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Impact of meteorological parameterization schemes on CTM 
model simulations 
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H I G H L I G H T S  

• We quantified the significance of cloud/microphysical meteorological parameterization schemes in the simulation of aerosols by a CTM. 
• This type of analysis study is sparse over the Indian sub-continent though essential to the realistic simulation of aerosols over this region. 
• It is essential to evaluate the effect of cloud, and microphysics on the aerosol simulation as aerosol concentration and cloud are interlinked. 
• Results indicate that a single parameterization scheme set may not produce good results for all the parameters/pollutants. 
• These results also infer that ensemble modeling could also lead to a better option than using single simulations.  

A R T I C L E  I N F O   

Keywords: 
Microphysics parameterization schemes 
Cumulus parameterization scheme 
Aerosols 
Chemical transport model 
WRF 
Sensitivity study 

A B S T R A C T   

Meteorology plays a key role in regional aerosol concentration and distribution. Microphysics and cloud for-
mation processes in the atmosphere is interlinked with aerosol and their removal processes. To characterize their 
role in modulating the aerosols/pollutants concentration simulation by a chemical transport model (CTM, here 
we have taken CHIMERE model); we have performed this study with different microphysical (MP) schemes 
(Kessler Scheme/Lin Scheme/WRF single Moment 3-class (WSM3) scheme) and cumulus cloud parameterization 
(CU) schemes (Kain-Fritsch Scheme/Betts-Miller-Janjic Scheme/Grell 3D) of Weather Research and Forecasting 
Model (WRF). We have used the WRF model over a domain (3◦S-41.8◦N; 59.5◦-102.5◦E) with the resolution of 
(0.25◦ × 0.25◦) while CHIMERE model simulations are performed over the domain (6◦-37.5◦N; 67◦-95.5◦E) with 
the similar resolution for a selected period of monsoon. In total nine combinations are framed with MP and CU 
schemes to observe the sensitivity of CTM to these schemes. Simulated results are compared with the satellite 
(TRMM/MODIS) and reanalysis data (MERRA-2) to appraise the model’s performance with various parameter-
ization scheme combinations. Results indicate that despite the same initial and boundary conditions and model 
configuration, notable differences occurred in the simulated meteorological parameters with different scheme 
combinations. Results suggested that CTM performed in a reliable range with cumulus scheme Betts-Miller-Janjic 
Scheme (BMJ) and Grell 3D scheme with microphysical parameterization scheme Purdue Lin Scheme over Indian 
continent. The study also suggests that a single set may not produce good results for all the parameters/pol-
lutants; thus, we have to choose the parameterization schemes which give optimal results for all the parameters/ 
pollutants. These results also infer that ensemble modeling could also lead to a better option than using single 
simulations.   

1. Introduction 

Aerosols are an integral part of the climate system as they have a 
huge impact on the human health, ecosystem, climate, and radiation 
budget of the earth. Thus, the exact representation of aerosol is essential 

for climatic and health-related studies. Though several research works 
are performed to quantify the impact of aerosols on the climate system, 
complex interaction with other components of the earth climate system 
poses restrictions on the understanding of their distribution (Babu and 
Moorthy, 2002; Bond et al., 2004; Chin et al., 2009; De Meij et al., 2009; 
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Enhanced attraction between particles in a bidisperse mixture
with random pair-wise interactions
Madhu Priya a and Prabhat K. Jaiswal b
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ABSTRACT
We study a complex mixture with bidispersity in size and polydispersity in
energy using computer simulation. The energy polydispersity between the
bidisperse particles is introduced by considering random pair-wise
interactions. Extensive molecular dynamics simulations are performed to
compute potential energy and neighborhood identity ordering (NIO)
parameter as a function of temperature for different size-ratios and
concentrations of the two species by quenching it from a high-
temperature fluid state to a solid state. Our findings demonstrate an
enhancement of the neighborhood identity ordering on the addition of
particles of different sizes, which also depends on particle concentration.
Moreover, a comparatively higher increase in the NIO parameter is
achieved by tuning the size-ratio of the particles. We also propose that
the NIO parameter is a good marker to differentiate multicomponent
systems (below the liquid to solid transition temperature) with different
size-ratios and concentrations.

ARTICLE HISTORY
Received 18 February 2020
Accepted 12 August 2020

KEYWORDS
Polydispersity; molecular
dynamics simulation; liquid-
solid transition; colloids;
multicomponent alloys

1. Introduction

Understanding the relationship between the microscopic structure of a material and its response to
external perturbations, e.g. temperature, pressure, etc., is of great technological and industrial signifi-
cance. These perturbations may result in the phase transformations of the material from an unstable
state to its preferred thermodynamic equilibrium state [1–3]. The subsequent dynamics of materials
with few components, for instance, binary mixtures, has been a subject of intense study in the litera-
ture [3–5]. However, it is also of considerable interest to study polydisperse systems exhibiting a
spread in a variable characterizing the constituent particles. In particular, designing materials
with desired properties and strength have led scientists to consider systems with many components,
which may vary across some distribution in interactions, shapes, sizes, and charges [6–8]. Polydis-
persity is present in systems as diverse as high-entropy alloys [9–13] and complex fluids [7, 14–16],
such as polymer blends, liquid crystals, colloidal suspensions, and find industrial applications in
bitumen, paint, automotive fuels, etc. [14].

For developing new materials, the traditional alloying strategy is to select one dominant com-
ponent and add other elements in small amounts to improve specific properties. Such techniques
put a restriction on further improvement of mechanical properties, and while achieving high
strength (∼ GPa), usually, failure of materials occurs. To explore an even more comprehensive
range of remarkable new materials, strategies like the equiatomic substitution of the main element
with multi-element systems have been very successful and reviewed in Ref. [12]. The introduction
of polydispersity in such high-entropy alloys [9,10,17,18] gives rise to a variety of amorphous and

© 2020 Informa UK Limited, trading as Taylor & Francis Group

CONTACT Prabhat K. Jaiswal prabhat.jaiswal@iitj.ac.in

PHASE TRANSITIONS
2020, VOL. 93, NO. 9, 895–908
https://doi.org/10.1080/01411594.2020.1813287

Page No 3

http://crossmark.crossref.org/dialog/?doi=10.1080/01411594.2020.1813287&domain=pdf&date_stamp=2020-09-01
http://orcid.org/0000-0002-1349-3743
http://orcid.org/0000-0001-8418-7711
mailto:prabhat.jaiswal@iitj.ac.in
http://www.tandfonline.com


Chaos ARTICLE scitation.org/journal/cha

Host–parasite coevolution: Role of selection,
mutation, and asexual reproduction on
evolvability

Cite as: Chaos 30, 073103 (2020); doi: 10.1063/5.0010057

Submitted: 6 April 2020 · Accepted: 12 June 2020 ·
Published Online: 2 July 2020 View Online Export Citation CrossMark

Madhu Priya,1,a) Prabhat K. Jaiswal,2,b) and Manish Dev Shrimali3,c)

AFFILIATIONS

1Department of Physics, Birla Institute of Technology Mesra, Ranchi 835215, Jharkhand, India
2Department of Physics, Indian Institute of Technology Jodhpur, Karwar 342037, Rajasthan, India
3Department of Physics, Central University of Rajasthan, NH-8, Bandar Sindri, Ajmer 305817, Rajasthan, India

a)Electronic mail: madhupriya@bitmesra.ac.in
b)Electronic mail: prabhat.jaiswal@iitj.ac.in
c)Author to whom correspondence should be addressed: shrimali@curaj.ac.in

ABSTRACT

The key to the survival of a species lies in understanding its evolution in an ever-changing environment. We report a theoretical model that
integrates frequency-dependent selection, mutation, and asexual reproduction for understanding the biological evolution of a host species
in the presence of parasites. We study the host–parasite coevolution in a one-dimensional genotypic space by considering a dynamic and
heterogeneous environment modeled using a fitness landscape. It is observed that the presence of parasites facilitates a faster evolution of the
host population toward its fitness maximum. We also find that the time required to reach the maximum fitness (optimization time) decreases
with increased infection from the parasites. However, the overall fitness of the host population declines due to the parasitic infection. In the
limit where parasites are considered to evolve much faster than the hosts, the optimization time reduces even further. Our findings indicate
that parasites can play a crucial role in the survival of its host in a rapidly changing environment.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0010057

Understanding the mechanism that drives the biological evolu-
tion of a species plays a significant role in its survival under
an extreme and fast-changing environment. In this manuscript,
we consider the ecological interaction between the host and the
parasite populations that often influence each other’s evolution.
We thus formulate a mathematical model that describes the
key features of host–parasite coevolution in terms of the cou-
pled partial differential equations. The role of selection, muta-
tion, and asexual reproduction is studied on the dynamics of
a host population, which evolves in the presence of parasites.
A swift response to a rapidly changing environment is cru-
cial for the survival of any species. The idealized mathemati-
cal model formulated in the paper indicates that the evolution
of host species in the presence of parasites can speed up its
evolution toward a global fitness peak, though at lower fitness
values.

I. INTRODUCTION

Biological evolution of organisms is a complex phenomenon
that usually proceeds toward increasing complexity over successive
generations. Understanding the underlying processes responsible
for promoting the complexity has been an active area of research
since the last century.1–6 A theory on this evolutionary dynamics
was first proposed by Darwin and Wallace7,8 and has been applied
successfully in understanding a variety of biological phenomena.
Darwinian dynamics formulates the theory, though qualitatively
only, for the evolution of populations with time and is primarily
based on selection, mutation, and reproduction.9 However, using
mathematical models and statistical techniques, more quantitative
descriptions of the resulting evolution have been proposed.10–20

Smith described natural selection in evolutionary game the-
ory, where the reproduction rate (or fitness) of an individual
with a fixed strategy is considered dependent on the frequency of

Chaos 30, 073103 (2020); doi: 10.1063/5.0010057 30, 073103-1

Published under license by AIP Publishing.
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ABSTRACT: 

Optical Coherence Tomography (OCT) imaging technique has emerged as a non- or minimally invasive modality in the 

clinical pathogenesis such as deep tissue examining and optical biopsy etc. The OCT imaging increases the Depth of 

Focus (DoF) by devising mechanisms to increase an Optical Transfer Function (OTF) of the imaging system. This is 

achieved through an apodization technique on the surface of lens in conjugation with the femtosecond Bessel-type laser 

beam. An investigation on postulation of OTF through a masked aperture, or specifically a micro-dot is investigated to 

measure variations of intensity profile at the optical coordinates in the radial as well as axial directions. The intensity 

variations in the radial and axial coordinates are calibrated to obtain the information, which significantly helps in 

devising of OCT imaging system. A theoretical investigation of OTF matching the experimental relationship between 

spot size and DoF in response to obscuration ratio is presented in this paper. This mathematical approach could be 

applied to different types of masking functions by meticulously exploring the parameters of optical coordinates. 

 

KEYWORDS: Optical Transfer Function, Geometrical Coordinate, Optical Coordinate, Spot Size, Depth of Focus, 

Obscuration, Pupil Function. 

  

1.  INTRODUCTION 

The advancement in an Optical Coherence 

Tomography (OCT) imaging technique has 

revolutionized the cell biopsy in accurate diagnosis of 

the disease and its treatment during pre- and post- 

surgical procedures [1]. It is preferred over the common 

stained histological examination due to one of the robust 

reasons that an OCT imaging is a real-time non- or 

minimally invasive diagnostic technique involving 

minimal sampling errors [2]. Moreover, due to its high 

resolution, such OCT has numerous applications in the 

area of retinal imaging in ophthalmology [3-4], brain 

tissue imaging [5], and deep tissue imaging [6-7], etc. 

The high resolution of  OCT is achieved via increasing 

the depth of focus (DoF) of an  optical beam and via 

minimizing an  attenuation of backscattered light from 

the tissues by selecting the wavelength of the order of 

ca. ~1300 nm [7]-[8]. The common endoscopic type of 

OCT imaging system such as Stratus OCT is composed 

of swept laser source (probe beam), single-mode optical 

fiber, Gradient Index (GRIN) lens, and small prism to 

deflect focused light onto a tissue [4],[6]. 

The imaging system relies on studying an optical 

probe beam of two important factors such as its spot size 

and the depth of focus (DoF) [9]-[10]. The spot size of 

the focusing lens is given by 𝜆 (2NA)⁄ , where λ is the 

wavelength and NA is the numerical aperture of that 

optical system. Another definitions uses the Full Width 

at Half Maximum (FWHM) and (1 𝑒2⁄ ) times the 

maximum of transmitted intensity at the focal plane of 

the optical system. The estimation of DoF is 

approximately proportional to the product of the 

wavelength λ and the square of the f-number (the ratio 

between the focal length f, and the diameter D, of the 

imaging lens), i.e., λ(𝑓 𝐷⁄ )2. In terms of intensity, the 

DoF is the distance between the focal point and the point 

where the intensity decreases to 90%, while in 

application like imaging systems, it is 50% [11].  

The deep tissue imaging could be achieved by 

increasing the DoF by using numerous types of the 

aperture of the imaging lens such as axicon [12], 

diffractive axicon [13], annular aperture [14], binary 

phase array of annuli [15], and cubic phase mask [16], 
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)e quantum dot is a kind of nanoparticle whose dimension is smaller than the size of a typical nanoparticle ranging from tens of
nanometers to a few hundredths of nanometers. )e quantum mechanical behavior associated with the quantum dot displays
different optical and electronic properties, enabling the quantum dot to find potential applications in a multitude of areas such as
solar cells, light-emitting diodes, lasers, and biomedical applications. )e objective of this investigation is to explore its fun-
damentals, synthesis, and applications, especially in the healthcare domain. We have discussed the quantum dot synthesis
techniques using chemical methods, namely, wet-chemical methods and vapor-phase methods and plasma processing methods,
namely, an ion sputtering method and plasma-enhanced chemical vapor deposition method.We have thoroughly investigated the
application of quantum dots in imaging, diagnostics, and gene therapy areas. A significant outcome of this review is to propose
quantum dots as a new modality in the treatment of cancer and gene therapeutics in the healthcare domain and the potentials of
artificial intelligence to improve their performance via the applications of neural networks.

1. Introduction

From solar panels to medical applications, quantum dots are
receiving discernible attention in today’s world due to their
unparalleled and cutting-edge scope [1, 2]. Quantum dots are
colloidal semiconductor nanoparticles that exhibit a dis-
tinctive set of optical and transport properties due to their
spatial confinement regime, also known as the quantum
confinement effect. In bulk semiconductors, the presence of
multiple atoms causes splitting of electronic energy levels
which when grouped forms an energy band. )e most filled
band, known as the valence band, is at lower energy, and the
mostly empty band known as the conduction band is at
relatively higher energy. )e valence band and conduction
band are forbidden by an energy gap, called a bandgap. In
order to excite a valence electron to the conduction band, the
applied radiation of energy radiation must be equivalent to
the forbidden energy of the bandgap. After absorption of
suitable energy, an electron (e−) can jump into conduction

from the valence band which causes the formation of vacant
space in the valence band, known as a hole (h+). )is pair of
electrons (e−) and hole (h+) can be perceived as a hydrogen-
like species and is known as an exciton. )ese excitons for a
specific semiconductor bear a separation between the electron
(e−) and hole (h+) which is called the exciton Bohr radius. In
quantum dots, the excitons are confined to a much smaller
volume of the semiconductor material which is in order of its
exciton Bohr radius. )is results in less splitting of the energy
bands and leads to a quantum confinement region [3]. Such a
region of electron-hole pairs in various dimensions within a
material and the electronic energy bands associated with it are
discrete and quantized. )e size and the composition of the
quantum dots can be altered to allow the energy levels and the
bandgap to be fine-tuned to specific desired energies.
Quantum dots are bandgap tunable by their dimension
(diameter ranging typically from 2 to 10 nm) which means
that their optical and electrical properties can be engineered to
meet specific biomedical applications [4].
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