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Abstract In this paper, we consider a predator–
prey model with Beddington–DeAngelis functional
response. Considering the predator’s rate of growth
and death is much lower than that of prey’s, the model
becomes a slow–fast system that mathematically leads
to a singular perturbation problem. Using geometric
singular perturbation theory due to Fenichel and blow
up technique, we have investigated the system and
obtained very rich and complicated dynamical phe-
nomena including the existence of relaxation oscilla-
tion, canard cycles near the Hopf bifurcation point and
the interesting phenomenon of canard explosion.

Keywords Slow–fast· Canard cycles· Canard
explosion· Relaxation oscillation
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1 Introduction

In most natural and human-mediated systems, such as
physical [60], chemical [12,44,48], pharmacological
[37], neuro–biological [38] and ecological [30] sys-
tems, different system variables evolve on two or more
different time scales and a detailed understanding of
such system evokes several complex phenomena. From
a mathematical point of view, one of the straightforward
approach to handle the systems involving multiple time
scales, as found in the literature, is to get started with
a singularly perturbed ordinary differential equations
with just two distinct time scales, given by

ẋ = f (x, y, μ, ε) , (1a)

ẏ = εg (x, y, μ, ε) , (1b)

wherex ∈ R
m and y ∈ R

n denote the fast and the
slow variables, respectively,μ ∈ R

k are parameters,
m, n, k ≥ 1 in general, f and g are the sufficiently
smooth functions, 0< ε � 1 is the singular pertur-
bation parameter that indicates system separation into
slow and fast time scales, and the over dot(˙) denotes
differentiation with respect to the fast timet ∈ R. The
model (1) is the simplest model among the available
models having multiple time scales. Equation (1) can
be rescaled as an alternative way by switching the fast
time to the slow time byτ = εt given by

εx ′ = f (x, y, μ) , (2a)
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Introduction
In India, the majority of large cities are becoming self-sufficient.

Currently, as the country develops rapidly, the number of urban

settlements is also growing and are becoming contiguous, forming

thereby urban agglomerations with any of the following

combinations:

1. first, a region or town with a continuous outgrowth that is

outside the statutory limits but within the boundaries of the

adjoining village or villages, or

2. More than one adjoining towns with their outgrowths, or

3. a city and one or more adjoining towns with outgrowths

which forms a continuous spread (Indian Census, 2001).

An urban agglomeration is defined as a continuous urban spread

consisting of a town and its adjoining outgrowths, or two or more

physically contiguous towns with or without outgrowths of such

towns (Office of the Registrar General, India, 2008). According to

the 2011 Census, an Urban Agglomeration must include at least

one statutory town, and its total population (i.e., all constituents

combined) cannot be less than 20,000. (NCERT Solutions,2015-

20). In Denmark, the minimum population for an agglomeration

to be considered urban is 200, in France it is 2000, and in Greece it

is 10000 (Denis et al, 2011).

There are similar other combinations that have been treated as

urban agglomerations in varying local conditions that satisfy the

basic condition of contiguity (Singh, 2014). Examples include

Delhi UA, Greater Mumbai UA, and so on. In India, 475 places

with 981 OGs were identified as Urban Agglomerations in the

2011 Census, compared to 384 UAs with 962 OGs in the 2001

Census.

An Out Growth (OG) is a viable unit, such as a village or hamlet, or

an enumeration block made up of such a village or hamlet that can

be identified by its boundaries and location. Examples include a

railway colony, a university campus, a port area, military camps, and

other developments near a statutory town that are outside its

statutory limits but within the revenue limits of a village or villages

contiguous to the town (Census of India definition, 2011). When

determining the outgrowth of a town, it is ensured that it possesses

urban features in terms of infrastructure and amenities such as

pucca roads, electricity, taps, drainage system for wastewater

disposal, etc. educational institutions, post offices, medical

facilities, banks, and so on and is physically contiguous with the

core town of the Urban Agglomeration (CoI, 2011). Each such

town, along with its outgrowths, is treated as an integrated urban

area and is referred to as a 'urban agglomeration' (Kapila, 1993).

Table 1 depicts the rising trend of India's urban sectors and

agglomerations.

Table -1 shows that as the number of CTs and STs increased, so did

the number of agglomerations in India. West Bengal's

Murshidabad district has the state's highest rate of growth of

census town (CT). It had 22 CTs in 2001, which increased to 65 in

2011 (Census of India, 2011).As CTs expand in a contiguous

manner, these settlements tend to form more agglomeration in the

Urban Agglomerations and Changing Landuse Patterns in Murshidabad district, West Bengal, India

Article Info
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Urban Primacy,
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Abstract

The Census of India used to produce reports on the growth of municipal urban agglomerations only. However, there are numerous
agglomerations in the Murshidabad district that are independent or non-municipal agglomerations, commonly associated with the growth
of census towns in the district. This article attempts to demonstrate how the growth of census towns and municipalities affects the district's
increasing number of urban agglomerations. The paper focuses on the demographic differentiation between the district's various
agglomerations. The emphasis in this section has also been placed on the spatiotemporal change in landuse and land cover pattern in those
regions. The primacy index is used to determine whether or not the agglomeration contains any primate urban centres. The rank size rule
is applied to agglomerations with populations greater than ten thousand. The satellite image is supervised classified using ArcGIS 9.3
software to identify the spatial spread in the landuse pattern in these urban agglomerations over the last two decades.
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Fabrication and Characterization of Back‑to‑Back Schottky Diode  
in Ni/ZnO/Ag Nanojunction
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Abstract
This work presents the fabrication and electrical analysis of a ZnO nanostructure-based Schottky device. The fabrication 
method employed is easy and cost-effective. The junction properties of the Ni/ZnO junction annealed at 400ºC with silver 
probing has been studied leading to the formation of a metal–semiconductor–metal (MSM) back-to-back Schottky diode 
(BBSD) with the configuration Ni/ZnO/Ag; this is a rectifying diode for both V > 0 and V < 0. The junction properties 
have been analyzed employing the BBSD model in the light of the thermionic emission mechanism. Electrical parameters, 
like barrier height, ideality factor, and resistance of a device consisting of two diodes, have been determined based on the 
theory for the BBSD model. The diode action is lost when the specimen is annealed at 700ºC due to the combined effect of 
the microstructure of ZnO and the growth of a NiO layer at the interface.

Keywords MSM (metal–semiconductor–metal) · BBSD (back-to-back Schottky diode) · sol–gel · nano-schottky contact

Introduction

ZnO, which shows n-type conductivity in its native form due 
to the presence of oxygen vacancies and interstitial defects, 
has gained much popularity for applications such as diodes, 
actuators, gas sensors, solar cells, etc. In addition ZnO 
also possesses good carrier confinement and a wide direct 
bandgap (~ 3.37 eV) and high exciton binding energy (~ 60 
meV), which makes it more preferable for optoelectronic 
device applications.1-6 With growing interest in the study 
of ZnO-based device applications, it has been observed that 
nanostructured ZnO has a high aspect ratio which enhances 
the operating capability of ZnO-based devices for applica-
tions at high temperature as well as in harsh environments.2 
Reports have also shown that nanostructure-based devices 
show better responsivity, making them more preferable for 
applications as sensing devices.7 ZnO nanostructures, such 
as nanowires, nanofibers, and nanorods, etc., have been 
widely used for fabricating devices, but although fairly 

popular, the fabrication technique is quite complex and time-
consuming for mass scale production, so that easily attain-
able colloidal ZnO nanoparticles have often been preferred 
as active material for ZnO-based optoelectronic devices.

The metal–semiconductor (MS) junction or the Schottky 
junction has in particular been widely studied for its wide 
range of applications, such as photodetectors, gas sensing 
devices, chemical sensing devices, etc. It has been observed 
that the electrical properties of such devices are influenced 
by the carrier transport mechanism at the metal–semiconduc-
tor interface. The Schottky junction, which displays a rectify-
ing property unlike the ohmic contacts, can be realized with 
a certain barrier at the interface of the metal–semiconductor 
junction, whereas an Ohmic junction is devoid of any barrier. 
In recent years, metal–semiconductor–metal (MSM) Schottky 
junctions have gained much popularity, and the current trans-
port mechanism of such devices has been explored and pro-
posed for a variety of applications, such as memory devices, 
current limiters, photodetectors, gas sensing devices, chemi-
cal sensing devices, and current regulators.2,8-11 Recent works 
have been published in which the authors have shown that the 
device sensitivity increases for a MSM Schottky junction as 
compared to a MS junction. Also, in addition to this attractive 
feature, the hassle to obtain a perfectly ohmic junction can be 
eliminated altogether by considering two rectifying junctions 
instead.12,13 MS and metal–insulator–metal devices have been 
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Abstract
Flavones and Flavonols, two major sub-classes of flavonoids, are plant secondary metabolites possessing immense biologi-
cal activities including cytotoxic activities. They are polyphenolic phytochemicals that exist either as free aglycones or as 
glycosidic conjugates. Diversities in structural patterns of these two sub-classes of flavonoids make them promising agents 
in anticancer research. In the recent research, plant-derived natural compound become the hot point of study for the safe 
and effective drug. So search of new natural flavones or flavonol, cytotoxic to cancer cell is of major attention to the chem-
ists now. The present review describes 146 new examples of naturally occurring flavones and flavonols having cytotoxic 
potential against different cancer cells reported during the period of 2005 to 2020.These compounds comprise flavones, 
flavonols and isoflavones. These compounds are classified according to their structures. Most of the flavones and flavonols 
are reported active against human breast cancer, liver cancer and lung cancer cells.The main topics addressed are source, 
structures, cytotoxic activity against various cancer cells in details, activity-wise classification of the compounds, mechanism 
of cytotoxicity and possible structure–activity relationship. The review cites 145 references.

Keywords Natural flavones and flavonols · Cytotoxicity · Anticancer activity · Mechanism · Structure–activity relationship

Abbreviations
Glc  Glucopyranosyl
Rha  Rhamnopyranosyl
Arab  Arabinofuranosyl
Gal  Galloyl
Rut  Rutinosyl
Lav  Lavandulyl
Quin  Quinovopyranosyl
MTT  3-(4,5 Dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide
P 388  Lymphoblastic lymphoma of pre-B 

cell
HepG2  Human liver cancer cell

SGC-7901  Gastric carcinoma cell
MCF-7  Human breast cancer cell
COLO 205  Human adenocarcinoma cell line
MDA-231 and T47D  Breast cancer cell
A-549  Human lung cancer cell
HL-60  Human acute promyelocytic cell
H-460  Large cell lung carcinoma
KB  Human epidermal Carcinoma cell
A375S2  Human melanoma cells
HeLa  Human epithelial carcinoma cell 

line
PC3  Human prostate carcinoma cell
HT29  Human colon cancer
NCI-H187  Human small-cell lung cancer cell
BGC-823  Human stomach carcinoma
HCT-8  Human ileocecal adenocarcinoma
B 16  Human melanoma cell lines
Caco2  Human colorectal cancer cell line
U 937  Human histiocytic leukemia cell
NB4  Human promyelocytic leukemia 

cell line
SHSY5Y  Human neuroblastoma
PANC-1  Human pancreatic cancer cell
HCT-116  Human colon cancer cell
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Online Shopping Behaviour of People in Emerging Cities of India: A Case 
Study for West Bengal 

 
Shyamal Garai* and Tarit Kanti Sen** 

 

ABSTRACT 
 
With the wide use of smart-phone and internet in this pandemic situation, the growth of 
e-commerce has increased dramatically. Therefore, business organizations may need to 
know about the behaviour of people to set up effective marketing strategies to convert 
the potential customers into active one. The study is an exploratory study for both 
qualitative and quantitative analysis to examine the behaviour of consumers related to 
online shopping. The study is based on primary data for which cluster and random 
sampling methods have been used for selecting the study area. The study showed that 
most of the respondents of the emerging cities have a positive attitude towards online 
shopping though it may depend on some demographic factors of the consumers. The 
study has also identified the main reasons for preferring and avoiding the online 
shopping option. 
 
Keywords: E-commerce; Buying behaviour; Online shopping; Emerging cities in West 
Bengal. 

 
1.0 Introduction 
 

We are living in an era of global economy. Due to emerging growth of the 
internet, it is very easy to communicate with each other, living in any part of the world, 
through the internet. Business people are not excluded from it.  
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This investigation is an attempt to obtain a highly accurate approximation of
the spectrum of Sturm–Liouville problems in R+ by representing the unknown
solution of the model in the interpolating wavelet basis of L2(R). To accom-
plish the goal, the domain R+ has been stretched to R to avoid the additional
care of the elements in the basis containing boundary point 0. In addition, such
transformationmay judiciously be utilized to eliminate (up to quadratic) the sin-
gularity of the equation. The equation in the new variable has been subsequently
transformed into a generalized matrix eigenvalue problem by approximating
the new (unknown) function in an appropriate (truncated) basis comprising
interpolating scale functions generated by scale functions in Daubechies fam-
ily. The (interpolating wavelet-collocation) scheme developed here has been
applied to some solvable and quasi-exactly solvable Sturm–Liouville problems
in R+ appearing in quantum mechanical modeling in flat and curved spaces. It
is observed that the approximation of eigenfunctions in the (compact support)
interpolating wavelet basis obtained by using the collocationmethod can be reli-
ably used to reveal a hidden spectrum of quasi-exactly solvable Sturm–Liouville
problems in R+ with high accuracy.

KEYWORDS

Daubechies wavelets, interpolating wavelets, quasi-exactly solvable Sturm–Liouville problem, radial
Schrödinger equation, wavelet collocation method
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1 INTRODUCTION

Over the past few decades, a large deal of effort has been directed towards constructing physically significant quantum
mechanical models for which the spectral problem associated with the Hamiltonian operator (both in nonrelativistic and
relativistic cases) may not be exactly solvable. However, at least part of the spectrum can be obtained exactly employing
algebraic or othermethods.1–11 This type of problemsmay be regarded as quasi-exactly solvable Sturm–Liouville problems
(QESSLPs). Among several schemes for their construction and solution, the algebraic method was originated from the
concept of spectrum generating algebra invented independently by three groups of mathematical/theoretical physicists,
viz., Goshen and Lipkin in 195912 and Barut and Bohm13 andDothan et al14 in 1965. Subsequently, this mathematical tool
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