै और िोध पत्र में सूचचत ककया र्या िै 
[4-7]। 
   स्व कें हित प्रकिया में ज्यादा िोध शसशलडंररक र्ौशसयन लेज़र बीम को लेकर ककए र्ए िै। कुछ अध्ययनों में 
अण्डाकार र्ौशसयन बीम [8], िोिले अण्डाकार र्ौशसयन बीम [9], िशमटु र्ौशसयन बीम [1 0], िशमटु-काि-
र्ौशसयन बीम [1 1 ] और सुपर र्ौशसयन बीम [1 2] में स्व-कें हित प्रकिया को  सूचचत ककया र्या िै। चर्ल एट 
अल द्वारा िाल िी में अनुप्रस्थ चंुबकीय क्षेत्र में सुपर र्ाऊसी लेजर बीम के ध्यान कें हित सापेक्षतावादी 
अध्ययन का सैद्धांनतक अध्ययन ककया र्या िै [1 3]। िमारे अध्ययनों से िमने देिा िै कक, इन हदनों लक्ष्य 
पर उच्च िजक्त घनत्व को प्राप्त करने के शलए कई बीम संयोजन की एक नई तकनीक का अध्ययन करने में 
रुचच बढ़ रिी िै। इसके संदभ ुमें, सोधा और पालमबो [1 4] ने एक र्ैर-रेिीय प्लाज्मा में फैली कई समतल 

1
0 
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Quadruple Gaussian Laser Beam Profile Dynamics in Collisionless Magnetized Plasma
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Abstract This paper presents an investigation of self-focusing of a quadruple Gaussian laser beam in collisionless
magnetized plasma. The nonlinearity due to ponderomotive force which arises on account of nonuniform intensity
distribution of the laser beam is considered. The nonlinear partial differential equation governing the evaluation of
complex envelope in the slowly varying envelope approximation is solved using a paraxial formalism. The self-focusing
mechanism in magnetized plasma, in the presence of self-compression mechanism will be analyzed in contrast to the case
in which it is absent. It can be observed that, in case of ponderomotive nonlinearity, the self-compression mechanism
obstructs the pulse self-focusing above a certain intensity value. The effect of an external magnetic field is to generate
pulses with smaller spot size and shorter compression length. The lateral separation parameter and the initial intensity
of the laser beam play a crucial role on focusing and compression parameters. Also, the three-dimensional analysis of
pulse propagation is presented by coupling the self-focusing equation with the self-compression one.

DOI: 10.1088/0253-6102/70/3/317

Key words: self-focusing, quadruple Gaussian beam, magnetoplasma, spatiotemporal, ponderomotive force

1 Introduction

The interaction of intense electromagnetic waves
with plasma has been of considerable interest due
to its significance in number of applications such
as plasma based beat-wave accelerators,[1] plasma-
based accelerators,[2] inertial confinement fusion,[3−4]

ionospheric modification,[5−7] laser charge particle
accelerator,[8−9] and X-ray lasers.[10] The success of these
applications depends on propagation of laser over several
Rayleigh lengths while maintaining the efficient interac-
tion with plasma. Pulse focusing and pulse compression
have been proved to be an effective way of guiding a laser
pulse in the medium over many Rayleigh lengths and to
increase radiation power and intensity while retaining its
energy. Therefore the dynamics of self-focusing and self-
compression of laser beam in plasma have been studied
both theoretically and experimentally by many inves-
tigators extensively since long and have been reported
in a number of investigations.[11−16] The effect of self-
compression mechanism on the self-focusing of a Gaus-
sian laser beam in an unmagnetized plasma has already
been investigated by Bokaei and Niknam.[17] They have
shown in their work that in the presence of ponderomotive
nonlinearity the self-focusing mechanism is obstructed by
the self-compression one. Shibu et al.[14] have investi-
gated the self-compression of Gaussian laser beam due to
the relativistic mass nonlinearity and have observed that
the self-focusing mechanism interferes strongly with the
non-linear self-compression process. Recently Bokaei et
al.[18] have studied the effect of external magnetic field

and plasma inhomogeneity on simultaneous self-focusing
and self-compression of a Gaussian laser beam through
the plasma. Their results showed that the simultaneous
use of both external magnetic field and density ramp leads
to generate highly focused and compressed pulses.

Most of the theoretical study on self-focusing and
self-compression is devoted to cylindrically symmetric
Gaussian laser beams.[19−20] Few studies of self-focusing
have been reported on elliptical Gaussian beam,[21−23]

cosh Gaussian beams,[24] Hermite Gaussian beams,[25]

Hermite-Cosh-Gaussian beams[26] and super Gaussian
beams.[27] From our studies, we have observed that,
presently, there is an increase in interest in exploring a
new technique of combining multiple beams to achieve
high power densities at the target.[28−31] However combin-
ing identical four beams is mathematically simpler than
combining two beams. This is because the intensity dis-
tribution of the beam formed by combining four identi-
cal beams is symmetrical in x- and y-directions, hence
only one beam width parameter is required to describe
the whole beam dynamics.

In the present investigation, we have focused on the
self-focusing of a quadruple Gaussian laser beam com-
prising four coherent Gaussian laser beams propagating
along the z-direction, but having intensity maxima in the
x-y plane at (−xo, 0), (xo, 0), (0,−xo), (0, xo), in a col-
lisionless magnetized plasma. However, in most plasma
fusion experiments, the externally applied or self gen-
erated magnetic fields play an important role in laser
beam propagation.[32−33] Therefore, it is justified to in-

∗E-mail: svij25@yahoo.co.in

c⃝ 2018 Chinese Physical Society and IOP Publishing Ltd
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Abstract: The urban areas are observed 

under the higher crime influence than the 

rural areas in the continuous studies for 

several years. Hence, the crime prediction 

is an important task to analyze the 

possibility of the future crimes on 

particular locations in the urban areas. 

The crime prediction practices are 

performed to help the police department 

to efficiently deploy the force, which 

eventually alleviates the hiring of more 

employees. This helps to reduce the crime 

as well as the cost of security 

implementation in the police department. 

In this paper, the SEPP (self extracting 

point process) based time, space and 

intensity based model is proposed, which 

can combine the multiple features of the 

crime records to accurately and vastly 

predict the high dimensional data. This 

may be used to prepare the security 

policies, police force deployment, 

installation of the surveillance devices, etc 

for the police department. The proposed 

model is intended to improve the 

accuracy and detail of prediction of crime 

data, which enables its use up to a higher 

extent than the previous models. 

Keywords: Self extracting point process, 

Crime Prediction, 3-D analysis, spatial analysis, 

temporal analysis. 

Introduction 

Data collected under the crime database is 

unstructured and fuzzy in nature. In 

everyday life, there are several kinds of 

crimes are happened, for what different 

types of the information sets are provided. 

Such information can be directly applied 

under the data mining and predictive 

analysis models. So, analyzing and 

extracting information patterns from such 

data sets are more complex. A significant 

amount of research has already been carried 

out to categorize data/sentence into various 

categories based on the different kinds of 

crimes. Most of the crime that has been 

worked upon either less of more dangerous, 

hence, classified on the basis of the intensity 

of the crime. As the crime datasets are 

becoming larger, and are keeping the data of 

several past years, these are making the 

crime prediction quite possible. Becoming 

the need of real time crime prediction 

application, so is the interaction/discussions 

of people through social media has also 

increased.  
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ABSTRACT— Nowadays, the predictive models are designed for the crime analysis and prediction in the 

time series data obtained from the historical crime database. The SEPP algorithm is utilized for the 

prediction of the crimes in the geo-location aware system. The proposed algorithm offers the node degree 

based evaluation of the intensity of future crimes based upon the historical crime data in the particular 

regions. The SEPP algorithm doesn’t create the network structure of the data entities, which doesn’t convert 

the data into connected entity relationship diagram for the chain analysis, which becomes mandatory in the 

time-series analytics. The existing model works on the space and time concept, which computes the 

possibility of the crimes on the given time in the given region. The time limit has been taken as a standard at 

1 year, which is very low density data and can produce many false results when applied to the large scale 

database, which can be overcome by using the historical analysis of nearly 2-5 years or above. Also, the 

system performance is further improved by using the multiple factor analysis, which can include the other 

factors than the space and time based density evaluation to improve the accuracy for the crime prediction. 

The projected improvement in the existing model is directed to real Deep Heinous SEPP (DH-SEPP) model 

for detailed analysis. The accuracy based results justify the significance of the proposed model in 

comparison with the proposed crime prediction model. 

 

KEYWORDS—Crime analytics, predictive analysis, supervised data modeling, data visualization. 

 

1. INTRODUCTION 

Data collected under the crime database is unstructured and fuzzy in nature. In everyday life, there are 

several kinds of crimes are happened, for what different types of the information sets are provided. Such 

information can be directly applied under the data mining and predictive analysis models. So, analyzing and 

extracting information patterns from such data sets are more complex. A significant amount of research has 

already been carried out to categorize data/sentence into various categories based on the different kinds of 

crimes. Most of the crime that has been worked upon either less of more dangerous, hence, classified on the 

basis of the intensity of the crime. As the crime datasets are becoming larger, and are keeping the data of 

several past years, these are making the crime prediction quite possible. Becoming the need of real time 

crime prediction application, so is the interaction/discussions of people through social media has also 

increased.  

Digital trade, often called E-commerce/ecommerce, will be trading inside offerings using pc communities, 

such as Net. Digital trade attracts on technology such as cellular trade, automated funds transport, source 

cycle supervision, and Affiliate marketing, on-line deal finalizing, automated files interchange (EDI), stock 

supervision techniques and also automatic files series techniques. 

E-commerce provides improved the facial skin on most organization capabilities inside competitive 

corporations. World-wide-web technology possess faultlessly automated software processes among clients 

in addition to stores, stores in addition to suppliers,suppliers in addition to plant life, in addition to plant life 

in addition to his or her assortment companies. Data mining provides while the principal purpose, this era 

involving non-obvious yet beneficial data pertaining to conclusion makers coming from large sources. The 

various parts with this era contain abstractions, aggregations, summarizations, along with characterizations 

involving files. 

Nowadays E-Commerce market keeps growing in numerous sizes. It is thought to be most effective growing 
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Abstract—. Regression testing is the approach which ensures the software quality according to the need of the customer. Moreover the 

one of the regression testing technique that is prioritization of the test cases focuses on early revealing of faults and minimization of cost. 

Many researchers have studied various TCP techniques. Fault based prioritization of test cases and history based orioritization of test 

case are the two techniques which help in early knowledge of faults as compared to the other technoiques. This review paper discusses 

these two techniques of prioritization for test cases. Fault based techniques are the approaches which schedule the test cases according 

to the fault awareness, exposing potential, fault location etc. on the other hand history based test case prioritization uses the historical 

data and information to prioritize the test cases.  

Index Terms— Regression Testing,fault awareness, Fault localization, History based TCP.  

1 INTRODUCTION

EST case prioritization is the approach that re-schedule 
the  test case order . The ultimate goal of this approach 

is to identify the faults at a possible earlier stage.. This is 
necessary as a software evolves the test cases get accumu-
lated and this is not possible to perform all the test cases in 
such a short time span. Various  prioritization methods are 
proposed by researchers to increase the fault detection 
rate, to minimize the cost, to maximize the coverage and 
the objectives can be many more according to the scenario 
of testing. Unlike the other two techniques of regression 
testing i.e., RTS and TSM , test case prioritization does not 
support any kind of rejection of test cases. Thus this is 
much adopted by the testers. If the test case which have 
the higher ability to detect the fault is not prioritize in a 
better way it may lead to the increase in cost time and ef-
fort, on the other hand if the suspectible test cases are han-
dle earlier then they may result in early detection of fault 
leading to the effectiveness and efficiency in terms of time, 
cost and effort. Thus test cases must be prioritized accord-
ing to the need of the program to be tested. 

2 REVIEW  

This section contains a study on Fault based and Historical 
information based techniques that the various researchers 
have discussed. 
2.1 Fault Aware Test Case Prioritization 

Before adopting a path to a destination, if we are aware of 
the obstacles that may be present over there, then either 
we will take the precautionary measures or we will change 
the path, or we will try to handle those obstacle in a 
planned way. Similarly in regression testing if we will be 
aware of the faults that may lie in the test suite then we 
will handle them accordingly and try to make the system 
fault free by adopting the proper techniques. These predic-
tions can be made according to the detailed features of the 
test case and also according to the historical information 
about the test cases or test suites.  The primary goal of re-

gression testing is to detect the faults and provide the 
feedback to the system so that the faults can be removed. 
While describing the coverage based TCPs, FEP i.e., Fault 
Exposing Potential techniques were also introduced. Fault 
Exposing Potential is the capacity of a test case to reveal 
the fault. Mutation analysis is used to define the FEP. Mu-
tation score is calculated as the ratio of mutants of state-
ments exposed by a test case and the total mutants of that 
statement. The test cases are then prioritizing on the bases 
of the mutation score. As the coverage based prioritization 
are extended by the additional approaches. FEP also has an 
extended version as Additional FEP [Rothermel et. al., 
1999]. However it is more expensive than the coverage 
based techniques. 

Test Suite minimization of the other hand is a technique 
which reduces the test suite size, but with the drawback of 
elimination of test cases. Thus retaining the test cases and 
using them for prioritization is always recommended by 
the developers. But it is more time consuming to consider 
all the test cases for evaluation and this is expensive too. 
Jeffey and Gupta proposed a technique for enhancing the 
fault detection capability, by reducing the size of test suite 
efficiently. This technique was, to select the test case in to 
smaller test suite based on a criteria C1. C2 is used to add 
the additional test cases. Property of elimination of redun-
dancy is taken care. Set of test cases T is prepared along 
with the corresponding testing conditions that each test 
meets for at least two specific testing criteria (C1, C2). This 
will result in reduced test suite satisfying all the testing 
requirements of complete original test suite. This tech-
nique is about test suite reduction rather than for prioriti-
zation [Jeffrey & Gupta, 2007]. 

 In 2010, a new Fault Aware TCP approach was pro-
posed.It technique suggests that the rate of fault detection 
can be enhanced by incorporating the coverage based test 
case prioritization along with Fault Localization which is 
an automatic debugging technique that provides infor-
mation regarding location of faults. In this approach TA-
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Abstract:  In this paper a novel and compact ultra wide band antenna is proposed having modified hexagon shaped patch with slots 

etched on the patch and step size slots truncated in the ground plane for attaining wide impedance and minimal return loss 

characteristics. The proposed antenna is designed and stimulated using HFSS, which is a high frequency structure stimulator, based 

on Finite Element Method. The proposed antenna can operate from 3 GHz to 30 GHz for VSWR < 2. The minimal return loss 

characteristic of -15.40 db is obtained at 19 GHz and exhibits good radiation performance over the entire frequency range.  

 
Index Terms –Antenna, Ultra wide band, WPAN, DGS, Wireless and Mobile Communication 
  

I. Introduction 

 

The contemporaneous spurt of wireless applications and with high level of miniaturization, the world is already moving with 4G 

networks and very soon we will be entering into a world of 5G networks. With such revolution in wireless technology, seen within a 

short span of time, has definitely increased the interest in designing high performance antenna types for various applications. On 

February 14, 2002 FCC (Federal Communications Commission) has approved a band of 3.1GHz - 10.6GHz for UWB wireless 

communication technology applying to civil and personal communication system.   

Over the last few years of research, it is evident now that a wide variety of proposed 'UWB' antennas, have proved as potential 

techniques for improving the spectrum efficiency of cellular radio systems. There are a growing number of applications, which 

involve the radiation or reception of electromagnetic signals over ultra-wide frequency bandwidth [1]. Therefore, the demand has 

swiftly raised, for compact and cheap antennas that can provide satisfactory performance in both time and frequency domains in the 

entire UWB Range. In addition, the trend in modern wireless communication systems, including UWB based systems, are to build 

on small, low-profile integrated circuits in order to be compatible with the portable electronic devices. This resulted in numerous 

studies on UWB microstrip antenna, which specifically focused on the optimization techniques for designing antennas radiating in 

the UWB Range [2] - [5].  

In the planar structure, the antenna can be easily and conveniently printed onto a piece of printed circuit board which easily satisfies 

the requirements for small UWB antennas and can be used for portable applications. Due to this advantage, industry and academia 

have been putting enormous efforts on researches to study, design and develop planar antennas for UWB communication system.  

  

Basically a printed antenna consists of a planar radiator and ground plane etched oppositely onto the dielectric substrate of the PCBs. 

The radiators can be fed by a microstrip line or coaxial cable depending upon the convenience. The electric currents in these antennas 

are distributed both on the radiating element and on the ground plane, and the radiation from the ground plane is unavoidable, which 

also need to be managed by doing modifications in the geometry. Therefore, the performance of the printed UWB antenna is 

considerably affected by the size and shape of the ground plane in terms of operating bandwidth, gain, directivity and radiation 

patterns.   
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a b s t r a c t

The evolution in communication techniques has created wide threats for crucial information transfer
through a communication channel. Covert communication with steganography is a skill of concealing
secret information within cover object and hence shields the data theft over rapidly growing network.
Recently, diverse steganography techniques using edge identification have been proposed in literature.
Numerous methods however utilize certain pixels in the cover image for inserting edge information,
resulting in significant deformation. The conventional edge detection method limits the deployment of
edge detection in steganography as concealing the information would introduce some variations to the
cover image. Hence inserting data in pixel areas recognized by existing conventional edge detection
techniques like canny cannot ensure the recognition of the exact edge locations for the cover and stego
images. In this paper, an Adaptive steganography method based on novel fuzzy edge identification is
proposed. The method proposed is proficient of estimating the precise edge areas of a cover image and
also ensures the exact edge location after embedding the secret message. Experimental results reveal
that the technique has attained good imperceptibility compared to the Hayat Al-Dmour and Ahmed Al-
Ani Edge XOR method in spatial domain.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The protection of information for any organization is the prime
concern and hence prompted to the research in the area of infor-
mation security. Usually, cryptography has been employed for a
reliable and secure transmission. The encrypted data however
evoke suspicion from illicit attackers. Recently, adaptive steg-
anography [1] is devised to defeat this weakness by imperceptibly
inserting confidential information into a cover media without
drawing any special attention from adversary. This property of
concealment differentiates steganography from cryptography. It
ensures that hidden secret data appears to be completely imper-
ceptible to the eavesdropper. These steganographic techniques for
covert communication are explored to shield the privacy of data
from surveillance and intellectual property from reproduction. The
main applications include covert communication, fingerprinting,

digital signature, and access control system [2]. The three prime
factors for image steganography technique are capacity, imper-
ceptibility and robustness. The capacity, imperceptibility and
robustness together constitute the magic triangle which was pro-
posed by Johnson et al. [3]. Hidden capacity or payload signifies the
amount of data concealed in the cover image. Robustness signifies
the defense against attack or anymanipulation by the eavesdropper
whereas imperceptibility is used to measure the image quality by
measuring the peak-signal-to-noise (PSNR).

Image steganography techniques can be classified into two
categories: spatial domain and frequency domain techniques. In
the spatial domain, the secret information is inserted directly in the
intensity of the image pixels, while in the latter case, cover images
are transformed to frequency domain and the secret data is inser-
ted in the transform coefficients. A Classical Spatial domain tech-
nique is Least Significant Bit insertion [4] provide high payload and
low computational complexity. However, this technique does not
resist statistical attacks. Transform domain techniques likeWavelet
Transform (DWT) [5] and Discrete Cosine Transform (DCT) [6] are
intended for higher robustness against attacks andmanipulation by
eavesdroppers. Adaptive steganography [7] is an exceptional case
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1. Introduction

The interaction of an intense laser beam with plasma offers 
various wide-ranging prospective applications of terahertz 
(THz) in science and technology. The potential outcomes of 
utilizing THz radiation in environmental monitoring, security, 
communications technology, food and material sciences, THz 
imaging and spectroscopy, remote identification of explosive 
and dangerous chemicals, etc are actively studied by various 
researchers [1–4]. Non-ionizing THz radiation can be broadly 
used in biological and medical applications. Radiation 
reflected and transmitted through biological objects carries 

important information for analysis [5]. A promising technique 
for generating THz radiation is utilizing a short laser pulse 
[6]. In contrast with photoconductive antennas or optical rec-
tification, laser coupling with the plasma gives an intense and 
broadband THz pulse. Researchers have both exper imentally 
[7–10] and theoretically [11–19] proposed several techniques 
for efficient THz generation by considering plasma as a 
medium.

On the basis of a fluid model, coherent THz radiation was 
generated by the interaction of bunched relativistic electron 
beams with a helical wiggler pump [11]. By numerical analy-
sis they showed that the presence of the ion channel can play 
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Abstract
The present communication deals with a scheme to generate terahertz (THz) radiation by 
electromagnetic Gaussian beams beating in a hot collisionless plasma having a density ripple 
on its surface, parallel to the z-axis. These p-polarised laser beams propagate in the x-z plane, 
incident obliquely to the density ripple on the plasma surface, and exert a ponderomotive force 
on electrons. The plasma electrons start oscillating because the plasma neutrality disturbed by 
the nonlinearity arises due to the ponderomotive force. This oscillatory velocity beats with the 
density ripple; as a result, an irrotational current density �JNL arises at the beating frequency 
ω1 − ω2 (with �∇×�JNL �= 0). This nonlinear current density urges a wave whose frequency is 
in the THz range. Our results show that, for a set of laser and plasma parameters, the power 
of emitted THz radiation scales as the square of the density ripple amplitude, as well as the 
amplitude of the emitted THz wave, decreases with the THz frequency and increases with the 
incidence angle up to an optimum value. In our case, the maximum normalised amplitude of 
emitted THz radiation is reached up to 0.038 at laser intensity ~7  ×  1014 W cm−2, θ = 30◦ and 
electron temperature ~5 keV with 30% density ripple.

Keywords: THz radiation, laser, hot plasma, density ripple, oblique incidence
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Abstract
A theoreticalmodel of terahertz generation is presented using nonlinearmixing of two lasers in
clustered plasmawith step density profile. The cluster is used as a target to enhance the optical to THz
conversion efficiency. The lasers are incident obliquely to the clustered plasma surface and exert a
ponderomotive force on cluster and plasma electrons. The ponderomotive force has a transverse
component that drives nonlinear current and produces THz radiation in the reflected component.
The enhancement in the efficiency of THz radiation generation occurs due to cluster plasmon
resonance and by coupling between plasma andTHzwave. The amplitude of generated THzwave is
maximumwhen the plasma frequency approaches to THz frequency and laser frequency is equal to

3pew , whereωpe is cluster plasma frequency. Also, the amplitude is enhanced at an optimumangle
of incidence. The dependence of efficiency of THz radiation generation on laser intensity, cluster
radius and electron thermal velocity is also studied.We report the normalized THzwave amplitude
∼0.044 fromAr cluster at 0.89 μmand 0.44 μmwavelengths of incident lasers with
intensity=7×1014W cm−2.

1. Introduction

The terahertz region of electromagnetic radiation spectrumhas been an important area of research for the last
two decades. THz radiation sources have a number of applications in remote sensing, biological and chemical
imaging [1, 2], non destructive testing, high-field condensed-matter studies [3], short distancewireless
communications and sensing [4], explosives detections [5] etc. In view of abovementioned applications, a
variety of new schemes are proposed by various researchers to generate THz radiation. Laser based THz emitters
involvewide band gap semiconductors, electro-optic crystals and photoconductive antennas [6–9]. However, all
thesemedia have the limitation ofmaterial breakdown and can not handle very high potential gradients. To
overcome this limitation, plasma can be used as an interactivemedium,which being in ionized state can handle
very high potential gradients. Hence, plasma based THz radiation sources have the great potential for generating
the broadband high-power THz pulses and have become the topic of attention formany researchers [10–19].
Bhasin andTripathi [17] have presented amodel of THz generation via optical rectification of a short pulse laser
in rippled density plasma in the presence of an externalmagnetic field. They observed the power conversion
efficiency of 0.04%of a laser of intensity 3×1015 W cm−2 in a 0.01%of critical density plasmawith 30 kG.
Kumar andTripathi [18] have theoretically studied the process of THz generation by nonlinearmixing of two
laser pulses propagating in a plasma at an angle to the density ripple wave vector. They observed the direct
dependence of THz amplitude on the ripple orientation angle. Kumar et al [19] have reported THz radiation
generation by beating of two laser pulses in a hot plasmawith step density profile. The amplitude of generated
THz radiation is increased due to couplingwith plasmawave. They reported THz power of the order of 90MW
with a laser of intensity 3×1016W cm−2, wavelength 1 μmand beam radius 100 μm.
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a b s t r a c t 

In this paper, we propose a general bi-parametric family of sixth order iterative methods 

to solve systems of nonlinear equations. The presented scheme contains some well known 

existing methods as special cases. The stability of the proposed class, presented as an ap- 

pendix, is used for selecting the most stable members of the family with optimum numer- 

ical performance. From the comparison with some existing methods of similar nature, it is 

observed that the presented methods show robust and efficient character. 

© 2019 Published by Elsevier Inc. 

1. Introduction 

Constructing fixed point methods for solving nonlinear equations and systems of nonlinear equations is one of the most 

attractive topics in the theory of numerical analysis, with wide applications in science and engineering. A great importance 

of this topic has led to the development of many numerical methods, most frequently of iterative nature (see [1–5] ). With 

the advancement of computer hardware and software, the problem of solving nonlinear equations by numerical methods 

has gained an additional importance. 

In this paper, we consider the problem of finding solution of the system of nonlinear equations 

F ( x ) = 0 , 

by iterative methods of a high order of convergence. This problem can be precisely stated as to find a vec- 

tor r = (r 1 , r 2 , . . . , r n ) 
T such that F ( r ) = 0 , where F : D ⊆ R 

n → R 

n is the given nonlinear vector function F ( x ) = 

( f 1 ( x ) , f 2 ( x ) , . . . , f n ( x )) 
T and x = (x 1 , x 2 , . . . , x n ) 

T . The solution vector r of F ( x ) = 0 can be obtained as a fixed point of 

some function � : R 

n → R 

n by means of the fixed point iteration 

x 

(k +1) = �( x 

(k ) ) , k = 0 , 1 , 2 , . . . 

� This research was partially supported by UGC grant (no. F.8-4(99)/2015 (MRP/NRCB), Ministerio de Economía y Competitividad MTM2014-52016-C2-2-P 
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Abstract In this contribution, a novel seventh-order
transformation method is proposed and analyzed for
finding multiple roots of nonlinear equations, when
the multiplicity of the root is not known explicitly.
The proposed method does not require the evaluation
of second derivative. The basins of attraction of the
proposed method are also presented in comparison to
existing transformation methods in the literature.
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Multiple root· Order of convergence· Basins of Attrac-
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1 Introduction

In this study, we apply iterative methods to find a
multiple root α of multiplicity m > 1, i.e. f (j)(α) = 0,
j = 0, 1, ....m− 1 and f (m)(α) 6= 0, of a nonlinear equa-
tion f(x) = 0, where f(x) be the continuously differ-
entiable real or complex function. Modified Newton
method [1] is an important and basic method for finding
multiple roots

xk+1 = xk −m
f(xk)

f ′(xk)
, (1)

which converges quadratically and requires the knowl-
edge of multiplicity m of root α.
In order to improve the order of convergence of (1),
several higher-order methods have been proposed in
the literature with known multiplicity m, for exam-
ple, [2–28]. On the other hand, if multiplicity m is
not known explicitly, Traub [29] suggested a simple
transformation:

F (x) =



f(x)

f ′(x)
if f(x) 6= 0 ,

0 if f(x) = 0,

(2)

to find a multiple root of f(x) = 0, thereby reducing the
task of finding a multiple root to that of solving a simple
root of the transformed equation F (x) = 0. Thus any
iterative method can be used to preserve the original or-
der of convergence. However, with this transformation,
we get second order transformed Newton method given
by

xk+1 = xk −
f(xk)f ′(xk)

f ′(xk)2 − f(xk)f ′′(xk)
, (3)

which requires the use of f ′(x) and f ′′(x). In order to
avoid the calculations of these derivatives, King [30]
proposed the secant method, with unknown multiplicity
for finding multiple roots of nonlinear equation, which
used another transformation:

F (x) =
−f2(x)

f(x− f(x))− f(x)
. (4)

The secant method thus obtained has order of conver-
gence 1.618.
Using the same transformation (4), Iyengar and Jain
[31] developed two iterative methods of order three and
four for finding multiple roots of nonlinear equations.
The third order method is given as:

xk+1 = xk − l1 − l2, (5)

where

l1 =
F (xk)

G(xk)
, l2 =

F (xk − l1)

G(xk)
,

G(xk) =
F (xk + βF (xk))− F (xk)

βF (xk)
. (6)

and fourth order method is expressed as:

xk+1 = xk − l1 − l2 − l3, (7)

where l1 and l2 are as defined in (6) and

l3 =
F (xk − l1 − l2)

G(xk)
.
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A two dimensional problem on laser pulse heating

in thermoelastic microelongated solid
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Abstract In the present discussion, the plane strain deformation due
to laser pulse heating in a thermoelastic microelongated solid has been dis-
cussed. The analytic expressions for displacement component, force stress,
temperature distribution and micro-elongation have been derived. The ef-
fect of pulse rise time and micro-elongation on the derived components have
been depicted graphically.

Keywords: Laser pulse; Thermoelasticity; Normal mode; Microelongation

1 Introduction

In modern engineering and science, laser heating has become a very promi-
nent aspect of surface modification. Laser finds a wide application in ma-
terial deformation and geological treatments of particles. Consequently,
the laser is an exceptionally flexible device for carrying out the change in
the surfaces of materials, with the depth of material which is affected may
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1. Introduction

Various researchers have explored the different nonlinear phe-
nomena that arise in laser–plasma interactions, such as soli-
ton formation, harmonic generation, self-phase modulation, 
group velocity dispersion, self-focusing and cross-focusing 
of electromagnetic waves [1–4]. Among these, cross-focus-
ing of electromagnetic waves in plasma has been extensively 
studied due to its importance in plasma wave excitation and 
particle acceleration [5, 6]. Sodha et al [7] have studied the 
cross-focusing of two coaxial Gaussian laser beams in mag-
netoplasma with ponderomotive nonlinearity. The effect of 
relativistic nonlinearity on the cross-focusing of two Gaussian 
laser beams in plasma has been explored by Esarey et al [8] 
and Kumar et al [9]. Gupta et al [10] have investigated the 
cross-focusing of two high-power laser beams in plasma and 
studied the effect of their coupling on the power of electron 
plasma waves. They showed in their results that the maximum 
power flux of the generated electron plasma wave is of the 
order of 6 × 1017 W cm−2 with the powers of incident beams 

being 3.6 × 1018 W cm−2 and 3.2 × 1018 W cm−2. Cross-
focusing of multiple Gaussian beams considering the nonlin-
earity arising due to ohmic heating of the electrons in fully 
ionized magnetoplasma was studied by Sodha et al [11]. They 
observed that, due to ionic thermal conduction, the extent of 
the cross-focusing decreases at high magnetic field values 
and increases at the low magnetic field values. The effect of 
external magnetic field on the cross-focusing of circularly 
polarized Gaussian laser beams when the extraordinary and 
ordinary modes are present simultaneously was studied by 
Asthana et al [12]. They found that the nonlinearity arising 
due to relativistic variation of the electron mass leads to the 
mutual coupling of the two modes, with mutual support for 
self-focusing.

In the last few years, many researchers have studied the 
techniques of combining multiple beams in order to obtain 
a very high power density at the target [13, 14]. A quadruple 
Gaussian laser beam is one of the outcomes of these studies 
[15]. A quadruple Gaussian laser beam is formed by combin-
ing four coherent Gaussian laser beams propagating along the 
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Abstract
The present study explores the phenomenon of cross-focusing of two quadruple Gaussian 
laser beams, each comprising four identical Gaussian beams whose axes are in the z-direction 
but shifted from the z-axis by a distance xo along positive and negative x- and y -axes in an 
underdense plasma. The nonlinearity arising due to the relativistic mass effect is taken into 
consideration. Nonlinear partial differential coupled equations governing the dynamics of 
two beams are solved using the paraxial ray approximation. The nonlinearity of the medium 
depends upon the intensities of both beams, leading to the cross-focusing effect. The effect 
of the initial laser intensity on the cross-focusing mechanism is analyzed. The focusing of the 
beam is observed to be enhanced in the presence of the cross-focusing mechanism.

Keywords: quadruple Gaussian laser beam, cross-focusing, relativistic nonlinearity
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Relativistic Self-Focusing of Hermite-cosh-Gaussian Laser Beam in Magnetoplasma

with Exponential Plasma Density Ramp
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Abstract In the present manuscript, we analyse the effect of exponential plasma density ramp for relativistic self-
focusing of Hermite-cosh-Gaussian laser pulse in magnetoplasma. The exponential plasma density ramp is found to
be more prominent in achieving the stronger self-focusing of Hermite-cosh-Gaussian laser beam in comparison to the
tangential plasma density ramp. We propose a theoretical model for propagation of Hermite-cosh-Gaussian laser pulse in
magnetoplasma with exponential density ramp. The nonlinearity in the medium arises because of the relativistic motion
of electrons, being responsible for relativistic self-focusing. Equation of the beam width parameter is set up by taking the
expression for the dielectric function and following Wentzel-Kramers-Brillouin (WKB) with paraxial ray approximations
for mode indices m = 0, 1 and 2. Effect of decentered parameter is also analysed, which results in stronger self-focusing of
the Hermite-cosh-Gaussian laser beam. Stronger self-focusing of laser beam is more pronounced in high density plasma
with higher magnetic field.

DOI: 10.1088/0253-6102/71/12/1469

Key words: self-focusing, decentered parameter, exponential density ramp, Hermite-cosh-Gaussian beam

1 Introduction

In the last few years, interaction of the laser beam

with plasma has been world widely studied because of

its unique applications, which include inertial confine-

ment fusion,[1−3] the laser electron acceleration,[4−6] self-

focusing, harmonic generation[7] etc. Among these non-

linear effects one of the most important effects is self-

focusing, which has been very fascinating area of research

for past few years. Whenever high power laser beam pen-

etrates through plasma, dielectric function of the plasma

is modified due to the oscillatory velocity of electrons and

hence results in relativistic self-focusing. Focusing and

defocusing of the first six TEM0p Hermite-cosh-Gaussian

laser beam in collisionless plasma was studied by Takale

et al.[8] and it was observed that, the modes with the odd

p-values defocuses whereas, with even p-values show os-

cillatory along with defocusing behavior of the beam.

“Gaussian beam” normally implies radiation confined

to the fundamental (TEM00) mode, is a of monochro-

matic light having transverse magnetic and amplitude

given by the Gaussian function. However, in case of

Hermite cosh Gaussian (HchG) beam, paraxial solutions

of the Helmoltz equation as Hermite-sinusoidal-Gaussian

beams, which was given by Casperson and Tovar.[9] Spe-

cial case of the Hermite-sinusoidal Gaussian beams is the

distribution at z = 0 is known as HchG beam. Hermite-

cosh-Gaussian beam can be obtained in the laboratory

by the superposition of two decentered Hermite-Gaussian

beams as cosh-Gaussian ones. Propagation of such HchG

beam in plasmas was studied theoretically by Belafhal and

Ibnchaikh[10] and Patil et al.[11]

A theoretical model was presented to produce THz ra-

diation by two cross-focused copropagating Gaussian laser

beams in a density rippled magnetized plasma.[12] They

concluded that with the increase in magnetic field, am-

plitude of the THz radiation generation increases signifi-

cantly. Optimization of the laser-plasma parameters gives

the radiated normalized THz power of the order of 10

kW. Also, it was observed that circularly or elliptically

polarized THz radiation can be generated when a static

magnetic field is imposed on a gas target along the prop-

agation direction of a two-color laser driver.[13] Fujioka

et al.[14] observed the kilo Tesla (kT) magnetic fields us-

ing a capacitor-coil target, in which two nickel disks are

connected by a U-turn coil. A magnetic flux density of

1.5 kT was measured during the Faraday effect 650 µm

away from the coil, when the capacitor was driven by two

beams from the GEKKO-XII laser. Wang et al.[15] in-

vestigated the fast ignition via integrated particle-in-cell

simulation including both generation and transport of fast

electrons. With this scheme it is demonstrated that two

counter propagating, 6 ps, 6 kJ lasers along the magnetic

field transfer 12% of their energy to the core, which is then

heated to 3 keV.
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The Influence of Various Dopants and Sintering Techniques
on the Properties of the Yttria-Ceria-Zirconia System As
an Electrolyte for Solid Oxide Fuel Cells

PAYAL SHARMA,1,2 KANCHAN L. SINGH,1,3 ANIRUDH P. SINGH,2

CHETAN SHARMA,2 and SONIA MAGO2

1.—Department of Applied Sciences, D.A.V Institute of Engineering and Technology, Jalandhar
144003, India. 2.—IKG Punjab Technical University, Kapurthala 144601, India. 3.—e-mail:
kanchan_69@rediffmail.com

Zirconia-based ceramic oxides Zr0.90Y0.06Ce0.02X0.02O2�d (X = Ca, Fe, La, Sr,
and Mg) were prepared by conventional and microwave processing. The pre-
cursors of Zr0.90Y0.06Ce0.02X0.02O2�d (X = Ca, Fe, La, Sr, and Mg) were pre-
pared by a mixed oxide method and were calcined at 600�C in an electric
furnace. The powders were consolidated in pellet form and sintered in a
conventional electric furnace at 1400�C for 6 h and compared using microwave
energy at 1400�C for 20 min. The structure and microstructure of sintered
products obtained by both methods were studied by x-ray diffraction and
scanning electron microscopy. Their density and microhardness were also
compared. The electrical conductivities of these samples were studied using
alternating current impedance spectroscopy. The analysis of the products
obtained by microwave aand conventional methods shows that the microwave
sintered samples have uniform grain growth, higher density, higher micro-
hardness and higher electrical conductivity than the corresponding conven-
tionally sintered products. The microwave sintered sample of composition
Zr0.90Y0.06Ce0.02Ca0.02O2�d was found to have the highest density and micro-
hardness, as well as the highest electrical conductivity among all of the mi-
crowave and conventionally sintered products.

Key words: Microwave processing, grain size, microhardness, fuel cells

INTRODUCTION

Solid oxide fuel cells (SOFCs) are electrochemical
devices that can convert the chemical energy of a
fuel into electricity with high efficiency. They have
multifuel capability and flexibility in their opera-
tion. The basic structure of an SOFC consists of a
solid ceramic electrolyte sandwiched between two
porous electrodes (cathode and anode), combined
with interconnectors and sealants.1 The SOFCs use
ceramic electrolytes to allow the transport of oxygen
vacancies (O2�). The electrolyte of an SOFC must be
dense and should have high ionic conductivity along

with minimum electronic conductivity. Further, it
should have large stability under oxidizing and
reducing atmospheres along with good mechanical
and thermal properties at operating temperatures.
The SOFCs using zirconia-based electrolytes oper-
ate at very high temperatures, ranging from 800�C
to 1000�C, for high ionic conduction. Such a high
operating temperature leads to the high cost, ther-
mal expansion mismatch, and the degradation of
other cell components.2,3 Therefore, there is a need
to develop electrolyte materials that can exhibit
sufficient conductivity at a lower temperature and
provide an opportunity to reduce the operating
temperature of SOFC systems.

Zirconia electrolytes have high ionic conductivity,
high mechanical and chemical stability and less
electronic conductivity in the oxidizing

(Received May 17, 2018; accepted February 22, 2019)
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Effect of Microwave Sintering on the Properties of Zirconia
Based Ceramic Electrolytes for Solid Oxide Fuel Cells
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ABSTRACT
In this work, the effect of microwave sintering on the properties of scandia doped
zirconia (10 mol% scandia in zirconia) was investigated. The sample was prepared
by mixed oxide method and the sintering was done at the temperature of 1400oC
for 20 min using a 2.45 GHz microwave furnace. Sintering behavior of this
microwave sintered ceramics was compared with the corresponding conventional
sintered ceramics, sintered at 1400oC for 6 h in a conventional furnace. It was
found that both the sintering processes produced highly dense samples. X-ray
diffraction analysis confirmed the presence of only cubic structure in both the
samples. Scanning electron microscopy study was done for micro-structural
analysis. Further, electrical conductivity was studied from room temperature to
500oC in the frequency range of 1 kHz to 1 MHz. Higher ionic conductivity was
recorded for microwave sintered sample than the corresponding conventional
sintered sample.
[Keywords: Ceramics, Solid oxide fuel cell, Electrolyte, Microwave sintering]

Introduction
As we know, at present, majority of the energy demand

is met by the fossil fuels. However, due to the problem of
limitation of conventional sources and the global need to
reduce emissions of the greenhouse gases, there is a
growing interest towards the development of renewable
energy technology with less negative environmental
impact. Fuel cells with fuel flexibility, energy efficiency and
cleanliness have the potential to provide power in portable
and stationary power applications and replace the internal-
combustion engine in vehicles. Hence, one can expect
fuel cells to be good substitution of the conventional power
sources.1, 2 Among different types of fuel cells available,
a solid oxide fuel cell (SOFC) has shown great potential
for industrial scale production. It is an electrochemical
device that produces electricity very efficiently from the
reaction of fuel and air, without production of harmful
by-products. The electrolyte acts as a channel between
the electrodes through which O2– ions move in between
the electrodes.3, 4 It consists of three parts: anode, cathode
and the electrolyte. These solid oxide fuel cells use metal
oxide solid ceramic electrolytes for movement of O2– ions.
But sufficient ionic conduction is possible only at high
operating temperatures, which, in turn, put a great pressure
on material selection for other components of SOFC.5

As a result, recent developments are focussed on
improving the material property or modifying processing
routes to reduce the working temperature of the SOFC. In
this direction, microwave sintering is an enhanced
technique in material processing in which microwave
energy is delivered directly to materials through molecular
interaction with the electromagnetic field. This technique
of energy transfer can result in many possible advantages
of using microwaves for processing of materials. Because
microwaves can penetrate materials and deposit energy,
heat can be generated throughout the volume of the
material. The mechanism of heat generation during
microwave-material interaction is complex and consists
of absorption of electromagnetic radiation by materials due
to their intrinsic dielectric properties.6, 7 This non-
conventional heating method can modify sintering
mechanisms, resulting in changes in the microstructure
and phase composition of the consolidated materials,
while, at the same time, reduces the processing time and
energy consumption.8–10

The aim of the present work is to examine the sintering
behavior of scandia doped zirconia electrolyte. The
most commonly used electrolyte materials are doped
zirconia, doped  ceria,  doped  bismuth  oxides,  etc.11

Scandia doped zirconia is stable in reducing conditions
and its thermal and mechanical properties are similar to
those of yttria stabilized zirconia, which is the most
commonly used material as an SOFC electrolyte. It has
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In this work, a modified Newton–Özban composition of convergence order six for solv-
ing nonlinear systems is presented. The first two steps of proposed scheme are based
on third-order method given by Özban [Özban, A. Y. [2004] “Some new variants of
Newton’s method,” Appl. Math. Lett. 17, 677–682.] for solving scalar equations. Com-
putational efficiency of the presented method is discussed and compared with well-known
existing methods. Numerical examples are studied to demonstrate the accuracy of the
proposed method. The basins of attraction of some of the existing methods along with
the proposed method are given to exhibit their performance.

Keywords: Nonlinear systems; Newton method; Özban’s method; order of convergence;
computational efficiency; basins of attraction.

1. Introduction

Approximating the solution of nonlinear systems is one of the most investigated
topics in numerical analysis and plays an essential role in many areas such as sci-
ence and technology [Ortega and Rheinboldt (1970); Traub (1977)]. These nonlinear
systems of equations have been widely studied due to their diverse range of exis-
tence in many fields. The importance of this topic has led to the development of
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Complex Dynamics of Phytoplankton-Zooplankton Interaction System with
Predation and Toxication Delay
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Abstract

In this manuscript, we propose a two-dimensional complex plankton dynamics of phyto-
plankton and zooplankton interacting species to investigate the impact of multiple delays,
viz., predation and toxin liberation delay. We consider predation delay (PD) in the zoo-
plankton population and toxin liberation delay (TLD) in both populations namely, the
phytoplankton and zooplankton species. It is observed that the given system is bounded
and positive with and without delay under certain conditions. The conditional local and
global stabilities of different equilibrium points are obtained. The stability and instability
of the delayed system have been discussed analytically and numerically to show the exis-
tence of Hopf-bifurcation and its properties for all possible combinations of both delays
about the positive equilibrium of the plankton system. The study of different parameters
has been carried out to discuss the occurrence and non-occurrence of planktonic blooms.
It is concluded that variation in zooplankton predation delay and toxin liberation delay
may lead to unstable the plankton system through the existence of periodic oscillations
with the occurrence of planktonic blooms.
Key Words: Plankton, Predation delay, Toxin liberation delay, Hopf-bifurcation, Central
manifold theorem.

1 Introduction
In the study of the aquatic ecosystem, it is very important to understand the dynamics
of plankton populations, their interactions, survival, and extinction. Phytoplankton pop-
ulation is a biological wealth of oceans, a vital link in the food chain, gobble up carbon
dioxide and generate almost 50-80 percent of oxygen present in the earth’s atmosphere for
the survival of living organisms. Some scientists have observed that the global phytoplank-
ton population has declined continuously due to the rising of sea surface temperature. So,
it is very essential to study the plankton ecosystem for environmental balance.
In the marine ecosystem, one of the important properties related to the phytoplankton pop-
ulation is their excessive growth resulting in the occurrence of massive plankton blooms.
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Comparison of microwave and conventionally sintered manganese and 
niobium doped lanthanum germanate based apatites by micro 
Raman Spectroscopy 

Chetan Sharma a, Singh Kanchan L.b,**, Singh Anirudh P.a,*, Payal Sharma a,b, Sonia Mago a, 
Vandana Naithani a, Ravinder Kumar Chadha a 

a I.K.G Punjab Technical University, Kapurthala, 144601, India 
b Department of Applied Sciences, D.A.V Institute of Engineering and Technology, Jalandhar, 144003, India   

H I G H L I G H T S  

� Sintering of apatites have been done by conventional and microwave processing. 
� The XRD revealed that the sintered products had single Phase hexagonal oxy apatite. 
� Raman Spectroscopy revealed that monoclinic phase was also present in the apatites. 
� Microwave sintered products had uniform grain growth and higher density. 
� Microwave sintered products had higher hardness and conductivity value.  

A R T I C L E  I N F O   

Keywords: 
Micro Raman spectroscopy 
XRD 
SEM and hardness 

A B S T R A C T   

In this paper, the effect of microwave and conventional sintering on doping behaviour of Mn2þ and Nb5þ in 
lanthanum germanate based apatite have been compared. The precursor of apatite has been prepared by mixed 
oxide method and conventionally calcined at 1100 �C for 6 h. The resulting powders have been sintered by 
microwave energy at 1400 �C for 30 min and by conventional heating 1400 �C for 4 h. The products prepared 
have been characterized by X-ray diffraction, scanning electron microscope, Micro Raman spectroscopy, and 
Vicker’s hardness and the results are compared. The apatites of similar compositions sintered by microwave 
energy have higher density and hardness than the apatites sintered by electric heating.   

1. Introduction 

The ideal general formula of apatite is A10M6O24X2 (A ¼ alkaline 
earth, rare earth; M ¼ P, Si Ge) and (X ¼OH, O and halide). Its appli-
cations ranging from biomaterial to electrolytes have been of interest 
and therefore highly researched [1]. Hassan et al. have written a review 
on microwave-assisted techniques for the synthesis of nano hydroxyl 
apatite but they did not cover the sintering of hydroxyapatite [2]. 
Transparent hydroxyapatite was prepared first time in the Microwave 
Processing & Engineering Center of Material Research Institute, Penn 
State by the group of Agrawal. They had used fine crystalline material 
prepared by hydrothermal process and microwave sintering of the fine 
powder at 1150 �C within 5 min of soaking time [2–5]. In another work, 

the group used microwave processing in the preparation of HAP/ZrO2 
composites to avoid loss of calcium phosphate. They could prepare 
HAP/ZrO2 by microwave processing at the temperature as low as 
1200 �C within 20 min of sintering time. Conventionally HAP/ZrO2 was 
prepared at 1200 �C in 240 min which led to the loss of calcium phos-
phate [6]. The sintering of hydroxyapatite to be used as a biomaterial 
has been reported by the group of Singh [7]. 

In the year 1995, Nakayama et al. investigated lanthanum silicate- 
based apatites La10(SiO4)6O3, (Ln ¼ La, Nd, Sm, Gd, Dy, Y, Ho, Er and 
Yb) for its applications as an ionic conductor [8] and later lanthanum 
germanates was also studied for the applications as ionic conductors [9] 
to be used at intermediate temperature in the solid oxide fuel cells 
(SOFC). Since the La9.33þ2x/3(Si/Ge)6O26þx apatites have a conductivity 
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a b s t r a c t

Wireless Sensor Networks (WSN) has wider applications in the fields of the healthcare,
military, and the weather monitoring. The efficient design of the WSN requires better
energy optimization techniques, since the nodes in the WSN are battery operated. The
traditional energy aware routing mechanisms neglect the delay, and the traffic rate of
the WSN while improving the energy constraints in the node. This work overcomes
these challenges by introducing a multi-objective energy aware routing protocol. This
paper proposes the multi-objective fitness function based on the energy, delay, traffic
rate, distance, and the cluster density. The energy-aware routing is done based on
the proposed Multi-objective fractional particle lion algorithm (MOFPL). The proposed
MOFPL algorithm finds the optimal cluster head from various cluster head nodes in
the WSN. Then the optimal routing path is established based on the proposed multi-
objective function. The proposed MOFPL algorithm has 5, 8, 10 alive nodes at the
iteration round of 2000 for the WSN with 50, 75, and 100 nodes, respectively. Also, the
proposed MOFPL algorithm has achieved higher normalized network energy of 0.05877
and 0.06022 for the WSN with 50 and 100 nodes, respectively.

© 2019 Published by Elsevier B.V.

1. Introduction

A Wireless sensor network (WSN) [1–4] contains a collection of sensors connected to the wireless medium. The WSN
model is powered by the base station which acts as an access point for the series of the sensor devices in the network.
The WSN finds application in the various fields, such as weather monitoring, meteorological data collection, and field
surveillance [5]. The advancement in the WSN has resulted in the impact in the real-time applications, such as military,
science, industry, commerce, transportation, and health-care. The efficiency of the WSN directly depends on the quality of
the sensors present in it. The sensors in the WSN need to have better precision, accuracy, and robustness to noise [6]. The
sensors [7–9] in the WSN are affected due to the various noise factors from the internal and the external environments.
The noise of the surrounding hardware components in the WSN also affects the performance of the sensor nodes. The
sensor nodes in the WSN are separated with the large distance. The communication between the sensors nodes is achieved
with the wireless channel with low power. The base station effectively collects the data from the sensors and generates
the necessary query for the each node [10–19].

The term routing defines the way of sending the packets between the sensor nodes and the base station of the WSN
through the wireless communication medium. The main challenge during the routing of the nodes is the consideration
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Abstract: Information security is an arduous task these days 
especially due to advancement in technology. Sending or receiving 
confidential information in an undetected form has been a major 
challenge.   Steganography is the art or process of concealing 
information inside a text, audio or image file. The process of 
embedding information inside an image is known as Image 
steganography. The objective unlike cryptography is not to make 
the information difficult to understand but to hide it in plain sight. 
The concealed information is harder to detect and is only detected 
only by the receiver who is aware of its existence. Image 
Steganography is used to secure private files and documents, hide 
passwords and encryption keys as well as to transport highly 
confidential documents between international governments and 
organizations without revealing the existence of the hidden 
message. This also makes it essential in military and banking field 
for secure communication of information. This provides better 
security to the information being shared. This paper discusses 
history, techniques, applications, benefits and shortcomings of 
Image steganography. Further a discussion on the challenges and 
the future direction and trends of image steganography are also 
presented. 
 

Keywords: Information security, Stegnanalysis, Image 
Steganography. 

I. INTRODUCTION 

Steganography is very important in today’s world because of 
the need of secure communication. Steganography as a word 
has Greek origin and is formed by using two words 
“Steganos” and “Graphe” meaning concealed and writing or 
drawing respectively. As the name suggests steganography 
can be described as an art or process of concealing data or 
secret information within a text, audio or an image file. The 
process of embedding information inside an image is known 
as Image steganography. By using image steganography, it is 
possible to pass secret messages unbeknown the third party 
who maybe looking for it. It can hide the message in plain 
sight [1]. It is coupled with cryptography and provides an 
extra layer of protection along with encryption which 
strengthens the security of the object [2]. Some technologies 
like watermarking which are used for intellectual property 
protection are related to steganography [3]. Prisoner’s 
problem is a good example of contemporary formulation of 

 
 
Revised Manuscript Received on October 30, 2019. 

* Correspondence Author 
Vimanyu Chopra*, UG Scholar, DAV Institute of Engineering & 

Technology, Jalandhar, India. Email: vimanyuchopra2@gmail.com 
Devinder Priyadarshi, Faculty, DAV Institute of Engineering & 

Technology, Jalandhar, India. Email: priyadarshidevinder@gmail.com 
 

© The Authors. Published by Blue Eyes Intelligence Engineering and 
Sciences Publication (BEIESP). This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 
 

 
 
 
 

steganography even though it has been in use since ancient 
times [4].The problem as be described as having two 
prisoners named Alice and Bob who are imprisoned in 
isolated cells and they have to exchange information through 
a messenger in order to design a scheme to escape from 
prison while under surveillance of Eve who is the warden 
assigned to them. If Eve gets suspicious of any activity going 
on Alice and Bob will be sent to solitary confinement. They 
can’t use only cryptography here as Eve would get suspicious 
thus, they use steganography to hide the information. Eve 
will try to find any hidden communication between the two 
prisoners so as to undo their plans. She can be passive where 
she would try to detect the message or active where she 
would actively try and modify or insert information with 
embedded messages. To send these concealed messages 
Alice would embed the secret message in information. Alice 
and Bob can use private or public key steganography. In 
private key steganography they both share a secret key used 
for embedding the message while in public key 
steganography both parties employ private-public pairs of 
keys while having access to the other persons’ public. They 
have their private key pairs along with a public key. The 
warden eve examines all communication between the two 
inmates and the test is to plan the whole jailbreak without her 
knowing about it [5]. 

II. STEGANALYSIS  

Steganalysis can be described as the process of finding the 
hidden message in the information. The techniques also 
improve along with steganographic techniques. It is used as a 
measure to test the effectiveness of various steganographic 
techniques. If the message is easily detected then it is not 
deemed usable and this technique helps us to improve the 
existing steganographic techniques as well as in the 
formulation of new ones. Steganalysis can be universal or 
targeted [6]. In universal method the steganographic 
algorithms are detected without knowledge of embedding 
process. This process is very effective but its detection 
accuracy rate is very low. The targeted steganalysis method 
uses specific steganographic algorithms to detect the 
messages embedded using the defined algorithms. These 
have a higher detection efficiency than universal techniques 
as it uses well established algorithms for its search. 
Nevertheless, in practical scenarios one doesn’t generally 
know the steganographic technique that the persons 
communicating will use to embed the images thus universal 
technique is employed if the specific algorithm used to 
embed images is not known [5]. If we can’t find the hidden 
message it is also possible to destroy the message without 
understanding it. One such method to defeat the image 
steganography is compressing the image which will remove 
the information hidden by 
LSB method.  

Information Security through Image 
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Abstract: This paper discusses the basic concept Machine 

learning and its techniques, algorithms as well the impact of 

Machine Learning in Manufacturing processes and Industrial 

Production. There has been an unprecedented increase in the data 

available in the last couple of decades. This has enabled machine 

learning to be applied in various fields. Machine learning is field 

of study which enables the computer system to learn automatically 

as well as improve from experience and perform various tasks 

without explicit instructions.  The primary aim of machine 

learning is to allow the computers learn automatically without 

human assistance or intervention and adjust actions accordingly 

It is being employed in many fields. Manufacturing one area 

where machine learning is very useful. This paper discusses the 

various areas where machine learning can improve the process of 

manufacturing like predictive maintenance, process optimisation, 

quality control, scheduling of resources among others. This can 

be done by employing various machine learning techniques and 

algorithms using concepts such as deep learning, neural 

networks, supervised, unsupervised and reinforcement learning. 

The relationship of how machines and humans can co-exist and 

work together to improve the efficiency of production is also 

discussed. Industry 4.0 or fourth revolution that has occurred in 

manufacturing which deals with advent of automation in 

manufacturing industry and its significance is discussed. We take 

a look at the various benefits and applications of machine 

learning in the field of manufacturing engineering. This paper 

also discusses the various challenges and future scope of 

employing machine learning in the manufacturing. 

 
Keywords: Machine learning, Industry 4.0, Manufacturing, 

Automation. 

I. INTRODUCTION 

Machine learning as the name suggest is the ability of the 

machine to learn by themselves. It deals with the programs 

which learn over time to improve and adapt the performance 

based on experience and past results without explicit 

instructions from humans. Machine learning is being 

employed in various fields ranging from image processing, 

predictive analysis, military to medicinal field. It has 

revolutionised the manufacturing industry over the last few 

decades. There are many techniques and approaches which 

enable the use of machine learning across various fields. This 

paper first discusses these techniques employed in 

manufacturing industry and then we take a look at the various 

aspects of industry that machine learning has helped 

including- predictive maintenance, quality control, 

optimization and scheduling, supply chain forecasting as well 

as the concept of industry 4.0 and the symbiotic relationship 
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between machines and human beings needed for greater 

efficiency and better performance. The various challenges for 

employing machine learning in the field and the future scope 

of the technology is also discussed. 

II. TECHNIQUES 

Machine learning uses many algorithms and tools for its 

implementation. Some of the types of machine learning along 

with their algorithms are: 

A. Supervised Learning 

Supervised machine learning algorithms use previous 

instances which are used to make prediction for future 

instances. The data is divided into training and test dataset 

[1]. A function is inferred from the training data which can be 

used to make predictions about output values. This approach 

after sufficient training can be used to provide targets for new 

inputs ad can also compare the predicted output to the 

intended value of output which is useful in finding errors so 

that the model can be modified accordingly. This approach 

when training intends to find some patterns in training dataset 

which can be used in prediction or classification [1]. Some of 

the most popular algorithms in supervised learning are: 

 Decision Trees  

 Naive Bayes 

Decision Trees  

Decision trees (Fig 1) are the type of trees which based on the 

values group the attributes together. Decision trees rely 

heavily on pre-determined classification [1]. Decision trees 

are used in classification to identify the attributes which can 

be used to extract the most information required for solving 

the classification puzzle. 

 
Fig 1 - Decision Tree [19] 

Naive Bayes  

Naive bayes is a classifier which is based on bayes theorem of 

conditional probability. 

 

P(c∣x) = 
   ∣  

    
 P(c). 

Role of Machine Learning in Manufacturing 

Sector 

Vimanyu Chopra, Devinder Priyadarshi 
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Abstract
Wireless systems and standards are now progressing towards the implementation of fifth 

generation (5G) to combat with an expected and explosive growth of demands of wire-

less services in future. Consequently, the orthogonal frequency division multiple access 

(OFDMA) technology is being utilised for the uplink and downlink transmission to afford 

the high spectral efficiency in fading environments. However, the 5G implementation 

requires additional improvements to meet the futuristic stress. This work proposes an inno-

vative solution that combines OFDMA technology with multi-user massive multiple input 

multiple output (MIMO) technology to meet the required elevated data rates as desired 

by the growing application needs of 5G. Massive MIMO is capable to fulfil the vision of 

5G to realize a huge number of base stations equipped with a large number of terminals 

to be served in the same time–frequency resource without severe inter-user interference. 

Furthermore, the proposed system is demonstrated incorporation with discrete wavelet 

transform, and fractional Fourier transforms. The evaluated outcomes exemplify a consid-

erable improvement in spectral efficiency and BER performance in contrast with the earlier 

reported work.
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Abstract
Free space optical (FSO) communication systems have recently gained huge attention as 

possible last mile solution in delivering high speed data services for terrestrial applications. 

However the FSO link performance, particularly the link range is significantly limited by 

the severity of atmospheric adversities affecting the channel. In this paper we advocate 

the use of multi-hop relay techniques to transmit wavelength division multiplexed (WDM) 

signal over the FSO channel. Since weather induced impairments in FSO links are dis-

tance dependent phenomena, hence relay transmission allows substantial performance 

enhancement by alleviating channel losses while, WDM provides cost effective solution 

in improving the transmission capacity. With aggregate link losses as high as 40 dB/km, 

the proposed 32 channel—10 Gbps (320 Gbps) FSO link has been evaluated by compar-

ing bit error rate (BER) performances and eye patterns over different turbulent regimes. 

Gain optimized EDFA amplification and conventional electrical amplification have been 

employed to realize amplify-and-forward (A–F) multi-hop transmission in the proposed 

link with the former delivering more inspiring BER performance of over the latter. Our 

simulation results indicate that for receiver SNR of 35 dB, BER improvement up to five 

orders of magnitude can achieved using triple relay FSO link in contrast to direct link oper-

ating under similar conditions. Additionally, it is also observed during the analysis that for 

target BER of  10−5, incorporation of triple relay enhances the link range by approximately 

1200 m over direct link. However on the flip side, our investigations also revealed that as 

the number of relay nodes is increased, the SNR gain for specified BER does increase but 

the magnitude of gain declines. The proposed link was designed and investigated using 

OptiSystem™ 14.2.

Keywords Free space optics (FSO) · Dense wavelength division multiplexing (DWDM) · 

All optical relaying · Atmospheric turbulence · Multi-hop FSO · Gamma–Gamma fading
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Abstract
Atmospheric turbulence is known to significantly degrade the efficiency and reliability of 

free space optical communication link. Use of coded-orthogonal frequency division multi-

plexing (OFDM) technique to mitigate the effect of adverse atmospheric conditions on free 

space optical (FSO) communication link has been proposed here. With Gamma–Gamma 

distribution for channel modeling, the error performance of the proposed RS8 (Reed Solo-

mon) coded, 128 sub-carrier OFDM link has been investigated using coherent BPSK and 

QPSK modulation scheme. The results obtained from this analysis have also been com-

pared with intensity modulated/direction detection (IM/DD) based OOK-OFDM FSO link. 

In case of strong turbulence and for target BER of  10−4, it was observed that BPSK and 

QPSK modulated OFDM FSO link achieve a descent coding gain of 18.2 dB and 12.6 dB 

respectively over non coded OOK-OFDM FSO link. Also, it was observed that as the link 

conditions worsened from weak to strong turbulence, the effect of atmospheric impair-

ments on FSO link becomes significantly pronounced. Additionally, in terms of BER per-

formance, the BPSK modulated link out-performed QPSK and OOK under all the consid-

ered channel conditions.

Keywords Atmospheric turbulence · Bit error rate (BER) · Free space optical 

communication (FSO) · Orthogonal frequency division multiplexing · Reed–Solomon (RS) 

coding
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Abstract
Recent advancements in mobile Worldwide Interoperability for Microwave Access (WiMAX) standards have led to the

development of more reliable, robust and efficient broadband networks that can provide access for both fixed and mobile

users. The physical layer of a WiMAX network is composed of orthogonal frequency-division multiplexing (OFDM)

technology, which allows it to provide elevated data rates with minimum distortion in fading environments. However, the

presence of interference affects the orthogonality of the OFDM sub-carriers, which increases the probability of network

errors. The error probability can be reduced by increasing the output power level at the expense of an elevated peak-to-

average power ratio (PAPR). In this work, discrete wavelet transforms (DWTs) and fractional Fourier transforms (FrFTs)

are used to augment the reliability and efficiency of an adaptive WiMAX system. The results show considerable

improvements in both bit error rate (BER) reduction and spectral efficiency enhancement at a given signal-to-noise ratio

(SNR). In addition, a significant PAPR reduction is attained when the DWTs and FrFTs are used in place of fast Fourier

transforms. Moreover, the proposed adaptive algorithm realizes a spectral-efficient WiMAX system that enables the system

to select the suitable transform strategy (DWT/FrFT) with minimum SNR requirements to achieve the target BER of 10-4.

Keywords WiMAX � DWT � FFT � FrFT � BER � PAPR

1 Introduction

Wide area access technologies will soon be replaced by

broadband wireless access (BWA) networks because of

their simpler equalisation mechanisms, higher spectral

efficiencies and resilience in multipath fading environ-

ments. BWA networks can deliver high-speed mobile and

data services to both small/medium-sized organisations and

domestic users because of characteristics such as ease of

installation, high levels of adaptability and increased reli-

ability. BWA potentially offers a good option for users who

are either dissatisfied with or otherwise unsupported by

existing wired broadband services. The standardised ver-

sion of BWA is WiMAX, which is also known as the IEEE

802.16 standard, and it has the capability to provide higher

data rates to many users, even during high traffic scenarios.

Additionally, the use of OFDM for the physical layer

allows WiMAX to provide a more reliable service in

multipath fading environments [1]. The various well-

known versions of IEEE 802.16 are as follows [2]:

a) IEEE 802.16: Designed for use in line-of-sight (LOS)

environments and operating in the 10–66 GHz

frequency range.

b) IEEE 802.16a: Designed for use in non-line-of-sight

(NLOS) environments and operating in the

2–11 GHz frequency range.

c) IEEE 802.16d: Initially defined for maintenance and

system profiles for operation in the 2–11 GHz

frequency band, but was later merged with 802.16-

2004.

d) IEEE 802.16e: Described as a standard for mobile

broadband wireless access systems.
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Abstract
In this paper, 1.28 Tbps (32 × 40 Gbps) high-capacity DWDM-FSO link has been investigated for performance enhancement 

using coherent detection and digital signal processing (DSP). The DP-16QAM-modulated proposed DWDM-FSO link has 

been analyzed for both adverse weather and turbulent atmospheric conditions. It is observed that when link is subjected to 

strong turbulence along with adverse weather conditions, the DSP-aided coherent DWDM-FSO receiver achieves target 

bit error rate (BER) of  10−4 at signal-to-noise ratio (SNR) of 36.4 dB, while for similar conditions, the SNR requirements 

for IM/DD-based DWDM-FSO link shoots by 12.8 dB to 49.2 dB. Also, in terms of operational link range, the proposed 

link even under strong turbulent conditions serves 1.88 km, whereas IM/DD link was restricted to mere 1.12 km for target 

of BER of  10−4, thus producing a decent range increment of 760 m. The proposed link has been designed and investigated 

using OptiSystem™ 14.2.

Keywords Free-space optical communication · Coherent detection · Digital signal processing DWDM · Atmospheric 

turbulence · Gamma–Gamma channel modeling

1 Introduction

Free-space optical (FSO) communication technology is 

being seen as possible last mile solution which can help 

deliver high-speed data services to the end users [1, 2]. It 

has already found its application in secure military commu-

nication networks, deep-space communication and disaster-

affected areas as plug and play device [3]. Free-space optical 

(FSO) communication involves line-of-sight transmission 

between two nodes using optically modulated data stream. 

Thus, FSO links offer similar transmission capabilities as 

that of a conventional optical fiber network with an added 

goodness of being wireless. Miscellaneous advantages 

include inherent data security, quick deployment and reloca-

tion, license-free spectrum which can also support massive 

data transmission rates and immunity against electromag-

netic interference [1–3].

Transmission of optically modulated signal through 

the free-space atmosphere makes FSO links vulnerable to 

meteorological events like rain, haze, snow, fog, smog, etc. 

Associated with atmospheric visibility, these meteorological 

processes may lead to absorption, scattering and attenuation 

of information-bearing photons that propagate through the 

channel [3]. On the other hand, even on a clear sunny day 

when atmospheric visibility is very high, the signal fading 

due multipath propagation and scintillation effect can still 

impair the link [3, 4]. Solar irradiance (heat), differential 

heating of medium and variable wind speeds may cause ran-

dom fluctuations in refractive index of the medium. These 

effects in turn cause random fluctuations in received sig-

nal intensity and are commonly referred to as atmospheric 

turbulence (scintillation effect). Turbulence-induced fading 

may thus lead to non repairable loss of information [4–7]. 

Atmospheric adversity is therefore a detrimental factor that 

defines the overall reliability of FSO links.

The core networks of majority of communication service 

providers are already using light-wave communication as 

their backbone systems [3–5]. FSO systems therefore must 

become compatible with these existing optical networks 
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A R T I C L E I N F O

Keywords:
Polymer composites
Doped ZnS nanoparticles
Optical absorption
Photoluminescence

A B S T R A C T

In the present work, the optical properties of transition metal (Mn, Fe, Cu and Ag) doped ZnS
nanoparticles in PVK polymer composites have been studied. The pure and transition metal (TM)
doped ZnS nanoparticles were prepared by co-precipitation method and PVK/ZnS(TM) nano-
composites were synthesized by spin coating technique. The nanocomposites were characterized
by X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), optical ab-
sorption, energy and time-resolved photoluminescence spectroscopic techniques. The XRD pat-
terns suggest the formation of the cubic phase of ZnS nanoparticles while FTIR spectroscopy
reveals the incorporation of transition metal dopants in ZnS nanoparticles. The wide variation in
surface morphology for differently doped nanoparticles in PVK based composites has been ob-
served from FESEM technique. The optical gap has been found to increase with nanoparticle
incorporation while the increased luminescence quenching is observed for PVK/ZnS:Mn nano-
composites. The time-resolved photoluminescence reveals a change in the lifetime of charge
carriers for these composites. These results are important for designing new organic/inorganic
nanocomposites for emerging technologies.

1. Introduction

The organic-inorganic hybrid materials are of recent interest due to their importance as UV photo detectors [1], temperature
sensors [2], white light-emitting diodes [3], bulk heterojunction solar cells [4,5] and gas sensors for environmental monitoring [6].
The incorporation of nanoparticles in different polymer systems has improved their physical characteristics. A correlation between
morphology and surface photo-voltage has been studied by scanning Kelvin probe for TiO2 nanoparticle/poly(3-hexylthiophene)
hybrid blends [7]. The enhancement in dielectric constant and electrical conductivity for PMMA/ZnS based nanocomposites was
proposed as a highly efficient emissive layer in OLED devices [8]. The Schottky diodes based on PVA:BiFeO3 nanocomposites show
high leakage current, a large value of idealist factor, dielectric response and exhibit diamagnetic behaviour for nanocomposites even
though bismuth ferrite is antiferromagnetic [9]. Kumari et al. have reported a slight increase in electroluminescence intensity and
red-shift of the peak with a concentration of CdSe nanoparticles in PVK polymer matrix [10]. The effect of n-type ZnO nanoparticle
concentration in p-type PVK based hybrid nanocomposites has favoured an enhancement in charge transfer characteristics of QDs/
polymer hybrid LED by interface controlling by Kang et al. [11]. The transition metal doping or co-doping has been found to influence
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Impact of Environment Toxin on Phytoplankton-Zooplankton Dynamics.

Rajinder Pal kaura,∗, Amit Sharmab, Anuj Kumar Sharmac

.

Abstract

In this article, we propose a two-dimensional complex plankton model of phytoplankton
and zooplankton interacting species to observe the impact of environmental toxin (Te)
and rate of toxin librated by phytoplankton (θ) on the survival of plankton species and
termination of planktonic blooms. The growth of phytoplankton is affected by environ-
mental toxins released by industries and by natural resources. The growth of zooplankton
depends upon the growth of phytoplankton by Holling type-II functional response. It is
determined that the given model system is bounded and positive under certain conditions.
The conditional local stability of different equilibrium points is obtained. The study of
different parameters has been carried out to discuss the occurrence and non-occurrence
of planktonic blooms. The Hopf-bifurcation analysis has been studied by taking Te and
(θ) as bifurcation parameters which lead to unstable the plankton system through the
existence of periodic oscillations with the occurrence of planktonic blooms.
Key Words: Plankton, Environmental toxin, Hopf-bifurcation, Toxin librated by phyto-
plankton.

1 Introduction
Aquatic toxicology is an important field of study which deals with the effects of chemicals,
natural materials and human activities on water organisms from the cell through individ-
uals to big communities. The target of the aquatic toxicology is to make predictions about
the effects of contaminants in ecosystems. Our biosphere is made up of 70 percent water
and 30 percent land also 50-80 percent oxygen is made up by phytoplankton. Therefore
the study of the marine ecosystem is very significant.
In the marine ecosystem, one of the significant characteristics related to the phytoplank-
ton population is their excessive growth resulting in the occurrence of massive plankton
blooms. Some blooms occur annually due to change in temperature and nutrient lev-
els like spring bloom, while others are associated with the change in water temperature
and salinity. But, it is found that some phytoplankton species such as Alexandrium,
Pseudo-nitzschia, and Dinophysis, etc. produce toxins called toxin-producing phytoplank-
ton (TPP) species. A bloom of these toxin-producing phytoplankton species is known as
Harmful Algal Bloom (HAB). These harmful algal blooms drastically affect the pelagic
food chain as infected phytoplankton transfer its infection to zooplankton through in-
gested algal toxins which are being transferred upward to adult fish, squid, carnivorous
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Complex dynamics of sixth order multipoint iterative methods
for nonlinear Models
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Abstract

In this paper, iterative methods are analyzed under different approach. A research area
that is becoming popular in recent years consists of applying tools of complex dynam-
ics to the associated fixed point operator of iterative methods. The dynamical study
of such rational operators when applied on the simplest function (polynomial of lowest
degree) provides vital information regarding convergence and stability of the method.
Here, we study dynamical behavior of some sixth order iterative methods, designed for
nonlinear equations. This study is concerned with the asymptotic behavior of the fixed
points (roots, or not, of the equation) and also geometrical behavior by drawing basins
of attraction on different polynomials.

Keywords: Nonlinear equations; Iterative methods; Stability analysis; Fixed points;
Basins of attraction.

1. Introduction

The application of iterative methods for solving nonlinear equations f(z) = 0, where f :
C → C gives rise to rational functions whose dynamics are not well known. There is a vast
literature available on the study of iteration of rational functions of a complex variable (see,
Douady and Hubbard (1985) and Devaney (1989)). The simplest model is obtained when
f(z) is a quadratic polynomial and the iterative process is Newton method. The dynamics of
this iterative method has been widely investigated (see, Curry et al. (1984), Blanchard (1994)
and Fagella (2008)). Vrscay (1986) and Vrscay and Gilbert (1988) studied the dynamics of
other well known quadratically convergent iterative functions. This analysis has further been
extended to other iterative methods, used for solving nonlinear equations with convergence
order higher than two (see, Varona (2002), Amat et al. (2004), Amat et al. (2005), Amat et
al. (2010), Gutierrez et al. (2010), Plaza and Romero (2011) and Chun et al., (2012)). More
recently, many researchers have analyzed and provided a comparison of iterative methods
from dynamical point of view (see, Scott et al. (2011), Chicharro et al. (2013), Neta et al.
(2014), Babajee et al. (2014), Behl et al. (2015), Cordero et al. (2015), Lotfi et al. (2015),
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A secure n-secret based client authentication protocol for 802.11
WLANs

Pawan Kumar1 · Dinesh Kumar2

© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
Authentication has strong impact on the overall securitymodel of every information system. Various authentication techniques
are available for restricting the access of unauthorized users to the enterprise scale networks. IEEE 802.1X defines a secure
and reliable authentication framework for 802.11 WLANs, where Extensible Authentication Protocol (EAP) provides the
base to this architecture. EAP is a generic architectural framework which supports extensibility by incorporating the new and
improved authentication schemes, which are based on different types of credentials. Currently there exist a number of EAP
and Non-EAP methods with varying level of security and complexity. In this work, we have designed a new n-secret based
authentication scheme referred here as Personal Dialogue Based Authentication, for the client authentication to the network.
It is a Transport Layer Security (TLS) protected authentication protocol, which will be executed inside the secure TLS tunnel
for providing the privacy and credential security to the wireless client. The developed authentication protocol has a reasonable
set of features like; strong security, user privacy, simplicity and extensibility. For the formal analysis of the protocol we have
used SPAN–AVISAP model checker on Ubuntu platform for validating the realization of the specified security goals. The
experimental results obtained by simulation performed with the Automated Validation of Internet Security Protocols and
Applications (AVISPA) tool shows that our protocol is efficient and secured.

Keywords Information security · Authentication · WLAN · EAP · 802.1X

1 Introduction

Wireless technology is preferred choice for every network
because of its efficiency, flexibility and cost savings. Appli-
cations of wireless networks are evolving rapidly and all its
security concerns are also getting resolved very quickly. As
the information security is a highly dynamic area, it requires
continuous up-gradation and advancement by the incorpo-
ration of new methods and techniques. Authentication is an
essential component of every secure communication system.
Awell designed authentication scheme can protect a network
from various potential threats. Almost all the authentica-
tion schemes are based on the theory of: something we are

B Dinesh Kumar
drdineshkindia@gmail.com

Pawan Kumar
pawankmadhu@yahoo.co.in

1 IKG PTU, Kapurthala, India

2 DAV Institute of Engineering and Technology, Jalandhar,
India

i.e. biometric based, something we have i.e. token based or
something we know i.e. secret based [1]. Simple authentica-
tion schemes use one of these authentication factors, while
the multifactor authentication schemes combine two or more
authentication factors to make the system more secure and
difficult to crack [2].

Wireless standards WPA2 and 802.11i offers the protec-
tion against almost all identified WLAN attacks associated
with privacy, integrity and authenticity in the wireless com-
munication [3]. Keeping in view the importance of authen-
tication in every network security model and to boost up the
authentication aspect of security an exclusive authentication
framework 802.1X was designed by the IEEE in the year
2004. This specialized authentication framework was devel-
oped for deployment in both type of environmentswireless as
well as wired LANs. This 802.1X port-based NAC (Network
Access Control) framework is based on the EAP (Extensible
Authentication Protocol) [4].

In wireless communication systems, broadcasting nature
of channel demands more sophisticated authentication tech-
niques for providing the security in communication. As there
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Abstract
In the current scenario of vehicular communication, it is very 
difficult to believe that the aggregated packet of information is not 
malicious. The algorithm is developed to allocate probability to 
the packet transmitted by the cluster head depending upon, the 
number of vehicles involved in creating a clustered information. The 
aggregated packet with the highest value of probabilistic correctness 
is considered by the receiving-end cluster head when multiple 
packets of similar information with related timestamps are received. 
The performance of the technique is tested under varying vehicular 
densities and data-sending rates. This scheme provides robust 
aggregation performance in comparison to the existing state-of-the-
art structured and structure-free aggregation techniques.

Keywords
Aggregation, Broadcast storm, Information dissemination, MANET, 
Structured aggregation, Structure-free aggregation, VANET.

Structure-free vehicular ad-hoc networks (VANETs) 
exchange information through roadside units (RSUs) 
using IEEE 802.11p at 5.9 GHz. To make the journey 
experience safe and secure for the user, we need 
to ensure real-time information to road users on the 
highway or city scenario (S Al-Sultan et al., 2014; 
Schoch et al., 2008). Figure 1 indicates the basic 
communication module used for the propagation of 
information of the cluster to the end user. Cluster is 
required to overcome the issue of message storm in 
VANETs (Bali et al., 2014; Dietzel et al., 2014; Kumar 
et al., 2019). There exist many routing protocols in 
mobile ad-hoc networks, but they are not directly 
applicable to VANETs (Sharma and Kumar, 2016).

Researchers contributed to the area of structured 
aggregation (Bilal et al., 2014; Wischhof et al., 2003) 
but it does not find its scope in real-life situations. 
Smart data aggregation method aggregates on the 

basis of vehicle direction, road speed limitation, and 
duplicate packet removal, but the mechanism does 
not support effective utilization of bandwidth (Allani  
et al., 2018, 2020). Data dissemination based on 
map splitting is created by building zones of rele-
vance and extracting related data, but the basic 
issue of broadcast storm is not addressed (Allani 
et al., 2018). There were contributions in the area 
of structure-free aggregation, wherein there is a 
dynamic mechanism to propagate packets and 
make information available to the users through 
improved forwarding delay (Molina-Gil et al., 2014; 
Ibrahim and Weigle, 2008; Kumar and Dave, 2013). 
The information-centric networks are being replaced 
to ensure efficient communication in terms of 
efficient delivery and address the trust management 
issues of the network (Rathee et al., 2020). Another 
mechanism where a trust evaluation matrix is 
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Abstract

Various methods are available to compute kinematics and dynamics in the case of spatial mechanisms. These methods

are cumbersome and laborious for large and multibody spatial mechanisms. The bond graph technique is a powerful

alternative tool for modeling. A four-link closed-chain 3R2S (3Revolute 2Spherical) spatial mechanism stands out

among the other four-link closed-chain spatial mechanisms due to its ability to be used in a number of applications. The

main aim of this paper is to compute the inverse kinematics of the mechanism using the bond graph structure of the

system. In this paper, modeling of a four-link closed-chain 3R2S spatial mechanism has been conducted using a

multibond graph approach. Inverse kinematics of the spatial mechanism, under various applications, has been directly

obtained from the bond graph modeling. MATLAB coding for simulation has been done directly from the multibond

graph without explicitly deriving system equations. The simulation results have been analyzed and discussed using

various plots.
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Abstract

For modeling dynamics of mechanisms, various classical formulations are available in the literature. The equations of

dynamics given by various classical formulations can also be derived from the bond graph. The bond graph is a

convenient graphical representation for modeling dynamics of physical systems in multi-energy domains. 

In this paper, various alternative causality assignment procedures in the bond graph are used to derive different

classical formulations such as the Lagrange’s equations of the �rst kind (with multipliers), Lagrange’s formulation of the

second kind, and Hamiltonian formulations. An example of the quick return mechanism has been modeled using the

bond graph technique, and various alternative causality assignment procedures are applied to derive the various

formulations. Simulation coding has been done using MATLAB and results have been analyzed and discussed. The

purpose of this paper is to show how the various formulations can be obtained from bond graph using various

alternative causality assignment procedures.
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Harmonic generation by an interaction of laser with an array of 
anharmonic carbon nanotubes 

Vishal Thakur a, Niti Kant a, Shivani Vij b,* 

a Department of Physics, Lovely Professional University, G.T. Road, Phagwara 144411, Punjab, India 
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A R T I C L E  I N F O   

Keywords: 
Harmonic generation 
CNTs 
Anharmonicity 
Silica 

A B S T R A C T   

A scheme of second and third harmonic generation from laser irradiated anharmonic carbon 
nanotubes (CNTs) embedded in silica is proposed. An intense ultra short laser pulse interacting 
with the array of CNTs displaces its electrons. When this displacement becomes comparable to the 
radius of electrons of CNTs, the restoring force of electrons varies nonlinearly with the 
displacement. As a result, plasmon resonance gets broadened and the large resonance absorption 
of the laser by the electrons of CNTs occurs. The power conversion efficiency of harmonic gen-
eration due to the anharmonicity of CNTs is much higher than that due to the ponderomotive 
force nonlinearity. The effect of amplitude modulated parameter on the amplitude of second and 
third harmonic is studied. The high amplitude of generated harmonics can be realized with the 
amplitude modulated laser as compared to ordinary unmodulated laser.   

1. Introduction 

In laser-plasma interaction, harmonic generation is an important nonlinear process and has attained great attention from both 
fundamental and applicative points of view. It has applications in frequency up-conversion, signal processing and a valuable diagnosis 
in short-pulse laser plasma experiments. Different approaches have been used by various researchers to generate the second and third 
order harmonics of high power and high amplitude of the fundamental laser beam in plasma. 

Second harmonic generation in planar optical waveguides was studied by Bratz et al. [1]. They developed a general formalism for 
the calculation of mode generation by a planar antenna embedded in the waveguide. Harmonic generation in a self-sustained plasma 
channel has been the major issue to understand among various nonlinear phenomena [2]. Rax et al. [3] studied the phenomenon of 
third harmonic generation in density modulated plasma via interaction of an intense plane polarized laser pulse. 

Carbon nanotubes (CNTs) and carbon nanofibers (CNFs) have recently achieved significant scientific attention owing to their 
extraordinary and useful properties, such as compact size, exceptional combination of transverse and longitudinal dimensions, 
exceptional tensile strength, elastic modulus and electrical and thermal conductivity [4, 5]. The study of carbon nanotubes (CNTs) is 
now an active area of research in the field of nanoelectronics, which could lead to the development of advanced tech nology devices. 
Due to this, nowadays various researchers have focused their research on harmonic generation via interaction of laser with CNTs 
[6-14]. Akimov et al. [6] experimentally studied the generation of the second and third harmonics by femtosecond pulses of a Cr: 
forsterite laser in a layer of single-walled carbon nanotubes produced by low-velocity spraying. Third harmonic generation of the 
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Resonant terahertz generation from laser filaments
in the presence of static electric field in a magnetized
collisional plasma
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Abstract A new scheme of terahertz (THz) generation from laser filaments in plasma in
the presence of static electric and magnetic fields is proposed. Two femtosecond laser pulses
of different frequencies (ω1, ω2) and wave numbers (k1, k2) are co-propagating under the
action of filamentation in a magnetized collisional plasma. THz wave is generated due to the
nonlinear coupling between nonlinear velocity and electron density in magnetized collisional
plasma. For suitable laser and plasma parameters, the nonlinear coupling results in enhanced
nonlinear current density which leads to resonant THz waves. The external D.C. electric and
magnetic fields are applied perpendicular to each other and mutually perpendicular to the
direction of co-propagating lasers. We have obtained the expression of a dielectric tensor
with anisotropic nature, and it is found very useful in the study of THz generation. The
applied magnetic field also aids to enhance the transverse components of nonlinear current.
This nonlinear current is responsible to generate enhanced terahertz waves at frequency
(ω1 − ω2). We have found that the normalized THz amplitude increases significantly with
the increase in applied D.C. electric field from 10 to 30 kV/cm and magnetic field from 10 to
50kG. Our scheme with numerical analysis may open the door for efficient and cost-effective
way to generate THz radiation.

1 Introduction

In modern days, compact and efficient THz sources have great importance in the field of
science and technology because of their numerous applications in industrial manufacturing
and packaging units [1], security and safety [2], broad band communication [3], biological
and pharmaceutical sciences [4–6], remote sensing [7]. Due to this, various researchers have
studied the schemes of THz wave generation by using different mechanisms to enhance the
normalized THz amplitude like optical rectification [8], cross-focusing [9], optical mixing
[10] and filamentation [11–13], etc. Among them, the mechanism of THz generation by laser
filamentation produces THz pulses of very high order energy. Femtosecond laser filamen-
tation is a distinctive, dynamical and unique phenomenon in which laser beam breaks up
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Abstract
In this novel scheme, a theoretical analysis of resonant terahertz (THz) generation in the array of magnetized anharmonic car-
bon nanotubes (CNTs) is presented. Two laser beams with frequencies ( �1,�2 ) and wavenumbers ( k1, k2 ) propagate through 
the array of vertically aligned anharmonic CNTs in the presence of an applied static magnetic field. It provides different 
displacements to the various electrons of CNTs. Due to this, restoration force varies nonlinearly with the displacements of 
electrons and hence results in anharmonicity. This anharmonicity plays a significant role in the enhancement of absorption 
of laser beams by the electrons of CNTs. The nonlinear restoration force produces the current which is responsible for the 
THz generation. It is observed that the applied magnetic field (170 to 235 kG) helps in the enhancement of the THz genera-
tion by increasing the nonlinearity of the system. The impact of dimensions, inter-tube separation, and density of CNTs on 
the THz amplitude has also been analyzed.

Keywords Carbon nanotube · Nonlinear restoration force · Anharmonicity · Inter-tube separation · Magnetic field

Introduction

In this modern world, THz technology has attained great 
importance due to compact and highly efficient THz sources 
for various applications in many fields like security protec-
tion [1], medical sciences [2–4], and broadband communi-
cation [5]. The various researchers have proposed several 
schemes for THz wave generation to provide compact, 
efficient, and reliable THz sources. For this purpose, they 
have used different mechanisms to enhance the amplitude of 
THz radiation. Some of these are by beating of two chirped-
pulse laser beams in spatially periodic density plasma [6], 
the interaction of laser filaments in the presence of a static 
electric field in a magnetized collision plasma [7], laser cou-
pling to an anharmonic CNT array [8], nonlinear mixing 
of laser beams [9], and by applying a magnetic field on an 
array of CNTs [10–12]. The CNTs are considered very reli-
able and effective sources for THz generation, due to their 

compact size, large current density, high electrical conduc-
tivity, and excellent combination of transverse-longitudinal 
dimensions. The CNTs are considered a more favorable 
medium for the efficient generation of terahertz radiation 
[13]. Moreover, CNTs are also helpful in the strong absorp-
tion of the laser beam [14] due to which generated THz 
amplitude is enhanced. Titova et al. [15] have proposed the 
generation of THz radiation by using single-walled CNTs, 
excited by femtosecond laser beams. Batrakov et al. [16] 
and Portnoi et al. [17] have explained and reviewed THz 
generation processes in CNTs to increase the efficiency of 
THz generation. Wang and Wu [18] studied the properties 
of THz radiation experimentally, emitted by CNT antenna. 
Dragoman and Dragoman [19] have studied the character-
istics of metallics, single-walled CNTs as a THz antenna. 
Dagher et al. [20] have studied the amplification of THz 
radiation in metallic CNTs under the influence of the D.C. 
magnetic field and observed enhancement in the normalized 
amplitude of THz radiation.

In the present paper, we propose a new scheme for THz 
generation by irradiating two co-propagating laser beams 
of nearly equal frequencies on vertically aligned hollow 
anharmonic CNTs in the presence of an external static 
magnetic field. In this, we are using an array of CNTs to 
ease the propagation of THz radiation. A single-walled 
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Abstract
Due to overexploitation of renewable resources, we have observed that some species are already extinct. So, the time demands
conservation, reproduction and optimal utilization of these resources and the study of such problems. In this paper, a delayed
stage-structured self-dependent two compartment (compartment-I contains immature fishes and compartment-II contains
mature fishes) commercial fishery model with impulsive harvesting is proposed and analyzed mathematically as well as
numerically. The aim is to manage the fishery resource system and that to extract maximum profit without the species become
extinct. The proposed system is proved to have positive periodic solutions which are bounded, locally stable and permanent
with certain conditions. Then by using optimal impulsive harvesting theory, the optimal harvesting time and optimal harvesting
level have been obtained. At last, numerical simulation has been done to support the analytic results, along with comparative
plots drawn for different values of harvesting effort E , maturation delay τ and impulsive period T .

Keywords Optimal harvesting policy · Impulsive effect · Stage structure · Delay · Stability analysis

1 Introduction

As the need for food and energy is increasing rapidly, the
natural biological resources are getting exploited at an alarm-
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ing rate. So, the time demands an effective and scientific
management of biological resources so that the problems
related to the renewable resources, fishery resources in partic-
ular, are addressed effectively. One of the possible solutions
in case of fishery resources is fish farming, i.e. to create
and develop fishes in controlled reservoirs or compartments
for commercial purposes. Generally, there are two or three
ponds/compartments out of which one compartment is used
for breeding and fertilization of fishes and the second com-
partment is used for development of fishes up to adult age
and ultimately for the harvesting of fishes.

During the last two decades, a number of Ecologists/
Mathematicians have studied the impact of harvesting of one
or more species on the complex dynamics of natural fishery
resource model. The main objective of their study has been
to find the conditions to extract maximum profit without the
species being led to extinction. It was also observed that in
order to prevent the species from extinction, various agen-
cies/institutions impose certain regulations like fishing quota,
taxation, supply of alternate food to predators, restriction
on effort, creation of reserve area, lock-in period, switching
of harvesting policies etc., and researchers/mathematicians
have explored these factors through their models and analy-
sis. Dubey et. al. [1] have suggested and analyzed a fishery

123

Content courtesy of Springer Nature, terms of use apply. Rights reserved.

Shivani
Highlight



Vol:.(1234567890)

Journal of Electronic Materials (2021) 50:7250–7258
https://doi.org/10.1007/s11664-021-09231-w

1 3

ORIGINAL RESEARCH ARTICLE

Electrical Conductivity and Dielectric Properties of Zirconia‑Based 
SOFC Electrolytes Processed by Microwave and Conventional Sintering

Amit Sharma1 · Payal Sharma2  · Kanchan L Singh2

Received: 28 February 2021 / Accepted: 13 September 2021 / Published online: 1 October 2021 
© The Minerals, Metals & Materials Society 2021

Abstract
The study of a.c. conductivity and dielectric properties of materials is important in obtaining new materials with pre-
determined properties for their various applications in fuel cell technology. In this work, the precursors of zirconia-based 
ceramic oxides with compositions  Zr0.90Y0.06Ce0.02X0.02O2-δ (X= Ca, Fe, La, Sr, and Mg) were prepared by the mixed oxide 
method. All the precursors were ball milled for 6 h in an acetone medium. The calcination of these powdered samples was 
done at 600°C in an electric furnace and calcined powders were then pelletized. Sintering of the sample pellets was done 
in a microwave furnace at 1400°C for 20 min and in a conventional furnace for 6 h at the same temperature. The structural 
properties, a.c. conductivity and the dielectric properties of these samples were studied in a frequency range from 20 Hz to 2 
MHz. The a.c. conductivity of all the samples was found to increase with an increase in frequency. The variation of dielectric 
response factors such as dielectric constant and loss tangent with frequency has also been explored in this work. Among all the 
prepared samples, the microwave sintered  Zr0.90Y0.06Ce0.02Ca0.02O2-δ sample shows maximum electric conductivity at 800 K.

Keywords Microwave processing · solid electrolyte · a.c. conductivity · dielectric loss

Introduction

Excellent electrical, optical, and magnetic behaviors of 
ceramics are very crucial for their applications in commu-
nications, electronics, and energy storage. The fundamen-
tal characteristics such as dielectric constant (εr) and the 
dielectric loss factor (tanδ) of ceramics decide their appli-
cability in these different areas. To understand the required 
properties of dielectric materials, it is necessary to study 
the physical phenomena occuring in these materials when 
they are placed in an electromagnetic field. The dielectric 
measurements explore the motion of local charge carriers, 
which are responsible for high ionic conduction in a mate-
rial as well as the dissipation of the electric energy inside it 
when placed in an alternating field.

Since the defect associates usually contain one or more 
oxygen vacancies, the dielectric constant value and oxide 

ion conductivity are primarily controlled by the association 
energy of the oxygen vacancies. This is because oxygen 
vacancies connected with the defect associates need to be 
dissociated from the defect associate pairs for the conduc-
tion process. Large defect pairs are formed at higher doping 
concentrations in singly doped materials. However, small 
defect pairs are formed in co-doped materials as the co-
doping effect hinders the growth of defect clusters.1 There-
fore, the dielectric constant and dissipation factor are the 
crucial quantities in the design of SOFC electrolytes and 
the dielectric relaxation studies have their significance to 
explain the dynamic properties of oxygen vacancies after 
the dissociation from the dopant-vacancy associates. The 
study of dielectric constant and dielectric loss as a function 
of temperature and frequencies is one of the most convenient 
and sensitive methods of studying the material structure.2

In addition to these properties, the a.c. conductivity or 
frequency-dependent conductivity is another important 
factor that describes the electrical conductivity of material 
when placed in an alternating current (a.c.) field.3-6 For all 
the solid materials in general, the a.c. conductivity of a solid 
obeys the Jonsche’s power rule given as:

(1)𝜎ac(𝜔) = 𝜎dc + A𝜔n for 0 < n < 1
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Abstract

In this paper, iterative methods are analyzed under different approach. A research area
that is becoming popular in recent years consists of applying tools of complex dynam-
ics to the associated fixed point operator of iterative methods. The dynamical study
of such rational operators when applied on the simplest function (polynomial of lowest
degree) provides vital information regarding convergence and stability of the method.
Here, we study dynamical behavior of some sixth order iterative methods, designed for
nonlinear equations. This study is concerned with the asymptotic behavior of the fixed
points (roots, or not, of the equation) and also geometrical behavior by drawing basins
of attraction on different polynomials.

Keywords: Nonlinear equations; Iterative methods; Stability analysis; Fixed points;
Basins of attraction.

1. Introduction

The application of iterative methods for solving nonlinear equations f(z) = 0, where f :
C → C gives rise to rational functions whose dynamics are not well known. There is a vast
literature available on the study of iteration of rational functions of a complex variable (see,
Douady and Hubbard (1985) and Devaney (1989)). The simplest model is obtained when
f(z) is a quadratic polynomial and the iterative process is Newton method. The dynamics of
this iterative method has been widely investigated (see, Curry et al. (1984), Blanchard (1994)
and Fagella (2008)). Vrscay (1986) and Vrscay and Gilbert (1988) studied the dynamics of
other well known quadratically convergent iterative functions. This analysis has further been
extended to other iterative methods, used for solving nonlinear equations with convergence
order higher than two (see, Varona (2002), Amat et al. (2004), Amat et al. (2005), Amat et
al. (2010), Gutierrez et al. (2010), Plaza and Romero (2011) and Chun et al., (2012)). More
recently, many researchers have analyzed and provided a comparison of iterative methods
from dynamical point of view (see, Scott et al. (2011), Chicharro et al. (2013), Neta et al.
(2014), Babajee et al. (2014), Behl et al. (2015), Cordero et al. (2015), Lotfi et al. (2015),
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Abstract: Free Space Optical (FSO) communication links are although extremely vul-
nerable to atmospheric adversities, multi-hop relay transmission can however, significantly
improve the link performance and reliability. This paper proposes 120 Gbps DP-16 QAM
modulated multi-hop serial FSO link with coherent reception for delivering medical consul-
tation services in remote and isolated locations. Considering the current situation wherein
pandemic of highly infectious nature, COVID-19 has affected millions of people globally;
doctors can use the proposed high-speed architecture for “contact-less” supervision of
quarantined patients and suspects through video conferencing. Each relay terminal uses
an all-optical amplify-and-forward technique with Erbium-doped fiber amplifier (EDFA) and
gain optimization as its core elements. As a possible last-mile application for delivering
medical/health care services, the proposed link has been evaluated for reliability by expos-
ing the link to varied atmospheric conditions. Our results reveal that at target BER of 10−5,
the useful communication link range of proposed multi-hop link increments by 1.8 kms
as compared to direct link that operates under similar channel conditions. Furthermore,
compared to results from recent literature on high-speed FSO [30], the proposed link shows
enhancement in link range by approximately 0.7 km. The analysis also reveals that as the
number of relay nodes increases, the error performance of the link for different atmospheric
conditions approaches a state of convergence.

Index Terms: Atmospheric turbulence, amplify-and-forward relaying, coherent FSO recep-
tion, digital signal processing, last-mile connectivity.

1. Introduction
1.1 Preliminaries

Free space optical communication, often addressed synonymously as optical wireless communica-
tion, has received massive attention in recent years as a possible alternative to address the issue of
last-mile connectivity. High transmission rates, license-free spectrum, easy deployment/relocation,
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Harmonic generation by an interaction of laser with an array of 
anharmonic carbon nanotubes 
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A B S T R A C T   

A scheme of second and third harmonic generation from laser irradiated anharmonic carbon 
nanotubes (CNTs) embedded in silica is proposed. An intense ultra short laser pulse interacting 
with the array of CNTs displaces its electrons. When this displacement becomes comparable to the 
radius of electrons of CNTs, the restoring force of electrons varies nonlinearly with the 
displacement. As a result, plasmon resonance gets broadened and the large resonance absorption 
of the laser by the electrons of CNTs occurs. The power conversion efficiency of harmonic gen-
eration due to the anharmonicity of CNTs is much higher than that due to the ponderomotive 
force nonlinearity. The effect of amplitude modulated parameter on the amplitude of second and 
third harmonic is studied. The high amplitude of generated harmonics can be realized with the 
amplitude modulated laser as compared to ordinary unmodulated laser.   

1. Introduction 

In laser-plasma interaction, harmonic generation is an important nonlinear process and has attained great attention from both 
fundamental and applicative points of view. It has applications in frequency up-conversion, signal processing and a valuable diagnosis 
in short-pulse laser plasma experiments. Different approaches have been used by various researchers to generate the second and third 
order harmonics of high power and high amplitude of the fundamental laser beam in plasma. 

Second harmonic generation in planar optical waveguides was studied by Bratz et al. [1]. They developed a general formalism for 
the calculation of mode generation by a planar antenna embedded in the waveguide. Harmonic generation in a self-sustained plasma 
channel has been the major issue to understand among various nonlinear phenomena [2]. Rax et al. [3] studied the phenomenon of 
third harmonic generation in density modulated plasma via interaction of an intense plane polarized laser pulse. 

Carbon nanotubes (CNTs) and carbon nanofibers (CNFs) have recently achieved significant scientific attention owing to their 
extraordinary and useful properties, such as compact size, exceptional combination of transverse and longitudinal dimensions, 
exceptional tensile strength, elastic modulus and electrical and thermal conductivity [4, 5]. The study of carbon nanotubes (CNTs) is 
now an active area of research in the field of nanoelectronics, which could lead to the development of advanced tech nology devices. 
Due to this, nowadays various researchers have focused their research on harmonic generation via interaction of laser with CNTs 
[6-14]. Akimov et al. [6] experimentally studied the generation of the second and third harmonics by femtosecond pulses of a Cr: 
forsterite laser in a layer of single-walled carbon nanotubes produced by low-velocity spraying. Third harmonic generation of the 
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Abstract A new scheme of terahertz (THz) generation from laser filaments in plasma in
the presence of static electric and magnetic fields is proposed. Two femtosecond laser pulses
of different frequencies (ω1, ω2) and wave numbers (k1, k2) are co-propagating under the
action of filamentation in a magnetized collisional plasma. THz wave is generated due to the
nonlinear coupling between nonlinear velocity and electron density in magnetized collisional
plasma. For suitable laser and plasma parameters, the nonlinear coupling results in enhanced
nonlinear current density which leads to resonant THz waves. The external D.C. electric and
magnetic fields are applied perpendicular to each other and mutually perpendicular to the
direction of co-propagating lasers. We have obtained the expression of a dielectric tensor
with anisotropic nature, and it is found very useful in the study of THz generation. The
applied magnetic field also aids to enhance the transverse components of nonlinear current.
This nonlinear current is responsible to generate enhanced terahertz waves at frequency
(ω1 − ω2). We have found that the normalized THz amplitude increases significantly with
the increase in applied D.C. electric field from 10 to 30 kV/cm and magnetic field from 10 to
50kG. Our scheme with numerical analysis may open the door for efficient and cost-effective
way to generate THz radiation.

1 Introduction

In modern days, compact and efficient THz sources have great importance in the field of
science and technology because of their numerous applications in industrial manufacturing
and packaging units [1], security and safety [2], broad band communication [3], biological
and pharmaceutical sciences [4–6], remote sensing [7]. Due to this, various researchers have
studied the schemes of THz wave generation by using different mechanisms to enhance the
normalized THz amplitude like optical rectification [8], cross-focusing [9], optical mixing
[10] and filamentation [11–13], etc. Among them, the mechanism of THz generation by laser
filamentation produces THz pulses of very high order energy. Femtosecond laser filamen-
tation is a distinctive, dynamical and unique phenomenon in which laser beam breaks up
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Abstract
In this novel scheme, a theoretical analysis of resonant terahertz (THz) generation in the array of magnetized anharmonic car-
bon nanotubes (CNTs) is presented. Two laser beams with frequencies ( �1,�2 ) and wavenumbers ( k1, k2 ) propagate through 
the array of vertically aligned anharmonic CNTs in the presence of an applied static magnetic field. It provides different 
displacements to the various electrons of CNTs. Due to this, restoration force varies nonlinearly with the displacements of 
electrons and hence results in anharmonicity. This anharmonicity plays a significant role in the enhancement of absorption 
of laser beams by the electrons of CNTs. The nonlinear restoration force produces the current which is responsible for the 
THz generation. It is observed that the applied magnetic field (170 to 235 kG) helps in the enhancement of the THz genera-
tion by increasing the nonlinearity of the system. The impact of dimensions, inter-tube separation, and density of CNTs on 
the THz amplitude has also been analyzed.

Keywords Carbon nanotube · Nonlinear restoration force · Anharmonicity · Inter-tube separation · Magnetic field

Introduction

In this modern world, THz technology has attained great 
importance due to compact and highly efficient THz sources 
for various applications in many fields like security protec-
tion [1], medical sciences [2–4], and broadband communi-
cation [5]. The various researchers have proposed several 
schemes for THz wave generation to provide compact, 
efficient, and reliable THz sources. For this purpose, they 
have used different mechanisms to enhance the amplitude of 
THz radiation. Some of these are by beating of two chirped-
pulse laser beams in spatially periodic density plasma [6], 
the interaction of laser filaments in the presence of a static 
electric field in a magnetized collision plasma [7], laser cou-
pling to an anharmonic CNT array [8], nonlinear mixing 
of laser beams [9], and by applying a magnetic field on an 
array of CNTs [10–12]. The CNTs are considered very reli-
able and effective sources for THz generation, due to their 

compact size, large current density, high electrical conduc-
tivity, and excellent combination of transverse-longitudinal 
dimensions. The CNTs are considered a more favorable 
medium for the efficient generation of terahertz radiation 
[13]. Moreover, CNTs are also helpful in the strong absorp-
tion of the laser beam [14] due to which generated THz 
amplitude is enhanced. Titova et al. [15] have proposed the 
generation of THz radiation by using single-walled CNTs, 
excited by femtosecond laser beams. Batrakov et al. [16] 
and Portnoi et al. [17] have explained and reviewed THz 
generation processes in CNTs to increase the efficiency of 
THz generation. Wang and Wu [18] studied the properties 
of THz radiation experimentally, emitted by CNT antenna. 
Dragoman and Dragoman [19] have studied the character-
istics of metallics, single-walled CNTs as a THz antenna. 
Dagher et al. [20] have studied the amplification of THz 
radiation in metallic CNTs under the influence of the D.C. 
magnetic field and observed enhancement in the normalized 
amplitude of THz radiation.

In the present paper, we propose a new scheme for THz 
generation by irradiating two co-propagating laser beams 
of nearly equal frequencies on vertically aligned hollow 
anharmonic CNTs in the presence of an external static 
magnetic field. In this, we are using an array of CNTs to 
ease the propagation of THz radiation. A single-walled 
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Abstract
Due to overexploitation of renewable resources, we have observed that some species are already extinct. So, the time demands
conservation, reproduction and optimal utilization of these resources and the study of such problems. In this paper, a delayed
stage-structured self-dependent two compartment (compartment-I contains immature fishes and compartment-II contains
mature fishes) commercial fishery model with impulsive harvesting is proposed and analyzed mathematically as well as
numerically. The aim is to manage the fishery resource system and that to extract maximum profit without the species become
extinct. The proposed system is proved to have positive periodic solutions which are bounded, locally stable and permanent
with certain conditions. Then by using optimal impulsive harvesting theory, the optimal harvesting time and optimal harvesting
level have been obtained. At last, numerical simulation has been done to support the analytic results, along with comparative
plots drawn for different values of harvesting effort E , maturation delay τ and impulsive period T .

Keywords Optimal harvesting policy · Impulsive effect · Stage structure · Delay · Stability analysis

1 Introduction

As the need for food and energy is increasing rapidly, the
natural biological resources are getting exploited at an alarm-
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ing rate. So, the time demands an effective and scientific
management of biological resources so that the problems
related to the renewable resources, fishery resources in partic-
ular, are addressed effectively. One of the possible solutions
in case of fishery resources is fish farming, i.e. to create
and develop fishes in controlled reservoirs or compartments
for commercial purposes. Generally, there are two or three
ponds/compartments out of which one compartment is used
for breeding and fertilization of fishes and the second com-
partment is used for development of fishes up to adult age
and ultimately for the harvesting of fishes.

During the last two decades, a number of Ecologists/
Mathematicians have studied the impact of harvesting of one
or more species on the complex dynamics of natural fishery
resource model. The main objective of their study has been
to find the conditions to extract maximum profit without the
species being led to extinction. It was also observed that in
order to prevent the species from extinction, various agen-
cies/institutions impose certain regulations like fishing quota,
taxation, supply of alternate food to predators, restriction
on effort, creation of reserve area, lock-in period, switching
of harvesting policies etc., and researchers/mathematicians
have explored these factors through their models and analy-
sis. Dubey et. al. [1] have suggested and analyzed a fishery
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Abstract
The study of a.c. conductivity and dielectric properties of materials is important in obtaining new materials with pre-
determined properties for their various applications in fuel cell technology. In this work, the precursors of zirconia-based 
ceramic oxides with compositions  Zr0.90Y0.06Ce0.02X0.02O2-δ (X= Ca, Fe, La, Sr, and Mg) were prepared by the mixed oxide 
method. All the precursors were ball milled for 6 h in an acetone medium. The calcination of these powdered samples was 
done at 600°C in an electric furnace and calcined powders were then pelletized. Sintering of the sample pellets was done 
in a microwave furnace at 1400°C for 20 min and in a conventional furnace for 6 h at the same temperature. The structural 
properties, a.c. conductivity and the dielectric properties of these samples were studied in a frequency range from 20 Hz to 2 
MHz. The a.c. conductivity of all the samples was found to increase with an increase in frequency. The variation of dielectric 
response factors such as dielectric constant and loss tangent with frequency has also been explored in this work. Among all the 
prepared samples, the microwave sintered  Zr0.90Y0.06Ce0.02Ca0.02O2-δ sample shows maximum electric conductivity at 800 K.

Keywords Microwave processing · solid electrolyte · a.c. conductivity · dielectric loss

Introduction

Excellent electrical, optical, and magnetic behaviors of 
ceramics are very crucial for their applications in commu-
nications, electronics, and energy storage. The fundamen-
tal characteristics such as dielectric constant (εr) and the 
dielectric loss factor (tanδ) of ceramics decide their appli-
cability in these different areas. To understand the required 
properties of dielectric materials, it is necessary to study 
the physical phenomena occuring in these materials when 
they are placed in an electromagnetic field. The dielectric 
measurements explore the motion of local charge carriers, 
which are responsible for high ionic conduction in a mate-
rial as well as the dissipation of the electric energy inside it 
when placed in an alternating field.

Since the defect associates usually contain one or more 
oxygen vacancies, the dielectric constant value and oxide 

ion conductivity are primarily controlled by the association 
energy of the oxygen vacancies. This is because oxygen 
vacancies connected with the defect associates need to be 
dissociated from the defect associate pairs for the conduc-
tion process. Large defect pairs are formed at higher doping 
concentrations in singly doped materials. However, small 
defect pairs are formed in co-doped materials as the co-
doping effect hinders the growth of defect clusters.1 There-
fore, the dielectric constant and dissipation factor are the 
crucial quantities in the design of SOFC electrolytes and 
the dielectric relaxation studies have their significance to 
explain the dynamic properties of oxygen vacancies after 
the dissociation from the dopant-vacancy associates. The 
study of dielectric constant and dielectric loss as a function 
of temperature and frequencies is one of the most convenient 
and sensitive methods of studying the material structure.2

In addition to these properties, the a.c. conductivity or 
frequency-dependent conductivity is another important 
factor that describes the electrical conductivity of material 
when placed in an alternating current (a.c.) field.3-6 For all 
the solid materials in general, the a.c. conductivity of a solid 
obeys the Jonsche’s power rule given as:

(1)𝜎ac(𝜔) = 𝜎dc + A𝜔n for 0 < n < 1
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IIVALTTATION OF IMPITOVED FTTZZY
IMAGE EDGE FOR

,lbstruct

I'here ure nutn(rous upPliculittrrs husecl on edge delectittn ltuv'e heen

ttsed in t,he trreu o.l'intuge unulysi;;. 'l'he tec:ltniquc 0.1'edge tletcction is

trn iptportunt stap torvurds the t'isuul systcm reliuhility ilnd sccurilJ'tlrut

duli,tcrs u bdler understanding in mun], upplicufions like object

rtcogilitit)n clussi.ficution, photogruphy, awl iltutty tnore otlrcrs

conrltuter visiun uppli.cutiurt suclt us perlestriun tletectitttr .fitr u vehicle

on ihe ntutl, Jitce tletectiurt in bionrctric, und vidco strn'eilfunce. ll/e

krrrtry tltut deilectittn oJ'etlgatletectiort is tt sc'iettilic: tec'hnique thul is

ltruclicetl lu pntt,itle beltar itntrge unttll'si's ttntl tuv'ur(Is tlti.s purpose, lttls

rll utlgc idcnti.fic'ulittrr upJtruuch wu.s ul.rau(ly irrtltlcntatrtctl /Lty thc

tlcrcrtrclrcrs in tha intugc proL'c.:;siltg tru, bul tlte]'do trrtl uc'ltict'c

ucceptuhlc rasultsJbr ull typas o.f tha imugc lltut ctrtt halp in lha inrugc

urtui.1,1;i5. In tltis rcseurclt, x,e inlrotlttcd u c:ouqturutit'e eruluutittn ot

erlgi tlUecfiun ulgoritltrns.fitr inslunc:e Subel, Cunny, untl f'tti,7St logic-

bi-rctt edga datactur n,itlr un Inqtru,r'etl l"ui7'1, lrtf'crenc:e (11;I) sllstcrtr is

prasantcrl to prcscnte imuge etl;4c Jor inrugc /rl?rr{yJi.l. 'l'hc key

ctttrtrihriliun ol tltis resaurclt i.r dt:rekrying u new hVbrid etlge

nat,httnism b, ulilii.ittS1 thc grudicrrt und stunilurd dat'iutittn bused.fitizt'

logic ttpprouclt trt nclticvc hetter tdga tldection e.ftic:ietrc'l:.'l'tt pntvidu u

hctlcr arlgc or nLtn-tlgc rcgiorr.fi"uut utr intugatha propusad IItl /rrrs i/s

irrtltucl pn quulitl,ltrtrumr:tcrs,jbr insturtct:, Pculi Si.qrlal lo i\ttisc Rutirr

(tUN tt), Iieun ,\rilture lirrur (XISL), l)ntropy and Slructurul Similurity
(,\,\IXII x,ith the axeurtiun time. ,4t lust, the perf'onnunce purunrelars o.l'

tltc proposed It'l \tstem is c0rnparetl x,itlt othet etlgetechnique und x'e

,,bservitl lltut Ihe ut'liet'etl re:;rrlls .ittstifl: tlte Ttroposed v'orl( irt imuge

ltroccssittg.

Ke.l'u'ords:

I:. rliic Dctr:c.li u rt, l" l;:,1' l tt gi c', l rt;1.1' l n le rence, ( i rudiurl,,\t und u rd

I)rviu t itt tr

I. INTRODLICTION

\\ie knorv titat an irttage is a collection of pixels itt terttis of
nvo cliulensional arrav that clepicts the visrtal perceptioll artifacts'

C)ne of tire tuost ittlportant artifacts of alt iruage is its eclges tllld

tire eclges of the itlage are directlY coilllected or related with the

slirlrc irt'obt..ts ilncl their variations in thc distribtrtioil ol'pixcl
irrrcrrsitics lll, For llrc illllllvsis of-atl irtliigc briclly. tltc ccigcs itrc

cilrryilts signilicant StlbStantiatiori aboirt availitble oLriccts itt an

inrugc l2I. So, fbl bctter itnitgc iulalysis edge dctection techrriquc

pcrsistently corlsidcrecl as an clenlclltary atld initiativc operatiott

to achievecl better perlbflnancc of the various colnprlter viSion

applications fu clay 16 day httnlan lilb. There al'c two basic ituage

cclgc' cletcclion approachcs arc availablc suclr as f3]:
. Tht'csltolcling-based edgo detection approacll

. Pixels fitting-based edge'detection approach

I he f irst ntethocl of eclge cletection is developed by utriizittg

the concept of the icleal edge pixels of att image tuld based oll the

threslioicl \ralue. eclge pixels and lloll-eclge pixels are separated.

After that the corcept of pixels fittirtg-based eclge detection

ICI'ACT JoIiRNAt. ON INIA(iB Ar,\l) \rlDE[) PR.()CL.SS]N(i, f',1r\\'201 1. VOI.l.ilvlhr ll lSStl[ 0r

INFEIIIIN{C]E SYSTEM TO PRE.SERVE

IMAGE ANALYSTS

approach is clevelopecl by the researcher but. the tirresholcling-

bisecl eclge cletection approach rs still superior iurd the tnost tlseful

approaches alld the involved steps in these techttiqnes ale

demoustratecl in Fig. I .

Inrage l(t.t,t')

Spatial I

s,,,(

)pcrator
rr. r ')

Spatial t

I [,,(

)perator
rr.r')

,q

L

Point Opcrator
Y',l.l

tattcecl r\t't'ay

Threshold

Detcction

Edge Image

E(t'r,tt)

Fig. l. Thresholcling-based Edge Detection Systetn

ln 1998" the first ftit,r.y logic-based edge dctcctiort \\'i.ts

clcvelopecl by the F. Rtrsso l4l lor the sttcccssl-11 finding of cdgcs

fiour itn irttagc wjthottt bcirrc rriislccl bv the tloiscs I'lsirtg tllc

collccp{ ol- reaSOlling rrrlc SctS. 
'T'llcrcalicr lots ol- rcscarch atlCl

itttprovetttt'lll wcrc'lllaclc b)'tlic tirrrc bY rrtilizing thc corlccpt of
Ilrrcsholcl-bascd its \vcll ilS pixcl littirrg-btrscd rtlctlrod for the

clinrirratioll o1'noiSc alld cclgc dctcction frclnr tltc irnage' At this

tirnc. lots of rcsearchcl's httve colnmitie d their cf{orts to clesigll iln

clTectivr- cdge clctection tcchniqrre Ibr bctter allalysis of iltt irttagc

l5]. The eclgc ol'all illltlge altd obicct available in the ilttilgc

depencling on tile atlgle of irnage \riewers and lhe rcstrlts mAy vilry

fronr artgle to angle lor iitt inragc. So, rcscarclters tlSec[ tile collccpt

ol- thc rirlc-biisccl ftttty logic algoritlitrt to solr''c tliis problcrrr.

rvhc.re a lot ol- rule is clesignccl to Clt'lect thc cdgc of att itnagc'

accorcling to lttiltly factors like vier,i'cr allgle, pixel intcnsity,

obiect shapes. etc. Tltere are lots of traclitiollal edgc dctcction

methocls (Sobel, Cauuy, Prervitt, etc.) are available br'rI tltey are

linritecl for images or il'nage i.r,itlt ttoise 16.1. Edge is thc trrlexpcctcd

variations o1'gaps irl an inragc alld the detectioll oJ'tlic cdgc is a

challenging task for research ri'ithout losing tlte cxacl irtlbrtratiotl

or obiect's shape f 7l. Gerterally. s61*.t rllay be of three t1'1:es itr arl

image:

, llut'r:uttttrl l'tlgt'.:'. lt is plogltlCCd ltt rlsillg tllc vlllttc of

Etraclictlt in the irrragc basccl on [he \,'crlical allllvsis. alld cllll

bc cttltattcccl w'ith a \/crtical gl'adicllt dctcclor.
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'nagcr 

cicrn.s.iciug, IJayer pattern, L.u*rng-b*r.',J,,le,llithnis, Medical irriagiilg' Irtiage ltllgerY' Ilcillthcal'c

1. Introtluction

ori,i's. to tllc rapicl ucl'ur.rccLncuts irr tcclrnology as rvcll as thc cas,v itvitilabilitl' ot- cligitirl clllllcrits ltrld rttobilc

piioncs, t6e usagc ol'i'ragcs ancl viclcos rurs incrcasccl rriarrilblcls in lhc vrtriotts rcginrcs sttch its cclttcitLion'

^ealthcare, 
surverllilnce, etc.. f l-5].Despite the technological trclvattcenrents, the're is still need to improvc the

quality o[- an in-rage. Inrage quality is tlependcrlt on varioirs factors ranging frorn feantres of camerAs sttclt as its

resolutio', sensitivity lo light, sensor's clynarnic range, etc. to .the. 
conclidons that occur rvhilc capturing the

inagcs snclr as acliustrnent of u,hite balance, focus aaiJ,stnrent' colorilt:lryt1ti::1.::::.'^torrectiorl' corupression'

ctc. Howev*, color Filtcr Array (cFA) interpoli-ltion i, ,,r indispensable part of irnage pipcline rvliich is trsed to

rec.over f'll resolution i'ragc fi:om its cFA dnra lrr-8] The requiremeut ol'cFA in color irlragcs is that tltere must

be a r'i'irrru*rbf,tlrree color sarnplcs at pixel location. one r,r'ay is to use bean-splitters alorrg thc optical patlt' so

ns rtr lrro.icct thc irrrage orr all thrcc seniors incliiicltrally. Altcrlrvnrcls. color filtcr rs placccl bcl'orc cilclt scttsor itt

or.clcr to obtrirr thrcc colclr conrponcnr inragcs. It is challc'ttgittg irpilroaclt ttor ortlf irt tcl'llls ol- cclst brrl also irl

alig'r.cnt. Si'cc. it ncecls thrcc cihargc croJplccl Dei'iccs tcL-nl'scrrsors *'ltich rlcccl prccisc aligtttttcttt tltat tnaY

othcrw,ise lcacl to a phase clelav. nnoiher wav is that the color scnsors can bc stackecl olt top ol-otte ill)other as ill

Fovcon cilnleras lgl but ir escalates the c.xposure tirne as the light reqUires penell'ating tltc three silicon leVels'

Hcncc. thc nrost cost s-ffcctiVe nrethocl is to usc cFA before the sertscrt"to acqrrire ol.lc color c0nlponclrt at a pixcl

arrcl thcn, rcsto*rg other t*ro color componerrrs ll0-ll]. This proccss ol-reconstrucLiott of a lirll coior itltage l'rorn

the si'gle color. colnpouerlt is cour'ro,iiv ,'eferrect to as clemosaicing' Aithougli there are 
'ariotrs 

cFA patterns

br"rt u,icleiv usecl Bayer patterr alnorlg them [8] is that rvhere the greeu co,ttpontttt is sarnpled by quincunx grid

r,r,6ile reci a'cl blue colrpollents are litrainecl using tL. r..tnngulaigricl. Tlie clensity of tlte green cotnponents is

two tiures the recl a'cl 6l'e color col]rpouellts as the huurair eye is lliore settsiti'e to it' Several other cF A

.r*rrgerle'ls c'n also be usecl srrch iis utiliz-ing the subtractive prirnary colors cyall. Illagcllta' and ycllorv

(cMy). Enreralcl lilrcr. cyi-rr. n,og.u,o. ycllorv, an-cl green (cMYG)..parrclrr"onratic pixcls' lincar cornbination of

recl. green" ancl blue for decrearing orioiils_urt1g$ict uy'ttre saurpling. qua[titative theory for optirnal pattertt

that recluces tire reconstruction errir, etc. [12-15l.Tlie presentecl rnorL ii ginerally focused on the recoustntctiott

of images that cau be obtainecl using CFA arrangement' 
^ r-., ,,riri-i.a rlre

I'rage cle'rosaicing is basically thi' reconsrruction of the color irnage by utilizi'g the interpolation tecluliques

tliat are especi4lly, devised to reconstnrct the images samplect using a cFA otherr'r'ise it [ray leacl to the artifacts

s'cir as ftrlse colors aucl zippering effect in some portions of an image- therebl' rechtcing the i[rage visttal quality

Il?.1. Moreover" 'ost 
of tiiese algoritliurs are corlpler. ti*re-consuutittg iincl 1t,i''e hig'h colt]ptltational cost' It is

*.or1ir uotirrg that tirere is tracleclfr bet*,een accurac!'ancl computaticinal cost lbr rariotts iniage cleulosaictttg

algorithuis. Thus. it is requirecl that the demosaicing algorithurs rnust be less protle to ille artriircts- lotv

coltlptltational cost as rvell as abieto presen;e the irnage resolutiott' .,^^ ,, rrar,rirarr ,r'nl'cic nf rlre cle*rr
This paper is sfiuct'recl in the follorving manner: S"ection 2 provicles a cletailecl analvsis of the detnosatcttig

algorithms. Sectio' 3 provicles various Assesslnent paralneters for the detnosaicing algorith[rs' section 4 provicles

thc applications associatccl lvith it. Finally, rhe conclttsion is prcsentcd in Section 5'

2. lrnage Dcmosaicing N'Ictlroels . .1 , , t - -r- r-.-^,.,{r., ^r.,ccifi,.^ irrrn sir clrter
The pletirora of i'rage de'rosaicirg approaches are available b't thev are broadly classified i'to sir categotles AS

clepicted in Figtrre I
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Abstract
With the propelling high capacity demands, passive optical networks (PONs) are getting 

extra consideration nowadays. Problem: Burst blocking in wavelength division multiplexed 

(WDM) PON system increase with the contention period > burst time. Motivation: In the 

absence of optical random memory in optical communication networks, contention resolu-

tion using temporal delays is prominent work and can be accomplished using Fiber tem-

poral delay paths. Burst blocking becomes high in the network at larger contention period 

such as time between two bursts is larger. Methods: Therefore, in this work, a 40 Gbps × 10 

WDM channels based PON system with 50 GHz channel spacing over 20 km is investi-

gated by incorporating switches, switch controller, buffers and Fiber temporal delay paths 

to decrease the bursts blocking in the system. In order to assign delay to bursts, an algo-

rithm is proposed and calculated amount of delay are assigned to demanding wavelengths 

for bursts which inturn decrease the blocking. Analysis: Proposed WDM-PON system is 

simulated in the simulation tool and investigated for different FTD delays, burst loss prob-

ability, burst arrival rate, buffering delay and performance is also analyzed in terms of 

log BER. Results: Bursts blocking probability increases with the increase in burst arrival 

rate, lesser buffering delays, and more no. of input ports. Further investigation reveals that 

higher extinction ratios can provide better log BER.

Keywords WDM-PON · FTD · Burst contention · Buffer architecture · Log BER

1 Introduction

Data traffic in cloud computing and big data application is exponentially increasing due 

to ever increasing demands of internet access among the majority of people all over the 

world, Wavelength division multiplexing (WDM) based passive optical networks achieves 

(PONs) their maximum capacity rapidly (Kaur et  al. 2019a). E-governance, video on 
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Abstract
The rapid increase in internet services demands high capacity and brings high energy dis-

sipation. For broadband access networks, energy efficient passive optical networks (PONs) 

are ubiquitously demonstrated to conserve energy. However, high cost components for 

monitoring, complexity, delays and synchronization issues in active/passive optical net-

work unit (ONU) status are the utmost issues to be addressed. Energy efficient symmetrical 

Wavelength division multiplexed (WDM) and Time division multiplexed (TDM) hybrid 

passive optical network using Access-Load Difference between ONUs (ALD) approaches 

with dynamic wavelength switches has been proposed. Dual capacity providing system is 

presented where 2 Gbps and 12 Gbps sources are operated according to traffic at ONUs. 

Total capacity of individual low data rate transmitter are 8 Gbps (2 Gbps × 4) and 48 Gbps 

(12 Gbps × 4) for each ODN serving 64 ONU. Proposed approach is competent to only 

use specific transmitter module based on load at ONU and keep rest of the transmitters 

inactive. Design of ALD DWS is such that there is no service interruption even when any 

transmitter stops working. Moreover, nonlinear carrier generation eliminate the require-

ments of lasers for upstream transmission which saves cost as well as energy. It is observed 

that proposed system save 400% energy below 10 Gbps, 300% between 10–20 Gbps, 200% 

between 20–30 Gbps, 100% between 30–40 Gbps and 0% for beyond 50 Gbps. Therefore 

variable transmitters (Bandwidth) are operational in this architecture and provide economi-

cal in initial operational expenditure (OPEX).

Keywords WDM-TDM-PON · Dynamic wavelength selection (DWS) · Access load 

difference (ALD) · ICT · SOA

 * Shippu Sachdeva 
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Abstract
Objectives: This study aims to Improve and Secure the watermarking scheme
with dual encryption (chaotic maps and Arnold transform) and channel coding
in YCbCr color space with embedding and extraction procedure. Methods:
In this scheme, the cover watermarked image is encoded and the singular
value is decomposed by singular value decomposition (SVD). The four levels
of Discrete Wavelet Transform (DWT) are applied after that, the singular value
matrixes are embedded into the Y, Cb, Cr components of the host image.
The embedding factor for each component is calculated with singular vectors
of the hl sub-band of DWT with bit selection automatically by Gray level
co-occurrence matrix (GLCM). In this paper, the GLCM technique is used to
enhance the performance of a watermarked image affected by degradation
with the DWT method. An inefficient approach is chosen randomly for image
embedding which is bit selection. There is degradation in the quality of the
watermark image when randomly selecting the bits. To dynamically choose
the embedding bit, this research applies the Grey Level Co-occurrence Matrix
method. Findings: Different performance parameters likeMean Squared Error
(MSE), Peak Signal to Noise ratio (PSNR), Bit Error Rate (BER), Normalized
correlation coefficient (NCC), and Mean Structural Similarity Index Measure
(MSSIM) has been used to compare the effectiveness of the proposed scheme.
The achieved outcomes show that when applying dual encryption and FFT (Fast
Fourier Transform)with theGLCM, around 10 to 15 percent improvement in the
results can be obtained. Novelty: We have proposed a hybrid watermarking
scheme with Chaotic maps, Arnold transform and Fast Fourier transform in
YCbCr color space.
Keywords: Encryption; Discrete wavelet transform; Singular value
decomposition; Chaotic map; Arnold transforms; Channel coding

1 Introduction
Digital watermarking is the most commonly used technique for securing the data
against attacks. Visible or Invisible watermarking are the two different types of
watermarking approaches used (1). The watermarking performed defines how the
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Abstract. In this paper, we have provided a theoretical analysis on enhanced terahertz (THz) generation by

beating two amplitude-modulated laser beams in the collisional plasma under the effect of static electric and

magnetic fields. Two amplitude-modulated laser beams of slightly different frequencies (x1;x2) with

wavenumbers (k1; k2) are propagating along the same direction under the effect of these fields. The coupling

between the various nonlinear terms like the nonlinear velocity and electron density in the collisional plasma

results in the THz generation. The electric field, magnetic field, and propagation direction of lasers are

mutually perpendicular to each other. The applied static magnetic and electric fields assist to enhance the

nonlinear current density and normalized THz amplitude. The normalized THz amplitude shows

notable enhancement with the increase of applied static electric and magnetic fields. This scheme can be

employed to generate and detect the THz radiations for making interesting astronomical observations.

Keywords. Collisional plasma—terahertz waves—amplitude—modulated laser beams.

1. Introduction

In the present era, compact and efficient THz sources

can provide numerous applications in industrial man-

ufacturing, anti-terrorism, and safety techniques, (Sie-

gel 2002; Orlando & Gallerano 2009; Ishigaki et al.
2012) remote sensing, satellite communication (Pick-

well & Wallace 2006; Hoffmann & Fulop 2011;

Kawase 2012) physical, chemical, biological, pharma-

ceutical (Lui & Hegmann 2001; Dragoman & Drago-

man 2004; Sizov 2010), and astronomical sciences (Liu

et al. 2010; Kulesa 2011; Graf et al. 2015). It is well-
known fact that the interstellar radiations lie in the sub-

millimeter wavelengths, namely the THz regime. THz

spectroscopy contains in-depth information about the

star formation process and the interstellar medium.

Therefore, more interesting astronomical observations

can be acquired by using THz detection technology.

Many researchers put their efforts to provide various

schemes of THz generation and detection by using

different mechanisms to enhance the normalized THz

amplitude like optical rectification mechanism (Singh

et al. 2017; Gupta 2021), carbon nanotubes materials

(Kumar et al. 2021a,b) cross-focusing (Thakur et al.
2020a,b; Thakur & Kant 2021) and self-focusing of

laser beams (Thakur&Kant 2019, 2021) opticalmixing

of laser beams (Kumar & Tripathi 2012), two-color

laser interaction (Saxena et al. 2021), short-pulse laser
interaction (Gurjar et al. 2021a,b) filamentation (Kumar

et al. 2021a,b) and amplitude modulation (Wang et al.
2011), etc. Some of the researchers have noticed a

significant enhancement in the normalized THz

amplitude by beating amplitude modulated laser beams

and using filamentation under the effect of the suit-

able external magnetic field, electric field or both

(Braun et al. 1995; Löffler et al. 2000; Houard et al.
2008; Varshney et al. 2014). In this scheme, we have

considered two amplitude-modulated laser beams

having electric fields, E~1ðx1; k1Þ and E~2ðx2; k2Þ. These
This article is part of the Special Issue on ‘‘Waves,

Instabilities and Structure Formation in Plasmas’’.

J. Astrophys. Astr.           (2022) 43:30 � Indian Academy of Sciences
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ABSTRACT

This paper reports the alternating current (AC) conductivity and dielectric

behavior of Ce0.90Gd0.06Y0.02M0.02O2-d (M = Ca, Fe, La, & Sr) systems for their

application as electrolytes for solid oxide fuel cells (SOFCs). The mixed oxide

method was used for the preparation of these compositions. The samples of all

the prepared compositions were sintered by both conventional and microwave

heating at 1400 �C. The AC conductivity and dielectric behavior of the prepared

samples were studied in the temperature range from room temperature to

500 K. The AC conductivity was found to be higher for the microwave-sintered

samples than the conventionally sintered samples. The microwave processed

samples have shown lower activation energy too. Further, the microwave sin-

tered composition of lanthanum doped ceria has shown the maximum AC

conductivity, dielectric constant, and minimum activation energy among all the

prepared samples, making it an excellent candidate for SOFC electrolyte.

1 Introduction

The world’s primary energy demand is ever

increasing and until now, this is mainly fulfilled by

fossil fuels like coal and petroleum. With the oil crisis

and growing environmental worries, the use of our

limited fossil fuels has become a worrisome matter

not only to preserve resources and the environment

but for the economic benefits also. Due to the inad-

equacy of the conventional resources and for uni-

versal demand to decrease the production of

greenhouse gases like CO2, there is a rising concern to

promote the use of renewable energy resources,

which have a less harmful ecological effect. Solid

oxide fuel cells are being used in electricity produc-

tion, transport, and automobile applications, due to

their high-energy competence, fuel flexibility, and

lesser ecological pollution. The fuel cells are well-

planned technology to transform one form of energy

to the other and are a noble alternate of the conven-

tional power resources. These are very efficient

([ 65%) and environmentally friendly devices that

can deliver power in transportable and still power

applications [1, 2].

Address correspondence to E-mail: psharma.daviet@gmail.com
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Abstract

Health care, forgery anil engineering arejust a few ofthe many industries that rely on the content of

irnages. Mobile phone cameras use image sensors with Bayer patterning. It is necessary to use a

demosaicing algorithm to extract the fullcolour image with requisite quality. Content-based adaptive

demosaicing utilising random forest algorithm is proposed in this article, as it has the advantage of

being easy to train and evaluate. Interaction curvature was used as the predictor. Interpolation

techniques: linear, closest, cubic, rational v4 precede this section. For each pixel, 5o learning cycles

are utilised, and all of this work is done using MATI,AB software. using random forest algorithms,

ten pictures are used to calculate PSNR, SNR, SSIM, and MSSIM. AII of the test photos were more

Sgte4qvhen using Random forest as a filter'
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Abstract

Image Demosaicing is gaining popularity in the field of image processing as it helps in

identifying the missing elements by using already lcnown value of surrounding pixels

obtained from color filter array overlaid on bayer pattern. The proposed work aims at

calculating the image quality metrics (Signal to Noise Ratio and Peak Signal to Noise Ratio)

for finding the optimized window size by performing image demosaicing based on two

machine learning aftoJithms i.e. hybrid kNN and random forest algorithm with 20 learning

cycles. To pick out the best out ofmany possible window sizes (3x3,5x3,5x5, 7x5), a set of

standard images from Kodak database have been taken into consideration. The proposed

work ofhybrid algorithm has been implemented in MATLAB tool. The findings ofthe

proposed work sn-ow that 7x5 window size outperforms the other window sizes for almost

all the imagesas well as from its counterpart kNN only.
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Abstract— Attendance is an essential component of every 

organization. Keeping an attendance register daily is a 

challenging and time-consuming task. There are numerous 

automated ways available such as Biometrics, Eye 

Detection, Speech Recognition, etc. for human 

verifications. This paper outlines a simple and effective 

way for tracking attendance. Face recognition provides an 

accurate system that solves ambiguities such as fraudulent 

attendance, excessive cost, and time consumption. For 

facial identification and attendance storage, this system 

employs a face recognition library in Open CV (Python). 

The camera captures the image and sends it to a database 

folder containing images, which identify faces and 

calculate attendance. The goal of creating this automated 

attendance system utilizing Artificial Intelligence was to 

reduce the errors that occur in the traditional attendance-

taking system. A face recognition system has been 

presented that has robustness toward user recognition and 

the result is transformed into an Excel Sheet in Real-Time. 

 

Keywords— Face Recognition, Open CV, Numpy, DLIB, 

Cmake, Face Detections. 

 

I. INTRODUCTION 

As humans, our minds are built to do all of this naturally and 

rapidly, but Computers are incapable of this order of accuracy, 

as each stage of face recognition must be taught or 

programmed independently. Pattern recognition is the process 

by which a machine can recognize and discern a pattern from 

perceptual input based on its surroundings, and make 

reasonable and acceptable classification decisions. Typically, 

facial recognition does use a large database of photos to 

determine a person's identity; rather, it simply identifies and 

recognizes one person as the device's sole owner, while 

denying access to others. The technologies employed include 

statistical, probability, computational geometry, and algorithm 

design. Understanding how patterns are represented and 

recognized in nature has a big impact on building a pattern 

recognition system. Face detection and Face recognition are 

one of the major biometric categories. Generally, this facial 

detection and facial recognition reduce the amount of physical 

labor required by humans. Images are taken via the camera, 

and face detection techniques are used. In photographs, we 

usually observe the nose, hair, ears, lips, and eyes, as well as 

varied poses of faces.[1] It is possible to conclude that no 

single biometric is ideal. When we consider facial recognition, 

it appears to be a better strategy. It has the significant 

advantage of being the only biometric capable of identifying 

people at a distance without subject complicity or awareness. 

It is also a useful technique for people who have difficulty 

touching the sensors, such as in fingerprint recognition.[2] It 

cannot injure any physical portion of the body. 

According to the Previous Studies, there are a variety of 

application sectors where it plays an important function.[3] 

Face biometrics are measured using a variety of face 

recognition technologies. Security systems, authentication, 

access control, surveillance systems, smartphone unlocking, 

and social networking services all make excellent use of facial 

recognition. Face recognition, unlike fingerprinting or other 

security measures does not require any physical contact, 

making it a quick, automatic, and seamless verification 

experience in the post-COVID era.[4] Businesses require both 

secure and fast technologies in an era of cyber-attacks and 

advanced hacking tools. Facial recognition allows you to 

verify someone's identity quickly and easily. Security software 

and facial recognition software are generally compatible. It's 
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Abstract: Mobile adhoc network are flexi-mobile, they use wireless connections to connect to various networks. 

An ad-hoc network is a collection of wireless mobile hosts forming a network without central epicentre. The 

automated factor means that any mobile nodes can join or leave the network at any point of time when they want 

which causes many prob like Qos parameters is affected The EETS is the improved version of AODV protocol for 

path recovery in mobile adhoc networks. In the EETS protocol, when the mobile node change its location then 

link failure occurred in the network. The EETS protocols works on the node connectivity factor for the link 

recovery. When any node detects link failure in the network, then the node with which maximum number of nodes 

is connected is selected as the best node for link recovery. The EETS protocol performs well in terms of certain 

parameters but for the link recovery it donot include quality of service parameters. In this research work, 

improvement in the EETS protocol will be proposed by applying quality of service parameters for path recovery & 

Better Link Stability in mobile adhoc networks. The quality of service parameters are like Overhead, Energy 

consumption and delay. 
 

Keywords: AODV, EETC MAC, Modified EETC MAC. 

I. INTRODUCTION & 

CHARACTERSTICS OF MANET 

NETWORK 

To resolve the problems like power consumption of a 

device in MANETs and improve the overall network 

quality, a routing technique is applied [3]. Having an 

up-to-date route to all the nodes at all times is the major 

attempt of the various outing solutions proposed by 

different researchers. The routing control information is 

exchanged periodically and as per the topological 

changes in case of proactive routing protocols. 

 

Following are the important characteristics of MANETs 

that distinguish them from other networks: 

1) Infrastructure-less Nature: For performing 

communication among the nodes, collaboration among 

the independent peer-to-peer nodes generates MANET 

[2]. There is no definition of prior base station and all 

the devices have similar role to perform.  

 

2) Dynamic Topology: The mobility of MANET nodes 

is free. Therefore, the links and topology of network will 

change constantly when the nodes move in and out of 

the network. Either unidirectional or bi-directional links 

could be generated among nodes. Higher user density 

and large level of user mobility are however, caused by 

this feature in MANETs.  

 

3) Multi-Hop Communications: MANETs require multi-

hop communication since they have the signal 

propagation properties of wireless transceivers. Thus, 

MANETs perform multi-hop routing for mobile nodes 

in case when a source node is out of the radio range of a 

destination node. Due to the limited transmission radius, 

a message is passed across multiple nodes from source 

to destination node. 
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Abstract: Advances in programming face recognition have made numerous impacts in the evolving scene. A PC 

framework in my face recognition project will want to locate and recognize human faces in images or recordings 

captured by an observation camera quickly and precisely. Various calculations and procedures have been developed for 

working on the presentation of face recognition, but the idea to be implemented here is Deep Learning movements. 

Today, recording someone's presence is the most important thing for any organization. Someone's attendance at an 

office or association indicates that they are fulfilling their obligation to attend. This paper explains how to track 

participation in a simple and effective way. Face recognition provides a precise framework for dealing with ambiguous 

situations like fake participation. This framework uses an Open CV face recognition library for facial distinguishing 

proof and participation storage (Python). The picture is captured by the camera and sent to an information base 

organizer, which contains pictures that distinguish faces and calculate participation. 

  

Keywords: OpenCV, Numpy, DLIB, Cmake, Face Detections, Face Recognition 

 

I. INTRODUCTION 

 

Face acknowledgment, we believe, can help individuals confirm their collaboration by incorporating these features. 

Face recognition is extremely essential in today's electronic environment. A few segments may be reliant on 

development to determine participation at this time. Nonetheless, some people engage in traditional techniques that 

consume a significant portion of their day.[8] Face recognition is perhaps the most heavily focused area of the PC 

vision development, with new approaches and enabling outcomes being introduced on a regular basis. Face recognition 

techniques are primarily divided into two types: based and sweeping. A face acknowledgment framework is an 

excellent way to address these concerns. Students can also be cautious without worrying about completing desk work 

for their investment and losing some of the information provided by the instructor. [2] As far as the educator is 

concerned, everything appears to be in order with the structure saving all of the students' investment registrations for 

future reports. The Automated Attendance System (AAS) is a program that uses face recognition technology to 

determine whether or not a student is present in the homeroom. Because the presence of students cannot be established 

by continuously recording their appearances on a large-screen video, the system should detect the presence of all 

students in the review lobby. It has the particular benefit of being the only biometric that can discern proof from a 

distance without subject involvement of consciousness. A finger impression is a suitable option for clients who do not 

want to contact the sensors with their fingertips. It's probable that it won't hurt any real biological components, like the 

retina or iris. The getting method is likewise complicated in the iris recognition framework. Eyelids, lashes, spectacles, 

contact focal points, eyes, and hair should all be occluded. [5] 

 

1. Use a systematic strategy. 

2. A wonder-based strategy 

 

The essence of a single person will be used to determine cooperation. Face recognition is becoming increasingly 

common these days, and it is widely used. In this research, we offer a system that recognizes student characters from 

live continual videos of homeroom and stamps investment if the recognized face is found in the database. Unlike 

traditional techniques, this new system will necessitate considerable investment. [1]The main goal is to develop a 

strong and secure facial recognition technology for individual approval, as well as to evaluate the introduction of the 

ideal construction by comparing it to other existing systems determined from the manual and other traditional 

https://ijarcce.com/
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Abstract: A MANET can be defined as an autonomous system of nodes or MSs(also serving as routers) 

connected by wireless links, the union of which forms a communication network modeled in the form of an 

arbitrary communication graph. The self configuring means that any mobile nodes can join or leave the network 

when they want .It is the decentralized type of network in which mobile nodes can move from one location to 

another. Due to random movability of the mobile nodes, the two factors route establishment, route maintenance 

becomes the major problem of MANET networks. This main Spotlight of this research paper is the route 

establishment & route maintenance which are properties of MANET network. The EETC protocol is the route 

establishment and route maintenance protocol in which broker route will be recovered on the basis of node 

connectivity. The node, which has maximum connectivity, is selected as the best node for route recovery in EETC 

Protocol. In this research work, the EETC protocol is further improved by adding buffer size parameter for route 

recovery which also maintains & improves quality of service like better throughtput, Less Energy Consumption, 

High Packet Delivery Ratio , Low End to end delay and Less Packet loss & Less Overhead in the network  The 

proposed IEETC protocol simulation results perform well as compared to existing EETC protocol in terms of 

certain parameters. 
 

Keywords: AODV, EETC, IEETC, LINK STABILITY, OH, PL, E2E DELAY, EC PDR.

I. INTRODUCTION 

Mobile adhoc Network may process on an 

independently or they can be part of larger internet. 

They form a highly adaptive autonomous topology 

with the presence of one or multiple different 

transceivers between nodes. The major problem for the 

mobile adhoc network is to equip each device to 

continuously maintain the information required to 

properly route traffic. These networks face various 

problems the reason is they do not have any central 

maintainer within them. There are many resources 

present within these networks and a very cryptic line of 

defense if present [1]. Another issue that arises within 

these networks is the reliability of radio link in several 

cases there is a link breakage found. In order to 

forward the data packets to other nodes, each node acts 

as a router within MANETs. There is a need of higher 

security within these networks due to the self-

organization of nodes within these networks. However, 

security within these networks is difficult to be 

provided because of the limited communication and 

communication resources available. Due to the rapid 

change in topology, the links broke as well as re-

establish within these networks. It is to be proved that 

the immediate change within the topology is responded 

by the routing protocol [2]. Each node acts are a router 

within these networks. The source and destination 

might communicate through the intermediate nodes 

due to the limited bandwidth available within the 

nodes. Asymmetric links, routing overhead, 

interference as well as dynamic topology are the major 

issues arising within routing. There are various 

advances being made within the routing techniques 

provided within MANETs and many new routing 

http://www.ijatca.com/
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