
GOVERNMENT OF WEST BENGAL 

GOVERNMENT GENERAL DEGREE COLLEGE, SINGUR 
ESTD.2013 

OFFICE OF THE PRINCIPAL 
JALAGHATA, SINGUR, HOoGHLY, W.B. 712409 

Phone&Fax: +91 2630-0126, E-mail : oicsingur@gmail.com 

Ref. No. Date.. 
3.5.1. Number of functional MoUs/Linkages with Institutions/industries in 

India and abroad for internship, on-the-job training, project work, 

student/faculty exchange and collaborative research during the last five years 

e**** 

As per DVV we accept that in this metric we inadvertently put 12 HEI inputs some of which did 

not continued more than one year, though it was not mentioned SOP. Among the 12 HEI inputs, 

4 HEI inputs considered. We now claim 12 in this matric as 

() One (1) of such program claimed in SSR lasted more than four years (2020-2023) 

(i) Seven (7) Research Collaborations earlier not claimed in SSR is included with 

necessary documents. 

Research and other collaborations 

SI. No. Name Date 

Collaborations of Dr. Susanta Nath with faculty of Sidho-Kanho- 01.08.2017- present 

Birsha University 
Collaborations of Dr. Monohar Hossain Mondal with fàculty of 12.03.2018 - present 

M.M.A.M.C. Tribhuvan University, Biratnagar, Nepal 

Collaborations of Dr. Debabrata Adak with faculty of Saha 

Institute of Nuclear Physics, Kolkata 
Collaborations of Dr. Piyali Bhar with faculty of Durban 

University of Technology, Durban, South Africa 

Collaborations of Dr. Santanu Chakrabarti with faculty of St. 

Xaviers University 

Collaborations of Dr. Piyali Bhar with faculty of Birla Institute of 20.05.2019- present 

Technology & Science, Pilani, Hyderabad 

Collaborations of Dr. Piyali Bhar with faculty of Jadavpur 

University, Kolkata _ 
Collaborations of Dr. Amrit Krishna Mitra wIth taculty of TIFR, | 08.12.2019- present 

Mumbai 

10.05.2018 - present 

15.05.2019-present 
4 

20.05.2019- present 

24.05.2019 - present 

2 
Principal 

Government General Degree College, Singur 
IQAC Co-Ordinator 

Government 
General Degree College, Singur 

Coordinator 

IQAC 

Govt. 
General Degree College 

Singur 

Principal 
Govt. Geoeral Degrer College, Singu! 



MEMORANUM OF UNDERSTANDIG 

This Memorandum of understanding (herein after called the MoU) is signed on the 1st Day of 

August, 2017 between DR. SUSANTA NATH, Associate Professor of Zoology, Government 
General Degree College, Singur and DR. BIPLOB KUMAR MODAK, Professor of 

Loology, Sidho-Kanho-Birsha University, Purulia, West Bengal about Research 
Collaborations in the field of Bio-ecology and Toxicology of Chironomus, a beneficial 
insect as bioindicator of aquatic pollution and nutritious fish food. 

Clauses of MoU: 

Both the signing parties will follow Research ethies, share ideas, cooperate in laboratory 

based studies and will not show any conflict of interest while publishing any documents or 

research articles. 

Time period of Collaboration 

This collaboration MoU will remain in vogue until one of the signing party wishes to 

withdraw himself from the MoU by writing his unwillingness. 

Signed: 

1.First Party: 

Dr. Susanta Nath 

Dr.Susanta Nath, W.B.E.S. 
Associate Professor of Zoology 
Vest Benga! Education Service 

G.G.D. College, Singur 
Hooghly-712409 

2. Second Party: 

3.olob Kumn sdak 

Dr. Biplob Kumar Modak 

Professor 
Department of Zoology 

Sidho-Kanho-Birsha Univers 
Ranchi Ro3d, Purulia 

West Bengal-/2310 



Functionality of the MOOU 

Within the purview of the MOU signed between Dr.Susanta Nath, Associate Professor of 

Zoology, Government General Degree College, Singur and Dr. Biplob Kumar Modak, 
Professor of Zoology, Sidho-Kanho-Birsha University, Purulia, West Bengal the following 

outcomes were obtained: 

1. Six (06) Research Publications in Peer reviewed Journals (two with Impact Factor 4.996 

and 0.96 respectively) during 2017-2022. All journals are UGC approved. They also 

published a book chapter jointly. 

2. Mr. Rahul Podder has awarded Ph.D. Degree under joint Supervision of Dr. Biplob Kumar 

Modak and Dr. Susanta Nath. 

3. They also presented their research works in many symposia jointly. 

Signed: 

Dated the 24th June, 2022 

Shaan Nath 
1.Dr. Susanta Nath 

Dr. Susanta Nath, W.B.E.S. 
Associate Professor of Zoology 
West Bengal Education Service 

G.G.D. College, Singur 
Hooghly-712409 

Biplo Kuiar Hodak 

2. Dr. Biplob Kumar Modak 

Dr. Biplob Kunar Modak 

Professor 
Department of Zoology 

Sidho-Kanho-Birsha Univers 
Ranchi Road, Purulie 

West Bengal-731 
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OPEN TUbe length ofchironomid larvae

as an indicator for dissolved oxyqen
in water bodies
Rahul PodderD1, Susanta Nath@2, Biplob KumarModak', Lennart Weltje@

&

Biswanath Malakar"

Tube-building larvae of non-biting midges, or chironomids, are
considered bioindicators ofwater

pollution. The larvae use benthic particles to make their tubes and create a
respiratory current

with

the movement of their bodies inside the tubes. The tube length of the chironomid larvae
varies

depending on several physicochemical properties of the aquatic medium. Herewe
study

the role

of physicochemical parameters on the tube length from different field sites and in the laboratory.

It appears that among different physicochemical factors, dissolved oxygen (DO) has a major role
in

determining the tube length of the larvae. A quantitative relationship between oxygen concentration

and the tube length of larvae is presented here. Our study reveals a longer tube in aquatic media with

oxygen deficiency anda
shorter tube inthose with higher oxygen.This result mayhelp to assess the

quality of water bodies and, in particular the status of DO.

Chironomids (Diptera: Chironomidae) play a major role in
the aquatic food chain by maintaining a link between

producer and primary
carnivores. They are also considered as important biological tools for environment assess-

ment. Chironomids are
primary consumers

and a

source
of food for the higher trophic levels'. Tube building

is
an

important characteristic
feature of

chironomid larvae and the tubes protect the larvae from the effects of

heavy metals and other pollutants to some extent, Larvae make their tubes with salivary
silk and soft benthic

particles Thecomposition of the tube
of

the
larvae is

similar to
the

benthic particles
of the

surrounding medium.
The quality of building materials is more important than the size of particles, in upstream of lotic water. Tubes

help to collect food particles, assist larvae in producing respiratory currents, act as a reluge from predators
and inhibit chemical toxicants*. Halpern et. al. reported tubes

of these
larvae

protect them from predation by
damselflies".Tube building properties also can modify the quality of the substrate used for tube building ".As a
bio-indicator species, larvae are used to understand the quality of the aquatic body. Chironomus plumosus and
Polypedilum sp. have a great influence on de-nitrification and nitrogen turnover in lake deposits'. Different

physicochemical factors such as water
temperature, alkalinity, and benthic soil organic carbon have been found

to influence the seasonal variation of body protein and the growth of chironomid larvael?13. At the same time,
some environmental parameters also influenced the tube-building ability of the chironomids. During the study,a strong relation between the tube length andDO was observed. As well as this feature will help the personwho is involved in freshwater aquaculture to measure the D0 by a standard scale without using any expensiveinstrument or titrimetric method. Keeping these features in mind,here an attempt has been made to find out
the relationship between tube

length and dissolved oxygen (DO).Thework seems to be unique and novel for
its own kind.

Materialsand methods
The Kanchrapara wastewater canal (KWC) (22°93 N, 88°47 E) and

Kanchrapara fish
culturing pond (KFP)

(22°94 N, 88°45 E), Kanchrapara, North 24 Parganas, West Bengal, India, are chosen for this
experiment in

natural conditions to study the relationship between the tube length of chironomid larvae and different phys-icochemical
parameters of the

aquatic bodies. The distance between two water bodies is
approximately five

kilometres, and these water bodies may be an ideal model for the urban aquatic ecosystem due to their different
quality of water. KWC is enriched with a

high organic and nutritive content. Because of the fish culture in KFP

Department of Zoology, Sidho-Kanho-Birsha University, Purulia, West Bengal 723 104, India. Departmentof Zoology, Government General Degree College Singur, (University of Burdwan), Hooghly, West Bengal 712409, India. BASF SE, Agricultural Solutions-Ecotoxicology, Speyerer Strasse 2, 67117 Limburgerhof,Germany. "Department of
Anthropology, Government General Degree College Singur, (University of Burdwan),Hooghly, West Bengal 712 409, India. email:
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Abstract Due to the steady growrth of the human popula
ion, the demand for fsh as dietary protein increases

globally. Though sea ishes are the main source of fsh

protein, freshwater fshes also occupy a significant part of

the
global market. There is a need to

imnprove the nutri-

tional value of freshwater edible fishes along with their

production. The present study investi gates the role of chi-

Tonomid larvae as an alternate fish feed and their infuence

nutrition than fsh fed on F2 andF3 diets, respectively. The

high amount of palmitoleic acid, DHA and EPA in fish fed

on the F1 diet, established C. striatipennis larvae as a

suitable food source for T. fasciata culturing, as well as

ascertaining this fish species to be a nutritious food source

for humans.

Keywords Blood worm-Fishfood Protein Fatty acidson the nutritional value of fish.
Experiments were con-

ducted with banded gourami (Trichogaster fasciata) fed on
larvae of the aquatic insect Chironomus striatipennis (FI

diet), dry commercially available Tubifex (F2 diet), and

commercially available dry granular fish food (F3 diet).
The results show that total protein content is

higher and
cholesterol level is lower in fish fed on the F1 diet in

Cholesterol

Introduction

In the life cycle of Chironomus sp., the larval stages,

commonly known as blood worm (4th instar), are spent in

the aquatic ecosystem. Due to benthic habitat, this insec-
t has an

important role in the trophic chain of water bodies

by maintaining a link between detrivores and
primary

carnivores [1, 2]. The protein content of chironomid larvae

might vary with location and the nature of the water body
(3, 4]. Chironomid larvae are rich in

protein and fat and
also a good source of iron. Catla fed on frozen chironomid
larvae showed high consumption, absorption, and a high
metabolic rate (5). Chironomid larvae are considered a

good nutrient as these larvae contain lipids, proteins, fatty
acids, and vitamins, which are essential for the growth of

fingerlings and amino acids
present in these larvae act as a

Supplementary component for supporting juvenile fish

growth (6, 7). Trichogaster fasciata has the highest lipid
content in

comparison to other small indigenous fishes

This fish is both
commercially and

ecologically important.
It is sold in the market for food and omamental fish and

comparison to fish fed on other diets. Moreover,the fish

fed on the Fl diet contains a lower amount of free fatty
acids and adequate amounts of saturated and unsaturated

fatty acids. Comparing the o6:03 and 03:06 ratios it

appears that the fish fed on the Fl diet is a better source of

Significance statement Artificial fsh foods are responsible for
doing considerable ham to the water quality and are costly a little
bit. Charonomids as natural fish food may be helpful to maintain
water qualities and fish

productuvity and is cost-effective too.

ZSusana Nath

natbsusanta2012@ gmail.com

Department of Zoology, Govermment General Degree
College Sngur (University of Burdwan), Hooghly,
West

Bengal 712409. India

Sidho Kanho Birsha University, Purulia. West Bengal
723104, India

BASF SE Agricalnural Solutions-Ecotoxicology. Speyerer
Strasse 2, 67117 Limburgerhof. Germany

used in the aquatic system for bio-control of mosquito
larvac. This fish is popular for its palatability with high
nutritional value. It has high demand in the local market

Published online: 28 May 2022
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Abstract Chironomid midges technically named blood

worms are known as useful live food for higher aquatic

organism like fish. Present study deals with the seasonal

variations of total body protein and the growth rates of

chironomid larvae occurring in two water bodies of West

Bengal, India. Analysis of the data revealed that the

amount of body protein and the growth rate of larvae are

higher during summer and monsoon. Comparativeanalysis

of the data, indicates that the entire phenomenon depends

on nutrient cycle of the water bodies which is influenced by

a number of factors such as water temperature, alkalinity

Noue and Choubert 1985), lipid, vitamins and minerals

(Mclarneyet al. 1974; Habib et al. 1997). The larval stages

of majority of chironomid species are benthic and utilize

detritus, suspended materials and sediment as resources for

nest building materials and food (Ashe et al.1987). Chi-

ronomids like other benthic insects of fresh water ecosys-

tem are dependenton sedimentation for their food supply

(Brinkhurst 1974). Seasonal changes in the food habit af-

fect physiological and biochemical parameter of chirono-

mids (Jonasson 1972). The immature stages of the

chironomid midges are abundant in wide range of lentic

and lotic habitats in West Bengal, India (Chaudhuri and

Guha 1987; Nandi et al. 2012). In this study an attempt has

been made to correlate the length of larval individuals in

respect to their body protein in relation to some limno-

logical parameters of two contrasting water bodies, one

being fresh water pond and the other is recognized as waste

water
canal

and soil organic carbon.

Keywords Chironomidae Seasonal variation

Limnological factor Bodyprotein Growth

Introduction

The benthic insects chironomids living in running and still

waters, play important role in the aquatic food web (Epler

2001; CheSalmah and Hassan 2002; Cranston 2004). Adult

Chironomids do not bite and avoid feeding during their

short life time (Armitage et al. 1997). Chironomid larvae

are well known dietary resource in fisheries (Shaw and
Mark 1980) because of excellent source of protein (De La

Materials and Methods

Study Area

The study was carried out in the waste water canal locating at

Kanchrapara (KWC),(22°56'18.6648"N,88°28'10.0344'E)
and the fresh waterpond locating at Beliaghata Road (BFP),

(223340.9320"N, 88°24'16.8444"E) District North Twen-

ty four Parganas, West Bengal, India.Susanta Nath

susanta _nath @yahoo.com

Collection of Chironomid
Department of Zoology, Bidhannagar College (Govt. of

W.B., India), EB-2, Salt Lake, Kolkata 700 064,
West Bengal, India

Department of Zoology, Sidho Kanho Birsha University,
Purulia, West Bengal, India

Twenty different places were selected randomly and

wooden squares (12 x 12") were placed on both sides
of

canal (ten quadrats on each side, 10 x 2=20) and the

2Springer
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Abstract Due to their rich nutrient content, late stage Introduction

Chironomus larvae or bloodworms are considered as the

Natural food for fish is more advantageous than artificial

food due to its high water content, easy digestibility
and

presence of digestible protein. Natural live food is mobile

and fishes are attracted to this type of food. Moreover
water becomes dirty due to rejected particles of artificial

fish food, whereas, rejection rate of natural live food is

lesser in comparison (Bogut et al. 2007). Chironomus lar-

vae are considered as natural food for different freshwater

most preferred natural food source of cultured fish. How-

ever,it is not popular due to its high cost and low avail-

ability. Bloodworm culture is still in its infant stage and

mainly therefore harvested from nature. The objective of

the study was to achieve a cost-effective culture practice of

this insect under laboratory conditions. For this experiment

four types of diets were selected, namely,dried potato peel

powder (F1).commercial baker's yeast powder (F2).a

mixed culture medium (F3) and commercial fish food

powder (F4) along with a control culture medium. The

result showed a significant
effect of diet on both wet mass

F =40937.78> Fo01 (3, 8)) and biomass |F =

13882.84 >Foo1 (3, 8)] ofbloodworms. The biomass was

almost similar when larvae were fed commercial fish food

and mixed diet respectively, but the mixed diet was more

cost effective and a rich source of both carbohydrates and

fishes (Medeiros and Arthington 2008; Broyer and Curtet

2011). This insect performs a significant role in aquatic

trophic chain by making connection between producers and

secondary consumers (Tokeshi 1995). Protein content in

larvae is more than fifty percent and varies with the phy-

sico-chemical parameters of water (Thipkonglars et al.

2010; Nath et al. 2017). As a fish food, though bloodworm

is very nutritious, the production of this worm is very

expensive so they are mainly harvested from nature

(Sulistiyarto et al. 2014). It was reported that fishes on

chironomus larvae were found to grow faster and spawned

early. Moreover, larvae are used as live food for many

aquarium fishes and their artificial culture is a challenge in

the
ficld of aquaculture (Kumar 2016; Failla et al. 2015).

This insect has the ability to increase their numbers due to

high production rate. It is able to compete with other

benthic organisms for shelter and food and has a high

tolerance ofenvironmental changes (Kuvangkadilok 1994:

Taenzler et al. 2007; Howarth and Oishi 2013). So far

protein.

Keywords Chironomids Diet Culture Biomass

Susanta Nath
researchers have tried to invent various economically

susanta nath@ yahoo.co
efficient techniques to culture this insect in laboratory as

well as forcommercial purposes (Habib et al. 1997). VeryDepartment ol Zoology, Sidho-Kanho-Birsha Universily,
Phurula. West Bengal 723 104. India few studies were conducted to measure the biomass of

Department of Zoology, Government GD College Singur,
Singur, West Bengal 712 409, India

chironomid exposed to different food media. Considering

the importance of chironomid as good nutrient source for

Springer
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ABSTRACT

Chironomid larvae, popularly known as
bloodworm,

are considered as preferred food for cultured fish due
their high nutritional content. However, due to less

availability and high cost of
production, such food is not

nonular so far. Here, an attempt was made to ncrease the biomasS as well as
growth of this insect at low cost.Four culture media were prepared 1or

Chironomus sirtalapennis, using the
following, Potato Peel Powder,

Bakery Yeast, mixture of Potato peel powder and Bakery yeast, and Commercial Fish Food, as well as alongwith a Control medium containing natural
pond SO1l

and water, The
study revealed that production of biomassand growth of bloodworms were higher in the mixed as well as in the medium

containing fish food. But, mixed
culture medium was considered betler

than
the

other
three media as well as the control. As potato peel powder,vegetable waste and bakery yeast are almost of no cost

material, giving high yield when biomass of chironomidlarvae was concerned

Keywords: Chironomus; body growth, biomass, Culture medium; cost effective.

1. INTRODUCTION members of the bottom mud communities in ponds

The genus Chironomus (Order Diptera; Family

Chironomidae) is the most abundant and
widespread

and lakes, and
play a

major role in the aquatic foowebs,
representinga major link among producers and

secondary consumers [1). Chironemus larvae are

Carrespeonling tlsor Email asnta nath suhoo.com
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ShortCommunication

ABSTRACT

In this experiment, estimation of LCs0 of Lead (Pb), Cadmium (Cd)and Mercury (Hg)was carried out
when Chironomus

striatapennis was exposed to different treatment doses Chi square was used to

testfor heterogeneity and the result was found to be significant (p<005) in all three metals Fourth
instar larvae were collected from breeding aquarium under laboratory conditions and exposed for 96
hours to different doses of Pb, Cd and Hg for static bioassay to measure the LCs0 Ten fourth instar
arvae were placed in 100 ml beaker with 50 ml of each test

solution. Larvae were exposed to six
different concentrations, consisting of five trials A control was also maintained wherein organisms
were exposed to distilled water. Larvaewere not fed during the toxicity tests. All beakers were free
from tube forming materials. Data of mortality were subjected to probit analysis Results showed that

sensitivity
of larvae to metals was Hg> Cd >Pb C striatapennis showed noticeable response in

LCso study and was sensitive to low doses of heavy metals.Several secondary consumers have
preferred this larva astheir food So unplanned industrialization may increasethelevel ofheavy

Comesponding author E-mail susanta_nath@yahoo com
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Abstract Within the framework of modified gravity model
namely Slotheon model, inspired by the theory of extra
dimensions, we explore the behaviour of Dark Energy and
the perturbations thereof. The Dark Energy and matter per-
turbations equations are then derived and solved numerically
by defining certain dimensionless variables and properly cho-
sen initial conditions. The results are compared with those for
standard quintessence model and ΛCDM model. The mat-
ter power spectrum is obtained and also compared with that
for ΛCDM model. It appears that Dark Energy in Slotheon
model is more akin to that for ΛCDM model than the stan-
dard quintessence model.

1 Introduction

In modern cosmology one of the most challenging prob-
lems is to explain the late time acceleration of the Universe.
The distance measurements of Supernova Type Ia (standard
candle) observations [1,2] revealed in 1998 that the expan-
sion of the Universe is accelerating. Since then several other
observations such as Cosmic Microwave Background Radi-
ation observations (CMBR) [3–7], baryon acoustic oscilla-
tions measurements in galaxy power spectrum [8,9], large
scale structure studies [10–12] have also indicated this phe-
nomenon of late time acceleration of the Universe. The gen-
eral consensus is that a mysterious component called Dark
Energy with negative pressure (opposite to gravity) is caus-
ing the late time acceleration of the Universe. The CMBR
anisotropy measurements suggest that the Dark Energy
accounts for about 68.5% of the mass energy content of the
present Universe.

As mentioned, the pressure acts opposite to that of gravity
so as to accelerate the Universe in opposition to the tendency
of an eventual gravitational collapse due to the mass present

a e-mail: upala.mukhopadhyay@saha.ac.in (corresponding author)

in the Universe. Several theoretical models have since been
proposed for explaining the origin and nature of the mysteri-
ous Dark Energy and the consequent late time acceleration.
There are attempts to interpret this Dark Energy by a cosmo-
logical constant Λ introduced in the Einstein’s equations and
the Friedmann equations that follows for FRW cosmology
[13–18] with Einstein equations. However from the point of
view of particle physics the cosmological constant naturally
arises as an energy density of the vacuum, but in such scenario
one has to make a fine tuning of the theoretical result of order
10121 [13,19]. Cosmological constant Λ is also associated
with another theoretical problem, namely the cosmic coinci-
dence problem [20]. The quintessence Dark Energy [21] is
generally realized by considering a scalar field φ in a poten-
tial V (φ) [22] and as time progresses φ changes very slowly
(slow roll). Various scalar field Dark Energy models have
been studied in detail in literature [23–82]. Other attempts
to explain this late time acceleration includes modification
of Einstein’s gravity in the large scale in the framework of
theories of extra dimensions [83–87]. There are various pro-
posals in the literature of higher dimensional models [88–93]
to explain recent cosmic acceleration.

The Dark Energy and the inhomogeneities in the Dark
Energy field are addressed by studying the Dark Energy per-
turbations [94,95]. This is related to the perturbations of
space time [96–98] as also the perturbations of the scalar
field that may be considered to account for the Dark Energy.
The study of cosmological perturbations is also important
because the matter and other perturbations that are derived
from a proposed theory have direct consequences in account-
ing for the matter power spectrum.

In the present work we investigate the late time accelera-
tion by a scalar field namely Slotheon [99–101] field inspired
by extra dimensional models. A Slotheon field arises out of
the Dvali, Gabadadze and Porrati (DGP) [102] model related
to brane world. The mechanism of the DGP model is such
that gravity can be localised in a 4-dimensional brane and at
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Chapter 131
Dark Energy Perturbation and Power
Spectrum in Slotheon Model

Upala Mukhopadhyay, Debasish Majumdar, and Debabrata Adak

Abstract We explore the perturbationsn in Dark Energy by taking the Slotheon field
model. The Slotheon field model follows from the extra-dimensional DGP (Dvali,
Gabadadze, and Porrati) model and based on the Galileon transformation in curved
space time. In this model a scalar field π in DGP theory is subjected to a shift
symmetry in such a way that the final theory is invariant under this shift symmetry in
curved space time. We consider that the accelerated expansion and Dark Energy are
driven by the scalar field π with a potential V (π). Then we explore the Dark Energy
perturbations within the framework of this Slotheon model. Using these perturbations
we compute the matter power spectrum.

131.1 Introduction

In this work we consider a scalar field model inspired by a model in theories of extra
dimensions as an alternative way to explain the late time acceleration of the universe.
At the limit when Mpl → ∞ and rc → ∞ where Mpl denotes reduced Planck mass
and rc is the cross over scale for transition from 4d to 5d, the Dvali Gabadadze
Poratti (DGP) [1] model (an extra-dimensional model) in Minkowski spacetime
can be described by a scalar field [2] which obey the Galileon shift symmetry π →
π + a + bμxμ. A suitable scalar field π which respects this symmetry when extended

U. Mukhopadhyay (B) · D. Majumdar
Astroparticle Physics and Cosmology Division, Saha Institute of Nuclear Physics, HBNI,
1/AF Bidhannagar, Kolkata 700064, India
e-mail: upala.mukhopadhyay@saha.ac.in

D. Majumdar
e-mail: debasish.majumdar@saha.ac.in

D. Adak
Department of Physics, Government General Degree College, Singur Hooghly,
West Bengal 712409, India
e-mail: debabrata.adak.sinp@gmail.com

© Springer Nature Singapore Pte Ltd. 2021
P. K. Behera et al. (eds.), XXIII DAE High Energy Physics Symposium,
Springer Proceedings in Physics 261,
https://doi.org/10.1007/978-981-33-4408-2_131

919

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-33-4408-2_131&domain=pdf
mailto:upala.mukhopadhyay@saha.ac.in
mailto:debasish.majumdar@saha.ac.in
mailto:debabrata.adak.sinp@gmail.com
https://doi.org/10.1007/978-981-33-4408-2_131


 

 

 

MOU between 

 

Dr. Piyali Bhar, 

Assistant Professor in Mathematics, 

Govt. General Degree College, Singur 

Hooghly: 712409 

 

And 

 

Megan Govender, 

 Professor of Mathematics,  

Faculty of Applied Sciences,  

Durban University of Technology, Durban, South Africa 

 

 

 

 

 

 

 

 

 







Eur. Phys. J. C          (2021) 81:316 
https://doi.org/10.1140/epjc/s10052-021-09127-3

Regular Article - Theoretical Physics

Charged compact star in f (R, T) gravity in Tolman–Kuchowicz
spacetime

Pramit Rej1,a , Piyali Bhar2,b , Megan Govender3,c

1 Department of Mathematics, Sarat Centenary College, Dhaniakhali, Hooghly, West Bengal 712 302, India
2 Department of Mathematics, Government General Degree College, Singur, Hooghly, West Bengal 712 409, India
3 Department of Mathematics, Faculty of Applied Sciences, Durban University of Technology, Durban, South Africa

Received: 4 March 2021 / Accepted: 6 April 2021
© The Author(s) 2021

Abstract In this current study, our main focus is on model-
ing the specific charged compact star SAX J 1808.4-3658 (M
= 0.88 M�, R = 8.9 km) within the framework of f (R, T )

modified gravity theory using the metric potentials proposed
by Tolman–Kuchowicz (Tolman in Phys Rev 55:364, 1939;
Kuchowicz in Acta Phys Pol 33:541, 1968) and the interior
spacetime is matched to the exterior Reissner–Nordström
line element at the surface of the star. Tolman–Kuchowicz
metric potentials provide a singularity-free solution which
satisfies the stability criteria. Here we have used the sim-
plified phenomenological MIT bag model equation of state
(EoS) to solve the Einstein–Maxwell field equations where
the density profile (ρ) is related to the radial pressure (pr)
as pr(r) = (ρ − 4Bg)/3. Furthermore, to derive the val-
ues of the unknown constants a, b, B, C and the bag con-
stant Bg, we match our interior spacetime to the exterior
Reissner–Nordström line element at the surface of stellar sys-
tem. In addition, to check the physical validity and stability of
our suggested model we evaluate some important properties,
such as effective energy density, effective pressures, radial
and transverse sound velocities, relativistic adiabatic index,
all energy conditions, compactness factor and surface red-
shift. It is depicted from our current study that all our derived
results lie within the physically accepted regime which shows
the viability of our present model in the context of f (R, T )

modified gravity.

1 Introduction

Einstein’s General Relativity (GR) has continued to with-
stand the test of time in its predictions of physical phenom-

a e-mail: pramitrej@gmail.com (corresponding author)
b e-mail: piyalibhar90@gmail.com
c e-mail: megandhreng@dut.ac.za

ena within the realms of astrophysics and cosmology. From
the classical predictions of the precession of Mercury’s orbit
and the deflection of starlight by a massive gravitating body
to present day detection of gravitational waves and observa-
tions of black holes GR has triumphed. Early attempts seek-
ing solutions of the Einstein field equations which describe
stellar objects were crude and for most part unrealistic. The
first exact solution of the Einstein field equations describing a
self-gravitating sphere was obtained by Schwarzschild. The
so-called interior Schwarzschild solution which described a
constant density sphere suffered from various pathologies,
the most notable being that the propagation speed for any
signals within the fluid sphere was noncausal [1]. A survey
of exact solutions appearing in the literature describing stel-
lar objects by Delgaty and Lake [2] revealed that only a small
subset of solutions meet the rigorous tests for physical via-
bility, regularity and stability of fluid spheres.

The search for more realistic stellar models within GR
required researchers to connect the macroscopic properties
of stars determined through observations to the microphysics.
A new era of stellar modeling was born, which went beyond
the mathematical excursion of the Einstein field equations
where ad hoc assumptions were made just to generate a
toy model. Standard approaches which included assump-
tions on the metric function, density profiles, pressure pro-
files, anisotropy parameter and even the matter content which
allowed for the system of equations to be integrated gave
way to well-motivated techniques intrinsically connected to
physics which include an equation of state (EoS), mass pro-
files linked to surface redshift and compactness of typical
stellar structures. The linear EoS which links the radial pres-
sure to the energy density has been generalized to include
the microphysics (at least on a phenomenological level) via
the so-called MIT bag model. The departure from pressure
isotropy makes the modeling of stellar objects mathemati-
cally tractable. Imposing a barotropic EoS of the form pr =

0123456789().: V,-vol 123
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In this article, we have discussed Morris and Thorne (MT) wormhole solutions in a
modified theory of gravity that admits conformal motion. Here, we explore the wormhole
solutions in f(R, T ) gravity, which is a function of the Ricci scalar (R) and the trace
of the stress–energy tensor (T ). To study wormhole geometries, we make assumption of
spherical symmetric static spacetime and the existence of conformal Killing symmetry
to get more acceptable astrophysical outcomes. To do this, we choose the expression
of f(R, T ) as f(R, T ) = R + 2γT . Here, we employ the phantom energy EoS relating
to radial pressure and density given by pr = ωρ with ω < −1 to constrain our model.
Following a discussion of wormhole geometry and behavior of shape function, the study
moves on to the computation of proper radial distance, active mass function, the nature
of total gravitational energy and a discussion on the violation of energy conditions. We
have shown that the wormhole solutions exist for positive as well as negative values of
the coupling constant γ. From our analysis, we see that no wormhole solution exists for
γ = −4π, −π(3 + ω). All the physical parameters have been drawn by employing the
values of γ as γ = −0.3, −0.2, −0.1, 0, 0.1 and 0.2, where γ = 0 corresponds to general
relativity (GR) case. It is found that for our proposed model, a realistic wormhole
solution satisfying all the properties can be obtained.

Keywords: Wormhole; phantom energy; exotic matter; modified gravity.
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Abstract
In this article, we have presented the anisotropic stars by taking a modified polytropic equation of
state (pr=k ρ

1+1/n−α, where k and α are constants) in the framework of the Korkina-Orlyanskii
spacetime. In this study, we have discussed four different models as: (A) n=1 (Bose–Einstein
Condensate (BEC) neutron liquid), (B) n=2, (C) n=3/2 (Non-relativistic neutron gas, (D) n=3
(Ultra relativistic Fermi-gas). Moreover, we have tested several physical properties for each model. To
compare the stiffness of these four models, we have plotted the M−R curves, M− I curves and
compression modulus. As per theM−R curves, the equation of state can hold maximum mass when
the polytropic index in 2 and minimum mass when n=1 (BEC neutron liquid). Further, the ultra
relativistic Fermi gas (n=3) can also hold moreMmax than its non-relativistic counter part (n=3/2).
These results are further supported by the compression modulus. Lastly, to show its physical validity
we have fitted six well known compact stars in M−R curve within their observational error bars.

Keywords: compact star, equation of state, general relativity

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

1. Introduction

The polytropic equation of state (EoS) was successfully used
by several astrophysicists in describing the physical proper-
ties of main sequence stars. This EoS was forwarded by Lane,
Ritter, Kelvin, Emden, and Fowler. To describe a star under
hydrostatic equilibrium, one needs to solve the Lane-Emden
equation with the assumption of an EoS. With the assumption
of polytropic EoS i.e. p=kρΓ=kρ1+1/ n, the Lane-Emden
equation can be solve exactly only for n=0,1 and 5. For
polytropic indices 0 and 1 the solutions has finite boundaries
whereas for n=5 the boundary is at infinity. Therefore, only
the first two solutions can represent physical stars. It is also
shown that n>5 polytropes can’t represent physical stars.

For the case of white dwarfs (WD), the pressure sup-
porting the stars is due to degenerate electron gas. For non-
relativistic electron gas the polytropic index is 3/2 (Γ=5/3)
and for relativistic electron gas n=3 (Γ=4/3). Using the
relativistic case, Chandraseskhar [1] first shown that the
maximum mass of WD is independent of its central density
and is equal to 1.46Me. If the mass of the WD is more than
the Chandrasekhar limit by any physical process (either the
initial mass is very massive or due to accretion) it will trigger
a gravitational instability resulting into a collapse. Depend
upon the initial mass or the rate of accretion the collapsing
star may form a neutron star or a black hole. Both these
compact objects acquired very high surface gravity and
therefore incorporating general relativity is a must.

Oppenheimer and Volkoff [2] first used general relativity
with the assumption that NSs are supported by degenerate
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We present an exact solution that could describe compact star composed of color-flavor

locked (CFL) phase. Einstein’s field equations were solved through CFL equation of
state (EoS) along with a specific form of grr metric potential. Further, to explore a
generalized solution we have also included pressure anisotropy. The solution is then
analyzed by varying the color superconducting gap δ and its effects on the physical

parameters. The stability of the solution through various criteria is also analyzed. To

show the physical validity of the obtained solution we have generated the M −R curve
and fitted three well-known compact stars. This work shows that the anisotropy of the
pressure at the interior increases with the color superconducting gap leading to decrease

in adiabatic index closer to the critical limit. Further, the fluctuating range of mass due
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