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It was not the best of times when this edition of BODHI was conceptualized and published. It
was when COVID 19 was on a rampage and had created havoc in our lives, upsetting our daily
routine, besetting fear and anxiety in our minds, confinement due to lockdown- a complete
withdrawal from society as such. Teachers combated the situation as best as they could by
taking online classes, counselling and mentoring students, organizing webinars, keeping them
engaged with a semblance of normalcy. BODHI was the window that provided teachers the
opportunity to have their share of engagement and thus we were overwhelmed by the
enthusiasm of our faculty from all three streams, enabling us to publish all three sections-
BODHI KALA, BODHI BIINAN and BODHI ARTHAM, even in such difficult times when

both personal and collective experience is abraded due to pain, apprehension and loss.

The BODHI team worked meticulously to ensure that the journal does see the light of day
defying all odds. The articles in all the sections speak for themselves, reflecting the sincerity
and dedication of the authors which gives us the impetus to hold on to our determination to

carry on with this journey against all impediments.
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From Internet to Internet of Things — A New Dimension
Dr. Debashis Kundu*

Assistant Professor, Department of Commerce, Vivekananda College, Thakurpukur

Abstract

This paper looks at the new dimension of Internet called the Internet of Things (10T) where the
smart devices make up a global network. Although IoT emerged just about a decade back, its
effect on daily life is already being felt. Many protocols and standards have been developed,
many new segments have emerged. The market size of 10T in India and the world is exploding.
Automotive and Industrial 10T segments are generating the maximum revenue. However, there
is a growing risk of security breach in this vast network of mostly tiny, unsecured and
underpowered loT devices. The area also lacks proper regulation which must be quickly

addressed by the Governments across the world.
INTERNET of THINGS - THE CONCEPT

Internet — the ubiquitous network — that now permeates all aspects of human civilisation, had
a very humble start during the latter half of the twentieth century. But once the technology
developed, the communication system improved, the storage capacity increased — Internet was

able to reach every nook and corner of the world.

As with the evolution of the human race, Internet too started to evolve into another dimension
during the year 2010. Originally Internet was all about joining computers based on a common
protocol for information sharing. However, in the second phase, Internet started to connect
‘smart devices’ that can talk to each other autonomously making tasks easier for humans. So,
IoT or Internet of Things is all about an autonomous network of smart devices that can perform

their functions without human intervention. These devices communicate based on the set of
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protocols that have been incorporated into these devices by the manufacturers. The primary

objective is to make work less risky and tedious for human beings.

Although there are several 10T devices having different functions, but they are all similar in
terms of how they work. All 10T devices are physical objects that sense things going on in the
physical world. They contain an integrated CPU, network adapter and firmware, and are
usually connected to a Dynamic Host Configuration Protocol (DHCP) server. It also requires

an IP address to identify itself and communicate over the network.

Most IoT devices are configured and managed through a software application. An app on a
smartphone can control the lights in our homes, or switch on/off any connected gadget. Some
devices also have integrated web servers, which eliminates the need for external applications.
For example, a pilotless aircraft can take off and land all by itself without any human operator.
This has become possible due to the development of smart but cost-effective sensors and
complex algorithms.

The paper has been segregated into nine sections — the first section defines the concept, the
second part looks into similar articles by other researchers followed by the objectives. The
fourth part outlines the present-day developments in I0T. In the fifth section, there are the
protocols of 10T, followed by the present global and Indian market scenarios. Then we have
most common applications of 10T, followed by the challenges faced by IoT. Finally there is

the conclusion.
LITERATURE REVIEW

Some studies on this emerging technology have taken place both in India and abroad. Let us

now look into the findings of these studies. The studies are lined up chronologically.

Abdul-Qawy et. al. (2015) found out that Information and Communications Technology (ICT)
has become a part of our life critical infrastructure. A few examples include personal
computing, sensing, surveillance, smart homes, entertainment, transportation and video
streaming. The paper provides an overview of the 10T paradigm, its concepts, principles and

potential benefits.
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Farooq et. al. (2015) saw the transformation of communication from human-human or human-
device to the Internet of Things (IoT) where the type of communication is machine-machine
(M2M). This paper aims to provide a comprehensive overview of the 10T scenario and reviews
its enabling technologies and the sensor networks. The article describes a six-layered

architecture of 10T and points out the related key challenges.

Lee et. al. (2015) describes the Internet of Things (IoT) as the Internet of Everything or the
Industrial Internet. This article presents five 10T technologies that are essential to the
deployment of successful loT-based products and services. It discusses three 10T categories for
enterprise applications used to enhance customer value. In addition, it examined the net present
value method and the real option approach that are used for 10T investment. Finally, this article
discusses five technical and managerial challenges.

Ahmad Khan et. al. (2017) looks at a major drawback of 10T devices — the risk of hacking the
connected devices that are on the internet. As these loT devices are limited in computing power,
storage, and network capacity, they are more vulnerable to attacks than other devices such as
smartphones, tablets, or computers. The paper is based on a survey of major security issues for
loT. It categorises the security issues in 10T architecture, protocols and management. It outlines
the security requirements for loT and state-of-the-art solutions. Finally, the paper underlined

that blockchain technology can help in solving many IoT security problems.

Gokhale et. al. (2018) correctly mentions that the phrase Internet of Things (loT) was first
proposed by Kevin Ashton in 1999. The paper deals with various layers used in 10T and the
architecture of loT. It says that loT is already under implementation and is having an impact

on more than just technological development.

Kumar et. al. (2019) states how the Internet of Things (IoT) has changed the traditional way of
living a high tech life style. Smart city, smart homes, pollution control, energy saving, smart
transportation, smart industries are such transformations due to 1oT. The main goal of this
review article was to discuss the different challenges and key issues of 10T, architecture and
important application domains. The importance of Big Data and its analysis with respect to 10T

has been discussed.
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Khanna et. al. (2020) in their joint paper evaluated the various contributions of researchers in
different areas of applications. These papers were investigated on various parameters identified
in each application domain. Furthermore, existing challenges in these areas are highlighted.
Future research directions in the field of 10T have also been highlighted in the study to guide

future researchers in this area and to improve upon them with innovative ideas.
OBJECTIVES OF STUDY

After going through the existing literature, it was found out that 10T is still in its nascent stage
but growing very rapidly all over the world. Quantitative data hasn’t been generated much.
Hence the objectives of this paper are based on theoretical assessment of the subject. The
following two objectives have been framed —

1. To explore the present contours of 10T in India and the world.

2. To understand the technical framework of 10T.

3. To understand the challenges facing IoT.
PRESENT CONTOURS OF loT

It is widely accepted that the term “Internet of Things™ or [oT was first coined by Kevin Ashton
in 1999. But the term got wide publicity when Gartner, the global research and consulting
services provider for businesses, added 10T to its list of new emerging technologies in 2011. A
latest count by Gartner puts the number of active connected devices at around 21.7 billion in
the world, out of which more than 11.7 billion (about 54 percent) were lIoT devices. So within

a short span of time, 10T has surpassed the number of non-10T devices.

The growth in 10T has been aided by the advancements in associated technologies like —

o Access to affordable and reliable sensors (temperature, pressure, tactile etc.)
e Increase in the availability of cloud computing platforms (in the form of laaS, PaaS and
SaaS)

e Advances in machine learning and Al technologies (with support from ‘Big Data’).

IoT devices can be small ordinary household security or cleaning devices to sophisticated

industrial and military tools. The IoT enabled smart devices ‘talk’ to each other through a




EQ @’9’
= ",%’
Badfii

BODHI VOL 4 PP.2-17, 2021 -
Unique Identifier (UID) protocol that helps them to transmit data without the assistance of

humans.

The growth of any new technology depends on its commercial or practical success. The same
is the case for loT. Many startups and existing companies are leveraging the tremendous

business value 10T can offer. Here are some of the most important objectives of I0T —

e To generate new business models and revenue streams

e To improve business decisions through data-driven insights from loT data

e To increase productivity and efficiency of business operations by saving time and
money in business operations

« To enhance customer experience

e To enhance employee productivity by putting the right man on the job.

o Helps the company management in making better business decisions.

e Some benefits are industry-specific while some are applicable across multiple

industries.

The 10T family has already expanded with many new applications being added quite often. The

many types of loT applications based on their usage are as follows —

e Consumer loT — This is primarily for everyday household use like home appliances,
voice assistance, and light fixtures.

o Commercial 10T — They are primarily used in the healthcare and transport industries
like smart pacemakers, automated toll-tax collection, and vehicle monitoring systems.

o Military Things (IoMT) — This is mainly used for the application of 10T technologies
in the military field like surveillance robots, pilotless aircrafts, and soldier-wearable
combat devices.

« Industrial Internet of Things (110T) — This is being used in industrial applications, such
as in the manufacturing and energy sectors like digital control systems, smart
agriculture and industrial big data.

e Infrastructure 10T — The concept of smart city is based on this type of 10T required for

managing infrastructure sensors and traffic management systems.
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IoT PROTOCOLS and STANDARDS

An 10T (Internet of Things) protocol refers to a set of rules and standards that enable smart

devices to communicate and exchange data. These protocols primarily define the methods and

formats for data transmission, device discovery, connectivity, and security in an loT network.

loT devices mostly have limited resources such as processing power, memory, and energy. So

the protocols are designed to provide efficient and reliable communication between devices,

while minimising bandwidth usage and power consumption.

loT standards, on the other hand, define the requirements for 10T devices and systems. They

look after security, interoperability, and data formats. loT standards are developed and

maintained by various organizations and consortia. The prominent organizations among them

are —

International Electrotechnical Commission (IEC): IEC is a global organisation that
develops and publishes international standards for electrical, electronic, and related
technologies that are used for communication protocols, security, and energy
efficiency.

Institute of Electrical and Electronics Engineers (IEEE): IEEE is a professional
association that help to develop standards under the IEEE 802 family, which cover areas
such as wireless communication, network protocols, and energy efficiency.

Industrial Internet Consortium (I1C): The IIC is a consortium of industry leaders,
academic institutions, and technology companies that work together to propagate the
adoption of the Industrial Internet of Things (110T).

Open Connectivity Foundation (OCF): It is a consortium that develops a standard 10T
connectivity framework. They develop specifications and certification programs for
loT devices and applications.

Thread Group: The Thread Group is an industry alliance that develops the Thread
networking protocol for 10T devices in the smart home and commercial sectors.
Connectivity Standards Alliance: This group was formerly known as the Zigbee
Alliance. It is developing Zigbee wireless communication standard, which is used in

IoT applications such as home automation, smart energy, and lighting control.
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The next figure shows the important 10T protocols that are in use by the industry.

[Source: 10T Security: Review, Blockchain Solutions, and Open Challenges]

Figure 1: Common loT standards and protocols

In the next two paragraphs, we shall look at a few standards widely used in the 10T space. The

important 10T standards include:

e IPv6 over Low-Power Wireless Personal Area Networks (6LOWPAN) is an open
standard created by Internet Engineering Task Force (IETF). It enables any low-power
radio to communicate on the internet, including Bluetooth Low Energy and Z-Wave for
home automation, industrial monitoring and agriculture.

e Zigbee is also a low-power, low-data rate wireless network used mainly in home and
industrial settings. ZigBee is based on the IEEE 802.15.4 standard. The ZigBee
Alliance also created Dotdot, the universal language for loT.

o Data Distribution Service (DDS) was developed by the Object Management Group.
It is an industrial 10T (ll0T) standard for real-time, high-performance machine-to-
machine (M2M) communication.

lIoT standards often use specific protocols for device communication. A chosen protocol
dictates how I0T device data is transmitted and received. Technologists can select from
multiple communication protocols when building a network to serve their IoT ecosystem. Some

common example 10T protocols include the following:

8
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1. AMOQP or Advanced Message Queuing Protocol — AMQP is an open standard protocol
using message-oriented middleware. It enables messaging interoperability between
systems securely, even at a distance or over poor networks. It supports
communications, even when systems aren't simultaneously available.

2. Bluetooth and BLE — Bluetooth is a short-range wireless technology that uses short-

wavelength, ultrahigh-frequency radio waves. It supports low-power, low-range
connectivity among connected devices. A newer option is Bluetooth Low Energy, or
BLE, which is a new version optimized for IoT connections. BLE consumes less power
than standard Bluetooth used now in health and fitness trackers and smart home
devices.

3. Cellular — Cellular communications range over longer distances with higher
bandwidth. Newer standards namely, 4G/LTE and 5G can send high quantities of data.

4. CoAP or Constrained Application Protocol — CoAP relies on User Datagram Protocol
or UDP to provide secure communications between multiple points. It is mainly used
for machine-to-machine (M2M) applications. CoAP enables constrained devices to
join an loT environment with low bandwidth, low availability and/or low-energy
devices.

5. DDS or Data Distribution Service — This is a M2M standard allowing high-
performance and highly scalable real-time data exchange using a publish-subscribe
pattern.

6. LoRa and LoRaWAN - LoRa is a non-cellular wireless technology offering long-

range communication capabilities. The LoRa Alliance maintains LORaWAN, an open
cloud-based protocol that enables IoT devices to communicate LoRa.

7. LWM2M or Lightweight M2M — It is a device management protocol designed for
sensor networks. It was designed specifically for remote device management and
telemetry in 10T environments and other M2M applications.

8. MQTT - It was initially known as Message Queuing Telemetry Transport, or just
MQTT. There is no longer any message queueing in this protocol. It uses a publish-

subscribe architecture® to enable M2M communication with constrained devices. It

L A Publish-Subscribe architecture is a messaging system where the publishers broadcast messages, with no
knowledge of the subscribers. Similarly the subscribers 'listen' to the messages they are interested in without any
knowledge of who the publishers are.
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enables communication between multiple devices in low-bandwidth situations. MQTT
is now the leading open source protocol for connecting 10T and industrial 10T devices.

9. Wi-Fi — Wi-Fi is a frequently used 10T protocol. It offers fast data transfer and can
process large amounts of data. Wi-Fi is well suited over short- to medium-range
distances. But it is too power-consuming for some loT applications.

10. XMPP — 1t stands for Extensible Messaging and Presence Protocol. It’s for real-time
M2M communication between multiple entities on a network, and most often used for
smart appliances.

11. Z-Wave — Z-Wave is a wireless mesh network communication protocol built on low-
power radio frequency technology. It lets smart devices communicate with encryption.
It's commonly used for home automation products and security systems, as well as in

commercial applications, such as energy management technologies.

However, there is no best 10T communications protocol. Rather, the technologists must
determine which protocol will be best for their organisation.

APPLICATIONS OF loT
This section discusses how the top 10T applications are proving beneficial to the human society.

1. Smart Health Monitoring — Healthcare is one of the biggest industries adopting 10T for
developing state-of-the-art medical devices. This is crucial in considering the importance of
accuracy and real-time monitoring of various attributes such as heart rate, body temperature,

and other vital parameters of a patient.

2. Smart Fitness Trackers — The rise of the health and wellness industry has made consumers
more aware of their fitness regimes through state-of-the-art consumer electronics like
connected fitness bands or smart shoes with body sensors. These devices may be again
connected to the smartphone of either the doctor or the hospital. The smart fitness trackers have
loT-enabled sensors such as accelerometer sensors, ultraviolet sensors, ambient light sensors,

skin response sensors, and bioimpedance? sensors.

2 Bioimpedance is the response of a living organism to an externally applied electric current. It measures the
resistance to the flow of electric current by body tissues.

10
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3. Smart Home Solutions — Connected homes with intelligent, voice-controlled devices are now
a reality. Intelligent microcontrollers®, in combination with sensors, can help to operate various

appliances remotely, simply using the internet.

4. Connected Home Security — In order to protect our homes or kids living in the home when
parents are away, connected security devices have made smart locks one of the most popular

applications of 10T,

5. Smart Cars and Railways — This is another area using 0T in a big way. Smart cars now have
features like real-time tracking, speed control, location tracking, and scheduling, smart
infotainment, and smart parking systems. Driverless trains are already running in metro routes,

while driverless cars are being tested.

6. Connected Factory — This is ushering in the fourth industrial revolution or Industry 4.0.
Here, factory automation has evolved into a connected factory layout. However, designing an

automated factory is a very complex task especially for small-scale factories.

7. Smart Retail management — The emergence of 10T has helped this sector a lot. I0T is now
being integrated into a number of devices like smart shopping trolley, smart cart, smart barcode
reader, and automatic billing system. This cuts down queues at supermarkets, saves time and

increase sales for the seller.

8. Smart Infant Monitor — Infant monitors help the parents to monitor the actions of their baby
remotely and 24x7. loT-enabled baby monitors are integrated with cameras and other sensors
that carry out movement and cry detection, to track baby’s breathing and diagnose symptoms

for asthma, sleep disorders etc.

9. Smart Agriculture — As the world population continues to grow, more food, healthy food
without wastage is needed from existing resources. 10T can play a vital role here with
temperature and moisture sensors, luminosity sensors, colour sensors, and others. Western
countries are already encouraging farmers to automate various farming operations, such as

irrigation, through loT to further enhance productivity and farming efficiency.

3 A microcontroller is a compact integrated circuit designed to control a specific operation in an embedded system.
A microcontroller includes a processor, memory and input/output (1/O) peripherals on a single chip.

11
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10. Smart Grids — Smart grids collect and use data regarding patterns of electricity supply and
consumption. These technologies work together to enhance the efficiency and reliability of
electrical supply and respond to changing electric demand.

11. Smart Supply Chain — The Internet of Things has drastically minimised redundancies along
the supply chain. It provides a real-time approach with predictive power to track goods on the
road, calculate the best delivery route, besides exchanging inventory information with

suppliers.

12. Industrial Security and Safety — loT-enabled detection systems, sensors and cameras can
be placed in restricted areas to control entry of trespassers. The system can identify pressure or
temperature changes and small leaks of hazardous chemicals and fix them before they become

serious problems.

13. Motion Detection — Motion sensors are now used to detect vibrations in buildings, bridges,
dams and other large-scale public structures. These devices can identify anomalies and
disturbances in the structures that could lead to catastrophic failures causing huge loss of lives.
They can also be used in areas susceptible to floods, landslides, and earthquakes.

14. Military applications — IoT or IoMT in defence is mainly used in two ways — for training
and warfare. The devices include items such as sensors, vehicles, robots, UAVSs, human-

wearable devices, ammunitions, smart weapons etc.

IoMT in training is used to simulate warfare scenarios thus giving soldiers real feel of the
battlefield. The same technology can be used to give edge to the soldiers in actual warfare over

the enemy forces.

MARKET POTENTIAL of IoT

The worldwide spending on IoT devices and systems has been significantly impacted by the
economic effects of COVID-19 pandemic. But a study by IDC (International Data Corporation)
shows that it will still be able to achieve a CAGR of 11.3 percent by the 2020-2024 forecast

period.

12
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There were said to be 11.7 billion IoT connections in 2020 versus about 10 billion non-loT
connections like smartphones and computers — according to market research firm loT
Analytics. It further estimates that the number of 10T connections will swell to 30.9 billion by
2025.

In the following graph (Figure 2) taken from the well-known statistical data provider Strata,
the market size over an eleven year period from 2018 to 2028 has been shown. The study
expects the market to grow at an annual growth rate of 12.57%, reaching a remarkable market
value of US$ 2,227 bn by 2028.

Among the seven segments mentioned, Automotive 10T and Industrial 10T are expected to lead
the pack. By 2028, Automotive 10T is poised to become the largest segment with a value of
US$ 494.20 bn in 2028.
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[Source: https://www.statista.com/outlook/tmo/internet-of-things/worldwide]

Figure 2: Global Market size of 10T segments over 2018 — 2028

The next table is actually derived from the first four years data given in the above figure. This

gives us the actual market values of the different segments over the previous four years.

13



BODHI VOL 4 PP.2-17, 2021

EQ ﬁﬂy
‘%\- "’%
4

b 1Badfii

The above figures show that Automotive, Consumer and Industrial 10T are the three largest
segments. But the industrial 10T space has just doubled over this period highlighting the

emergence of Industry 4.0. The military 10T is not in this picture as it is difficult to get the

Table 1: Market size (last 4 years) of Key loT segments

in bn. $)

Segments 2018 2019 2020 2021
Automotive 116.7 106 106.4 203.3
Consumer 118.7 145.1 154.8 173.5
Healthcare 34.63 42.06 49.47 64.25
Industrial 94.99 110.2 112.6 184.1
Other 22.52 11.7 17.76 10.1
Smart cities 37.48 40.6 43.72 58.98
Smart Finance 46.52 53.83 59.78 79.19

[Source: https://www.statista.com/outlook/tmo/internet-of-things/worldwide]

actual amount spent by different countries to modernise their defence forces.

The next figure shows the Indian market size of various IoT segments over the same 2018 to

2028 period. The Indian market seems to mirror the global trend. The same two segments of

Automotive and Industrial 10T hog the limelight here.
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Figure 3: Indian loT Market size over 2018 — 2028
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POTENTIAL CHALLENGES

loT, in spite of its many advantages, has a number of drawbacks. These can be broadly
classified into three groups —

e Security challenges
e Design challenges

e Deployment challenges

The Security challenges to 10T come from various sources. A basic limitation is the lack of
encryption. The 10T devices have very limited storage and processing capabilities that cannot
handle complex encryption programs. The small 10T devices also do not get enough testing
and updates. And with thousands of thousands of 10T devices being deployed, it becomes a
nightmare to manage such a large system securely. There is also a new threat in the form of
botnets. These botnets pose massive risks to the cryptocurrency system. Even if the devices are
robust enough, the communication networks are not appropriately guarded. Finally there is the
problem of ‘Insider threats’ which can come from an organization’s own employees,
contractors and suppliers who are within the system. Some of their actions may be accidental

or deliberate.

The Design challenges in 10T (Internet of Things) refer to the technical difficulties in creating
hundreds of connected devices that are both functional and secure. A key design challenge is
Interoperability. Interoperability means the ability of different systems, devices, or components
to work together seamlessly and exchange data effectively. This is hampered by lack of
standardisation in the 10T. Privacy of sensitive data is another area that needs specific attention.
Design issues also involve scalability. It refers to the ability of a system to handle increasing
workloads without a significant decline in performance. In the context of the Internet of Things
(1oT), scalability is a major challenge as the number of connected devices is rapidly growing,
leading to an increased volume of data and communication. Scalability challenge includes data

management, network capacity and device management.

Another issue is reliability of the system to perform its function consistently and without failure

over time. To address these reliability challenges, organisations should implement robust and

15
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reliable hardware and software designs for 10T devices, have regular testing, and implement

redundant systems.

The 10T devices must have lower power consumption, leading to greater battery life and
energy-efficient designs for loT devices. Effective power management techniques, such as

sleep modes, also reduce the power consumption of 10T devices when they are not in use.

Deployment challenges in 1oT comprise of issues like connectivity among the sensors and
controllers, cross platform capability, data collection and its processing, proper training of
employees, integration with existing computer systems, if any.

The organisation must build and maintain the network infrastructure needed to support the
large number of connected IoT devices. And all these shall be done without compromising on

security and at a lower cost.

CONCLUSION

Internet of Things is not a completely new system. It has already been accepted by companies
worldwide and now is becoming a part of our daily life. IoT has now even got new segments
that came into prominence in the last few years. The recent incident of chip shortage in

automotive industry has shown the importance of this sector.

However, regulation is lagging far behind this new technology. Hence most of the new
applications of 10T are not governed by any laws. India and other countries must work hard to
develop new rules and systems so that the application of 10T remains within public control.
Another aspect is the unsecured public domain where loT operates. While individuals and
corporates spend much time and money to keep individual systems safe, the same does not
happen when information is shared autonomously among the IoT devices. A hacker or a
cybercriminal can exploit this loophole and cause serious damage to any equipment which may
lead to injury or death of a person. Inspite of its advantages, 10T has run much ahead of its
regulations. So the time has come to expedite government actions and make loT safe and secure
for all.
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Abstract

The research concentrates on the deposits mobilised and the investments made by the
scheduled commercial banks in India during the financial year 2019 — 20. The study analysed
the demand deposits and the time deposits using the independent sample t — test and the same

test was applied to study the investments made by the scheduled commercial banks in India.

INTRODUCTION

Investments through banks have been one of the most trusted avenues of investment. Time
Deposits and Demand Deposits are the most common form of deposits made by the investors
through the scheduled commercial banks in India. A time deposit is a fixed amount deposited
by the investors which shall mature on as a fixed date in the financial institution. The investor
cannot withdraw the money before the maturity date. Time deposits are of two types — fixed
deposit and recurring deposit. In the recurring deposit scheme, a particular amount of money
is invested at a fixed interval, the investment made earns interest and the principal amount and
the interest received can be withdrawn on the maturity date. Fixed deposit, on the other hand,
offers a fixed amount which is invested for a particular time period. The accumulated interest
and the invested money both can be withdrawn at end of the maturity period. However,

Demand Deposits offer the facility to withdraw funds by the investors at any point of time or
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on — demand. The demand deposit is generally used for covering up the regular expenses by

the investors

Besides accepting deposits, investing the deposited money, is also a very important function of
the scheduled commercial banks in India. The scheduled commercial banks mainly reinvest the
deposited money though government approved securities and other approved securities.
Generally, Government approved securities are considered risk free investment avenue due to
the backing of the government and these investment option provides regular income to the
investors (i.e. the banks investing the funds of its customers in government approved securities
receive regular interest payments). The scheduled commercial banks also invest in other

approved securities (securities approved by the Reserve Bank of India).
REVIEW OF EXISTING LITERATURE

Amrutrao (2019) conducted a study to analyse the deposits and credits of scheduled
commercial banks in India and understand the pattern of deposits and credits population wise,
maturity and amount wise. The study concluded that amidst various investment avenues, banks
enjoy preference from the investors and one of the factor responsible for this is the security and
stability offered by the banks. The fixed deposit has been considered as one of the most famous
choice of investment across maturity, population and amount. The study further concluded that

the investors prefer government banks more than private banks.

Abinaya and Alamelu (2023) conducted a study to understand the unclaimed deposits of the
scheduled commercial banks and concluded that irrespective of the type of deposit account and
bank sector the unclaimed deposits are on rise and to counter the situation the Reserve Bank of

India started the ‘100 days 100 pays ¢ campaign.

RESEARCH OBJECTIVE

e To analyse the demand deposits and time deposits of scheduled commercial banks in India.

e To analyse investment in government approved securities and other approved securities of

scheduled commercial banks in India.
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RESEARCH METHODOLOGY

The research collected the monthly data of time deposits, demand deposits, investment in government
approved securities and other approved securities of the scheduled commercial banks in India for the
year April 2019 to March 2020 from the Handbook of Statistics on the Indian Economy. Independent
Sample t-test was applied to analyse the difference between the time deposits and demand deposits of
scheduled commercial banks in India. Similarly, Independent Sample t-test had been applied to analyse
the difference between investment in government approved and other approved securities.

Hypothesis Formulation

HO1: There exist no significant difference between demand deposits and time deposits.

H02: There exist no significant difference between investment in government approved securities and
other approved securities.

ANALYSIS

The demand deposits (Figure 01) of the scheduled commercial banks in India reflected an
average rise every month for the year 2019 — 20. The highest demand deposit recorded by

scheduled commercial banks in India was in the month of March 2020 during the period of the
study.

Figure 01: Demand Deposits
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The time deposits (Figure 02) of the scheduled commercial banks in India reflected a steadiness
for the year 2019 — 20. April 2019 recorded the lowest time deposit, thereafter the scheduled
commercial banks recorded rise in time deposits, with highest in March 2020.
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Figure 02: Time Deposits
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Figure 03 represents the investments in government securities of the scheduled commercial
banks in India during the period of study. The investments in government securities increased
over the months and the highest was recorded in February 2020.

Figure 03: Investments in Government Securities
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Figure 04 represents the investments in other approved securities by the scheduled commercial
banks in India. December 2019 recorded the investment in other approved securities by the
scheduled commercial banks in India. However, the next month January 2020, witnessed a

very sharp fall in the investment in other approved securities by the scheduled commercial
banks in India.
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Figure 04: Investments in other approved securities
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Table 01 reflected the independent sample T — Test result for the significant difference between
the demand deposits and time deposits by the scheduled commercial banks in India. The p-
value (0.000) is less than 0.05. Hence, the null hypothesis is rejected.

Table 01: Independent Samples Test
Levene's
Test for .
Equality of t-test for Equality of Means
Variances
F Sig. t df Sig. Mean Std. Error | 95% Confidence Interval of
(2- Difference | Difference the Difference
tailed) Lower Upper
Equal ) } }
variances |15.64 | .001 | -117.827 22 .000 10146555.833 86113.709 10325144.736 | 9967966.930
assumed
Amount | Equal
variances - - -
not -117.827113091 000 14146555833 | 80113701 10330451.754 | 9960659.911
assumed

Table 02 reflected the independent sample t-test result for the significant difference between
the investments in government securities and investments in other approved securities by the

scheduled commercial banks in India. The p-value (0.000) is less than 0.05. Hence, the null
hypothesis is rejected.
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Table 02: Independent Samples Test
Levene's Test
for Equality t-test for Equality of Means
of Variances
F Sig. t df Sig. Mean Std. Error | 95% Confidence Interval of
(2- Difference | Difference the Difference
tailed) Lower Upper
Equal
varianc
es 71.244| .000 | 105.880 22| .000| 3622868.583| 34216.765| 3551907.354 | 3693829.811
assume
Amt d
Equal
varianc
es not 105.880 | 11.017| .000| 3622868.583 | 34216.765| 3547572.444| 3698164.722
assume
d
Conclusion

The demand deposits reflected steadiness of the deposits through scheduled commercial banks
in India, which suggests that the investors prefer to keep their money in this avenue to meet up
the regular expenses. The time deposits reflected a rise throughout the year and were at the
highest in March 2020 reflecting the motive of people to keep their money locked in for a
particular period of time and earn interest on the principal amount. The independent sample t
— test concluded that there exists significant difference between the time and demand deposits.
On the other hand, investments in government securities by scheduled commercial banks in
India reflected that over the period of study the scheduled commercial banks constantly
increased their investments in government approved securities and benefitted from the
securities backed by the government. The highest investment in government approved
securities was marked in February 2020. The other approved securities attracted the highest
investment from scheduled commercial banks in the month of December 2019. The
independent sample t — test again reflected that there exists significant difference between

government approved and other approved securities.
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Relative Importance of Selected Parameters
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Abstract

There have been quite a few studies on the effect of accounting results on the stock price of a
company. In this paper, the effect of some selected accounting parameters like total income,
Operating Profit, Earnings per Share, Cash Flow, and Book Value per share were studied on
the share price of top Indian engineering company L&T Limited. It is generally expected that
past accounting results do have significant impact on share prices. But in this study conducted
over a crucial ten year period from 2007 to 2016 gives an opposite outcome. The selected
parameters, whether individually or jointly, hardly influence the share price of L&T. A general
conclusion can thus be made that fundamental analysis does not have significant power in

determining the share prices of engineering companies in India.

BACKGROUND OF THE STUDY

The era of globalisation and liberalisation led to increased demand for long term capital by
private sector companies. While financial institutions supplied mostly the debt funds, the
capital market became the source for equity funds. This has led to the expansion and growth of

the Indian capital market. However, this growth can be sustained only if investors are able to
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make more gains than by investing in fixed income securities. This has naturally led to the

search for those companies and sectors which can give super-normal returns to investors.

Fundamental analysis is the tool to identify the fundamentally strong but undervalued
companies in the market. Smart investors go deeper and try to identify the specific factors that

might have an impact on stock prices.

The Engineering industry has been giving great returns of late. As we know, Engineering is
one of the largest industrial sectors in India accounting for 3.53% of Gross Domestic Product
(GDP). The country’s engineering Sector comprises manufacturing iron, steel, related products,
non-ferrous metals, industrial machinery, automobiles, auto components and other engineering
products. It is also a highly organised sector dominated by large players employing over four

million skilled and semi-skilled labour.

Larsen & Toubro (L&T) is the largest among these Indian companies. L&T has integrated
capabilities spanning the entire spectrum of ‘design-to-deliver’. Its track record covers
products, projects and processes executed to international benchmarks. It has customers in over

thirty countries around the world.

This paper tries to identify some specific accounting parameters that might signal future price
movements in L&T. A thorough literature review is done to identify those important

parameters.
LITERATURE REVIEW

There have been quite a number of studies on the effect of company specific factors on share

prices. The literatures considered for this paper are given in a chronological pattern.

Srivastava (1968) has analysed the significant effect of retained earnings and dividend on
share price determination in India. This analysis suggests that retained earnings have no
significant influence on share prices in India. Investors buy shares without paying much
attention to retained earnings of the firms. The effect of dividend supply was not found to be a

Serious issue.
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Ohlson (1995) developed and analysed a model of a firm’s market value as it relates to
contemporaneous and future earnings, book values, and dividends. It found out that dividends

reduce current book value but do not affect current earnings.

Kadri et. al. (2009) investigated the value relevance of book value and earnings and the
relationship between earnings and operating cash flow of two different financial reporting
regimes in Malaysia. The result of market valuation approach of the pool sample showed that
book values and earnings are value relevant. The results of non-market valuation approach on
the other hand, show that the change in financial reporting regime has no significant effect on

the relationship between earnings and operating cash flow.

Kundu (2010) looked at statistically significant relationship between quarterly share price and
accounting performance of seven major Indian companies over twenty quarters between 2004
and 2005. The study was done on selected companies — both from private and public sector.
The findings support positive relationship between share price and accounting results for only
privately managed companies. The government-owned companies’ shares prices hardly moved
in tandem with their accounting performance. Even private companies under extensive
government regulation did not reflect their performance through share price. There was even
poor association between share prices and a national economic indicator like GDP. Overall the
general market trend represented by Nifty was found to have even better association with share

prices.

Sharma (2011) examined the empirical relationship between equity share prices and
explanatory variables such as book value per share, dividend per share, earnings per share,
price earnings ratio, dividend yield, dividend payout, size in terms of sale and net worth. He
observed that earnings per share, dividend per share and book value per share have significant
impact on the market price of share. The study suggested that liberal dividend policy and

regular dividend affects market price of share in positive direction.

Bhatt, et. al. (2012) studied the impact of earnings per share (EPS) on the market value of
Indian equity shares. The study concluded that EPS does impact the market value of an equity

share in the Indian context.
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Sharma (2014) examined the value relevance of accounting information of public and private
sectors in India. It was found that value relevance of book value, earnings, and dividends
independently and jointly was higher in public sector companies than in private companies
over the study period.

OBJECTIVE OF STUDY
In view of the above, this paper has a single objective.

a) To find out the relative impact of the selected accounting parameters on share prices, if

any
IDENTIFICATION OF PARAMETERS

The survey of existing literature helps to identify some key parameters — Total Revenue or
Income (TI), Operating Profit (OP) or EBIDTA (Earnings before interest, taxes, depreciation
and amortisation), Earnings per Share (EPS), Cash Flow (CF), and Book Value per share (BV).

Since TI, OP, CF, EPS and BV may get individually affected by certain accounting
adjustments, the examination of earnings growth should include all the five parameters for a

proper analysis.

This study is based on the effect of fundamental parameters on the share price of the top Indian
engineering company — Larsen & Toubro. In this context, let us first go through the basic

definitions of the parameters that are proposed to be used in this study.

The ‘Share Price’ is the price of a single share out of the total paid-up share capital of a
company, derivative or other financial assets. In layman’s term, the share price of a company
is the present value of its future cash flows. The higher the cash flows, the higher will be the

stock price, and vice versa.

‘Total income’ of a company is the sum of all taxable incomes earned by a company during a

financial year.

‘Operating Profit’ or ‘EBITDA’ (Earnings before interest, taxes, depreciation and
amortisation) is an accounting measure that acts as a proxy for a company’s current operating

profitability, i.e., how much profit it makes from its present assets and operations.
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‘Cash Flow’ is the movement of money into or out of a business measured during a specified
and limited period of time. Measurement of cash flow is used for calculating the other
parameters that give information on a company’s value or situation, like internal rate of return,

etc.

‘Book Value’ per share of a company indicates the value of a company’s assets minus its
liabilities calculated on per share basis. It is also known as ‘owner’s equity’ or ‘shareholder’s

equity’.

‘Earnings Per share’ (EPS), the last parameter, is the monetary value of earnings per each

outstanding share of a company’s paid-up share capital.

The study is conducted over a ten year period, from 2006-07 to 2015-16. During these ten years
since 2007, the Indian economy has passed through a set of challenging economic and political
conditions and financial turmoil, like the international financial crisis starting with the bursting
of US housing bubble, macroeconomic problems in the Eurozone specially in the P-1-G-S
(Portugal, Ireland, Greece, Spain) countries, Quantitative Easing (QE) by the developed
economies causing cheap money to flood the global markets, sharp fluctuations in the price of
crude oil, slowdown in the Indian export market, sharp fluctuations in foreign exchange rates

across the world, and so on.
RESEARCH DESIGN

This section aims at searching the relative importance of accounting parameters in determining
share price. In order to find out the specific accounting variables (all or some of them) that
influence the market price of shares and to ensure that the optimum number of variables are
used in the final regression equation, the Study is based on the methodology outlined by
Srivastava and Rego (2008)*. It has been done by two different statistical techniques as

follows—

a) Bivariate correlation analysis® among YEP and RDDP with the five selected accounting

parameters has been done in order to select the ‘Price’ that has the maximum relation

4 Srivastava and Rego (2008). ‘Statistics for Management’, Tata McGraw-Hill Publishing Company Ltd., New
Delhi, pp. 9.21-9.23.

5 Correlation analysis measures the comparative movement of two related variables in the same or opposite
direction. Movement in same direction indicates positive correlation, while movement in opposite direction
indicates negative correlation.
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with accounting parameters. The price (RDDP or YEP) that has the highest correlation

coefficient with a particular accounting parameter has been considered for the first

regression analysis in the second part.

b) Framing of eleven progressive multiple regression models were done next. In the
regression equations, the share price (YEP or RDDP) is taken as the dependent variable
and the numbers of independent variables are steadily increased depending on the
robustness of the model as indicated with the help of Adjusted R?, Durbin-Watson d-
statistic, F-ratio and average VIF figures. This analysis helps us to find out the best

parameters to predict the share price of a company.

The aim is to identify the parameter(s) singly or jointly that are best able to explain the share
price changes in the selected top companies. The outcome may also highlight the inability of

the accounting figures to have any effect on share price.
The formula used for Pearson’s Bivariate correlation analysis is given below:

_ Cov(x,y)
"= OxOy

where, Cov(x,y) = %z(x ~X)(Y-Y).
A strong linkage between stock prices and selected parameters implies a high degree of positive

or negative correlation (close to 1) between YEP or RDDP with the figures of TI, OP, EPS,
CF, and BV.

The final regression equation that considers all the variables is as follows:
YEP or RDDP =a+Db.TI + c.OP + d.EPS + e.CF + fBV+ z

Where, a is the constant term;
b, c, d, e, and f are the regression coefficients;

Z is the error term.

In order to test the efficacy of the models, the equations are further examined for goodness-of-
fit (through adjusted coefficient of determination (R?) and F-ratio), autocorrelation (through

Durbin-Watson ‘d’ statistic), and multicollinearity (through Variance Inflation factor i.e., VIF).
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The ‘t-value’ is the ratio of the estimated coefficients to their standard errors. The greater the

value of t, the better is the significance of the variable. Adjusted R? is the ‘coefficient of
determination’. It indicates the ‘goodness of fit’ of a model. The greater the value (close to

1.00), the better is the model.

The Durbin-Watson ‘d’ statistic is a test of autocorrelation. A value of ‘2° means that the
residuals are uncorrelated. Variance Inflation Factor (VIF) measures collinearity among the
independent variables. Average VIF is the arithmetical mean of individual VIFs. An average
VIF value of close or equal to ‘1’ indicates that multicollinearity is not a problem. The higher
the value of the F-ratio the more accurate will be the predictive power of the regression model.

Also, the standard error of F-ratio close to zero indicates a good model.
FINDINGS AND INTERPRETATION

In the first part, the correlation between accounting performance of L&T and its year-end and
result-day price are studied. The output indicates negative correlation in all the cases, however

none is found to be statistically significant at either 1% or 5% levels.

Table 1: Correlation coefficients (r) with RDDP and YEP

T.1. O.P. EPS C.F. B.V.
YEP -0.397 -0.361 -0.463 -0.198 -0.319
[Sig. level] [0.26] [0.31] [0.18] [0.58] [0.37]
RDDP -0.548 -0.539 -0.532 -0.463 -0.434
[Sig. level] [0.10] [0.11] [0.08] [0.18] [0.21]
* = Correlation is significant at the 0.05 level (2-tailed)
** = Correlation is significant at the 0.01 level (2-tailed)

The above table shows that correlation parameters with RDDP are relatively stronger. Hence
it is selected as the main dependent variable with total income as the best correlated variable.
A total of eleven progressive regression equations have been computed where RDDP have been

considered as the dependent vaiable.
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Table 2: Key aspects of First Regression (R1)

Iio Variables taken Adj. R? | d-statistic | F-ratio [sig.] | Avg. VIF
R1 RDDP (dependent) 0.212 2.663 3.428 1.00
and TI (0.10)

The above table shows that the model is not having such a good fit, although it is relatively

free from autoregression and multi-collinearity. In the next set of regressions, other variables

like OP, EPS, CF and BV are progressively added.

Table 3: Key aspects of Second to Fifth Regressions (R2 to R5)

S:)’l Variables taken Adj. R? | d-statistic | F-ratio [sig.] | Avg. VIF

R? RDDP (dependent) 0.107 2.735 1.540 8.20
and Tl, OP (0.28)

R3 RDDP (dependent) 0.136 2.734 1.708 8.321
and TI, EPS (0.25)

R4 RDDP (dependent) 0.105 2.728 1.527 2.497
and TI, CF (0.28)

R5 RDDP (dependent) 0.206 2.816 2.169 10.756
and Tl, BV (0.19)

In this table, the third regression equation (R3) with Tl and EPS is comparatively better in

terms of autoregression and multicollinearity factors. But it lags behind in terms of goodness-

of-fit.
Table 4: Key aspects of Sixth to Eighth Regressions (R6 to R8)
s:)'. Variables taken Adj. R? d-statistic | F-ratio [sig.] | Avg. VIF
R6 R;}gil(fj;';?dggt) -0.007 2.714 (06217; 11.475
| TR | oom | aam | om e
R8 Ra[r)]gil(’d;fg,dg\‘/t) 0.132 2.873 (162525) 11.945
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In Table 5, OP, CF and BV are added to the third regression. The output highlights the eighth
equation as being comparatively better than the rest. All the regressions however suffer from
autoregression and multicollinearity problems. The next table thus adds OP and CF to the

eighth equation.

Table 5: Key aspects of Ninth and Tenth Regressions (R9, R10)

Iio Variables taken Adj. R? | d-statistic | F-ratio [sig.] | Avg. VIF
RDDP (dependent) 0.909

R9 and T1. EPS, BV, OP 0.042 2.874 (0.52) 13.276
RDDP (dependent) 0.969

R10 and Tl, EPS, BV, CF 0.014 3.015 (0.50) 9879

Both the equations have very poor fit and usual statistical problems. The tenth equation is
comparatively better. Hence the final equation of the series considers all the independent

variables.
Table 6: Key aspects of Eleventh Regression (R11)
s:)' Variables taken Adj. R? | d-statistic | F-ratio [sig.] | Avg. VIF
RDDP (dependent) and 0.648 14.074
Ril ALL other variables 0.243 3.069 (0.68)

This equation is even worse in terms of standard statistical parameters. The coefficient of

determination (adj. R?) has been the worst among all indicating no fit at all.

In five of the eleven equations, the value of adjusted R? is even negative which should not be
the case normally. But as in SPSS, the statistical package used in this analysis, there have been
negative correlations for all bivariate relations, the final output has also become negative.
Considering all the equations together, it can be concluded that the share price movements of

L&T does not at all depend on its accounting parameters.

The second regression equation that has comparatively better fit for L&T is given below. But
although the equation seems to be better, the diagnostic values are so poor, that the dependent

variable hardly seems to have any relation with Total income of the company.
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Table 7: Detailed statistics of selected Equation

Dependent variable = constant variable Error term
RDDP = 2406.76 -0.00TI 416.83
S.e. 418.86 0.00
t-value 5.75 -1.85
p-value 0.00 0.10
Table Value 2.26 2.26
Adj. R?=0.21; d-statistic = 2.66; Average VIF= 1.00; F= 3.43(0.10)

[R? = coefficient of determination; s.e. = standard error of variables
t-value = Student’s t value, p-value = probability of occurrence
d = Durbin Watson d-statistic; VIF = variance inflation factor]

An important reason may be that because L&T is a multinational company, its revenues and
fortunes may be guided more by foreign exchange rates, international economic scenarios and

other complex factors rather than its internal performance.
CONCLUSION and FUTURE SCOPE

The analysis tries to find out the effect of specific variables (accounting parameters) on daily
share price, through progressive multiple regressions for Larsen & Toubro. In most of the
eleven equations, the value of adjusted R? of L&T was negative, which is not normal. It can be
concluded thereby that the share price movements of L&T did not at all depend on its

accounting parameters.

All in all, when coefficients were added to the final equations it was found that the predictive
power of the independent variables became almost zero for many of the models. Thus the actual

number of relevant variables is less than the number of statistically significant variables.

The study has wide ranging implications for a wide variety of users — investors, Government,
regulatory agencies, analysts and researchers. This is because the study proves that for L&T in
particular and the engineering in general, the accounting performance does not seem to
influence its share price. Hence fundamental analysis might have limited value in determining

the share prices of engineering sector stocks.

Regulators like SEBI, RBI and the Government must also consider this fact and try to limit the
effect of macroeconomic and global factors on engineering industry rather than looking at
internal accounting parameters of these companies. It was noticed during literature review that

solid research-driven long-term analysis on the basis of accounting performance of a company
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was in short supply. The present study fulfils a vital need for investors and upgrades the existing

literature for the Researchers.

The current research has covered a crucial ten year period from 2007 to 2016. During this

period, several momentous changes have occurred in India and the world affecting business

and capital market scenarios. These include:

Exit of United Kingdom from the European Union (a.k.a. Brexit)

Rise of Chinese influence and economic might in the global economy

Trade War initiated by USA against many countries, China in particular

NPA crisis and financial scams affecting the Indian banking sector and the non-
banking financial companies

Devaluation of many other currencies of the world

The above mentioned changes have introduced new variables in the equity valuation process.

The independent variables that have so far caused share price changes may not remain relevant

any more. Hence new parameters may have to be considered for future research. Some of them

may be —

1)
2)
3)
4)

5)

6)

Increasing the time span from the present ten to fifteen years or more

Other statistical and econometric tools may be used based on their significance
Comparison may be done between fundamental and technical analysis to judge the
better technique in the present context

Macroeconomic parameters like interest rates, exchange rates, foreign investments
may also be considered alongwith the existing parameters

Qualitative factors like experience of managers, support of good quality investors, etc.
can also be included in the analysis in the form of dummy variables

Quarterly accounting figures may also be used instead of annual figures to understand

any relative difference in outcome

Conflict of interest

The authors have no conflict of interest in publishing this paper

35



Eﬁhﬁﬂ .
<35

T i
BODHI VOL 4 PP.25-36, 2021 - "En i

Data availability statement

Not applicable

REFERENCES

1. Srivastava, S.C. (1968). Share prices, dividends and earnings. Economic and Political Weekly,
vol. 3, pp. 89-95.

2. Bernard, L.V. and Thomas, K.J. (1990). Evidence that stock prices do not fully reflect the
implications of current earnings for future earnings. Journal of Accounting and Economics,
vol. (13), pp. 305-340

3. Ohlson, A. J., (1995). Earnings, Book values, Dividends on Equity Valuation. Contemporary
Accounting Research, vol. 11(2), pp. 661-687

4. Kundu, D. (2010). Does Stock Prices Signal Change in Accounting Revenues? Indian Journal
of Accounting, vol. XL(2), pp. 64-72

5. Ganguli, S. K. (2011). Accounting Earning, Book Value and Cash Flow in Equity Valuation:
An Empirical Study on CNX NIFTY Companies. IUP Journal of Accounting Research and Audit
Practices, vol. 10 (3), pp. 68-77

6. Sharma, S. (2011). Determinants of equity share Prices in India. Researchers World, vol. Il
(4), pp. 51-60.

7. Bhatt, P. and Sumangala J.K. (2012). Impact of Earnings per share on Market Value of an
equity share: An Empirical study in Indian Capital Market. Journal of Finance, Accounting and
Management, vol. 3(2), pp. 1-14

8. Dawar, V. (2012). Determinants of Share Prices In Indian Auto Industry. International Journal
of Computing and Business Research (IJCBR), vol. 3(3), Online

9. Glezakos, M., Mylonakis, J. and Kafouros, C. (2012). The Impact of Accounting Information
on Stock Prices: Evidence from the Athens Stock Exchange. International Journal of Economics
and Finance, Vol. (4), February, pp. 56-68.

10. Sharma, M. (2014). Value Relevance of Accounting Information: A Comparative Study of

Public And Private Sector Companies In India. Asia Pacific Journal of Research, vol. I (XII),
pp. 113-121.

Publisher’s note:

Vivekananda College remains impartial with respect to legitimate claims in published globe

and institutional affiliations.

36






=
2
m
=
&
-

For Humanities

Publication of

VIVEKANANDA COLLEGE, KOLKATA

https;//www.vckolkata63.org






L= V-4
%\.@@
BODHI VOL 4 PP.37-70, 2021 ey “En ey

TS AFOARCGA AT (3520-30%0) FAFG GR O
NS T AfSDITETET TWI

T, gfeEs nef*
TZFR GGIHF, FeFS [Forl, RETTW FETE, SFA2F, FEAFS! -LO

AR (PGP FFOODIT ( S90-30%0) FOJT GF “e6% T2 Y7 T 6FQYq | FHGIT TP
FRIFE (/eF eF© [P [ieq FIFed eiazerT qorq (a3l A7, I (FE (TG Y P /
G5 9F TIGF e I2 YRR, R0 efferde 371 FFe o A0e 271 32 Raeaq
ToT TT AT To P | [FG [foF Go-afenres s A FeF© 557 AR 5@ AE 1 T
©IF (AT AP A ST [RFAG ToT X7 A1 T [ GEFAC FA 42 I
T Gy |

o AL FFObs], A, ST, AANE |

> BT LIS * T I ST TS OO PO &2 AT, O for orrerd,
for fiReRiona TRRERA e it 1t V% 2@ Toe | o1 afepiatay qRas & 7y
e, e, G e A0 | 2IeHTCE Al farg, T *itad Tl f6g gaTe+ 9t 1 oftrd
@S @ CTERIME JATF 20 AFCS T | TS AW B At TGS 2ce! 711 o4 277 @
P @iz 23S (o e waeee | its Afes, Gl se v B (o - Jegs
SRSl FCH (I |

TH BLAS TP T4 JAC QUace], o [yl ¢ Raits sima e R O g !
T 49 T FACO T S TBIRT FACS NN |

G2 R Ol ACEG #TC NCB! (S3)IRGRS NS T Tgro Feal-

* Email: abhishekrony9@gmail.com
Received 11 February 2021

Accepted in revised form 12 April 2021
Published 24 December 2021

Article No.: BODHI-Kala-2021-001

37


mailto:abhishekrony9@gmail.com

Eﬂh@ﬂ .
i
BODHI VOL 4 PP.37-70, 2021 ad "En i
"SE BRFE A WIF TH® W Al; ANA(S S O Ol &g [ 28 WICOCR ; €I GFA
T (@I TZCO(R (@ ASMAT T AR 237 T T IR, AT AJATT 8 T
LI WO IR Faa STy 23 #Af6ed 1"

3abd (O SR @B (Warren Hastings) 1ol W@ ( Calcutta Madrasa ) @R (&1L
(CF(Jonathan Decon) (IEA A & B |

TR A g FrwR wigE (MRITS A | Squ-8CS T SR (& (Sir Willam Johns )
3R F BT T&fFH ( Sir Charls Wikins ) @f*=ifss ciTEfl efedt T 1 sboo BT
FEAFTSIY ST TSI SETANE (PG SRR FCeTer Al D I | 3UFS FAGIAWR SIS
ol R (qeiBl fee g Sl |

Shd0 YBITH IG T ARFT TBE T @35 S s 271 G2 STor Ao aFerw
Brsl &b e ¢ wifq g Jarw, sfems 3fs ¢ Jege Fwdiorm 3fs agfers a7 Fae
A FE |

M3q (S 29 FETH (Shree LB I 7 2@ (fPTTeht FeETe 27 1) Shdbce TSR @t
TR AR=RIES 2if ot FCE | AR ¢ (6 SETAIN s N @ohyE odt
FET @

Sb38Y FS FETG AT 21 98 FETET (F@ (A AFS bbl WSS (S AMCF | Sh o

Q@ B 9% Foeu (Church of Scotland ) ¥ WTEFHER ©F (Reverend Alexander Duff),
(SIS SpeRfeTer 2ARGHE*A ( General Assembly's Institution) &fe9! I 1 S-884 f&F 515
35B8*e (Free Church Institution ) €9 % @@ Fo* BB &S (Scottish Church
College ) 2fSt T | 7y I SCWET (Young Bengal Movement ) €32 JI<a TIGI==0eH
3foat 3 afepmet e o fee

Srad (8 @Y FES ( John Bethune I TTHIICA), TGIT! FETS 8 TG (Sbbq) TN
Afsfre 2312 At dw wafmem ¢ ffRmremefs araass Face At | Ak 4@ 56 T
BT (™1 fRrsla ifsacs e Fiee eo oy S 20 AT | T GIeETa BEE
lag R 2o AT | ©F Fg 6y @r@ma A @iecs H{:[ 7|

TS @ OIF ATS! T (BIEET W -NaArw v, [, e

38



S
<3

T i
BODHI VOL 4 PP.37-70, 2021 - "Ea i

TR NI, FIAD (@©
aneferatsifB B, s

T B, RSN @

ceifey famyier, SrAIN@ <G 3516

T GG, FRMIAAACE 1 Tegifis

TSI * OIS FPIA R THACT G FES(G I RN FCH 1 558b-85Q AILFRH
S Dr.S.Radhakrishnan fS& &ief Fegers iz f2onea f<ivea ey wreative i |

AR M (55¢2-¢0) [ Me AFe P i e I[" Wi+ To MR |

faf&. (43 (B.G.Kher), chairman of the official language commission (1955-56)9 AT
IR N WL HeFe Rl WA fyore meafee |

SDCY-¢Q I (FAR TP TS FNF O (90 Sanskrit Education Commission A&
FRREN @A (@T &Ff (grade course) BIe] FHIT WA T© (S MR |

@O SR ( Sou8-by) I6 @R - AT o Prwice W e e oo 2
TSI A=A FeFo G S Ol &feie @fvee ol APYHre AL AT |

AFENE-ATCT TIFF 5584 (ATF 5599 T T Ufo FH &4F© FCARCE -
S| s fr S (35¢8)
3| faies et gm0 (5598)

TFY LT AW 9T N O TN BB WA [T (Humanities) Wﬂ@wml
Fraiiea A8 @3 TEPTS! GFM¥ @R SATATS Sor AT TS FAE 1 (GT2 AW H598
AR A N7 Ferpre] R FAegeieis® sl SR beeEe ael 1, ke
o freraiife bie 41 =6

FAFIO! FRFIHF [ERATS (TRERFEAI) TALAW JCAAGR (12 TR SRS e | TGF IR
92 Pae B QWA 7w 2 71 O[ qf A Bioe d@ @2 afeam s @
BlEfee | efeqml S g =0 AN 26 l- AF© 8 FeFhe bl 7™ ARMFS ( Save Sanskrit
& Culture Action Committee) | *f@TIY (AT @ TS YNGR FoI T, R vae!

39



3%
BODHI VOL 4 PP.37-70, 2021 ‘_“"Ea e
IR Mg (T 1 (18 IR TICE TR WieAw (1974) =1 fererel fegfamptera
@ (12 ffes QR et oFied Fegred & ST (12 foe 51 aae| [y g
el AfNfe 7re wiw® a1 3 WieeTa A7 AFow<ers ywE e A, FEEwE e
JCWIAGR QT IR Board President Fcoy@ai2 Sife Seice] aidicFa A7 IRFACE @GR!
2T ORI A (A F ol T | (TR HO AFS S 7 (A TG YRS,
@&, ciF, 2 o oFF (AT RYIIEE!, G 1% (A SPTS IR = |
A 9 @8 MG Frare Sl NYNE T o SRR 7 (@i Siferer FeFe -
o Ol R Aoy =CA |

AN (AF W TR AeFe 7 @ S (AT @F FE FOF O TR IS A |
fafbe, [fesT, W3 o= N afeqmea g 9<ze 2o

59qY IF A Save Sanskrit & Culture Action Committee “fFRN® 2 FeF® FFle Fea™
Affs (o wfads 21 [k <o A @I ARS 7 AL GFACY FIer FACS AT 1 H5AQ A
TEPTS! IV T | FCSA SR TRIF SIS (0N AT 1 d5Ab AT NGRS aRfaE 10
STl (A ALFS AR TG GO Ol AMfoeT el 1 AfSqm HoCe FMoICE | ORI AIFIE ALF®
(T (ISH T N TN T oM bS] AT SN (T ATE T IB# ¥ @
AP A IGo@ [ Ao e A7l aiferames e ™ 27 1+ 38 G377 AF©
former <1e rar 2

58 Sobo (T TG AT FHOR UTF HFS (G0 771 Feol (7o T (581 T4 =
GITAE B ATF | TICIT HIT-F3W @ feice qaf* e @2 Tau-wiveface a@ftes fam et
O FI oA

S (BBIF G IX T A 24 I, O ATFORTF (2 FACA AT T2 |
AT Ao FEFRIER ANAT TR 7 & 3¢T AR, Sobd(S AP ST WS

G @B B SR Afde 271 W3 T9rerm e I Sob8ce ©ime Aferand TN (e |
GTR Aforamea ~FoxATerR Hego R Tefs 7 &) Je1 T7e-

S, TRFSHFIT AT BCa AGOITNT FHCO A |

40



Eg’ﬁ’
i
BODHI VOL 4 PP.37-70, 2021 - "Ea e

2, THAGREEE (S ¢ TR TA -BAE T GG AFS AT ARSI ACS
e e ¢ iR RIE o S S@m 99 &) 8oy sAfaer ¢ afoxiw
ferearya eag FACe A |

©. FAFTS! TS FCAG (F G HF© YR THte Fa0e 3|

8. 2T DYIdfETe TR T NS (TSN bl FRCS A |
58 e Taea 2 afsraweTa 9 ToiTe agd FEe 71

O3, o0 GfeE, Sobr3(® CMAM *F I o M [KEm ¢ Txw Fare o afsrans
COfd I 1 Sobo(S B I OIne efstans Tl (77 | ATRFIT G2 AR T Sfpies]
22 T | GFF 30T TG, doddd A @ T 2ifFe 271 wgiere g s Feemes
g A8 wgpisiwme A0t S S @ eforame 6 & (7, ©Ite 18 id (<103 7-

5. RIS @18s ¢o WFT MFS A0 YOS FA0o (A | AEN SR woo TF (/T
o TR AP P o e 76T |

3, TETIIR ANfET THfe @ TS Qe (@ I
O, S & (@@ [WWE Teif |

SHINE ATFIT A3 AT TAZ A 71

@ G, [ite, Wiew a7 Tgm @ wsfie 68 o A e a1 5w Twas
THURR WCS! FFObb| beeirecen | oy e, eimee srere Fres s Bia-gial
QL FACS | TR A R ST IIFAFA AT dddY-2030 AT N Tor A
e QYA-RAIE G0 Siferel e o 2 ¢

= R GIE R EEX RER I E R
WOV - V) R00)- 8
2059- o Q003- N
do8b - Q 009- Q
2OO- Q 2008- 8

000- o 00E- O

41



D%
%"E@’

BODHI VOL 4 PP.37-70, 2021 ; adfic

BT R G | BT RG -Qa el
00V O Q0\O- hY:
009- > R008- vo
200b- ¥ R05¢- >
3005 o 05Y- 0O

R004- 09
0)0- D

R00b- ()
R095- o

050~ (LF)
Q00R- 28

0R0- AT

TRARS AT AT oras Mo Sorglei T 2R -

60

50 \

40

30

20 I, /\

No. of Students

No. of Students

10

1 2 3 4 5 6 7 8 9101112131415 1617 18 19 20 21 22 23 24 25
Year

G TS ARG ) Fedrel (Ffos efemerz i Fw S w41 2@
AFOFR 2fSVASTA (T FOIA 7 FACS #I171 A -

RS Soiel afefos

NerERERT GRS

42



EQ@’ .
e
BODHI VOL 4 PP.37-70, 2021 ey "En ey
TR St efefde
w af¥ s el

TP T BTN T €I BB (T T @ AL W T A Wy «@fwifeE ez
Y8 B TR (e ¥R (Tory fofa o Swiifre 2umes fw afmifss el
Afefe 21 GG RS faem eET @FBST (5202-dbdb f4B)| (& e a2w 3
G e | yabe B BeEmiced WiefboD fir T9e cafie 2@ miR Saferw &7
TR WO G2 GTTRGT FRIGCAF 0% IS 2 |

RS Afodl 2qR 29 &’ @A 2R 07 93 AfSVNE (T I AZI@E WA ol fot
@ *IF Bb1 HeIce AT ©F2 0K RPN 2fedl F0a BAG O (F1Ll IRAT@R A SAm
P 20 ACF, FHMCP AFS ¢ SRS & S A6 SRS SR e 20® AT |
OIE IBIYG WO *SFa (< 72 WIF @ (e G35 (i wAfes oite Tore A | i
AT O TSRS 2@ €W | (12 (AF TICSGRWIF BB SIS HA SIF 2 SANE |

Journal of the Asistic society 9% faafsr® Jejiete AT 2w |
AR (At IS AR IR TN B FeT ZE-

S, SR reTe

2. e -foei (2008)

o, AW ¢ BF© TFS (055)

8. TP ©IATS HF© AR (2059)

¢. @ (05)

b, AT (2055)

q, LA LoigEeTet (2059)

b.The Rgveda Sambhita (008)

S, TANANMLT Vol-1 (05b)

0. THIFPRAT (S5brb)

43



EQ@G .
T i
BODHI VOL 4 PP.37-70, 2021 ey "En ey
5. NfSA (00v)
32, SHICET (AN (ATF 7w FWTF) (05¢)

50, MATSHITIWR (005)

38, SN T AB6d GIITBES (2050)

5¢. WITAIE, TEEET (055) Toxm |

GFRIGT ETPIRGT et geTe @ qii=f sff} AR | &Re g™ ez 1 el At W

I 2pd @A AR IS e I | oy TqRwa aifEs Frwsa, SEnr we,
T IO ARG F41 Tofifvr 12 2fSD vy TP AT T3 A |

IRFS @ ( The Sanskrit College and University )

T Toiel ST S Sb-38 e aifefoe 27 sege Feeer | Feeed LN FRer
WF WHAb® PTG STBR G W FArwea FiRe ez AnwE oo e W e
TR T ZLAS AP SN JCARCE | (RSN G0 PRI HFS FCTS

Fifore =1 #T7 IS B FABRS 2 |

qFVN 2T AD 2 TR we @ AP A fore Aoy [Rmpersa | @@ cafbe™
SRR SEICT T LS AegoRE Safen e ey v Maafeet ) a9wtm wyg
el @ (AWRIAeAR TR P e R | Ty AR 1w g [eaifael st |
sfEeIeIea @ for fifest =31

NI TP 74 AR ARG Al Fgav@ Kmpenag | T I8 JgiF #7 ol aigw

LF 2 | SbrEd-Cb HE WINGS AR | 2RI TLFF RN S71 0y FIaaees, Swd
PEIPGCAL A (SN A1

T, %, 9. ST Sbeb-vo
A AR AL Sbrvo-q
TRCRIAGE AW VTG Shray-e

TRINCIATGR TeTAe JCAAG Sord@-dpoo LAY |

44



Eg’ﬁ’
=
BODHI VOL 4 PP.37-70, 2021 ad "Ea s
L RIS (P dfdeyH sfes wfe 2 FEFtatma At IS f2eew, Okl 2e- FHTv @8,
TAMA A, 24K FMF, Tor7v VB YL T |

93 AfSDI @WpblT (Fm N TR DS e w1 ¢fdme =E, AGfeaw W@ Sl
e Jfear @ ST |

CTIRTY “E 5505-5952

e 901 & | e offge @ eidgre Ry | Shrerel iwie (AtF 22 @fars a2 |
q¥, @, 5, b, TG, GG T e a1 (APTel FETe, s5e¢a (35ea-va) (O FFS
FENEE AGF TRRER | FRARE 0U0e, @NTe!, PRIV 7ol egfs atgq el | ©F
HITOICS (Ao TN @R @ WA 93 FECEE RGO @ISTSF H0H AT S0, Ol
20ET-

FEABIS & (SoLA-Lb)

T, SIAHF BB (SdUb-Ud)

oM BB (Sou5-b9)

T, fiitel T FIfeae dovo =1 Togifnr |

203 (S WFS e, YRWETE THre 21 2006 WE GF O egRaE GRS =,
NS DS, 2 g 2Tl R | FI, 7S ([@WE o) [T ATqIs s
TR | 20384 200 IFR M FCAR oA bl afevr | @3 afodmiba HeazHemg apa
R AR Sreo-¢8 WBTwR alforane Traw Wity (@ 98 I AN TFS T 7T
BTN ORIT AT 2@ FA TECR | 588 U0 ATSEM (AF T AW AP ATIF
74P fodl QuEsR 8ooo U Wl AfYl @ ARG feretl | Sell (FEFAM, w22 AFGIICE @RTS
B AFo Feq @ YRR (& Heritage @d w1 Meztes e TAGY - ©, Sail
TRAGR @7 s ~fveEar dfevmbs TRam $afs % $99 Nel 1 Our Heritage -A2
g Tfog™ Toe (A @2 I7 @l WEE @A a7 Fa | Q¥ Afast B
EIFAIY FETO OGIRLIT FARAR IS 23 |

agore, Refeaeitiias
AR “ifgera

45



EQ @’9’
=5 ",%’
g

BODHI VOL 4 PP.37-70, 2021 wlllgaafic

Navyanyaya Bhasapradiph
Tojif 93 eiwif e 2R |

FEAPRIO] FF© FCICGH (B1eT f@Ial ( Oriental Chatuspathi) (@ 719 elfes™TRAR AT 2w,
WM W ST 20E-

AT SHHR (Sbbb-359%)

S5OY HITT FERS] FFS FCCE PRACET AGAF IR (B It i oMot e |
T &R 2 @ G WO ATS Lo o TS B | Y PG B (R |

R 932 aerel I gt o o ekF G | RFS AwRidl e (@it Afas
el Faced | f6f g FR-ATF-TIFRY Fdted | IREA SFER Nl AFe qqam
(Meosfefeonmmn) F@e 1 o IvaRET T SELc-

AHBAGIFAN (IENF), MARFCNIIN (-7, TR, @A NCEH o, AP S NS,
GG, TAIESIey 2on |

AFIS! FICE WS AN ST T, S ZCE-
& bR wEAn
A g ceifodid
& ol Aesidf
Q) 2faom SHIER TRred T |
4T SN, o™ e @3 91 T2ER Ko 71 sfew @z |

ey FAFAR SIeel TR FAPTCEY TR & 5O AFS FeFO I (F® AW
faer =1l efefde 7@tz 033 IEH ToF AP (AF HFo ¢ I KA Forwed B
FRrPmI o 200 | O A1 T, SRS EReES Sics afed 6 wiadt gfiet s Fca
Fferret eyt

93 e afsfde a0 280 T, sveacs | @2 fRfmees s e afsfis =7
55099 1 BTG TG ©5iF sv08 TX JR® =, ©XF yfmyerss T+ Wed FaeH,

46



Eqﬁ’ i
=5 ",%*
gadﬂ v

BODHI VOL 4 PP.37-70, 2021 -
@ fog ePesd FIAC ATFCS THoA T (T FIF AR FACS I | LA, (ATH TOS
QRS fere |

fasrre, wgfasiaef~e o e Jegred [Kfeq =2ire Jege Freme wwesid e
OIS, AN G THACT el o) wee ACIe e |

ZAMCF G2 OIe] vy TFOINET AT F1 20O 1 SdY @ ARCOT AFAMA qF AFS
TS = ©RE TR IR ¥ AL @V I | RFIOCS ACTSFAR brde] &
TG 2 | O OIFHIF JgR *F Aes R =& & 07 e FE | S8 @ ©fF
TR AR AT DG YA I& T 1 03 (), do¢e +¥8 o [ensm 517 wiftrg e
IR | SR BT *E @ B &R0 I | AT T TAEH 972 TG AT AR
foERca e oG Ty 2R | Sl 20- Froia =&, FArgad s, DS =,
e F &, A& PR, AGTGA =, (NI, goae Ao |

HRTSIFI IR A=A Sy <=1 561 beice 2t 1 [ifom TSR sfferear «2 s
fafew s +ifSeares | Frorwres B 2wy, @, fs, ANST, @S, e, @, T, L[S,
AR 7, &, Ao Topiv R 2SIt 20l | QA U2 5ol S_yIRS ©itg | [eid «3fo
g7l O™ Gre WFA FACR Manuscript Section Y[R € W& G2 R I SC&
I 2@ bR | @B R (TF AFIRS SPTSIER Wk STELEey 2 -

Vedantaparibhasa-1
Vedantaparibhasa-l

Some Essays on Utilitarianism
Morality and Religion Some Reflections
e (8%) (3%90)

CHE SMSTET (2058)

e oEa Afaem g9 gFIeE g O3 e fem wrecEe sifivn @ete ) @3
ffmsreTcaa i et wKioRo T0a STaeealny 20-
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AT CANGR (S50-555¢)

APGAIT (FHRA (TR T@ofe SETFGATE S50 AT TruaRel I | 27 T&x iR
AFNTE GV T FCS AH | Flerpret [T Ridve 47 o TR | do5¢
q R 2 1 A0 &TFF WY R ( (IS SR ), FAALRA (FHT), FIGNEH,
QYIINEE!, AR 9T T @ [PNeT T A | foAS ToF a5 FeAwR | (e -
VIR AGFARCRAETIY (5593, AR FINCAGH FLFOIGIM),

FREMIAEME (SobR, FTFOORE! 2fqhl) G FALFCOTFAIT |

Freoiid SIBE 3905-20

Ferrel RRMieeR wdiee 2w | SRR dobb, MUIRRMIRERTO Soob, FIFRE!
Y00 TG FHAT YW Gifers alfset 7 +Ifvy @R | AaRe AfFTewsR o) ag+fs
HTH (O | SO TS AT (AN QZCGIS @ AT 7 20 AT+
TEHIE B TR J7g A3 1 20 A TR FRARAT 27 |

R esfwem

soee BT IvaeE e afedt =31 Tiegs R soey (O &% 27 | Fos, Teied,
NRINFE 93 ot rea T Toger @0ate | Tarw Tiewe e sfas 7 e sieagel
TAE ATFANG TS LI |

AFIM*e JFT8E

Sri Aurobindo, The poet, Yogi and Philosopher
Ethics: An Anthology

TIOE (5T 29)

SOl (2T ¥%)

e fNagE

eI pIT*Ie!

=il STEH A
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feA%eRY
G2 e e el Wiefeme W Sy 20er-
Ao

¥5¢2 TIBIH (TFT THE (I ON.4. (S AN @fIre AN J AT FET 1 35ey BIH
TR R AW  [RWIETE @IWE ST 1 35Uy (O T8 €32 5538 & TIHF T |
of7 “ifsrer =6 g Rem Uifegia =1 Fei+fTam o S ag |

TS JCAATGR (05.05.55b-59,09,205))

ARSI YN (e FEfE (o afirores ¢ *FAMMIAR 2@ ol T, AAGET & |
5588 M RMPT FCETe (AF AFC® O | FoFes Tl «lred 7 ©, Aod(e
ARG SR OISR Fweocg FTog 3 [ 4, q2b. & fEal wie 3= 1 74 oFres
fafey e ey s Sem S@= ) apa 95 STafe TERER | Sobd @ UGC
©fE Emeritus fellow 7859 F@F1 030 @ @& ToAfg o191 ©, [AAGIET TS 40T S5¢e
¢S A e ey e Taa v 21|

AFIe AFTBI
Harsacarita- The first Indian autobiography.
Introduction in an Indian Romance.

Suffixes-National and International e |

g ffRwter

SoYo ATER 3¢3 T PR (T (ICS) @ TgRaIe @2 fngfvpem afedr 231 A ¥vx v&
TR Wi T FIGT e oeF@n Yyl faw vm qw @@ fegfwees e s |
S5Yo IR ALFORCICNR 72l bel w3k = | eyl frgfmytercarar weet @ fRfampiersy (At 9w.9,
a1 fe, 94,935.f8, f8.fma Soiin fodl (reat =31 ©, ~Aidelfoswi (epigraphy), ©. SIEFaAcEnis
i (literature), ©. ®Wfe JFHE (Epigraphy) @y (8 wat Reitw wiitce itz |
CTIRAIL *IT, FTare™ SUBIeHT0, O =T o1, Rgesv ©T1bT 2y fmer Jferear @2 Rewom
At IS ol |
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LEICHEE N ICING

(e 79 72y

(- (05¢)

Kalidasa's Imagery in the Meghaduta (1991)

ALFSOIARN A A qF! LPICAT NG G [@iel 7eF® AMRCy FEIA Y1 GHES (AR |
G2 FRmeTes ege [Retss SLapers N Sraeiey -

PIaa BB (555b-5559)

ABIFIR, 5, ABITHF, ABrogRy 2 ofF T Affbfe feel | @46 & fof B e e
o2l SRTSA W T AEH | SN FEE JTFA FHhe AAE GUB-peEce SiF qaw
Ffrwca 1R @ieR 1 AARBETIR G TR AFI A1 | oG ACTRATGPE @ 8
MR e 4,935 el wre w1 bRl AbS ford AcgeniRegete [Rea 3w @ e
FCACRA |

4iR@l-~ifo- b 559
o2 9 5598
A 2T 5599

TIROTEAY 5548 |

Sobo A Afed 21 Sobd (o i wgl I (UGe) =iffE s/@re The School
of Vedic studies Zif*[® Z(A8 dodo (ATF FI& TS T | School of Vedic Studies @ Swr=iy
20 g, FIATE Aefed SIS, Sitaell I Tel, (18 e [y 4w ¢ e
AP @2 At Fewe T |
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MuktaDhara-Vartagrham (1988)

FA@AIY S ATFS BbI (S555)

A5 ©IFeR (qifae @fey : 5§ NS (0049) Bwpin |

92 FRrgRmsTeaR segre o™ Seieera S STa<eEiny 20e-

SR S (do¢-
e 8 TR (A1 @A ORI SHHR T AN TIP (S a7 Ahole

TS FCE | Ferdre! [YRWIER (e a¥.9, A At oo e 39 afsFe
FEV |1 AT FEFO BIFEDY FECE AE Fmeel famem sare afediize F@e |
AT (T FAFO! (T (@A IHFS K AP ADITE R | AFS (RIBINCH 51T
TEICRH I8 Icaw | fof el 7=, =Sl 2, ool wrhl -9 foai atga avfrel fowem 1w
A 5315 AFS RIBAE T | LA 2(Cg] PICA (R TFA (F Q0 ACACRA | AL (TG
NCF WY FAE (CHEETSIT FA FCAFATTI N 2P FCARA | GRS F 223,
e, e Rowaia s g e |

AN ] SISl

AR T ¢ FHME | ThTmere! efmeTs g e dae oo | g e ¢
Tolify *e FCafReT | AEAfe FFH0 gfAe Rl |

oM™ (ol JCAAGI (9.0€.555b-28.09,2008)

TR (SR FRANE AN @ I A AR TherRel I | Fherprol Rpgfmgrerc
R, @, @ IR o7 @A 7Y R (I AT OGREE Iqel R T
B | AU (@R 7 R, At FReE T peAre, (2APTe, AeFe Feee A
55t BT I fRgRmiier (0T ST (77 | (IAE AN, Fq@e RS, AT
A Y& TRCeTe] | WEoALTT 3594, THAfTaw Ol SEHUIN &3 | TR 1 (A € ©fF W]
@Y AR | -

Govindagopal Mukhopadhyaya and Gopikamohan Bhattacharya, A Tri-Lingual Dictionary,

Lexico no.1, Kolkata, Sanskrit College,1966
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G AR T A AFOOO AT ST | FPANE ARy (@ IR A
Sfale T Afoer 7w A |

o T GBI (0b.5R.5555-20.00.555))

YfF ALFOAIT] ACHAET 2L @B AGEE FFroe [ 09 Trgazd Fea | 42w
SR Wiee R e efmer (e 54, ¥, [ Bl #e 36w | @ HiEn FEes
AT TG, ACq TG TR | OIS AT TRmee! [RmeieEd SHAn @R |
TR ARG ETRTEG o (@9 (0T AL WIRET (R T we FeAw | IR A A6,
A9% BN O FCACRA |

o JFAR STHR (5523-2058)

@ PR TS 8 IMIF RIRIEER T 2w sobvy (¢ AWAF (AF2 AR
A0 I | (¥ IS0 AF A0 PCACRA | (-

S, EIBI OIS : ANG 8 AfTS oy,

3, (qR AT ¢ F¥F 000

©. Women and society in ancient India 5558

8. The Indian Theogony %90

EATART (5555-7)

FEIA @A e fof Tfys offoe ferem | el afereme o feem | ok
fefe feafs @RI q16F 2ei-

ABESBRST - 35 A FWIATITR FHTFe! A GRETHT I TG A6 27 |

T ANA- 5y A NGFG 7w 271 | THeE (O B, AT TSI SIS
TR W Bfs 41 2R |

AT = 55qu e AMve K3 6 | TFORTed A0 i I TSRS ST,
A, Tedl-wfeNys KR @ A5 dfodmy | weEe sfaes =il yoes wi6s & Togifere
2R |
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TR AFoNET (5505- 2058)

5503 ATAF ECH TPB FASTSR (MR W & | 7AW fereta Twondt o1 @6 @earnt
FIENEH KON < fgee | @ ST (A G99 [ 2w 1 5efb 33 i saesst 1 18
T2 02| (ANE TEeR S 8 oy e wam, My, @em iegs siferer Iy <3,
i AR es4 fifie @Gy (sfefRafs), Ate () o | MeFREsa 36 fof i
TZe) AWM ATFT (Sob-¢), FENA THT (dob¢) TS FE | T@AEeT a4 @feT Ze-

@AM O[El 8 2M (R009)
(@-RRAT (05¢)

Gl (TS AGT)
[EEEISIRCIEIS

A e Rt Tt |

aZrere fRrefafes 2ot e T s fawe | refewiee Armmf aFmmt 2t eRfaseE
T M2 A0S IS R | HefEed o afedmy | gei 4t FeFe O 5ol (Ml (R |
2058 T 90 JFRA O QAT 27 |

o YS! BLBIANGR (S6C- 0I)

SER AN TEH FAFO JTOIN TP Aol SLBIANGIIAT & 1 (AT FETS (A FFS
T, FEdTe! e @ w9, ¢ 4. @35, T Q) Ao I@T | FHGRET AR AW
TR FETS FAFIO! (Sdb-o-d95¢), AT IS [T (395¢-200%), AT TMI=F
R (2003-20%9) (AF TR a2 @1 IR e s et uee @
RfABR] T (R059-2059) 7 e zwfRET |

fafere G AR (Sobd), TRENET BT W2 AB @5 e (Soda-ob), (PR  “TH
9P TAINS (00b-05) €I UGC T GBI (FCE (053-2055) THIW Ig AT A1
2R | SAFETIHATC ST FAF© HoA Aem{F | 1Ry QT3 A6S! © GGG |

T @y agefa Wiy

20th Century Sanskrit Literature (A glimpse into Tradition and Innovation), Sanskrit

Sahitya Parishat and Sanskrit Pustak Bhandar,Kolkata, 2008.
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Siddheswar Chattopadhyay (buroda) [1918-1993, Vol, 1 and 2 ,First edition 2017, Sanskrit

Pustak Bhandar.
Modern Sanskrit Dramas of Bengal (20th Century A.D.), Calcutta, 1992.

TRINCIHAGR BT @i ATTe A, FeFo AR 2fTe @ AFe 7T oo
059

sfee QG TISIL (Sb-H0-555) GF AFTTS LI, 5853

G - SR SIS, TS, HeF© 5TF OUIF, 05k

YT AFS ARG (5550-2050) : RITBING ¢ FoF, 2TAFTS AR, 2053
o @ @ IR ¢ 2[fHw, AFe I 6, ol

oA I T (3539-200V), FFS TF I, 02
A I N I, RF© B OO, 203

QIR (IR Tore 2@ f$f Convergence Tt 436 (@ N P | Convergence 325
qTtR converge 92 feem @, a9 9 =9 953 T a1 g 9eT 1 ©ig f&fe eiRAE
fiete® 27 'convergence'. o1 FRFFTIE, TAGFNC 432 AFS 551 2 IS 2D
FAFICTH o | FREFIR SFIC AFCR OIOSCgd bbl, F KA W=D, Igrel, Kes-Rams
wEsat, oy (ol ffon @ik apeTe i, e omr frsmim Sepfvr

o FEF AT (5995-

sl 1 wiie! e | TH6a IR SR T | B AF© Iy Ao it
T T |

TG 39, Aifsfs g, sTefi@l e foqem epaed afsemal 9 shere! e
AFS eiel qgiom SRR |

« Y P (566>-

TR 7 A0S RESTT ST, JFAYFE T SRR | 94 T ¢© I aiea=el v
e SIeT | Sfererel egfmpierca cemie eae |
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SEIfeE ¢ ALFS O, 5599

TVl BMAIfe: 2059

Aspects of Manuscriptology, ™M=l gl <7 |

Buddhist Literary Heritage in India: Text and Context, 004 Teji |

o *if® ICAIAIGR

@R (AR FETS € RO IMAF e QoM @ | e atgd W
Ty TeE-

O AfTe RAIPTAMEY, d80%, LIMFICIT AITE, S05¢
o BF O

fergifaan BB waiform w1 Tifre a8 W Sy 2l @feis, Aoy
, 0D |

o« (G AT (S9CH--

IAsF RV S 0T 1 35999 TSF, 3595 (S WOFEd, Sodo ¢ 7. «3p, fE foat
S A |

feted (Inscription) I IFA6 T4 ©F TO/8 7N | I8 FoI MIAF (NP Mo
=0 ol | 2Fif*e IBATRIET T S -

TOIFItR 93 7ATed, 050

SO Wieted ¢ Aglisl @b AlHY FIF, 2056

A Dictionary of Technical Terms in Kautilya's Arthasastra, 00¢

Ancient Indian Geography in Buddhist Literature, 0091

St barel, Fooil BEIGI &Y R A1 WiFel = 517 wwrglel B! i 0 |

o oA ST oY e @, (&FEFad e @R 99 24379 arg 77 dfoed ey
(TR |
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Gl ee (Fhrerel Regfimier) SFRIGIGIST (FRImeRemRWeT ) eiesl JeFossa Q=

AAPTS (AT | AT FIea [wrtied RgRmem (dsbd) |, Teddw f[fwe™ (North Bengal
University) 49 eFS eIt @S (X000 4, Jalpaigudi Campus ) ANFRHHRCIFTT
GEHE WS o6 2P0 [ Ramakrishna Mission Vivekananda Educational and
Research Institute] (RKMVERI 200¢), TRIMGRRRACIIHICGRMG (059) West Bengal
State University ( 200b) g@jifn AfSfore 27 | WTaDy FwEANE T Al T2fmmssay),
TG FETS @ WA FETS (599D), FH S TR (R058), FFE e et
(IR O FETS TR AT (05¢), TIF RAR, AHVF oDt T (00¢) T
SfSDITTT &S bl 905 |

IR eFS P HAfaTe

5T FRIEA PR afmeEd Sdim « 2 ot  afedr =1 afoead facm s[ree
RIS st 92 AT Fie Face AT | AR (I T Qame 9w, W5, O Tofy Tepfn
(AR Wi @2 &fSDiq esF T8 2| P Ol 551 FAR &l ARSI &l woofb (Bie™
vty foet | T8im et (brgRie @ R {edy emged | 3o85-3ou8 *1fE o W3 sifaam
AR Rt | O TR AR [RI8 Sl @ FRReb@esvR 2 »f e wiikigsrs e |
TN RIES TOIE GIASTH AEg HeFH IR | @FTI9 (GIF 9 20 (91TR | ANGTHA Seephe
Vg qRICR |

O (Gl (A e e geaat o e 2ifoece =1 2t @) “fFow<as AqdEa
T/CHCA (12 AP RIPS R |

RS Sowie afsPe

AFEARGTTY

@RS Sms dfsfre Sy afepm Aegorfzeifias soso BT (oo )
offelde QB AP Sry 2o AFS Pl GIR IRAAH PIES & TFS S OACSCGH IHCo
TS AFTHAR TAPTYT TR, THAIT Tl G2 IAF O IRHAAPAR 98 Tl 1 7LF©

AR, CBFF, R, MIqell, H@H-eTI1, e e, SR, Aeghos e
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@ A7 M SRR ool e AF© MEA G2 AfCHAE AT Frel WL weqnia
gR TAOER TS FE AR | CRUIS AFGIBRCITRICIT G el FA0e &F |
AT EAGE TG ANS 15 @ ¥E 7 2B e TWRfH ebfers AR |

IS BT OifeTd! -

1. Contribution of the Traditional Pandits of Bengal. (2012)
2. A Dictionary of Sanskrit -English Technical Terms, Vol-1, Mathematics. (2011)
3. 20th Century Sanskrit Literature. (2008)

4, (V7S TLAT G TG

S

. LR (008)
6. Science and Technology in Ancient India

7. A Descriptive Catalogue of Sanskrit Manuscripts In The Sanskrit Sahityo Parishat

Kolkata (2004), Sanskrit Sahitya Parishat Series No.62
8.4fs@refefaivas Twopifm |

Twa FER AT ¢ fofe T @2 a9 ow afodne sifaee 2R, Sitha T Seye
-

Alie et (5558-205%)

s A Al [{feq WE G ARrER TEd 2w TR = 1 fofi afimemel (i
D.Lit, FE4fS o wnr T Toiify wire Tt Afes T B Aoty AT e
TAICS wfediize AR | 2058 F 9 G AT AIFR Ot NNAGR SoAfy 7 |
FHAFIS HFS FCEG, WIS AT TS, Al g fegfve s
PO | ARA &F A6, A, SM P | AoISfT 2CE- [IBpoel, (@, wg fowiid,
Sraiiolferaw, Fwreifram Sepfer

SR S FLHTT N A N Fqewd A @R el 77, Fof 20er1-

AT I TTHT (5559->9b-3)
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THIET Siee fotee | eI asifae Ay ANTReEs | do8s @ T8, b Tonfy wre )
TS G AL AERA & (20w 17 641 71 [ &b < (A wfeqargs widt A |
fof2 aaw R AFre T Soud T vgueisnl Fiel ol | o=y s5q8-
Moo @7 eaF weE fIfie Areralifaema =R JRCR 1 92 O CNAER I, O
QIRCTR wFgsd [Reef aEe 2w |

RILEaey doq0- P (Cfewgm) W3 GRFeIiRAR 877 fofe Fea ¥ 63 fofvs |

(AETHICA 53~ TG (FFACYT o1 TP 7 897 WG Feaces | (#*5l, Fg ¢wm
e Wikt SmicE & (e FE AT SO 4R FECel | O effe-waren wAl @3
T6CE B (IR | (T2 FF AES T JWe O Ao QR |

VTG0 -G ~If32e FFF ST P 19T 93 AGHGCS Qe KCACRHA |
FRAGICINS- T ACAETCR €% fofe e Mo b fife |

*Fofeeme da- 7T AfERIF (IS A ) @I AP “HfFBITH I7, Iom oiAce i,
T ASTmeR T eyt 9B qGE ez F AR @ A eee
ATATRCE | O S ! SIeTa! WA 20 | SItrd FRAIAFTTR NG A5F010 F2TF 2R |

ST HF© AfREPTH®

JETS BN (oA W WSTFRFONREPTG 9% ©W 3088 AT (FRRANTEGNIITS
feree Sfrereidd Toifery W AN JCAAGITT AR AF ol 27 | (T 2NSTI-
TS LA ACAF AT TATFS >t 1| (1R o e 27, siegs Alfyey e e @6
ol efed 2@ afeds Forife i TN FEem SFoE, IA THmE weA
fIeee oo, SRl e, TRFR TS A o™ e, @ A
eI e G T 2 7 |

HATSITS RNGT! HLF® NG FICH SIS AT 3 7 & 2 1 IR TS FENa Ao
oifspmfB o il 2lld 2R | 72 aifepi uFiae 2@ QeT FeFe HfXey TS & 27 |
AP -

>, AT (Sove I9)

. AW ORI 3855/205%
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©, GO 83

8. VAP (Lol

€. FFO-GlIeTH- A AT (S830r)

b, TEF-ERS S, 3858

q, qGI-EAZ3 R, 030

G2 2fSPF (AT T ANTORS! -~fGFF TG AR Ty =EY [qW A6iEd T«
TGRS AR | TS online @ offline TOITR APHIF FT& HCE |

dfopnd fafre segs 6s wfoqre =71 *IFH6I, IROCTEE, (e TR, AT Aege
dfecaforer, fey ffmeee S ol R-gReae-sR-ciaRe 2o f@w
T IOTRICR I 1, IS O fTop={ren, nem TGN, &g P, ML 0 e
HLHCOA BT Pl R GGIRFOIROPINICES oy Y Tooreyy | {55 67 cvea sswife 2w
AT (NS @RS CFea v, 78S i ey 7 Mo o3 =dF [l FS belCs AT |

o™ AR (359-2001) 10

Al AT TCATH S50 A FTSM AR & 1 et FNCol=iie gy, st
TSRl @1 I, W, e, R ey A oiv wew [bad fewet 1 wye ofF fow
fer gfs 1 s feReet ol @iy Ieaeem S fewem | fofd dew @R @R
SRR frFs fora | AW TR FETE, IhTErel WeFe FEIEd WG o wgre
FEMRER | 35¢fb Aege 5w, 33 TRy, *eifss FAeFe Fel, a7w Tonw wRrel fowe |
ACFCSA 2B, A O T TRl 15558 AT AEGATS [ THFIH PIe =RC |

YN LR, TG 7, A R FC A{ARS =@ 1 797 o/enia, @ wie Face |
AT Fe Tl Face 1 AR T[T IR 4F© WUOREEE N0l R | ARG
SFRA AR TS TP Jo IS P Soom! e | P, =it @ ofte sWw
e =99, e FE |

TS l2Fd o™ JCANGIET TSR AAfeTe 208 BreltR | GTorey 2fSdieTa o
(AF ApF SIICIR ARCH F 2R |
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IfEors Swe TS Toig G ALY AN TOGEATABILRT (03/05/5505-50/09/55b8) 8

TACEIGR(0b-. 52, 5555-20.09.555)) FAF &fSDIT 1 3580 IAEE BRI WA &GN AW
el =311 AeFred ¢ #AlfeTa 2biF ¢ o foe aiq Sowy 1 IRy wMedfa Rl (ree-foae
it (9 g a2 FCARE | Oge @8 | NRNCAGA @@ sFeld, MG JUG,
G, Aemaem cred aofe [ Jferedr ¥ AZR T & =0Ew | e - GT T=F
WO q6F WfeT ¢ Neg (05 7 ¢ @ T AP fKfoy 4y aemaE(seo @a @)
FIG HeICS ATF | AGIA A GFT6 C@NTF ! AFS 20l | AP TS 2ATBHRIar AZe
RRWEE, dnRT ord ofiwe, dnRa Aeie a5y e Toin e srfeat fee
TSI AFIe qoPefe 2e-

FIGRA S50 - WRANFCHRR AL 8 A4 T (14 TCACE |
fRrsAEmey soas- e GiRe ¢ i [ @14 2@E |

HETIET H5AR - FFABI WS G ¢ T o effosimg |
CTICIACAIAIY 3593 TP FIEHICIR (IS @A 1S |
PRI dq0- FIfeMIET G- e ffes |

(TR S50 TOM | fre@ T & TAGI IR ABF FRARA - TomToE@ |

TOIGAAGILAR @ A 29 B Thera Mg Srgwaey - Joremeny ( ToRvEE™ & N
@4l ), IR (easmmts @ @141 ), Seata®y (AMETRAAWE G e @14,
AATIOST (T G5 7! 8 TAIgdel), SIeeTRAGTY (AT AT RS @ G
@ ), SFEVTT |, SCSIFHAY 8 GITOIFHAT (IAGAIY IIFA), TSI, FAIIILH T |
TEACT 93 ALF T FIS FN AT TF |

AT TS

ARTEITW QNG (S53) T A FAFTOIF AR <15 2SI 2T €td TEAa Trpmeat
IITA TEITH (5502-55Ud) AFS TN fore | afodeTz Sray feet -

SR WL FATTIRFCS 2B WL HLFCoA AfS J@ SR 7[Fei=el 932 O Seres

mﬁﬁh
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R S ORIR 7R e ¢ eFfen evh @3 T WEHCANHR S ©Lll p&ianoia
frrpferca= |

93 Ty (& IRBAMTS Fare Ture fw, S e, offes Twa, a3 aF=a 7 IS Hez |
PoI™, GV, vHed JAFET To e TEd 92 Af DT AT &orF ¢ AEF O &
IEGol

AT W 6 il

Indological studies 3 SRCCGRMIALGE! F G ANTR 9 8 It AR %<l a1 The
Ramkrishna Mission Institute of Culture (CET*1F AR *I7) G128 N <op@ q0ga 70
I FA0% | 92 AfoPAica 2ifoBiie Sraidm = do0b a3 901 TR RGBT @3 foqess
G35 FTF | SRR (AF TR FE I HEICR | OF TR T NAISIfocs e Aegfow
8 TIqIfes fofen sor afeie Ta1 wae Tea F@ Iferex e 1, et TaE TefHies
R IS ORS 41, S AR ¢ S @I 7= AYm w41 ¢ feiife effowt w21, apo
EEfeFoRmM A3 AE[EFONT aF© FeFfo 1 &=y feafers w1

Y @ sAfagen

Classes and study circle,

Lecture,

Library and reading room,

Students home,

Cultural relations,

Publications, Journal,

Research works,

Cultural conference,

Museum and art gallerry,

Exhibition and Demonstrations,

Oriental department,

Guest house,

Training of youths.
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SRIBEE ITZ AT 1 do6d fABIT ooey Tz Ml ¢ @ael 7 827 vy A I =7 |
(TS Board of studies and research %f6® 27 F{AIfs I, T BRI Tco! K@= AT oW
TELPS FACRA | (TR (AP THMOF YA TAPRS R |

faaepesta

@UEAZNE ; ATAW Tt

R I

AR

*rosfe grEe o

SLASLICES

TN REFAE aFfEF ¢ @A TR 3550 T TG TG o1F SR @ETHIA ATeNCS
RS (@7 RWETER 75 =1 @0 8 AFS e ey [yre dfedis & s w6
FCACR | LM FTCS W04 B T @7 Soay fReeTl 1| =iael = el ©ied =1
B SIRTed SRR AMS (N SN Rame I (red =W 1 g vovs B 92 ¢ 8
AR AfGF AR WF FFEFTE WG F] ALFS AR AT, @7 O (120, Ol
THE TR @I, EANEOHRC € (@ICH Al qRel e 71 e TEETRR, 038 T

SR ARG FE (@S WO 8 Fpiaa Mo MRewen T20e | GFm+ ¢ v @firs
@Me ALFS AN Baer @ FCHR R e

QA FroRATME ST o

93 fopAis | A AR G @ Afa AW A Sobb BT A@r w3k Feafeee |
&l A FreEm SHRERE G FA Sreey feet (e Acgle @ Rogw sToe e Wy
g eFife 901 (1R A el (@ Feom ey et 3y =l w1 AR
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fifon are (AtF *iges JfeReial o fifere 2@ | TTma f[Fg ARae! AFE Swr JRR
e 1 e oM weRetTa A fegde oiF  dfewi™ @iTo e TCo! e @
BIRSIT A o FAre ANY TER | GRS AZHVIEF N4y S@AT A -

AgloRes AT ST 7R

gore A (eel, SR iR e

% 2 A

& smier @ =femfq

The Art of life

Anthology of Sanskrit Poetics

Glimpses of Indian Civilization

Some aspects of Ancient Indian Political, Legal and Social Thoughts

IR AF© AGF ST (R (T AHR® AWCe 92 AGDR ¢S wmReR 1 @B
SomeTa oAfepiee A @SN (T FEAFO!, SACST AVIY A @I ST, ANAF R
2 TCCAICA IREEHS FoP Ao I AYS T# 3® FCACRH |

PO, IR (X9, RaM 74, Feel -ov)

JIfTCe ICT ~[@BICHR NG T AFS e & 3 g e I | eee N (o
Hfgs Jfewms agel, SeFemas s ol Fie T AT |

@RITIS NET, SET, SSC 39jiw <%l T AIwe] o $41K &) *1fHF, BSSEI(RES, 2eul) T
ALY AR FCA |
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FERTel (AF (@ 5 B A wafge T9a fewt wreite AF© boiA AMoFA o AT
4o AT ¢ TR AFS O BIOwg b1 Wife Rraei 1 "oxford of Bengal" A Al

( TSMRTH ATHH) 3 S -2 Gorereyl Yifs FF@I-[ AHFe AR @y & Wifos
ICACZ | OF B T3 TnzRd 4B OS] bl g WRRMER" 1o wfediel AsfHel aegfere
I ARG FSIH T FAIF (G8! HEIR | 2re +/fTe Ato®m v& sheld dfsie Trewred
Tl 2fSD SRSt TSl e NARWIER" (FFS do58 o) (FfEw Aege TRkmEEs
IR @3 afedi | asfer srer Tz 12 AfediEs Foreaae! I afeww | @3
2SO A1 A2l (ATF2 BASR @ ARFIOTS TP Teirwe | fwiee qLFge! Tgs s,
fermet ¢ sAfivem fifer Tz argreet ¢ R w0 @3 FEEdias w5l @R |
Tl FARCAT AFOIPAE 92 TR dfenfbe e v dfsfe ware <@
Tl RRWIERE el A9F 6 AE GePR 73 K9 Sl A IR | TRIRWER
FTGOF B GINCe NRRWEARE e dfFm gio[, dfevre! «foe Aramre ool THFs Baq
i ¢ a3 AWTIeF AT 6o 561 (@' JIoAR AGIFA A2 FRACR | AT IH-EAIHIE
7 A afedims Firee Wl ARy FEE T 0% | (FTRIRTS)

SR (15T

I SRITS T TR SHTT! e 7eF© b6 7 1A | ©boior Sfozm g
5519 (FEFA N [Reimeng e 2@ @ig | AGRe G 20! @6 e ot [
1 58 @B ©bAel el AR MW e 70 AR FAFS 5N FOACGT | @A FLF©
bR SIAFAY F ICAS IR FAFSSR (FIF @@ 7l (S SBACH ey FATOIR ¢ foyerw
OfFCe *1© IRF LCH T (AT FFS O bb] IR (A | (FS (FC I HRFCS ©GATGI
e Glifeiesl SRMiASe @ @<y | AEMD TREY , #v® Ao Aq4a @99 @l
RIS F ALFAA A4 FCARET, (S Siws TN e aifeie age oot «@as
T A AR - @ e TN 1 TE TENRAGR  ~AfeegT TEE 9F 9w A
ot | FETOR @ T g qGHF Yoo HF @A 2@ «leed, offt 2@ - Fiferom
THH, oY sFeid ey sAferear @@ GrE RS A5 @ O MES e
ARG | (1R 76N T4 SFped |, WPma Yfoag , IR «F , vmie iy, s
THAY YW WA @32 IR ~feredl I I7 AV A6+ IF (7R @O e wfer 2zt
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SIS T TTee | QEWIF LT ST QAW Sbbo (AF qo R Aol T0HTE yferefd
AT (A I AT TIT TIFACE O AT A FA T O T Wl FCATRCE | QT
TR SIFE A Il FACETS ©IGAS SACHIT 66 SBATR AT & I @2
fof SBoTT 24T IS (AT | Q2T T TG D™D T ST, ATS AW FACS ATF
Ao, SR | SIpEe, RRc=fe aofe Tofyad sfersa Ig-rer I aers
TN (I AT (7D 2R T F9S SABITS Gie AW fom TG | (o)

q A ST B GIe N fALTCIG - SIBATG! (B1eT, ©IBATGl FFS FCTS, BIBATC AFS
(Gre, Mea (G Topifi |

TIHATSIF ATTS FYIT A T TN CoreToed S Az, o 2 A& T (Svveo-
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oG A O T | AFS S A #1CS foeT wpAywe ey | wlererer ¢ qdue fegfme
i e fe, 15, fat Mrfeem g smmr a3 @hiees (et ), s
(FSTHTFAITSPTIE), NTRNRAGR ( FA Foojcigw efamier) e Soify ofw wway
A sferer Fiphe | fof woifvs 2Ry, 6w, ez, MoFy Bt | FEIHI A
T A A

FCFAGHY - SRR FIATOR 7 [FOII (WIS AT IR OO 74fe® Fa1 MR
G2 TP Wy fFere feen s Fa 2@ Toim Ew @19 O a2 9o
0= |

ST CET - T TR (2FFAE HoB0 Ao |
ST - Fherprel Regfmpera *eafiF Seoa Soerw A «ft a5 IR |
OOy - el grad SaRRel (& I FA1 TR |

TFETRRRATY - FEAF AT, SFARAAR -2 @ TG o, HiHbFpde F7d FoR,
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5590 (AT 020-UR AN IRT TAFOT  IFFOOb OAGT (T @Fged | ATFCOT &
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AT S TRR |

Q3 AFH (F AN G TR 2o (F AAge Face U2 2AfeqM SR STl Qs
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GRS BT | FTasE S Meame qeifsiens] | Ao (IR JaAels Fred
Wy W mifE aam @ wael TR TNeeE vefd e a0 zwe ) @3
TP TP AFS (P YA GO A QNN S (5B BISTCT RACR | QT oMl
(AR SoAel e qaRAWIE | 2ReTge [Aseaien S fefy fgeie wmifss faz@
MO | IO ©f T FRCR |
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A1 @ WY B! e et 9o 20 ¢ItR | (IS Y& 9N e ©18 S Jhes
Fifwe |

I TS FKF©

AFS @ HREANREATST Thod Itq7l Y72 Iyl ¢ A=A | HeFe ©AR % OISR
e, PR, Al oo 2fog ¢ WeFfe R dgeg—a TR RERef AEEeE
M SbT @1 FESTOl 8 IH3  Asiatic Society; Indian Museum; National Museum;
Oriental Research Institute (ORI)- Baroda, Mysore, Chennai, Trivandrum; Bhandarkar
Oriental Research Institute (BORI) Pune &9f® F*IFTS (autonomous) 92 NIRRT oo
—fafus 3‘% (Fellowship)-¥ KT | @=CI8 Indian Council for Cultural Research (ICCR);
Indian Council for Historical Research (ICHR); Indian Council for Social Science and
Research (ICSSR) 29l #ifsaw (AtF'e AT+ It (Research Fellowship)-9 @l €2 =T
Hefarg R wgfe =1 |

ST SEINF '@ FeF©

LS O O HCF MOl AT NEIAT g6 Aod T FEF 76T @R Teaive
2R, ©f 2 AW oReAr ale wiiic i Wege o @el e afey ol =
FFAIE A A . TR AFad ) @12 IFAER IS A e
ALFTOF el 9gE F@ | A8 “Ngffer i (National Mission for Manuscript), 3
A BT F4 (¥ (Indira Gandhi National Centre for the Arts)—4a2 F*ifSte FeBiefer atF
AT e7F THR AP =0 T4 I |

Q@ 2PTC B (7 wyNIg Siwe e ot TS AR T Remeid Koo v 38w
T, T, Tofe g3 SRR @ IESH RwEEe i st TRrwRE Aewad
(Text-Critical Edition)-@3 (IR 7= 271 &foded OFeR Ao Sexel Ifad &y
@ I LT PIRYEIR S TR, OIS FF© G —FIGHCET O AGHICE Afwee Jieces
TS WA Srgedd Wik A
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Tl *ore I 1 TFAAL: S W, (Mo (GIYE! | FePTo! ; AlEe, 2085 (FOR 2R,
AAT FALFHAT 200)) |

Sifertie, Melel 1 AF© FEGT #Hfb 7IF | FEFIS]; AFS 2BS B[O, 2050 |

CTET, IR | S (AYF) FeFS AN FO2 : Sbrod-2020(FI, T, (RBIE,
TG, AIF) FEAFTOL; SAIFT LFNNI03S 1,

BB, 4S] | eI I TS (5539-200b)| FEAFS]; FFS B TR, 2033 |
______ VR IR T GRS S JTE T, 2033 |

IS ABER (559b-2050) FTHWEL Foidam TR | Forere! |, ANFR i TAF6HEs o
FIeTBIF, WV |

01, FIfSH® | TIAI7-TT | Tl 0o GBI 1 Ta; Taa Jdqreg 2w, 200 (fTer
FFACT ARACS AHAA, 2T AP H39Y) |

A1, e S e FfereE Hefwe 2oqs | Fererel; g I3 A, 2054 1

Contribution of The Traditional Pandits Of Bengal, Towards Growth, Nourishment And
Development of Sanskrit Studies. Part-1, General Editor: Manabendu Banerjee, Editor:

Karuna sindhu Das: Kolkata; Sanskrit Sahitya Parishat,2012.

Calcutta The Living City. Vol.1: The Past: Editor Sumanta Chaudhuri. Calcutta; Oxford

University Press, 1990.
Sixty years of Sanskrit Studies (Vol. 1): Ed. Radhaballabh Tripathi, 2012.

Mishra, Gopal Chandra. Some Aspects of Sanskrit Literary Criticism.Kolkata; Sanskrit
Pustak Bhandar, 2012.
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1 3R1& AGCY ATFS 411 / FqaI7-N-A/7): 558

2. https://en.m.wikipedia.org/wiki/Education_in_West_Bengal

3. % Y90,-9), Contributions of the Traditional Pandits of Bengal
4,%-95, A O FCEACEA A> W

5. As interviewed by the interviewer :

Interview:

Name - Dr. Debabrata Mukhopadhyay

Age - 67years

Educational Qualification - M.A., Ph.D, B.Ed, PGDip. Ed, Kavya - Smrititirtha(Gold

Medallist)Occupation - Retired H.S. Teacher

Special Designation - Ex Member of executive council, Asiatic Society, Secretary, Howrah
Sanskrit Sahitya Samaj ; Secretary, Sri Sri Mahakal Jiu Debottar Estate ( Bhotbagan Math);
Vice president ,Nikhil Banga Samskrita Sevi Samiti ; Ex Secretary& Ex President ( State

Committee ) , S.T.E. A(s). Secretary, Sanskrit Sahitya Parisad

Economic Status - Middle Class

Address - Howrah Sanskrit Sahitya Samaj, P14, Biblabi Harendra Ghosh Sarani, Howrah
Date - 5th August 2017

Place - Howrah

Interviewer - Abhishek Das

6. - SVY | TFS FECER A6 THP

7. % Sbb-dbA | TFS FCCEH > THT

8. [TV TG JFAIFT O CNEET 2 | ([FIFTCIF (AT LS |
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10 9 3q3, A8 |

Hhttps://www.facebook.com/100011404935743/posts/1786524968404317/
p p

S/ /WWW.IaCeDOOK.COm OSTS
https:// facebook.com/108469694751156/posts/115979874000138/

13 QG WAL FTTS AL, 4! LGN

NEWSPAPER:

fers Jfammrel, ACey FRFHS HeFe FHEa oM Ko 20w, ATFO-TFo-F, vo* Ge13,
S55q, 7Bl 31

foers scammrel, S @ s sege e e o e 29, Aego-sicgio-ae,
©oC¥! TG, 3559, 7B S|

faers seavmrel, afev #falbfsfie a5 M Fe @ifF Affs, AFo-AFio-T2, ol =T,

5554, 7B © |

93 R “@fS REFTY FETS JIFA%FA @9 Reaserch and Development Cell 97 SILFCET
el |

Publisher’s note:

Vivekananda College remains impartial with respect to legitimate claims in published globe

and institutional affiliations.
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Abstract

In the history of struggle for freedom in India, the women of the country had played a
significant role. The bio-bibliography of few women revolutionaries are presented in this piece
of work which will help for further research on them. The term ‘bio-bibliography’ is a
bibliography with biographical notes about the author or authors listed. This is a humble
attempt to depict a short biography of five Bengalee women freedom fighters namely Pritilata
Wadder, Bina Das, Parul Mukherjee, Shanti Ghosh, Sunity Choudhury along with the list of
documents written by them and also on them. The coverage of the bibliography is confined to
those documents which had been made available through the literature search in important
libraries of Kolkata within very short period of time. Five Bengalee women freedom fighters
have been highlighted, arranged chronologically. This paper gives directions on freedom
movement about the resources i.e. books, autobiographies, as well as files available about

these few women freedom fighters.

Introduction: Freedom Movement of India and women

In the history of struggle for freedom in India, the women of the country had played a
significant role. Before joining the movement, their activities were confined at home; and for

the first time, they came forward to play an active role in the political activities of the country.
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The first woman to take part in the freedom struggle was sister Nivedita, though she was of
Irish origin but she was Indian by adoption. And gradually, Nivedita came in close touch with
the revolutionaries. During the post-world war, Annie Besant and Sarojini Naidu, two eminent

women, had been involved in the Indian political field. *

In the swadeshi movement, the women had participated through boycotting British goods and
using swadeshi materials. As a protest against partition of Bengal in 1905, they had crushed
glass bangles and observed non-cooking days during the movement. Consequently, Sarala Devi
Chaudhury was also associated with a physical culture movement for the youth of Bengal
during the time. Even the women had given shelter to fugitive revolutionaries and had acted as

couriers of messages and weapons.

Gandhiji had shifted the focus from motherhood to sisterhood. He invited women to participate
in the Rowlatt Satyagraha (1919) and in the non-co-operation movement (1921). Basanti Devi,
wife of C. R. Das, his sister Urmila and neice Suniti also participated in open demonstration in
Calcutta and courted arrest. The Civil Disobedience which was mostly organised in Bombay,
had most militant in Bengal and limited in Madras. In northern India, the picture was that the

hundreds of women from respectable families openly participated in movement.

Many women even joined Gandhiji’s Dandi March in which Kasturba Gandhi led thirty seven
women volunteers from Sabarmati ashram to offer Satyagraha. Women volunteers had
prepared salt at home for the demand of abolition of Salt Tax. 2

I. Revolutionary Movement in Bengal and women

During the revolutionary movement in Bengal, the women had played an importent role. In
this phase, the women were recruited to different revolutionary associations. They provided
food and shelter to the absconding revolutionaries, even propagated revolutionary ideas
through literature. They also carried encoded messages, smuggled weapons and explosives and
thus rendered valuable services. As a result, many of them had to face court arrest and

imprisonment.®
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1. Objectives of this paper:

The bio-bibliography of few women revolutionaries namely Pritilata Waddedar, Bina Das
(Bhowmik), Parul Mukherjee, Shanti Ghose (Das), Sunity Choudhury (Ghose), are presented
in this piece of work which will help for further research on them.

2. Bio - bibliography - its definition

The term ‘bio-bibliography’ as in Webster’s Third New International Dictionary is “Bio-
bibliography” — a bibliography with biographical notes about the author or authors listed, also:
a usu. short biography especially concerned with the bibliography of the biographee. 4

In Oxford English Dictionary the term “Bio-bibliographical” deals with the life and writings

of an author. ®

In Harrod’s Librarians’ Glossary and Reference Book it is found Bio-Bibliography - A
bibliography which contains brief biographical details about authors. ©

The term Bio — bibliography denotes a book or article combining account of a person’s life

with a discussion of works written by or about that person.
3. Coverage and Arrangement

No bibliography can claim that it is a complete and comprehensive one. It is very difficult to
keep any bibliography updated as the documents are being published on various subjects. This
is also applicable in case of the bibliographies on the freedom fighters of India. This is a humble
attempt to depict a short biography of five Bengalee women freedom fighters along with the
list of documents written by them and also on them. The coverage of the bibliography is
confined to those documents which had been made available through the literature search in

important libraries of Kolkata within very short period of time.

Five Bengalee women freedom fighters have been highlighted, arranged chronologically,
according to date of birth, under each of them after a short biography, the documents by and
on them are arranged in alphabetical sequence according to author/ if not author, then by title,

in case of files of police archives by its file number.
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A\. Pritilata Wadder (5" May, 1911 — September 24" 1932)

During Pritilata’s birth centenary celebration, it was found from Bethune College archival

records that Pritilata spelt her name as ‘Wadder’. Since then, Bethune College has been

officially using the surname Wadder instead of Waddedar the hitherto known one .
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On September 24" 1932, Pritilata staged an attack
on the European club at Pahartali, District
Chittagong and she averted arrest by committing
suicide. She was then a girl of twenty-one and one
of the members of the Indian Revolutionary Army,
Chittagong. Pritilata did it to embrace death for the
cause of freedom and blaze the trail for other’s to
come. 2 Pritalata was born on 5" May, 1911, the
year which at once brought a boon and blight for
Bengal because the annulment of Bengal partition

was declared and on the other hand the decision to

shift the British Indian capital from Calcutta to
Delhi.?

Figure 1: Pritilata Wadder

So, Pritilata grew up in turbulent times. Her father was Jagatbandhu and mother
Protibhamoyee. Pritilata showed signs of promise right from the beginning when she was
admitted in Dr. Khastagir Girls’ High School and she passed Matriculation in 1928. She left
home to join Dhaka Eden College for her Intermediate course where she joined the Dipali
Sangha, run by Lila Nag, and Pritilata had taken up lathi and sword play. She was accepted as

a member of the Chattagram revolutionary organisation also.

But this involvement did not, however, detract Pritilata from her studies and she stood first
among girls in the Intermediate examination of Dhaka Board with a monthly scholarship of Rs
20/-. Then she joined Bethune College in Calcutta with Honours in English and Sanskrit,

Bengali and Philosophy as subsidiary subjects.

For two years 1930-1932, she studied in Bethune College, Calcutta. During her study, she had
developed contacts with the Jugantar group by joining Chhatri Sangha, the Jugantar platform
for female students. Pritilata was given responsibility for the task of spreading the message of
Chattogram in Calcutta. During that precise moment, Ramkrishna Biswas of Chattogram

received his death sentence for attempting the murder of Mr. Craig, the Inspector General of
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Police in Bengal, however, for having killed by mistake Tarini Charan Mukherjee, the

Inspector of the Railways.*

From the pages of Pritilata’s diary and the narration of her biographers it appears that she met
Ramkrishna not less than forty times before his execution under a false name. Even the

Superitendent of the hostel had any idea of her activities. No one recognised Pritilata.’

After Ramkrishna’s execution, Pritilata, it appears, lost all her interest in pursuing her academic
career and gave up her Honours course and obtained her graduate degree with distinction. She
took charge as the Headmistress of Nandan Kanan Girls’ High School. During this time, she
met Nirmal Sen and Surya Sen in their hideout Ashray in Dhalghat in Chattogram.®

At dusk, the police force led by Captain Cameron surrounded the house. Cameron opened fire
with machine guns. Other side also fired back with revolvers. Cameron was shot dead.” Nirmal
Sen also died. Very soon Apurba Sen died, who was familiar with the name Bhola. Only Surya

Sen and Pritilata could escape safely.®

Albeit, with a great deal of reluctance, Pritilata went back home to avoid arrest. However, the
encounter was not only the first instance of such close encounter with death for her but she had
lost two of her Comrades i.e. Ramkrishna Biswas and Nirmal Sen who had inspired her most

and who actually meant ‘revolution’ for her.

But very soon Pritilata was called back to ‘Kuntala’, the new secret shelter of the
revolutionaries because home was not safe for her and this time Pritilata had to leave home

silently without seeking any permission from her parents.

In 1932, a new plan was hatched to attack the European Institute also known as the European
Club at Pahartali. The club with the sign post outside reading “Indians and Dogs are not
allowed”, was a major source of insult for the local people of Chattogram. Nirmal Sen had
planned a strategy but before taking the action he died in Dhalghat ambush. Now Pritilata was
entrusted with the charge of leading the expedition. Masterda Surya Sen now had accepted the
idea of incorporating women in such action plans. From Pritilata’s biographical account it
appears that she took Surya Sen’s permission to court death even if she had a chance to escape

after a successful operation.
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On 24" September, Pritilata had dressed like a man stepped out of their shelter along with seven
comrades. Pahartali Club was then as usual immersed in its weekend ‘fun fair’. Drunken crowd
dancing then, the attack was launched in the hall. The revolutionaries after exploding a bomb
guarded three entrances and started firing. Some one managed to turn off the lights. Casualties
were high but the official figures published that as the lights came back only one Anglo-Indian
woman was found dead and seven other injured men and women in the room. None of the
revolutionaries could be nabbed only a body was found a woman in man’s attire. She was
identified as Preetilata Wadder. Pritilata went there determined to attain martyrdom and she
became the first Indian martyr of her age. Autopsy report stated that her death was caused by

cyanide poisoning.

Pritilata had committed suicide even when she had a chance to escape.® Pritilata’s last statement
contained along with a description “Long Live Revolution!” Her letter of tender feelings for

her mother written on the previous day sought to console her.°

Simonti Sen has rightly remarked that Pritilata dared to dream an unusual dream and with
immense passion. For all its modular conformity with the accepted ideal of ‘sacrifice’, her very
attempt to find an identity beyond the sanctified domain of sansar and pursue an ideal to its end

made, Pritilata dangerously ruffle the limits.
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B. Bina Das (24 August, 1911-26" December, 1986)

Bina Das, one of the eminent woman revolutionaries, was born on 24" August 1911 at

Krishnanagore. Her father Benimadhab Das who was a veteran headmaster, became a

Brahmo at an early age; and he taught at Ravenshaw
Collegiate School. Subhas Chandra Bose studied
under Benimadhab Das there. Sarala Das was her
mother. She started ‘Punya Ashram’ for poor destitute
women. As a result, Bina’s early education started
with her parents at home.! From the autobiography of
Bina, Srinkhal Jhankar — ‘Rattling Chains’ (by Uttara
Chakraborty) it appeared that Bina had a happy
childhood in a family of brothers and sisters. She

reminisced that she loved to listen Tagore’s poems

recited by her elder sister Kalyani Das and looked back

at herself as a shy and introvert girl. Although, she was

Figure 2: Bina Das

very attached to her mother and she was close to her

father t00.2

From the police reports of the Intelligence Bureau (1.B.), it is found that Bina passed her
Matriculation Examination in 1927 and her Intermediate Examination in 1929 from Bethune

School and college respectively.

Bina Das and her elder sister were gradually involved in political work. There were two sources
of inspiration, one was the non-co-operation movement launched by Mahatma Gandhi in which
one of her elder brothers, Nirmal Chandra suffered imprisonment as he plunged into it. Charkha
and Khadi made permanent entry into her family that time. But gradually she was converted
into a firm believer of armed revolution. Subhas Chandra Bose who was one of the dearest
pupils of her father advised her that the real thing was to develop within oneself as irresistible
desire for the attainment of the final goal. Subhas Chandra had said that it was to be truly meant
that before achieving something she needed to be in madly desirous state to grab that desire.

Even in the case of the freedom movement for our country we needed to be in the same state
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so that unwanted questions regarding violence or say non-violence could not be able to

convulse us anymore.®

Kalyani Das along with Kamala Dasgupta, Surama Mitra had established “Chhatri Sangha”.
Pritilata Waddedar, Bina Das, Kalpana Datta, Kamala Dasgupta, Ila Sen, though from other
political background became active members of Chhatri Sangha. When Bina Das was a student
of Bethune College, she took lead in students’ movements boycotting the Simon Commision,
as well as they also participated in the Civil Disobedience. Bina by this time passed I.A.
Examination in First Division again with scholarship. She got admitted to St. John’s Diocesan
College and passed B.A. Examination with Honours in English. Then she got herself admitted

to the Bachelor Teachers’ Training course in Diocesan College also.

On 6™ February, 1932 Bina Das shot Stanley Jackson, the then Governor of Bengal, on the
occasion of the annual convocation of Calcutta University. Stanley was then addressing the
audience at the Senate Hall. She was immediately arrested and tried in a special tribunal court
and sentenced to nine years of rigorous imprisonment. From Alipore jail she was moved to
Midnapore jail and then to Hijli jail. In 1939, she was released from jail after seven years
through the intervention of Mahatma Gandhi. After release she had joined the Congress and
became the Secretary of South Calcutta Congress committee. In 1942, she was again arrested
as a Satyagrahi participating in the August movement. She was released in 1945. After release,
as a follower of Gandhiji, she had joined the rehabilitation work of the riot-ridden Noakhali

and from there to Sandwip islands.

She wrote her memoirs which she started on 8™ July 1947 and completed her reminiscences on
10th August 1947. It was published in 1948 under the name of Srinkhal Jhankar by Premendra
Mitra. She also wrote regularly for the monthly magazine “Mandira”.*

As a Congress member she was elected for the Assembly once and was also associated with
the Workers’ Union of the Amrita Bazar Patrika.

But she was in dilemma to choose her political programme in independent India because she
had found that the ideals of self-sacrifice had almost been replaced by the politics of power.
Decline of values which were gradually spreading all over, with the rapid spread of corruption,
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and shameless clash of self interest in political as well as public life gradually changed her and
she began to separate herself from politics.

She had married Jyotish Chandra Bhowmick, a fellow freedom fighter, however, considerably
senior to her, and together they had settled down in a small flat at Jodhpur Park. She had
actively supported the helpless refugees from East Pakistan and also stood firm by the side of

the freedom fighters of Bangladesh against Pakistan.

However, the last phase of Bina Das’s life was full of grief for losing her nearest and dearest
ones. After her husband’s demise, she left Calcutta. From burning ghat itself she went away to
Haridwar. From Haridwar she ventured further to Hrishikesh and beyond and finally to
oblivion on 26" December, 1986. Her body was identified almost a month after her death.
Loneliness must have grippled her mind and it was a great miracle that had stopped the onward

journey of a true revolutionary like her calibre.®
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C. Parul Mukherjee (November, 1915 — April, 1990)

Parul Mukherjee was born in the month of November on
1915. Her father was Guru Prasanna Mukherjee and
mother was Manorama Debi. Her elder brother was

Amulya Mukherjee who was a prominent revolutionary
of Anushilan Samiti. Her younger sister was Usha
Mukherjee. They were brought up in the district Comilla.
Both sisters, Parul and Usha joined the Anushilan Samiti
in their early age. As she disliked reading in government
school run by the British Government, she did not at all
join any school. At the age of fourteen Parul organised a
female volunteer group. Usha also joined in that

volunteer group. Parul was famous as “Major Didi” and

Figure 3: Parul Mukherjee

Usha also was very brave and desparate. She attracted

people with her smiling face.

In the year 1934, Usha was arrested and detained in the Hijli jail. In the year 1937, she was
released. In 1932, Parul was interned in her own house. But she absconded when police issued
warrant against her for her connection with Inter provincial conspiracy case. Parul played an
active role in the revolutionary activities of Anushilan Samiti.! It was found that Parul
Mukherjee with Prafulla Sen and others were moving in Tippera, Faridpur and Barishal under
different names: 2

On 20" January 1935, from a house at Goalapara in Tittagarh, the police arrested Parul with
other revolutionaries, Sri Purnananda Dasgupta and Shyam Binode Pal Chowdhury. To prepare
bombs and explosives in large quantities, Parul came to Tittagarh. But before arrest Parul could
destroy papers by burning them. At the time of her arrest, she told her name as ‘Surama Debi’.

But the things found from the house were:

a) A large quantity of chemicals used for the prepration of explosives.

b) Diagram of bombs.

c) Typed sheets of paper containing instructions for the preparation of explosives.

d) Some loose sheets of papers containing names and addresses as also some burnt

papers.

99



Eﬁhﬁﬂ .
<35

T i
BODHI VOL 4 PP.81-115, 2021 - "En i

e) Cryptic letters.
f) Cryptic writings.
9  Materials for disguise etc.®

It was also found that Parul was also known by Nihar, Santi, Arati, Sovarani Basu, Rani, Khuki
and Surama Debi.* Following the arrest the police started Tittagarh conspiracy case and on the
27" April, 1937, Parul Mukherjee was sentenced to three years of rigorous imprisonment.®

She was released from jail in 1939 with other female revolutionaries after the intervention of
Mahatma Gandhi.® After release, she passed the Matriculation examination and remained
unmarried and however retired from public life. She became a teacher of the Bagha Jatin
Primary School. She died on 20.04.1990 in her home in Baghajatin.” Her sister Usha left her
on 13" June, 1982.2
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D. Shanti Ghosh (Das) (22" Nov. 1916 — 27" March 1989)

Shanti Ghosh was born on 22" November, 1916 in Kolkata. Her father, Debendranath Ghosh,
was a professor of Philosophy in Comilla College and her mother was Salilabala Ghosh who
was Swami Vivekananda’s niece. Her father was a nationalist and political worker. Shanti got

her inspiration to dedicate her to the freedom of her country from her father.

She was exquisitely beautiful and a singer with a golden
voice? Once Santi sang the song “Bharat amar Bharat
amar jekhane manab melilo netro” in the reception
meeting in the honour of Sarojini Naidu in Comilla in
1926. Her father was also present in that meeting.? After
returning home, her father blessed her by saying “Try to
be like this great lady in future”. In Shanti’s autograph
khata Bimal Prativa Debi, a well-known revolutionary
also wrote “Be like the Santi of Bankim’s Anandamath”

and Subhas Chandra even mentioned “To preserve the

honour of womanhood, take up arms yourselves, ye
mothers”. Figure 4: Shanti Ghosh (Das)
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Subhas Chandra wrote in Shanti’s autograph Khata “Aponer man rakhite Janani apni kripan
dharo”. All these blessings gave added inspiration to the young girl who was preparing herself

to dedicate her to the call at the altar of her motherland:

Both Shanti and Suniti were students of Faizunnesha Girl’s School in Comilla. Their classmate
was Prafull Nalini Brahma who was a member of the Jugantar Party. Through her influence,
Shanti and Suniti came in contact with the Jugantar Party. They undertook various kinds of

training which were necessary for revolutionary work in the hills of Comilla.

In 1928, the movement against Simon Commission had spread all over India and it had affected
Comilla also. In 1930, Civil Disobedience movement was started. Shanti also engaged herself

with the movement, unhesitatingly.

On December 1931, Shanti along with Suniti who was her classmate went to the bunglow of
Mr. C.G.B. Stevens, the district Magistrate of Comilla. They seek Magistrate’s permission to
organise a swimming competition in Comilla and requested him to be the patron. When the
Magistrate came out with the application referred to the Headmistress and was returning the
application to Shanti, Suniti shot him. This heroic action of the two young girls thrilled the
country. Both Shanti and Suniti went behind the prison bars with a sentence of life
transportation for being so young teenagers. They became the first Indian women successful in

revolutionary action.

In prison Shanti was separated from her mate Suniti. She was kept in solitary confinement. As
she was a girl of sixteen, it was too much for her. But very soon she got complete mastery over
the situation. During her prison days she was kept with other political prisoners but Shanti with

her songs, sympathy and affection was a source of great joy to them.?

In 1939, Shanti got an early release along with many other political prisoners and after the
release she continued her studies, passed matriculation and LLA. In 1942, she married
Chittaranjan Das, an ex-revolutionary. She continued her political career as a member of
Congress. She was a member of the West Bengal Legislative Council from 1962 to 1967 and
of the State Legislative Assembly 1952-62 and 1967-68.1 She was also connected with various
social educational institutions. She was the mother of two children. She wrote her
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autobiography named “Arun bahni” which got appreciation from many.? In 1989, 27" March

this revolutionary passed away.*
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E. Sunity Choudhury (22" May, 1917 — 12*" January, 1988)

Sunity was born on 22" May, 1917 in Comilla. Her father was Umacharan Choudhuri and
mother was Surasundari. Umacharan was a peskar or clerk of the Comilla collectorate. Her
elder brothers were political workers. During the early days of her life, she saw the boycotting
of foreign goods, taking part in Civil Disobedience Movement which was happening regularly;
and even children knew if they purchased glass bangles or other fancy items, the people of the

country would become poorer.t

Consequently, Sunity got her political inspiration not
only from her personal surroundings but from social
periphery also. At that time, people of Comilla were
protesting against Simon Commission. They were
also angry for the torture of police on revolutionary
Ullashkar Datta.

In this political situation, Sunity was then a student

of Faizunnwesha Girl’s School, Comilla. Her

classmates were Prafulla Nalini Brahma who was an

active member of Jugantar Party and Santi Ghose.

Figure 5: Sunity Choudhury

Prafulla Nalini was able to induct Shanti Ghose into the revoulutionary activities of the
Jugantar Party; and Prafulla Nalini’s active efforts swayed Suniti to become the member of
Jugantar and very soon she was an active member. In the first half of 1931, a student convention
was held at Comilla and in Comilla a student organisation for girls named “Chhatri Sangha”

was built up by the trio Prafulla, Shanti and Sunity.?
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Prafulla Nalini was the president, Shanti was the secretary and Suniti the captain of girls of
‘Sangha’ who used to take part in drills and in parades. Other than parade, girls were taught
‘lathi’ and dagger fight. On the outskirts of Comilla, the shooting practice took place at
Maynamati Kotbari Hillock and ultimately on the 14" December, Suniti along with her
classmate Shanti shot C.G.B. Stevens, the District Magistrate of Comilla.® Suniti was known

as Mira Devi and Shanti as lla Sen by then.*

Precisely, the revolvers were snatched out of their hands and both were arrested by a chaprasi.
Charge sheet under section 302, 302/324, 307, 302/109 I.P.C. and under 19 (f) of the Indian
Arms Act was submitted against both Sunity Chaudhuri and Shanti Ghose. The case was tried
by a special tribunal and both the accused were sentenced to transportation for life on 27"
January in 1932.°

In the case, 41 other persons were arrested of whom Binay Kumar Datta, son of Late Bipin
Bihari of Sultanpur, Brahmanbaria, Tippera, Prafulla Nalini Brahma alias Nani alias Tuni,
daughter of Rajani of Bagichagaon, Comilla town, Akhil Ch. Nandi, son of Prakash of Sarail
Tippera.

The convicted accused were members of the Anushilan Party, Comilla but this outrage was
organised by the Jugantar Party of Chittagong. Both Sunity and Shanti were sentenced to life

transportation because they were too young.®

They were taken to Presidency jail. From Presidency Jail they were taken to Midnapore Jail.
In Midnapore Jail Suniti was separated from her mate Shanti. Sunity was placed as class Il
prisoner but Shanti was placed in class 1. In Midnapore, Shanti and Sunity met Bina Das, an
accused for an attempt to kill Governor, Stanley Jackson. The trio Shanti, Sunity and Bina kept
their ward filled with songs and recitation. But very soon Shanti was transferred to Dacca Jail.

When Sunity was placed in Division Il from Division Il prisoner the situation was worse to
follow. Grade Il prisoners were the women who had been jailed for crimes. So, the facilities
provided in Division 111 were diplorable. She would have to wear thick coarse saris and instead
of blouse she was given loose kurtas of the same material as saris. She had to eat coarse rice
full of stones served with yellow liquid could be called dal and vegetables which were either

half cooked or overcooked. British government tried to break not only the physical but the
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mental strength also of this girl of tender age. But Sunity was not a girl of soft minded. She

was strong enough to overcome the situation.

Jailor’s behaviour in Midnapore was intolerable. Shanti had also returned to Midnapore by
then. Bina, Shanti and Sunity decided not to take food and to go to indefinite fast until the jailor
was removed, Other prisoners, non-political also decided to support them. The hunger strike
was going on upto seven days. They were admitted to hospital. As a result after seven days,
they were informed that their demand had been accepted and the jailor was going to be

removed.

But the ultimate result was the trio — Bina, Shanti, Sunity were separated from each other.

Sunity was sent to RajShahi and Bina and Shanti were in Hijli.”

In February 1938, Gandhi met the political prisoners and after Gandhiji’s intervention on
28.4.39.8 Shanti and Sunity were released from Presidency Jail after seven and above years in

jail.

After release Sunity started her education again and passed Matriculation and 1.S.C. and later
on she passed M.B. with much more struggle against poverty.

In 1947, Sunity married Shri Pradyot Ghose, the veteran leader of wokers of South 24
paraganas. She spent her life as a doctor and served the poor and destitute. On 12 January

1988, she passed away.®
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Conclusion:

It is found that revolutionary organisations sprang up in the 1930s and became active
particularly in Bengal, Dacca, Comilla and Chittagong. Sarala Devi Chaudhurani opened
branches for Arya Samaj. The Chhatri Sangha started in Kolkata in 1928. Those who joined
the freedom struggle wanted to see the end of foreign rule from the motherland. Young girls
were highly impulsive; and contact with the revolutionaries and literature fired up their

imagination.t

In this paper the bio — bibliopgraphies of only five Bengalee women freedom fighters who
joined the revolutionary movement for the emancipation of their motherland have been

discussed though there are many others.

As the women participated in the movement of India’s liberation, they fought to free their
motherland from foreign rule side by side the women also helped their own struggle for
liberation. In India, feminism and nationalism were active because both were interlinked.
Women were given eqal opportunities for their participation in the struggle for country’s

freedom like their male counter part.2

The aim of this paper is to help those people who are interested to know the resources available
on the women freedom fighters. The bio - bibliography would be of much use to the researchers
on freedom movement of India. This paper gives directions to the researchers as well as the
users interested on freedom movement about the resources i.e. books, autobiographies, as well

as files available about these few women freedom fighters in libraries and police archives.
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This article aims to systematically analyze India’s regional foreign policy vis-a-vis three of its
principal subcontinental neighbours, i.e. Napal, Sri Lanka and Bangladesh during the cold war
period. Before attempting that, it would be useful to start with a brief characterization of the
South Asian Regional Subsystem in general. A preliminary survey of the defining structural
features of the ‘region’ would facilitate a better understanding of India’s regional foreign policy

priorities.

Geographically, India is located at the centre of the South Asian subsystem. With the sole
exception of Maldives, all the other five South Asian States (Pakistan, Sri Lanka, Bangladesh,
Nepal, Bhutan) share common borders with India. (With Sri Lanka India has maritime border)
while, none of them have any common border with each other. Apart from this geographical
centrality, a wide structural divergence, reflected in the overwhelming superiority of India vis-
a-vis the other states of the region in terms of its enormous size, population, vast natural
resources, and material capabilities contributed towards the evolution of South Asian region as

a predominantly Indo-centric system.

This huge structural imbalance tilted towards India, produced systemic constraints that led a
wide divergence of security threat perceptions between India and its small neighbours and
negated the development of a common regional strategic orientation which would have been

instrumental to the formation of a co-operative security structure in South Asia.

On the contrary, this unique structural attribute of the South Asian Regional Sub-system

invokes contradictory policy responses on the part of India and the small neighbours
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respectively. While it stimulates a process of securitization of India by its small neighbours,
the very logic of the structure provides India an opportunity to consolidate and sustain its

dominance over the former.

Having delineated the broad outlines of the South Asian Regional Sub-system, we now move
on to unit-level analysis i.e. India’s regional foreign policy. During the cold war period, the
main tenets of India’s regional foreign policy vis-a-vis the small neighbours have been
significantly shaped by the following policy objectives: (1) Security (2) System Autonomy (3)

Bi-lateralism.
1. Security:

Security has always been one of the fundamental determining factors of India’s regional foreign
policy. Absence of any major external security threats stemming from its neighbourhood was
one of the basic pre-conditions for the success of India’s nascent nation building exercise and
politico-economic development project in the immediate post-independence era. And given the
fact that India had confronted long term security threats from Pakistan and China soon after
independence, the issue of security acquired even more cogency in its regional policy
framework vis-a-vis the small neighbours. Moreover, in the context of India’s bewildering
ethno-religious heterogeneity and the overlapping ethno-religious, linguistic affiliations across
national boundaries, connecting India with the entire South Asian region, the occurrence of
inter-state conflict along these markers of identity, always remained a possibility. Therefore,
while conceptualizing the broad parameters of India’s regional foreign policy vis-a-vis the

small neighbours, New Delhi had to give primacy to the pressing question of security.
2. System Autonomy:

Given the Indo-centric nature of the South Asian regional subsystem and deep ethno-linguistic,
cultural commonalities between India and the small neighbours, a complex pattern of security
interdependence emerged whereby the security of each state became integrally related with that
of the others with India standing as a pivot. Since Independence, India had consciously
attempted to autonomize the dynamics of this complex regional security interdependence from
any form of extra-regional interventions as non-involvement of extra-regional players in the

security affairs of the region would potentially facilitate India to effectively utilize its structural
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preponderance to address the dynamics of regional security on its own terms. In addition to
that, the inherent insecurity and anxiety, inescapably associated with the making of post-
colonial statehood, had made India extremely sensitive and jittery about any form of

interference by external players in its immediate neighbourhood.
3. Bi-lateralism:

India has always prioritized conducting relations with its small neighbours on a bi-lateral basis,
consciously avoiding multi-lateral platforms or frameworks. From India’s perspective a
regional policy posture premised on bi-lateralism, is conducive for the enforcement of the
structural asymmetry in its relations with the small neighbours. It enables New Delhi to dictate
the terms of the relations to a significant extent. Furthermore, the B i-lateral mode of
engagement, in practice, tends to consolidate the regional status-quo predicated on India’s

overwhelming dominance over the small neighbours.

All these primary goals of India’s regional foreign policy mentioned above are essentially
complimentary and in totality these goals served as a guiding framework to the conduct of
India’s neighbourhood policy vis-a-vis the small neighbours during the cold war period.

The following section will investigate the broad patterns of India’s regional foreign policy vis-
a-vis Nepal, Sri Lanka and Bangladesh with reference to the objectives during the cold war

period. Bangladesh
Nepal:

With the departure of the British and the partition of India, the strategic unity of the
subcontinent came to an end and so was the common perception of an external threat, as
articulated and operationalized by the British through the instrument of extended defence.
However, since independence, the Indian government, as the principal inheritor of the colonial
state super-structure, enumerated the British practice and did try to build a security community
comprising the Himalayan neighbours, by formulating the Southern Himalayan policy
network, bringing the Himalayan Kingdoms of Nepal, Bhutan and Sikkim under its security
umbrella. This policy led to the absorption of Sikkim in the Indian union in 1975, and the
stabilization of Bhutan to the virtual status of a protectorate with a foreign policy profile which
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was formally independent but which followed the Indian line on major sub-continental security

related issues.®

India shares a deep historical bondage with Nepal, buttressed by geographic contiguity (an
open border facilitating unhindered movements of people), multi-layered socio-economic and
cultural affinities that span across centuries. With regard to the question of statecraft and
foreign policy, the Indian government, soon after independence, started to state publicly and in
categorical terms its deep interest in Nepalese affairs when it became evident that a communist
victory in China was imminent. In early 1950, as soon as the newly established Chinese
communist leadership announced its intention to liberate Tibet, Indian government started bi-
lateral discussions with Nepal relating to common defence. In a strongly worded statement in
Parliament on 17" March, 1950, Nehru referred to the identical interests of the two countries
and declared, “It is not necessary for us to have a military alliance with Nepal. ... [but] the fact
remains that we cannot tolerate any foreign invasion from any foreign country in any part of
the sub-continent. Any possible invasion of Nepal would inevitably involve the safety of

India”.’

The security interdependence of the two countries was reaffirmed and institutionalized through
the Treaty of Peace and Friendship signed in Kathmandu on 31% July 1950.8 Article two of the
treaty stipulated that the two governments would inform each other of any serious friction or
misunderstanding with any neighbouring State likely to affect friendly relations prevailing
between the two governments.® Article five further specified that the government of Nepal
“shall be free to import, from or through the territory of India, arms, ammunition or warlike
material and equipment necessary for the security of Nepal.” %In the ‘secret’ letters of
exchange which accompanied the treaty, it was stipulated that neither government shall tolerate
any threat to the security of the other by a foreign aggressor. To deal with such a threat the two

6 See Shelton U. Kodikara, “Introduction”, in Shelton U. Kodikara (ed.), South Asian Strategic Issues, Sri
Lankan Strategic Perspectives, Sage Publications, New Delhi, 1990. pp.24-25

" Cited in Lorne J. Kavic, INDIA’S QUEST FOR SECURITY: Defence Policies, 1947-1965, University of
California Press, Berkeley and Los Angeles, 1967, p.55

8 Full text of the treaty is available at https://www.mea.gov.in/bilateral-

documents.htm?dtl/6295/Treaty of Peace and_Friendship

% Ibid.

10 Ibid.
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governments shall consult with each other and devise effective countermeasures.' India’s
primacy in Nepal’s defence sector was further buttressed through the conclusion of a ‘secret’
arms assistance agreement in January 1965 whereby is was stipulated that all the arms
requirements of the entire Nepalese Army would be met by India with Britain and U.S. allowed
to step in only if India was unable to meet Nepal’s needs.'? The Indian government also tried
to lock Nepal in a dense web of economic (inter)dependence by signing the treaty of trade and
transit in September 1960. 13 The trade and transit treaty virtually endorsed Nepal’s excessive
economic dependence on India and acted as a diplomatic instrument to prevent any potential
deviation in Nepal’s foreign and security policy, detrimental to India’s security. In fact, the
geo-political importance of Nepal as a ‘Himalayan Buffer’ in India’s regional policy was
clearly reflected in Nehru’s statement in parliament in December 6, 1950, “From time
immemorial, the Himalayas here provided us with a magnificent frontier. Of course, they are
no longer as impossible as they used to be but are still fairly effective. We cannot allow that
barrier to be penetrated because it is also the principal barrier to India. Therefore, as much we
appreciate the independence of Nepal, we cannot allow anything to go wrong in Nepal or permit

that barrier to be crossed on weakened because that would also be a risk to our security”. 4

Though India tried to regulate the broad contours of Nepal’s external profile after
independence, subsequently, with the passage of time and specially after the ascendancy of
King Mahendra to the throne in 1955, Nepal started to demonstrate more diplomatic
assertiveness, a process which was accentuated in the 1960°s by the King’s decision to forge
closer ties with China, based on diplomatic relations at ambassadorial level that the two
countries had established in 1958.

Nepal’s further assertion of an independent identity and autonomy in foreign policy was
manifested in King Birendra’s proposal to establish a zone of peace in the Himalayas, centering
on Nepal in February, 1975. The promotion of the proposal coincided with the merger of

Sikkim with India in 1975, reigniting Nepal’s concern regarding New Delhi’s ‘hegemonic’

11 Arijit Majumder, Indian Foreign Policy in Transition: Relations with South Asia, Routledge, New York,
2015, Appendix E, p.196

12 1bid., pp.198-199

13 Full Text of the Treaty is available at https://www.mea.gov.in/bilateral-

documents.htm?dtl/6379/Treaty of Trade and Transit

14 Jawaharlal Nehru, India’s Foreign Policy: Selected Speeches, September 1946-April 1961, The Publications
Division, Ministry of Information and Broadcasting, Government of India, August 1961, p.436
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designs, on the Himalayas. At the same time, the peace zone concept was related to the

increasingly felt urgency in Nepal to have the 1950 treaty with India revised.'®

Significantly, China, as well as the United States and Britain strongly endorsed Nepal’s peace
zone proposal. India, however, expectedly remained strictly non-committal, as endorsement of
the concept would have weakened New Delhi’s hold on Kathmandu’s foreign and security
policy as institutionalized by the peace and friendship treaty. Nepal was already exhibiting
greater urge for diversification and an increasing anti-Indian orientation in its foreign policy

which was exemplified by the burgeoning relations with Beijing.

India’s sensitivity with regard to the apparent anti-Indian shift in Nepal’s foreign policy and
the ‘perceived’ adverse impact of such shift on India’s security and its predominant position in
the subcontinent was clearly reflected in New Delhi’s decision in March 1989 to cut off all but
13 of the 15 transit routes to Nepal, causing in the process, severe economic hardships to the
Himalayan State.’® The tough measures of the Indian state against Nepal was apparently
provoked by Nepal’s decision in 1988 to purchase anti-aircraft guns from China, in violation
of the spirit of the Indo-Nepal Friendship Treaty of 1950, mentioned earlier. From New Delhi’s
perspective, the Chinese arms sale to Nepal was indicative of a possible transformation of the
military status-quo in the Himalayas and a precursor to a substantive military relationship
between Beijing and Kathmandu whose implication would have been detrimental for Indian
security.!” Perhaps, even more worrying than the arms purchase was the conclusion of a secret
agreement, also in 1988, between Beijing and Kathmandu, relating to the exchange of

intelligence.'®

But, whatever might have been the objective rationale of India’s decision to cut off the transit
routes to Nepal, it clearly demonstrated New Delhi’s ability to fully exploit the strategic
dividends of bi-lateralism — in this case locking Nepal in a parasitic relationship within the
asymmetric structural framework of South Asia and exploiting its landlocked status as a

bargaining strategy.

15 See Shelton U. Kodikara, op.cit. No.1., p.26

16 John W. Garver, China-India Rivalry in Nepal: The Clash over Chinese Arms Sales, Asian Survey, Vol. 31,
No. 10 (Oct., 1991),p.959

7 Ibid, pp962-63

18 1bid,p.963
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Sri Lanka:

Sri Lanka occupies an important place in India’s geo-strategic thinking. The island country,
lying in close proximity to India, is located at an important strategic position in the Indian
Ocean and possesses in Trincomalee, one of the finest natural harbours of the world. India
traditionally regarded Sri Lanka as an integral part of its defense perimeter in the Indian Ocean
region and always kept a close eye on the Island country’s foreign policy postures and strategic
alignments. Since independence India’s politicians and strategists had repeatedly emphasized
on the theme of strategic unity of India and Sri Lanka and some among them had even been
advocating a closer union between the two countries for strategic reasons. **Apart from this
strategic consideration, India’s relations with Sri Lanka has also been influenced by two major
issues: The status of Tamil settlers in Sri Lanka and the location of the maritime boundary
between the two states. On the maritime boundary dispute, India accommodated Sri Lankan
demands in the treaty of 1974. In contrast the Tamil question remained a serious problem
despite bi-lateral agreements signed in 1964, 1987 and 1989.%°

The history of conflict between the minority Tamil and majority Sinhala population in Sri
Lanka dated back to the time of Sri Lanka’s independence. However, the conflict, escalated
into a full-scale civil war, led by Tamil Secessionist groups, notably the LTTE against the Sri

Lankan government following the anti-Tamil riots in July 1983.

India’s interest in the ethnic crisis in Sri Lanka was primarily centered around two issues. First,
the huge influx of the ethnic Tamils following the outbreak of the crisis in Sri Lanka in 1983,
compounded India’s already aggravated refugee scenario in other parts of the country as in
Assam and heightened India’s stake in Sri Lanka’s ethnic crisis. From July 1983 to the end of

1985, the number of Tamil refugees in India swelled to 1, 50,000.%

Secondly, the atrocities, committed against the Tamils in Sri Lanka, led to statewide protests
and demonstrations in Tamil Nadu, the Tamil dominated southern Indian state, where

government and opposition parties alike pressurized the Indian government to intervene in the

19 See, Kodikara, op.cit., no.1. p.13

20 See, Shrikant Paranjpe and Raju G. C. Thomas, India and South Asia : Resolving the problems of Regional
Dominance and Diversions, in David J. Myers (ed.), Regional Hegemons : Threat Perception and Strategic
Response, Westview Press, Boulder, 1994.p.180

21 See, Kodikara, op.cit., no.1. p.18
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resolution of the ethnic conflict in Sri Lanka. The major political parties in Tamil Nadu had
traditionally supported Tamil cause in Sri Lanka, some even endorsing the extremist demand
for the establishment of a separate Tamil state in the Tamil dominated northern and eastern
part of the country — a demand vigorously articulated by various Tamil separatist groups like
the LTTE.?

Apart from such pressing domestic considerations, Colombo’s handling of the ethnic crisis had
further complicated the situation for India. New Delhi was firmly opposed to Colombo’s
solicitation of extra-regional help, particularly military intelligence, from countries like the
United States, Great Britain, Israel and also notably from Pakistan to address the ethnic
problem. Prime minister Indira Gandhi’s statement in the Lok Sabha on August 5th 1983, was
reflective of India’s disapproval and growing concern vis-a-vis such a move: “We want the
unity and national integrity of Sri Lanka to be preserved. [...] developments in Sri Lanka affect
us also. In this matter India cannot be regarded as just any country. [...] Any extraneous
involvement will complicate matters for both our countries. We live in a region where many
forces are at work. not all of whom wish India or our neighbours well. Forces of destabilisation
are at work. Hence, we must make every effort to minimise any opportunity for foreign
elements to weaken us.?® In fact, India’s initial response to extra-regional involvement in the
Sri Lankan ethnic affairs was symptomatic of a generic orientation of India’s regional policy
framework pertaining to South Asia and in the academic literature on Indian Foreign Policy ,it
came to be identified as the ‘India Doctrine’ .The moot point of the doctrine is that India will
not approve of any external intervention in a conflict situation in a South Asian country if such
an intervention has anti-Indian implication. If the situation genuinely warrants any external
help, then, India, as the principal regional actor, needs to be given primacy in such a conflict
resolution exercise.?* Initially , with regard to the ethnic conflict in Sri Lanka, the Indian

government adopted a two-pronged strategy- overtly playing a mediatory role between the Sri

22 | bid.

2 Lok Sabha Debates, August 5, 1983, Seventh Series,Vol. XXXIX No. 10., LOK SABHA SECRETARIAT,
New Delhi available at

http://eparlib.nic.in/bitstream/123456789/1358/1/Isd 07 12 05 08 1983.pdf#search=null%20[1980%20T0%2
01989]%201983

24 See, Bhabani Sen Gupta, Carnage in Sri Lanka spawns Indian doctrine of regional security, India
Today,August 31, 1983, Available at https://www.indiatoday.in/magazine/cover-story/story/19830831-carnage-
in-sri-lanka-spawns-indian-doctrine-of-regional-security-770977-2013-07-20 , See also Devin T. Hagerty,
India’s Regional Security Doctrine, Asian Survey, Vol.31, No.4 (April., 1991), pp.351-363
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Lankan government and the secessionist Tamil groups to enforce a peaceful solution of the
ethnic issue and covertly supporting these very Tamil groups, notably the LTTE as a
bargaining strategy to pressurize the Sri Lankan government led by President Jayawardene.?

On the diplomatic front, Prime Minister Indira Gandhi sent her foreign minister P.V. Narasima
Rao and subsequently a special envoy to conduct negotiations with the Sri Lankan government

regarding the ethnic issue.?

The Colombo talks in 1984 and the Thimpu talks in 1985, aimed to bring reconciliation
between the militant Tamil groups and the Sri Lankan government, failed to produce any
satisfactory solution. The parallel Indo-Sri Lankan dialogue also failed. By 1986 -87, the crisis
culminated into an all-out civil war between the Tamil militants occupying the northern and
eastern peninsula and Sri Lankan army orchestrating a massive military offensive (Operation

Liberation) to recapture Jaffna.

The Indian government continued to assert and reiterate its commitment to the unity and
territorial integrity of Sri Lanka. However, New Delhi’s decision to para drop relief supplies
(in June 1987) to the Tamil civilians in the violence ridden Sri Lankan province of Jaffna, in
violation of Sri Lanka’s sovereignty over its airspace, raised considerable tension in Indo-Sri
Lankan relations. Actually, the incident, as it turned out to be, was a prelude to the Indian
government’s eventual military intervention in Sri Lanka. The diplomatic arrangements,
necessary to sanctify the military intervention, were concluded with Sri Lanka on 29" July,
1987, in the form of “Indo—Sri Lankan Agreement to Establish peace and Normalcy in Sri
Lanka”?” The agreement aimed to balance the Tamil demands for autonomy with the Sri
Lankan government’s objective to maintain the territorial integrity and national unity of the
island country. It provided for the establishment of provincial councils for the eastern and

northern regions of country. Most importantly, the agreement sanctioned the deployment of

% For an authoritative account of New Delhi’s policy objectives vis-a-vis the ethnic crisis in Sri Lanka in the
1980s see J.N.Dixit, Sri Lanka, in J.N. Dixit(ed) External Affairs: Cross-Border Relations,Roli Books,New
Delhi,2003,pp.47-96

% See, Kodikara, op.cit., no.1. p.18

27 Full Text of the Treaty is available at International Legal Materials, Vol. 26, No. 5 (SEPTEMBER 1987), pp.
1175-1185
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Indian peace keeping force (I.P.K.F), an euphemism for military intervention, to disarm the

Tamil rebels and ensure safe conduct of elections in the newly created provinces.?

In the letters of exchange, accompanying the agreement, it was stipulated that Sri Lankan and
Indian government reaffirms that their respective territories will not be utilized for activities
prejudicial to each other’s unity, territorial integrity and security. It was further asserted that
an early understanding would follow about the relevance and employment of foreign military
and intelligence personnel , so that Indo-Sri Lanka relations will not be prejudiced.?® This
provision effectively implied that Pakistani, British and Israeli military and intelligence
assistance would cease to be used by Colombo.3® Therefore the primacy of India as the
predominant regional player in Sri Lanka’s conflict resolution exercise, insulated from any
regional/extra-regional intervention or involvement, was adequately guaranteed by the terms

of the letters of exchange.

The Indian military intervention in Sri Lanka ended in a fiasco. The I.P.K.F. forces got
unnecessarily bogged down into a protracted guerilla conflict with the L.T.T.E., the leading
Tamil separatist group, which refused to surrender arms under the agreement. India’s military
presence in Sri Lanka on the other hand, provoked extreme reactions from the Sinhala dominant
Southern part of the country, culminating in a revolt by the Sinhala nationalist group JVP
against the government. Between, July 1987 and September 1989, more than 5000 insurgents,
soldiers and civilians died, including more than 1000 members of the I.P.K.F. In September
1989, ultimately bowing to intense pressures from all sides, the Indian government decided to
pull out its troops from Sri Lanka®! leaving behind a legacy of hatred and animosity which
made the task of peaceful solution of the ethnic problem all the more difficult for the Sri Lankan
government. The Indian military intervention in Sri Lanka epitomized the strategic response of

a dominant regional power to the broader structural demands of the regional subsystem.

28 See, Paranjpe and Thomas, op.cit., no.15., p.181.

29 Full Text of the Exchange of Letters is available in Arijit Majumder, op.cit.,No.6., Appendix D, pp.192-193
%0 See, Bertam EST Bastiam Pillai, “Ethnic Conflicts in South Asia and Interstate Relations especially in
Relations to Sri Lanka”, in Shelton, U. Kodikara (ed.), South Asian Strategic Issues, Sri Lankan Perspectives,
Sage, New Delhi, 1990, p.106.

31 See, Paranjape, Thomas, op.cit., no.15., p.182
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Bangladesh:

New Delhi — Bangladesh relations symbolized a striking illustration of the impact of structural
asymmetry in a dyadic relationship.®? Indian Government took an active Part in the liberation
war that led to the birth of the nation in 1971. During the first few years after its emergence as
an independent state, Bangladesh’s relations with India remained more or less cordial. India’s
vital role as the liberating power and its influence in Bangladeshi politics had been sought to
be consecrated by Mrs. Gandhi through the instrument of a friendship treaty, signed in Dhaka
in March 1972. Under the terms of the treaty both parties agreed not to enter into or participate
in military alliances directed & against each other. In addition, article 9 of the treaty stipulated
that “[I]n case either party is attacked or threatened with attack, the high contracting parties
shall immediately enter into mutual consultation in order to take appropriate effective measures
to eliminate the threat and thus ensure the peace and security of their countries.” **These
provisions had ensured India’s security guarantees vis-a-vis Bangladesh, although in real terms,
there was no such security threat to India from Bangladesh. But the perception was different in
the case of Bangladesh. Despite India’s active assistance in the liberation movement of
Bangladesh and cordial relations in the immediate post-independence years, there was an
undercurrent of tension in Indo — Bangladesh relations, the reasons of  which could be
attributed to the huge structural asymmetry inherent in the overall regional Subsystem. India’s
omnipotent presence, surrounding Bangladesh from the eastern, western as well as northern
flank, its overwhelming military capability clearly manifested in its military victory in the 1971
war against Pakistan, tended to generate a sense of paranoia among a certain section of the
Bangladeshi national elites. They apprehended that India would utilize its proactive role in the
liberation of Bangladesh as a strategic instrument to further its hegemonic designs in
Bangladesh. The modalities of surrender of the defeated Pakistani army before the Indian army
instead of Joint Indo—Bangladesh forces made such apprehensions even more credible before
the general audience.®* The assassination of Mujibur Rahman and the subsequent enforcement

of martial law in Bangladesh in 1975, caused palpable unease in the Indian government. India’s

32 Cited in Rajesh M.Basrur, India’s External Relations: A Theoretical Analysis, Commonwealth Publications,
New Delhi,2000,p.92

33 Full text of the Treaty is available at https://www.mea.gov.in/bilateral-

documents.htm?dtl/5621/Treaty of Peace and_Friendship

3 Nalini Kant Jha, “India and Bangladesh: The Track Back to Normalcy”, in Nalini Kant Jha (ed), India’s
Foreign Policy in a Changing World, South Asian Publishers, New Delhi, 2000, p. 177
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reaction to the developments of Bangladesh was two-fold. On the one hand, it officially
maintained that the coup in Bangladesh was an “internal matter”. On the other hand, New Delhi
made it clear that this was, none the less a matter of grave concern and anxiety. India was

particularly worried about the potential ascendency of Islamic extremism in Bangladesh.®

The Islamization programme, eventually undertaken by the Zia Ur Rahman administration in
the post-1975 period, generated a feeling of insecurity among the Hindu minorities of
Bangladesh. The widespread ramification of the Islamization drive was also reverberated in
India, in the form of renewed migration of a large number of Hindus from Bangladesh in the
post-Mujib period. What, however, was even more problematic for New Delhi was the impact
of the military coup on the evolving strategic re- alignments in the subcontinent. The United
States, China and Pakistan endorsed the military coup in Bangladesh and accorded it tacit
legitimacy with assurance of political and financial support which motivated the new regime
in Dacca to nonchalantly assert that Bangladesh’s survival depended on its ability to defend it

from the combined threat from Soviet Union and India.2®

Pakistan’s increasing bonhomie with the military regime of Bangladesh also caused anxiety in
India. In October 1975, Pakistan and Bangladesh agreed to establish diplomatic relations.®’
Islamabad also actively called upon other Muslim countries to grant recognition to the new
regime.®® Close Bangladesh-Pakistan relations significantly curtailed India’s diplomatic
influence vis-a-vis Bangladesh, as it radically transformed the political equations upon which
the India-Bangladesh relations was founded. Beijing also established diplomatic relations with
Bangladesh in 1975% and quite significantly a robust defence cooperation between the two was
initiated immediately thereafter.*® For Bangladesh, warming up of ties with China helped it
neutralize to an extent the enormous power differential that existed vis-a-vis India and assuage

its sense of insecurity emanating from such asymmetry.*!

% B.Z. Khasru, 1975 Bangladesh Coup: What India knew, Indian Defence Review,01 May,2016, available at
http://www.indiandefencereview.com/1975-bangladesh-coup-what-india-knew/0/

3 See Nalini Kant Jha, op.cit.N0.29,p.181

37 Farzana Shakoor, Pakistan-Bangladesh Relations-A Survey, Pakistan Horizon, Vol.42,No.2, April 1989,p.119
38, See Nalini Kant Jha, op.cit.N0.29,p.181

39 C.M.Shafi Sami, Bangladesh: A Partner for Peace and Prosperity in S.D.Muni and Tan tai Yong(eds) A
Resurgent China: South Asian Perspectives, Routledge, New Delhi 2012,p.24

40 1bid.,p29

41 Iftekhar Ahmed Chowdhury, Bangladesh: Opportunities and Challenges, in S.D.Muni and Tan tai Yong(eds)
A Resurgent China: South Asian Perspectives, Routledge, New Delhi 2012,p44
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Throughout the late 1970 s and 80’s Indo—Bangladesh relations remained frosty, due to
continuation of tensions, relating to various issues, such as the sharing of river water,
delimitation of maritime boundary, dispute over New Moore island, illegal immigration and

the refugee problem — some of which directly impinged on Indian security.

For example, the huge influx of immigrants from Bangladesh into the Indian state of Assam in
the 1970’s created enormous demographic pressure and threatened to destabilize fragile
economic base and complicated social fabric of this northeast Indian State, posing a grave
socio-political and economic security problems for India.*’ Between 1971 -81, an estimated
1.8 million Hindus had migrated from Bangladesh to Assam.*® In addition to that, during the
same period of time, the size of the “missing Hindu population” in Bangladesh was 521 persons

per day.*

Apart from the immigration problem, the refugee issue also loomed large in Indo— Bangladesh
relations. The huge influx of Buddhist Chakma tribes from the Chittagong Hill Tract (C.H.T)
region to north eastern Indian states, particularly in Tripura from the late 1970’s following
ruthless suppression of their struggle for autonomy by the military regime of Bangladesh, had
created enormous political, economic and administrative burdens for the Indian state. New
Delhi’s repeated calls to the Bangladesh government to make necessary arrangements for
repatriation of the refugees had not been duly responded. On the contrary, Bangladesh
government had blamed India for abetting the Chakma Shanti Bahini’s struggle for greater

autonomy in C.H.T.

In the realm of ecological interaction between the two countries, India’s preference for
bilateralism as an instrument of foreign policy had been clearly manifested on the issue of joint
sharing of river water, that had been one of the principal areas of friction in Indo-Bangladesh
relations. Since Bangladesh inception, India had always stressed on a bi-lateral solution of the

problem aborting Dhaka’s effort to internationalize the problem by referring it to the United

“2 For an authoritative account of the problem see Sanjib Baruah, “Immigration, Ethnic Conflict, and Political
Turmoil—Assam, 1979—

19857, Asian Survey, Vol. 26, No. 11, November 1986, pp. 1184-1206

3 Data obtained from Lok Raj Baral and S. D. Muni, “Refugees, South Asia and Security”, in Lok Raj Baral
and S. D. Muni (Eds) Refugees and Regional Security in South Asia. Konark Publishers, New Delhi, 1996, p.
13

44 Bimal Pramanik, “Infiltration from Bangladesh: A Critical Analysis”, Dialogue, Vol. 10,

No. 2, 2008, available at http://www.asthabharati.org/Dia_Oct%2008/B.%20Pram.htm
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Nations in the early 1970’s. India had also blocked Bangladesh’s proposal to involve Nepal on
the water sharing issue in the 1980’s. Indian objection to the Bangladeshi proposal stemmed
from its inherent apathy to multi-lateralism, as a negotiating strategy vis-a-vis regional
neighbours. India had not any preferred bi-lateralism on the river water sharing issue with
Bangladesh, but also blocked an effective solution by withholding vital hydrological and

related data on the special ground that is classified military information. 4
Conclusion

In summing up this discussion of India’s regional policy vis-a-vis the small neighbours during
the cold war period, a few general observations can be made. India’s pursuit for the attainment
of the broader objectives of its regional policy tended to generate contrary responses from its
regional neighbours, leading to an environment of distrust, misunderstanding, tension and
hostility. For example, India’s search for system autonomy had been countered by its small
regional neighbours, mainly Nepal and Sri Lanka by inviting extra-regional involvement,
primarily aiming to resist or negotiate Indian ‘hegemony’. Similarly, Indian emphasis on bi-
lateralism provoked the regional neighbours to multi-lateralize or internationalize disputes
involving India. Bangladesh’s foreign policy profile is a classic illustration of this case. For
example, on the contentious issue of joint river water sharing, Dhaka, in essence, sought to

offset dyadic asymmetry inherent in the bi-lateral framework by inviting external engagement.

Interestingly, the establishment of SAARC as a forum for regional co-operation can be
explained as an attempt by the smaller countries of South Asia to prevent Indian hegemonic
designs, by locking her in a multi-lateral framework, thereby denying the structural advantages
of bi-lateralism. All these policy approaches undertaken by the small neighbours had to a
certain extent compromised India’s regional ambitions during the Cold War period. In fact, the
essential dynamics, conditioning India’s neighbourhood policy during the cold war years,
remains strikingly constant, despite the massive structural transformation in the international

system in the post-cold war period.

45 See, Rajesh M. Basrur, op.cit.no.27, pp.113-114
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(fers Afare; 39 IR O T TR, A NG A<, Arg-fRge «qe arg-sfReeEa
TG TSR T Gore TARS I 1 AP Tee @ AN ©f NET FLAT AFEH
b Tote, T ¢ *ANT vF T YR WS W THAI Gl S AN FACS
SRR (-

TRFARG FIC @ (NS 7

YT SoFTS! TN SCATEIR S ovEere | 1°

S gomigare G, 5.8.58
52 JaF AT, ©.5.0
53 4ot 50.5¢8.¢
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A study of solvable time dependent potentials with

moving boundary condition
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Abstract

In this paper we have generated time-dependent solvable potentials of the Schrodinger equation.
We have defined exact solutions of time-dependent Schridinger equation with moving boundary
condition in presence of time-dependent potential with the help of separation of variables and point
transformation. As an example we have considered the Poschl-Teller potential. The solutions of time-
dependent Pdoschl-Teller potential are expressed in terms of X, type Jacobi exceptional orthogonal

polynomials.

Keywords: Time-dependent Schrodinger equation; separation of variables; solvable potential; moving

boundary condition, Poschl-Teller potential.

1 INTRODUCTION

One of the most important problem of moving boudary in quantum mechanics was described by Fermi
[1]. He analyzed the origin of cosmic radiation as particle accelerated by collisions with a moving
magnetic field. Another example has found that the interface between water and ice imposes boundary
condition which changes the position with respect to time [2]. On the other hand the Schrodinger
equation is solvable for some time dependent potentials [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29] with moving boundary conditions [12, 30]. In
this paper we have considered a one dimensional non-relativistic Schrodinger equation of a particle

of mass m with external time dependent potential V' (x,¢) and the moving boundary conditions [12]
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(0,t) = 0 =) (L(t),t). The time-dependent function L(t) defines the expansion of the boundary.
In this paper, we have considered the time-dependent potential V' (z, ) in the form V(:l:(q, t), t) =
g(t)f/(q) + Ul(q,t) + go(t), where g(t), go(t) are functions of ¢ only, U(z,t) is a function of z,
t and I7(q) is the effective time-independent potential. Using the separation of variable technique
[30, 31, 32, 33], we can generate some time dependent potentials and we will present the explicit
form of the wave functions of the Schrodinger equation. The purpose of this paper is to outline and
realize a much more modest problem. We will show that there exists a time dependent version of the
Schrodinger equation possessing several attractive features in quantum mechanics.

In this paper, we will find exact solution of time-dependent Schrodinger equation in presence of
Poschl-Teller potential. Using the super-symmetric quantum mechanics, we will find exact solutions
of time-dependent Schrodinger equation which are exceptional orthogonal functions.

The paper is organized as follows: In Sect. 2, we briefly describe the mathematical theory of time-
dependent Schrodinger equations in presence of time-dependent potential. The exact solutions of
time-dependent Schrodinger equation are defined with the help of the method separation of variables
and point transformation. Solvable time-dependent potentials are generated by the super-symmetric
quantum mechanics. As an example, we have considered the Poschl-Teller potential, which is shown
in Sect. 3. In Sect. 4, we will investigate the nature of potential and densities of time-dependent

quantum states. Finally, Sect. 5, we will give some conclusions.

2 MATHEMATICAL THEORY

Let us consider the Schrodinger equation of a particle of mass m

2 2 ali (o
W&ot et = DT,
T ot

(1

The particle moves under a moving boundary condition (0, t) = t(L(t),t) = 0. In this section, we

will generate time-dependent solvable potential V' (z, ), in the form

V(z,t) = g(t)V(g) + U(g,t) + go(t), )

using the method of separation of variables and the point transformation. Let us consider a point

transformation
m(x — at))

Ty o) = LO/2 lal < /2 Q)

q:
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and ¢(x,t) = 'J;(q, t). Using the transformations (3) in Eq. (1), we obtain

92 ~
8‘; + L3(t) |90V (@) + Ulg, 1) + g0() | &
: : o) o
= —iLu(t) (aba(®) + a(0) 5 +iLO5
where
L(t
Ly(t) = L)
T
Let us now transform the wave function as
g, 1) = x(g,1)e™ @,
and then the Eq. (4) becomes
Py Oy or . . . 9 ~ 9P
~ga t oy |25, tilalalit o>] L0 [90V(0) + Ula. ) +ao®)] x + [ - 5y
. ‘ _ 0P
+iLa(t) (ala() + (0)) 52 = iLHO 57 | x =

0
For separability, the coefficient of a—X should be a function of ¢. In this paper we choose,
q

@(g,t) = a(t) T +b(t)g + (),

where

alt) = LA Ea(), () = LLa(1)a(0)

c(t) is the constant of integration and it is taken in the form

1 [ !
c(t) = —3 In Ly(t) + ifo &?(s)ds — i [0 go(s)ds.

Then, from the Eq. (7), we obtain

82 ~ 1 . . X 15}
~ o4 X4 1200) [9()V(g) + Ula, t)] X+ 7 (7a+a*) LI La(t)x = 'th(t)a—f-
Let us introduce the separation of variables
x(a,t) = Q()T'(t)
and then from the Eq.(11), we obtain
1 d2Q 1 ~ o, 1 dT
t t :
g 1 7+ @) L) + L) [o()V (@) + Ula.)] = L3055

Now, two cases will be arised depending on choice of U(q, t).

4

(5)

(6)

(8)

9)

10)

(11

12)

(13)

(&)
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2.1 Casel.U(q,t)=0

In this case, Eq. (13) separable if
g(t)L3(t) = constant = 1, say (14)

and

LI Ly (1) = ¢, (15)

where ¢ is a real constant. Then Li(t) = /A2 + ut + v, where A, p and v are real constants, satisfy
the condition ¢} = Ap — v?/4. In this case, the boundary is moving with a non-uniform velocity.
Now, from the equation (13), we obtain the time-independent Schrodinger equation
d*Q
—— tu(@)Q = @, (16)
dq
for the effective potential

1 . ~
vila) = 7 (ma+ %) + V(a), (17)

€ 1s a seperability constant, which is complex in general and

t
. 1
T(t) =e W 7(2) _/ ——ds. (18)
o Li(s)
Then the time-dependent solvable potential becomes
™ ~ |7(z — $L(t))
V(z,t) = 1% 2 t). 1
22 Case2. U #0
In this case, (13) is separable, if
1 ) N
Ulg:t) = =5 (ma + ") Li(t) La (1), (20)
and
g(t)Li(t) = constant = 1, say. 21

Then the corresponding time-independent Schrédinger equation is

2Q

arr V(g)Q = Q (22)
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t
, 1
T(t) = e @ () = / Taroyds (23)
J0
Then the time-dependent solvable potential becomes

n(m_;L(t))} - 1L@t) ,

Viz,t) = —V

LZ(t) L(t) _L(t)L(t) — =z 4 go(t). 24)

AL(1)

Thus we obtain two effective potentials in two cases. In the first case, if the effective potential v, (q)
is solvable, then the time-dependent potential is solvable. In the second case, the time-dependent
potential is solvable, if X~/(q) is solvable. However in the second case, there is a larger family of
separable (consequently a larger family of exactly solvable) models as U(q, ) # 0. In either case, the
general solution of the time-dependent Schrodinger equation is

Y(z,t) = chQn (W) Tn(t)eq)(wl)v (25)

n

where ¢,,’s are arbitrary constants.

3 EXAMPLE

In this section, we will construct some solvable potentials for moving boundary problems, using
super-symmetric formalism. A pair of one dimensional super-symmetric Quantum mechanical Hamilton

H* are written in the form [34, 35]

&2 -
B () = ADA® — _ @)
H®(g) = A® A w7, (26)
where
d ~ - N N
AR =4+ W(g), VO (g) = W(g) £ W'(9)- 27)

The operators, A~ and A are called the annihilation and creation operators respectively. Let E®

and Qf,i ) are eigen-energies and eigen-state of the Hamiltonian’s H(*), then they are defined by

1 e ¢ 1
—A*QL(0), Qi(e) = ——
E‘n+1 Er(l+)
Let us assume that, the ground state of the Hamiltonian H ~ exists and the corresponding normalized

ground state is defined by Qg_)(q) = C’é_) exp [—/W(q)dq], where C((,_) is the normalization

B0 =0, By =B, QP () =

n n

AQP(9). (28)
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constant. Now, we construct solvable potentials using (26), (27) and (28). In this section, we have
considered U(q,t) # 0 and for the sake of simplicity, we have chosen go(t) = 0.

As an example, we have considered a super-potential in the form

o 1 1 2B cosq
Wi(q) = (-B — i)tanq+ (A— §)bth+ 541 _2Bsng (29)
Then the super-symmetric potentials IN/(i)(q, A, B) are defined by
~ 1\2
Vg, A, B) = [A(A=1)+ (B+1)*sec’q —(B+1)(2A—1)secqtang — | B — 5)
(30)
17(+)(q,A, B) = [A(A —-1)+ BQ] sec’ ¢ — B(2A — 1) sec g tan g
(3D

4 2eA-1) 2[(24-1)2—4B?] (B B l)Q
2A—1-2Bsing " (2A—1-2Bsing)? 2/ -

Then the eigen-energies of the time-independent Schridinger equation for the potentials (30) and (31)
are defined by
1
EC) = (n+A)° - (B- 5)2 = EY). (32)

The wave function for the potential V™) (z, A, B) is defined by

A+B41 (A-B-3 A+B+1)

Q) (q) = NAB(1 — gin q)A=B-1D/2 5 (1 4 sing) P (sing) (33)

where

(34)

VB _ ( (2A + 2n)n!T'(2A 4+ n) ) E

2AN(A—~B+n— A+ B+n+3)

is the normalized constant and P,**" (z) is the Jacobi polynomial of degree n. Then from the Eq.(12),
we obtain
_B— _p_3 1 P
(g, t) = NAPW( —sing) 2 (1 +sing) 7 PR (gin g) i)

(35
where 7(¢) is given by Eq. (23). Then from Eq. (19), the time-dependent potential is found to be

2AA -1 B+1)? (e —L
(t) 36)
72(B+1)(24— m(z—L) m(z—L) . i )
+ R sec { P } tan [ T } + 5 LOLE) - (55 — (B-3)
The wave function +» ) (z, 1) can be found, from the Eq. (25) and it is defined by
y’)&—)(m’t) =/Q)(z, 1) ‘I’i_)(m,t) eijH(m,t)J (37)
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where
e\ BH
Q) (2,8) = g cost 2] el ] (38)
(®) l—sin[—f—wu; )]
is the exceptional weight function,
L
_p-3 1 m(x— 35
&) (z,t) = AP P <sin {7( ; 2)D (39)

is the exceptional orthogonal functions and ¢F @ is the position and time dependent phase factor

and F(7)(x,t) is defined by

r t t 2
FO (2, 1) :4LL(<tt))‘”2 - %L(t)li(t) + 1—16 /0 P2(t)dt — EO) /0 Lj(s)ds. (40)

Then the normalization condition for the exceptional orthogonal functions is defined by
L(t)
/ QO (2, )@ (x, )@ (x, t)dz = Sum, @a1)
0

where ¢, ,,, is the Kronecker delta function, such that ,,,,, = 1, if n = m and 9,,,,, = 0, if n # m.

Therefore, the general solution of the potential V(=) (x, ¢) is defined by
v 1) =3 ¥ (@), (42)

where C s are arbitrary constant may be complex. If Z |C,(l_) |* = 1, then the state )7 (z,1) is

n

said to be normalized state.

On the other-hand, the wave function for the partner potential 17452 (z, A, B) is defined by

(A,B+1) 1(a-B 1(A+B)
N (1 — 2)2( (14 2)2 ~
QM (q) = £

R OF

E'(I:L)1 2A—1-2Bz (43)
wherea = A — B— 1, 3= A+ B — L, 2 = sin g and the operator O(**#) is defined by
0P =(B+a— (8- @)2) (1+2)L+8+1)+(B—a)l+2). (44)
Now, for the Jacobi polynomial of degree n, we obtain
OPC-18+D(2) = 2(8 — a)(B + n) P&P(2), (45)
where
PEP() = (- ) Ao + B0 “o
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Finally, the wave function Q") (¢) is defined by

()
B NT(L+)1(1 —sing) T (1 + sing) 7 P(A*B*%A*B’%)(sin q)
(2A — 1 —2Bsing) e
NG = sing) 4 P/2(1 4 sing)(4+B)2 {l (-3 =& _ sin q) P (sing) 4D
(24 — 1 — 2Bsing) 2\f-a "
Sre P (sing)— PA* (sin )
+- = B+a+2n }

Q7 (q)

where Nn+l = 4BNR‘LB+1)(A +B+n+ 2)/ n+l Then from (12), we obtain

N )(l—smq) S (1 +amq) 2 1/68+a )
(+) £ = n+1l {7 ( & )P(a,,‘j) s
X (g:t) (24 — 1 —2Bsing) 2\ — « S ) P (sing) (48)
3+2 P,g“ j)(sin q)fP,S,Q'ﬁ)(sinq) _iEt)
+ : = B+a+2n }6 ; (t)‘
Therefore, from Eq. (19), the time-dependent potential V' (*)(x, ) is defined by
z o [wlz—% T A— m(e—% mlz—%
Dz, t) = ffz(A(fz—(z)HBZ) sec? [ ( - 2)] B 2}1(;2(;\) D goc { ( . z)] tan [ ( . g)]
2(2A-1) 2[(24-1)?-4B?] 170 9 132
+ - +LLL — 1Lz2 (B 1)".
2A—l—‘23sin[7ﬂ($;%)] (QA_l_QBSm[«(mT—% Dz 16 AL ( 3)
(49)
The wave function u +)(x,t) can be found from the Eq. (25) and it is defined by
G (@, 1) = /D) (2, 1) B (2, 1) F D), (50)
In this case, the exceptional weight function is defined by
— sin W(x_%)
B t) = — o TN 51)

= X
e r(z—L 2
I+ mn[ : Lj)} (2A—1—2F)’sin [%])

and the corresponding exceptional orthogonal function is defined by

"7£ WI*L «, ﬂ:ﬂ*é
<I)(+)( t)=73 (gfz — sin [ ("LL 2)]) P,E:'Lf) (sin { (1, Z)D + (5+a1+2n) {§+3P,E+f (bm [ (z—5)

L
_pl>? (sin [W(m‘;%)} )] )

(52)
The time-dependent phase factor is ¢ F @D where F(+) (x.t) is defined by
FO (1) = £%0? — LLOLE) + & [y LA()dt )

B [y d
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In this case, the normalization condition is defined by
L(t)
/ Q(+)(:L‘, t)@gf)(:y, t)@g:)(:ﬂ, Ddx= nms (54)
Jo
Therefore, the general solution of the potential V() (x, t) is written as

Y (z,t) = Z CHypH (g, ¢), (55)

where C\")’s are arbitrary complex constants and if Z |CH|? = 1, then the state 1Y) (, 1) is

n

normalized.

~=
——

Figure 1: Plots of the potential V(~)(z,t) (solid curve) with V(*)(x t) (dashed curve), for L(t) =
8,

4 RESULTS & DISCUSSION

The probability density of the states w,(,,i)(z, t) are defined by

o (@, 1) = [0 (2, 0)] 9D (a, ), (56)

where * denotes the complex conjugate. As we stated earlier in case 2.1 that, boundary wall moves

along a particular trajectory, of L(t), which is parabolic. On the other-hand, boundary wall moves
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Figure 2: Plots of the potential V() (z, ) (solid curve) with V(*)(z,t) (dashed curve), for L(t) =
e,

along any trajectory for case 2.2, where L(t) is an arbitrary function of ¢ such that L(t) > 0. So far
case 2.2, our analysis has been quite general in the sense that, no specific form of L(¢). In this paper,

we have considered two different moving boundary wall, where L’s are defined by
A17T

V1 + Bjcoswt’
\/‘:7”2%, B, = gj;—gi a, b are free parameters but must be real and (a,b) =# (0,0). In

this paper we have considered A; =1, B} = 0.5, A =4.5, B = 0.15 and w = 1.5.

L(t) = LW(t) = n(2 +sint), L(t) = LP(t) = (57)

where A; =

In Fig. 1, we have shown the time-dependent potentials at different points of time, for L(t) = L")
for different values of ¢. Similarly, in Fig. 2, we have plotted V&) (. t), for L(t) = L® for different
values of ¢ From Figs. 1 and 2, it is clear that both the potentials show well structure although,
the wells for V¥ (z,t) are deeper than those of V™ (x,t) for each value of ¢, for these two moving
boundary condition. If, A > max{B + 1.5,|B| + 0.5}, then the time-dependent potential as well
as solutions are non-singular. The probability densities p;” = [+/; (., ¢)|? at different times are shown
in Fig 3 for a moving boundary condition where L(t) = L"), Similarly, p;" are plotted in Fig. 4 for
L(t) = L. The solutions are localized as they are normalized for with respect to z. The densities
of two potentials V+)(z, t) are qualitatively similar at different values of time #, but in (+) system

densities are more localized than (—) system. It may also be observed that, localization is periodic
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1.2} 41 1.2f -

(2, )

il

(
n

0

Figure 3: Plots of probability densities pﬁ,‘)(;r,. t) (solid curve) and p#)(l:, t) (dashed curve), for (A)

n=0B)n=1,(C)n=2and L(t) = LW.

in nature for periodic moving boundary condition. For example, starting from ¢ = 10, localization

increases as t increases to t = 20 and thereafter it decreases as t increases to ¢t = 30.

S CONCLUSION

In this paper, we have constructed time-dependent solvable potentials using super-symmetric quantum
mechanics. The solutions of time-dependent Schrodinger equations have been obtain using separation
of variables and point transformation. As, an example we have considered the Poschl-Teller potential
and the corresponding solutions are expressed in terms of X; Jacobi exceptional orthogonal polynomials.
The solutions of the time-independent Schrodinger equation in presence of Poschl-Teller potential are
given in terms of exceptional orthogonal polynomials of different types have been constructed in few
years back. This method can be applied for the time-dependent boundary conditions when both

boundaries are moving.
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Figure 4: Plots of probability densities ply (z,1) (solid curve) and ,ogf)(:r.‘ t) (dashed curve), for (A)

n=0,B)n=1(C)n=2and L(t) = L.
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Global analysis of an SEI plant disease model with saturation
incidence rate
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Abstract

This paper studies an SEI epidemic model for plant disease with saturation incidence rate.
Positivity and boundedness of solutions are examined to justify the model biologically. Local
stability condition of boundary as well as endemic (positive) equilibrium point is derived.
Persistence criterion is developed. The existence of a Hopf bifurcation is shown by considering
the intrinsic growth rate as well as disease transmission rate as a bifurcation parameter.
Applying Bendixson's criterion for high-dimensional ordinary differential equations, we prove
that the endemic equilibrium point is globally stable under certain conditions. The dynamical
behaviour of the model is highly sensitive to fluctuations in the disease transmission rate.

Finally, numerical simulations are carried out to validate the results obtained.

Keywords: Plant disease; stability; bifurcation; persistence; global stability

1. Introduction

Plant diseases are recognized as a major threat for crops production worldwide and cause
serious losses in agriculture and forestry. It is reported that 40% of global crop production is
lost due to pathogens, animals and weeds [18]. Among these, 14.1% of crops are lost to plant
disease alone [1]. It is well-known fact that some plant diseases are caused by viruses, for

example cassava (Manihot esculenta), sweet potato (Ipomoea batatas) and plantain (Musa
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spp). Lot of mathematical models have been developed to address the fighting mechanism of
plant against infection, namely roguing and replanting, in which infected plants are removed
and replaced by healthy plants [ 4, 6, 19]. Recently, Chen and Yang [7] studied global stability
of an SEI epidemic model for plant disease where the incidence rate function is bilinear in
nature. Epidemic models with such bilinear incidence rate admit at most one endemic
equilibrium point and the disease dies out if the basic reproduction number is less than one and
persist otherwise. This type of incidence function is appropriate for some diseases. There are
other types of incidence functions are found in epidemic models, for instance nonlinear
incidence rate, saturated incidence rate and standard incidence rate [2]. It is reasonable to study
plant infection with saturated incidence rate as plant populations are large and suggest better
control over agricultural losses. Previous studies [4, 6, 9, 19] on plant disease model did not

consider the disease transmission rate with saturation effect.

The main aim of this work is to modify the model studied in [7]. We replace the constant
recruitment rate of susceptible plants to logistic growth term and bilinear incidence rate to
saturation incidence rate. Thus, an appropriate mathematical model can provide a better
description of plant disease [14] that allows developing suitable strategies for disease

management.

Removing infected plants is a widely accepted treatment for plant epidemics which involves
regular inspection followed by removal of the identified infected plants [9,11]. In the study of
epidemiology, it is very much important to know the stability characteristics of the equilibria
as it informs us whether the disease dies out or persists. Our model also exhibits Hopf
bifurcation. Through investigating the bifurcation of SEI epidemic model for plant disease, we

suggest effective control measures to eradicate the disease.

This paper is structured as follows. In Section 2, we present our model. Positivity and
boundedness of solutions of the system are given in Section 3. Existence and stability of
different steady states are investigated in Section 4. Persistence and bifurcation results are
described in Section 5. Global stability of the endemic equilibrium point is discussed in Section
6. Results obtained are verified through computer simulations are given in Section 7. A brief

discussion concludes the paper in Section 8.
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2. Model formulation

In simple epidemic models, the classical incidence rate SSI where g is the infection rate and S
and I denote the susceptible and infected individuals respectively, is usually taken but this form
of infection is not appropriate for large populations. So it is reasonable to modify such type of

infection form. In this work, we consider Beddington-DeAngelis type incidence rate

( BSI
1+a(S+E+I)

) where E represents latently infected individuals and « denotes potentially density
dependent. The saturation incidence in plant disease can be found in pine trees which is affected
by pine wilt disease [16]. The incidence of pine wilt disease relies on beetles’ as pine sawyer
beetles are the basis of transmission of pinewood nematode. This incidence may reach its
saturation level at extremely high beetle densities. The adult female pine sawyer tries to avoid
from erstwhile oviposition scants. It moves toward another trees before the saturation point of
oviposition is attained. Therefore, the isolation of infected individuals yields in the reduction

in the number of contacts between the susceptible and infected individuals.

Let S(t), E(t) and I(t) be the number of susceptible, latently infected and infectious plants at

time t respectively. The model is described by

ds _ _ SHE+I, BI
dat S{r( k ) 1+a(S+E+I)}’

de _ __ BST

dt ~ 1+a(S+E+I) (v + mE,

di

—=yE—(d+up)l 1)

dat

with initial conditions given by S(0) = S, > 0,E(0) = E, > 0 and I(0)=I, > 0. Here r is the
intrinsic growth rate of plants. k is the environmental carrying capacity. g is the disease
transmission rate. y is the transmission rate from the exposed class to the infectious class. m is
the natural mortality, which is not attributed to disease. d represents the mortality rate of

infectious plants. u denotes the roguing (or removal) rate of infectious plants.

3. Positivity and boundedness of solutions
In this section, we first examine positivity and boundedness of solutions of system (1) which

concern the validity and well behaved nature of the model. We first check positivity.
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Lemma 1. All solutions (S(t), E(t), I(t)) of system (1) with initial values (Sy, E, ,I,) € R3

will remainin R3 forall t > 0.

Proof. The positivity of S(t), E(t),I1(t) can be verified by the equations

. t _S(s)+E(s)+I(s) . BI(s)
S(t) = Soexp {fo [r(1 k ) 1+a(S(s)+E(s)+I(s))]ds}'

E(t) = Eyexp {fot[ — y]ds},

1(6) = Ioexp {f,[~d — ulds}

with Sy, Ey, Iy > 0. As Sy > 0 then S(t) > 0 for all t > 0. The same argument is valid for

component E (t) and (t) . Hence the interior of R3, is an invariant set of system (1).

Lemma 2. All solutions of system (1) will lie in the region
rk
B={S,EEDER3}:0< S+E+1S?}

as t — oo for all positive initial values (S,, E, ,I,) € R3, where p = min{r,m,d + u}.
Proof. Let us consider the function

W(ES@),EC®), I(t))=S+E+1.

From Eqgn. (1) and for each p > 0, the following inequality is satisfied.

aw

i +pW <rk

By using the comparison theorem [3], we get

0<W(SW®),EW®),ID) < %" + W (S(0), E(0), 1(0))/e”".
Taking limit when t — oo, we have 0 < W (t) < %k. Hence system (1) is bounded.

4. Existence of equilibria and stability analysis
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Evidently, system (1) has two non-negative equilibrium points. The trivial equilibrium point
E, = (0,0,0) and the axial equilibrium point E; = (k, 0,0). Here E, and E; always exist.

yBk

Theorem 1. E, is always unstable and E; is stable if (y + m)(d + ) > o

Proof. It follows immediately by linearizing around the equilibria.

Next, we are interested about the existence of interior equilibrium point of system (1) which is
given by E, = (S*,E*,I") where
E* _ (d+#)1* * T'S*}/(R—S*)

” 1= AT R @D and S™ is the positive root of the equation

r(d+u+y)ByS* + [k(d + Wy + m){By —aly + m)(d + W} —r(d + W)y + m)(d +
p+y)A+ak)]S — k(y + m)?(d + w)? = 0. )

E, is feasible if S* < k.

To discuss the stability of E,, we find out the characteristic equation around E, which is given

by
B+a 2 +aA+a;=0 (3)

where

@ =d+m+=+y+m,

6=5 (L) (d+u+L Lty +m)+@d+m (Bt +y+m)-
VS Qrels'sP) 4 5 E-LD) (1 +aE +17),

e =d+ws (f- L) sy +m+ —ﬂ'*(””;(""*“*))} +yst{ps (-1 +

afll*) (1+a(SI;‘+E*)) +BI" (£+ ﬁ(1+a(:*+5*))) ((1+a(§*+1*)))} and

H=1+a(S*+E*+1))2
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From Routh-Hurwitz criterion, we can say that E, = (S*,E*, ") is locally asymptotically

stable if the following conditions are satisfied:
a, > 0,a; > 0and a;a, > as. 4)

5. Persistence and bifurcation

Persistence

If there exists a compact set G ¢ B = {(S,E,I):S > 0,E > 0,1 > 0} where all solutions of

system (1) ultimately lie, the system is said to be persistent.

The following theorem establishes uniform persistence of system (1).
Theorem 2. Assume that (y + m)(d + p) < % then system (1) is uniformly persistent.

Proof. Suppose that x is a point in the positive octant and o(x) is the orbit through x and Q is
the omega limit set of the orbit through x. Note that Q(x) is bounded. We show that E, ¢
Q(x).If Ey € Q(x) then by Butler-McGehee lemma [10], there exists a point p in Q(x) N
WS(E,) where W5 (E,) denotes the strong stable manifold of E,. Since o(p) lies in Q(x) and
WS(E,) is the E — 1 plane and hence unbounded orbits lies in Q(x) is unbounded, a

contradiction.

Next, we show that E; ¢ Q(x). The condition (y + m)(d + u) < % implies that E; is a

saddle point. W*(E,) is either the S — E plane or S — I plane. In any case, unbounded orbits
lie in Q(x) once more a contradiction. There does not exist any equilibrium point in the S —
E,S — I and E — I plane respectively. Thus, Q(x) does not intersect any of the coordinate
planes and hence system (1) is persistent. Since system (1) is bounded by the main result in

[5], this implies that the system (1) is uniformly persistent.

Bifurcation study

Define f(r) = a,(r)a,(r) — a5(r).

160



EQ @’9’
=5 ",%’
g

BODHI VOL 4 PP.155-172, 2021 wlllgaafic

Theorem 3. If there exist r=r" such that (i)a;(r*)>0,i= 2,3(ii) f(r") =
0, (i) f/(r*) > 0 then the positive equilibrium point E, is unstable when r < r* but is stable

when r > r* and a Hopf bifurcation of periodic solutions emerges at r = r*.

Proof. Using the method in [17], we observe that f(r) is decreasing in the of neighborhood
r=r". As q;(r) >0,i= 2,3,f(r) <0whenr < r* then E, becomes unstable. Again,
f(r) > 0whenr > r* then E, becomes stable. Applying a result in [13], we can establish
Hopf bifurcation.

Define g(r) = a,(r)a,(r) — az(r).

Theorem 4. If there exist g =" such that (i)a;(*) >0,i= 2,3(ii) g(B*) =
0, (iii) g/ (™) < 0 then the positive equilibrium point E, is stable when f < £* but is unstable

when g > [* and a Hopf bifurcation of periodic solutions emerges at 8 = *.
Proof. Proof of this theorem is similar to the proof of Theorem 3 and is omitted.

Remark 1. System (1) is uniformly persistent when the condition in Theorem 2 is satisfied.

Thus, we infer that there exist a time T such that S(t), E(t),I(t) > C,0 < C < %k fort > T.

6. Global stability analysis

We have already observed that the endemic equilibrium point E, will be locally stable when
the inequalities (4) are satisfied. So, it will be of interest to know whether this equilibrium point
is globally stable or not. Usually Lyapunov function is used to examine the global stability. But
it is not always possible to find a suitable Lyapunov function to prove global stability. In that
case, an alternative approach developed in [12] is used. Now we apply a high-dimensional

Bendixson’s criterion of Li and Muldowney [12], which is demonstrated below.

Let D ¢ R™ be an open set and F e C*. Consider a system of differential equations

% = F(X). (5)

According to the theory described in [12], it is sufficient to show that the second compound

equation
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—=—— (Xt X))U(®) (6)

with respect to a solution X(t,X,) of system (5) is equi-uniformly asymptotically stable,
namely, for each X, € D, system (6) is uniformly asymptotically stable and the exponential
decay rate is uniform for X, in each compact subset of D, where D < R™ is an open connected

set. Here dF /0X!?] is the second additive compound matrix of the Jacobian matrix F?! /9X.
Itisan (2) X (2) matrix and thus (6) is a linear system of dimension (2) (see Fiedler [8] and

Muldowney [15]). For a general 3 x 3 matrix

my; My Mgy
M=|Mmy; My, Myz|,

msz; Mgz, Mgz
Its compound matrix M2 is

mqq + My, my3 —Mmy3
M[z] — ms, mqq + mss mq, . (7)
—M3q myq My, + M33

The equi-uniform asymptotic stability of (6) implies the exponential decay of the surface area
of any compact two-dimensional surface D. If D is simply connected then it will not allow any
invariant simple closed rectifiable curve in D, including periodic orbits. The following result

is proved in [12].

Proposition 1. Let D ¢ R"™ be simply connected region. Assume that the family of linear

systems (6) is equi-uniformly asymptotically stable. Then

(i) D contains no simple closed invariant curves including periodic orbits, homoclinic orbits,

heteroclinic cycles;
(i) each semi-orbit in D converges to a single equilibrium.

In particular, if D is positively invariant and contains an unique equilibrium X, then X is

globally asymptotically stable in D.
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One can prove uniform asymptotic stability of system (6) by constructing a Lyapunov function.
For example, (6) is equi-uniformly asymptotically stable if there exists a positive definite
function V(U), such that dV(U)/dt|e) is negative definite and V and dV(U)/dt|e, are
independent of X,.

We need the following assumptions to show the global stability of the endemic equilibrium
point E, of system (1).

(A1) There exist positive numbers ¢ and n such that

C120 C C C
max{cll + —1772 + ¢430, —2;7’ + ¢y + r]c23,% + % + c33} <0

(A3) The assumption of Theorem 2 holds.

We again denote X = (S,E, )T and F(X) = (S {r (1 - Sf“) - 1+a(§iEH)}, 1+a(ifE+1) _
(r +m)E, yE — (d+ )"
and by (7)
9F!2] Niyp My N3
=|ny; Ny n
oX (nii n§§>
where
M =7 (1 B 25+kE+I) B 1+a(§-II-E+I) —(r+m)ng, = %' 13 = Tk_s T
B e <y (1) - B =
Tt = 0 mey = ot ey = — s — (A mb d ).

The second compound system is

112 u2
n) X \y
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. _ 2SHE+I\ BI _ BS{1+a(S+E)}

U = {7‘ (1 k ) 1+a(S+E+I) v+ m)}ul + [{1+a(S+E+I)}2 Uz

TS BS{1+a(S+E)}

+[k {1+a(s+E+1)}2] 31

. _ 2S+E+I\ _ B{i+a(E+D} S apBsI

Uz =yus ¥ [r (1 k ) {(1+a(S+E+))2 (d+ ,u)] s {1+a(S+E+I)}2]u3'

. [ BH{1+a(E+D} _ apBsI

Us = {1+a(S+E+I)}2] z [{1+a(S+E+I)}2 + o +mtd+wlus. ®)

where X(t) = (S(t),E(t),I(t))T is arbitrary solution of system (1) with X,(t) =
(So(t), Eo(1), I ()™ € RY. Set

W(U) = max{o|uy|,n|u,l|, |us|} where a,n > 0 are constants.
The direct calculations yield the following inequalities:

C120 17

d+
—oluy| < c0luy| + lup| + cz30lusl,

dt

d* c21M0

T nluy| < 2; + €22 Nluy| + ca3nlusl,
d+ €310 C32 M

E|u3| < 301 lug| + 3; luz| + c33lus|

where d* /dt represents the right hand derivative and

__ Brk(e+ark) Brk(o+ark)

72
=1 - - A m), e = G s = Tt ez 21 = Y
_ 4y BCo%(1+2aC) _ _ _rC | Prk(et+ark) _
C2 =7 (1 k) (o+akr)? (d+ ’u)' €23 = k + 02(143acC)?’ €31 =0,
__ PBrk(e+ark) _ o%apc?
€32 = 02(1+3aC)2’ 33 {(g+akr)2 ty+tm+d+ ‘u}'

Therefore,

+

d
EW(U(t)) < LW (U(t))
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with
C120 C C C
L :maX{Cll + _17]2 + C130, _2;77 + Coo + C23n,% + % + C33}.

Thus under assumptions (4,) and (4,), we find a positive constant § such that L < -6 < 0

and thus
w(U@®) <W(U(s))exp(— 8(t —s)),t = s> 0,

This ensures the equi-uniform asymptotic stability of the second compound system (8) and
hence the endemic equilibrium point E, is globally stable following Proposition 1. From above

analysis, we now state our global stability result.

Theorem 5. If the assumptions (4,) and (A,) hold then system (1) has no non-trivial periodic

solutions. Furthermore, the endemic equilibrium point E, is globally stable in R3.
7. Numerical study

We now explain situations for model system (1) with some numerical simulations. We use

MATLAB to perform the numerical simulations.

Firstly, we choose k = 10.58,a = %,ﬁ =4,y=1m=1,d=05u=05 Set r=

2.7914 , it is easy to see that system (1) has an equilibrium point E, (4.09372, 1.683, 1.683)
and all the conditions of Theorem 3 are satisfied. Thus, Hopf bifurcation of periodic solution
occurs at r = 2.7914. (see Fig. 1). The corresponding bifurcation diagram with respect to

the parameter r and S are shown in Figs. 2 and 4 respectively.

Suppose r =4,k =6,a = g,ﬁ =4,y =1,m=1,d = 0.5,u = 0.5. Then system (1) has an
unique equilibrium point E, (1,1, 1). The condition of Theorem 2 is satisfied, hence system is
uniformly persistent. We now choose C = 20. With the above choice of parameters, we get
c11 = —18.81, ¢ = 1.959, ¢35 = 17.959,¢5; = 1,¢yp = —64.486,¢y3 = 11.374,¢5, =

0,c35, = 1.959,c33 = —9.584. The positive numbers ¢ =0.5andn =1 are such that
max{—5.851,—51.112,—7.625} < 0. Thus, all the conditions of Theorem 5 are satisfied.

Therefore the endemic equilibrium E, is globally stable (see Fig. 3).
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Infectious plant

Latently infected plant

Susceptible plant

Fig. 1. Phase portrait of system (1) with parameter values r = 2.7914,k = 10.58,a = %,,8 =4,y =

1,m=1d=05u=0.5

and initial points are (1, 2,1), (2.95, .245, 1.68) and (2.9861, 0.97355,

0.8098). Appearance of limit cycle surrounding the equilibrium point E, (4.09372, 1.683, 1.683).
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Fig. 2. Bifurcation diagram for susceptible plant population with respect to the parameter r and the

parameter values are k = 10.58,a = %
0.5,0.5).

B=4y=1m=1,d = 0.5 u = 0.5 with initial point (0.5,
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Latently infected plant

4.5 5

Fig. 2. Bifurcation diagram for latently infected plant population with respect to the parameter r and
the parameter values are k = 10.58,a = é,ﬁ =4,y =1,m=1,d = 0.5,u = 0.5 with initial point
(0.5, 0.5,0.5).
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Fig. 2. Bifurcation diagram for infectious plant population with respect to the parameter r and the
parameter values are k = 10.58,a = é,ﬁ =4,y =1,m=1,d = 0.5,u = 0.5 with initial point (0.5,
0.5,0.5).
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Latently infected plant 0 o Susceptible plant

Fig. 3. Phase portrait of system (1) with parameter values r = 4,k =6, a = %,[3 =4,y=1m-=

1,d =0.5u=0.5 and initial points are (1, 2,1), (2.95, .245, 1.68) and (2.9861, 0.97355, 0.8098).
All the solutions of the system converge globally to the equilibrium point E, (1,1, 1).
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Fig. 4. Bifurcation diagram for susceptible plant population with respect to the parameter g and the
parameter values are r = 2.7914,k = 10.58,a = % y=1m=1,d = 0.5u = 0.5, initial point
(0.5, 0.5,0.5).
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Fig. 4. Bifurcation diagram for infectious plant population with respect to the parameter g and the
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(0.5, 0.5,0.5).
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8. Discussion

In this paper, we have analysed an SEI epidemic model for plant disease. The formulation is
novel in that it considers a saturated incidence function for disease transmission. Furthermore,
replanting and roguing are incorporated as a control measure into the system. The proposed
model is shown biologically well behaved as the solutions of the system is positive and
bounded. The local stability of the different steady states is investigated to enquire whether the
disease dies out or persists. The system cannot collapse for any parameter values as the

population free equilibrium point is never stable.

The model experiences local bifurcation. If the disease transmission rate is below a certain
threshold value, both the population cannot coexist and above the threshold, the susceptible
plant only equilibrium point becomes unstable. The existence of Hopf bifurcation is shown
when the intrinsic growth rate of plant population crosses a critical value. The choice of r is,
of course, somewhat arbitrary. We also found the same bifurcation when varying g instead.
Moreover, if B exceeds a certain threshold value, then all the populations coexist in oscillatory
manner. In Fig. 4, we have also drawn bifurcation diagram considering disease transmission
rate as bifurcation parameter. Comparing the bifurcation diagrams in Figs. 2 and 4, it is seen
that the nature of Hopf bifurcation is reversed. This indicates that increasing the intrinsic
growth rate stabilizes the system, whereas the opposite holds true by increasing the disease
transmission rate. Global stability criterion is derived by the application of high-dimensional

Bendixson’s criterion due to Li and Muldowney [12].

But the basic difference between our work and the other recent works is the inclusion of
saturated incidence function. This disease transmission mechanism enriches the dynamics of
the system and makes the system more realistic than the existing models. We have observed

periodic oscillation in the system which is not seen in the previous work [7].
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Abstract:

Mitochondria, cellular organelles pivotal for energy production through oxidative
phosphorylation, function akin to miniature factories converting ingested food into usable ATP
energy. The escalating global predicament of obesity contributes to the surge in type 2
diabetes, fatty liver disease, and other cardiometabolic challenges. The association of obesity
with an energy imbalance, where intake surpasses expenditure, is well-established.
Inflammatory responses and oxidative stress induced by obesity can detrimentally impact the
structure and function of mitochondria. Specifically, mitochondrial dysfunction in skeletal
muscle has been linked to the onset of insulin resistance, a precursor to type 2 diabetes. This
dysfunction may lead to compromised glucose metabolism, impairing the efficient utilisation
of glucose by the body. Dysfunctional mitochondria play a role in the metabolic complications
exacerbated by adipose tissue dysfunction associated with obesity. Adipose tissue releases
adipokines, some of which can influence mitochondrial function. Sedentary behaviour, often
prevalent in obesity, is correlated with a reduction in mitochondrial biogenesis, further
contributing to metabolic challenges. Genetic factors also play a role, as some individuals may
possess a genetic predisposition influencing both obesity susceptibility and mitochondrial
function. In a significant breakthrough, an international research team led by UC San Diego
scientists unravelled the mechanisms through which obesity impacts mitochondria. They
identified a specific gene whose disruption shielded mice from weight gain even on a high-fat
diet, presenting a potential ground breaking target for therapeutic intervention. This
comprehensive review delves into the intricate cellular machinery, revealing the genetic and
molecular underpinnings responsible for the metabolic breakdown associated with obesity.
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Introduction

According to the World Health Organization (WHO), obesity is characterised as the
accumulation of abnormal or excessive fat that could compromise one's health. The World
Obesity Federation identifies obesity as an epidemic, acknowledging it as a critical global
public health challenge (1). The global prevalence of obesity has nearly tripled since 1975,
indicating a widespread epidemic (2). Obesity stands out as a prominent risk factor for a range
of diseases, including but not limited to diabetes, cardiovascular conditions, respiratory
disorders, musculoskeletal issues, and certain forms of cancer (3). Obesity induces various
physiological alterations in the body, including inflammation, oxidative stress, dysfunction of
mitochondria, and apoptosis (4).

The aim of this narrative review is to offer a comprehensive overview of mitochondrial
dysfunction in obesity, encompassing associated changes and emphasising the role of the gene

that regulates this process.

Obesity and lifestyle diseases

Although lifestyle factors such as diet and exercise contribute to the onset and advancement of
obesity, researchers have recognized that intrinsic metabolic abnormalities are also associated
with this condition. Obesity is a major risk factor for the development of type 2 diabetes. Excess
adipose tissue, especially around the abdomen, contributes to insulin resistance, where cells
become less responsive to insulin, leading to elevated blood sugar levels (5). Obesity is closely
linked to the development of non-alcoholic fatty liver disease. Excessive fat accumulation in
the liver, a condition known as hepatic steatosis, is common in individuals with obesity.
NAFLD can progress from simple fatty liver to more severe forms, such as non-alcoholic
steatohepatitis (NASH) and cirrhosis, posing a substantial threat to liver health (6).

OBESITY
Mitochondrial .
Oxidative stress | < Inflammation
dysfunction
Apoptosis

Fig: Interrelationship between obesity, mitochondrial dysfunction, inflammation, oxidative stress and
apoptosis
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Obesity is a key contributor to various cardiometabolic challenges, including hypertension
(high blood pressure) and dyslipidaemia (abnormal levels of blood lipids) (7). The presence of
excess adipose tissue triggers inflammatory responses and oxidative stress, both of which can
contribute to endothelial dysfunction, atherosclerosis, and an increased risk of cardiovascular
diseases (8). Obesity is a central component of metabolic syndrome, a cluster of conditions that
includes abdominal obesity, insulin resistance, elevated blood pressure, and dyslipidaemia.
Individuals with metabolic syndrome face an elevated risk of developing heart disease, stroke,
and type 2 diabetes (9). It is associated with chronic low-grade inflammation due to increased
secretion of inflammatory molecules from adipose tissue. Dysregulation of immune responses
in obesity may contribute to the development of various chronic diseases (10). Excess body
weight places additional stress on joints and bones, increasing the risk of musculoskeletal
problems, including osteoarthritis. Obesity-related joint issues can impact mobility and overall
quality of life (11).

Mitochondria assume a central role in cellular energy metabolism, primarily dedicated to
generating energy in the form of adenosine triphosphate (ATP) from various food substrates,
including carbohydrates, lipids, and proteins. Beyond ATP production, mitochondria are
crucial players in the dynamic balance of reactive oxygen species (ROS). The mitochondrial
respiratory chain, integral to ATP production, concurrently serves as the primary source for
both the generation and elimination of ROS. The intricate interplay within mitochondria
underscores their dual role in energy provision and the delicate management of oxidative stress
through ROS regulation (12).

'‘Mitochondrial dysfunction' emerges from a metabolic imbalance in nutrient signal input,
energy production, and/or oxidative respiration. While the classical definition centres on the
mitochondria's inability to produce and maintain adequate ATP levels, the term also
encompasses maladaptive physiological responses to metabolic perturbations. These include
irregularities in substrate catabolism, calcium buffering, iron transport, mutations in
mitochondrial DNA or nuclear mitochondrial genes, alterations in mitochondrial dynamics,
changes in size and morphology, heightened reactive oxygen species (ROS) production, and a
propensity for apoptosis (13,14,15).

175



EQ @’9’
= ",%’
Badfii

BODHI VOL 4 PP.173-182, 2021 -
Elevated nutrient intake results in an abundance of free fatty acids, leading to conditions such
as hyperglycaemia and heightened production of reactive oxygen species (ROS) within
mitochondria. This influx of nutrients contributes to dysfunction in adipocyte mitochondria.
The compromised mitochondrial function, in turn, diminishes both mitochondrial biogenesis
and mitochondrial DNA content, consequently reducing the rate of B-oxidation. Subsequently,
alterations occur in adipocyte pathways, including adipogenesis, lipolysis, fatty acid
esterification, and the production of adiponectin derived from adipocytes. These modifications

collectively contribute to shifts in insulin sensitivity (16).

The decrease in mitochondrial biogenesis observed in obesity is linked to metabolic changes,
insulin resistance, and low-grade inflammation. In skeletal muscle, there is reported evidence
indicating a correlation between obesity and a decline in both mitochondrial function and mass
@an.

Jheng and colleagues demonstrated the presence of smaller and shorter mitochondria, along
with an increase in mitochondrial fission, in the skeletal muscle of obese mice, whether induced
by genetic factors or a diet high in calories. This suggests a correlation between altered
mitochondrial fission, mitochondrial dysfunction, and insulin resistance in skeletal muscle. The
impaired mitochondrial function in muscle tissues results in diminished fatty acid oxidation
and the hindrance of glucose transport, indicating a reduction in insulin-stimulated glucose
transport (18).

Similarly, in the liver, diet-induced obesity has been associated with impaired mitochondrial
function, accompanied by an increase in fission processes. Holmstrém and colleagues reported
a reduction in mitochondrial respiratory capacity and protein expression, including peroxisome
proliferator-activated receptor-y coactivator-lo. (PGC-1a), in the livers of obese diabetic
(db/db) mice. This finding aligns with the observed increase in mitochondrial fission and
suggests a link between mitochondrial dysfunction and the downregulation of key proteins

associated with mitochondrial health in the context of obesity-related diabetes (19).

Obesity can adversely impact mitochondrial dynamics, although the precise mechanisms
governing these alterations are not fully elucidated. The disruptions in fusion/fission processes
and an excess of reactive oxygen species (ROS) are likely contributing factors. Reports indicate

an elevation in mitochondrial fission within the skeletal muscle of obese mice, suggesting that
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the disturbance in mitochondrial dynamics might be implicated in the development of muscle

insulin resistance in the context of obesity (20).

Moreover, changes in the activity of proteins integral to mitochondrial dynamics, such as the
modified expression of optic atrophy gene 1 (OPA1) and diminished expression of mitofusin
2 (Mfn2), may contribute to the observed decline in mitochondrial function associated with
obesity. Quirds and colleagues identified that the loss of the mitochondrial protease OMA1
affects the processing of the dynamin-related GTPase OPAL, leading to disruptions in
metabolic homeostasis, increased adipose mass, and decreased energy expenditure. In a study
by Sebastian et al., it was demonstrated that deficiency in Mfn2 results in heightened hydrogen
peroxide concentrations, increased reactive oxygen species (ROS) production, and
mitochondrial dysfunction in both the liver and muscle (21,22).

Mitophagy serves as a mechanism to eliminate dysfunctional mitochondria, playing a pivotal
role in breaking the cycle of oxidative stress and mitochondrial damage. However, it is
noteworthy that while mitophagy removes impaired mitochondria, this process may also lead
to a reduction in mitochondrial numbers. This reduction can potentially hinder substrate
oxidation, exacerbating lipid accumulation. The intricacies of mitochondrial processes,
specifically mitophagy, in the context of obesity, require further elucidation for a

comprehensive understanding (23,24).

In contrast to individuals with a lean physique, those with obesity exhibit mitochondria
characterised by lower energy generation capacities, less distinct internal membranes, and
diminished fatty acid oxidation. Alongside these modifications, additional metabolic
irregularities manifest in obesity, encompassing reduced fat oxidation, an increased reliance on
glucose for ATP synthesis, and lower basal ATP concentrations. Mitochondrial dysfunction
plays a role in various signs and symptoms associated with obesity, including decreased energy
expenditure, chronic overconsumption of food, and the presence of inflammatory markers.
These alterations not only contribute to the onset and progression of obesity but also hold

implications for its therapeutic interventions. (25,26).

Apoptosis, a programmed cell death mechanism, is orchestrated by an intricate intracellular
signalling program that engages various signalling molecules and cellular organelles. Key

components in this process include caspases, which act as proteases executing cell death,
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adapter proteins serving as caspase activators, and members of the Bcl-2 protein family along
with Inhibitor of Apoptosis Proteins (IAPs). The apoptotic pathways primarily involve the
extrinsic pathway, mediated through receptors and occurring either on the cell surface or in the
cytoplasm, and the intrinsic pathway, often associated with mitochondria and characterised by

the release of cytochrome c (27,28).

The nutritional imbalance prevalent in Western diets, characterised by elevated caloric intake,
induces mitochondrial dysfunction and heightens the cell's vulnerability to apoptosis. The
excessive intake of food diminishes respiratory capacity and primes mitochondria for
apoptosis. Increased caloric consumption reduces levels of PCG-1a and Mfn2, resulting in
diminished mitochondrial fusion and compromised organelle functions. In the context of
obesity, proteins associated with apoptotic pathways are upregulated, leading to heightened
apoptosis in adipocytes. This form of cell death is notably reliant on mitochondrial activity.
Additionally, various cell lines, such as stem cells, may experience mitochondrial dysfunction

during obesity, rendering them more susceptible to apoptosis (29,30).

In adipocytes of both obese rodents and humans, there is an elevation in apoptotic protein levels
and an increase in cell death. Tinahones and colleagues demonstrated that heightened body fat
correlates with a pro-apoptotic state in the adipose tissue of obese individuals. Another study
by Keuper and colleagues proposed that macrophages play a role in amplifying the
inflammatory process by inducing insulin resistance and promoting apoptosis of adipocytes
(31,32).

Inhibition of Obesity Through Deletion of Single Gene

Saltiel and collaborators detailed their research findings in the journal Nature Metabolism Jan
2023 with a paper titled “Mitochondrial Fragmentation and Dysfunction in White Adipocytes
Result from RalA Activation Induced by Obesity. “In their experiment, the researchers fed
mice a high-fat diet and assessed its effects on mitochondria in the animals' white adipocytes.
An unexpected phenomenon was observed: following the consumption of a high-fat diet,
mitochondria in certain regions of the mice's adipose tissue underwent fragmentation, dividing
into numerous smaller, less efficient mitochondria that exhibited reduced fat-burning

capabilities.
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They demonstrated that the expression and activity of RalA (a small GTPase) increase in white
adipocytes following a high-fat diet (HFD). RalA serves various functions, one of which
involves aiding in the breakdown of malfunctioning mitochondria. The team's findings imply
that an excessive activity of this molecule disrupts the normal functioning of mitochondria,
leading to metabolic challenges associated with obesity. Essentially, the persistent activation
of RalA emerges as a crucial factor in suppressing energy expenditure in obese adipose tissue.
(33).

Persistent activation of RalA plays a pivotal role in suppressing energy expenditure in obese
adipose tissue by tipping the balance of mitochondrial dynamics towards excessive fission,
thereby contributing to weight gain and metabolic dysfunction. Deleting the RalA gene proved
effective in shielding the mice from diet-induced weight gain. Subsequent investigation
revealed that some of the proteins influenced by RalA in mice bear similarities to human
proteins linked to obesity and insulin resistance, implying that comparable mechanisms may

be at play in driving human obesity.

Conclusion

This review exposes the intricate web of intracellular disruptions in obesity, with mitochondrial
dysfunction taking centre stage, supported by a cast of oxidative stress and inflammatory
actors. The inflammatory process associated with obesity has the potential to instigate oxidative
stress, subsequently resulting in mitochondrial dysfunction. Moreover, an excess supply of
nutrients alone can impact mitochondrial function and induce oxidative stress, potentially
contributing to the initiation and escalation of the inflammatory process. These collective
changes may culminate in cellular apoptosis.

Mitochondrial dysfunction is a distinctive feature observed in both human and rodent
adipocytes affected by obesity. Essentially, the persistent activation of RalA seems to play a
crucial role in dampening energy expenditure in obese adipose tissue. By comprehending this
mechanism, we move a step closer to developing targeted therapies that could address weight
gain and related metabolic dysfunctions by enhancing fat-burning processes. The gene

identified is a critical part of that transition from healthy weight to obesity.
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Digging deeper into the biochemical intricacies, the researchers uncovered those certain
proteins influenced by RalA in mice which bear resemblance to human proteins are linked to
obesity and insulin resistance. This implies that comparable mechanisms might be contributing

to human obesity.

The direct correlation between the fundamental biology unravelled in the research and tangible
clinical outcomes underscores the significance of these findings for humans. It suggests that it
might have the potential to aid in treating or preventing obesity by targeting the RalA pathway
through innovative therapies. This is the initial stage of comprehending the intricate

metabolism of this disease, but the prospects for the future are promising and exciting.
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Cytoanatomical profile of the cerebral neurosecretory cells of
Lymnaea (Radix) luteola in concurrence to different temperature
fluctuations
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Abstract

Exposures to temperature regimes has been considered as one of the most imp env cues which
inturn influence the activity — metabolism, growth, reproduction in several invertebrates.
Especially in the gastropod molluscs like Lymnaea (Radix) luteola. Environmental temperature
changes depict unique characteristics for ectothermic organisms especially amongst molluscs
where the capacity for thermoregulation is far less than in many invertebrates. Indeed changes
in the kinetic energy of the environment are characteristically (Rapidly, quantitively)
transmitted to the cellular chemistry of the organism. The causo-mechanism of such process in
the biological system tells upon the vital processes and the cellular structure on which the life
depends. Temperature stress along with the other hydrological factors are proved to act on the
biochemical machinery of several organs including the neurosecretory systems. The sensitivity
of the neuro endocrine centers to thermal stress (hypo and hyperthermia) is striking in

invertebrates.

Keywords: Thermoregulation, Neurosecretory system, Neuro endocrine centres, Hypo and
hyperthermia , Caudodorsal cells(CDC), Mediodorsal cells(MDC), Laterodorsal cells( LDC)
INTRODUCTION:

A general probe on the cytomorphic structure, nature, and distribution of the neurosecretory

cells in each of the ganglionic components of the cephalic whorl has been ascertained.
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Emphasis is paid more on the cerebral ganglion to substantiate correlative changes following
one of the environmental cue (thermal) impact in the different neurosecretory neurons. An
attempt has been made to elucidate the infliction of diff thermal regimes to cerebral
neurosecretory cells. Moreover, the cytomorphic changes are probed through light microscopy
coupled with histomorphology of the neurosecretory cells with reference to their components
and nature, in the Near ambient(20-25°C), Hypothermal( 4-10°C) and Hyperthermal (30-35°C)

temperature regimes.
MATERIALS & METHOD

This species in question is a fresh water snail and vulnerable to potential water influx and salt
loss. The later situation warrants indispensability for having a regulatory system in terms of

neurohormonal interplay.

The materials, used in the present investigation are full grown Lymnaea (Radix) luteola (size
ranging from 1.2 cm - 1.5 cm), were collected from an adjoining pond within Vivekananda
College during Monsoon. These individuals are kept in suitable plastic containers filled with
same pond water. Periodic renewal of pond water was practised in course of their maintenance
and acclimation. Subjection to thermal exposures has been monitored according to the schedule
for experimentation. Indeed, near ambient temperature (20°C and 25°C) treated individuals
were the normal. Hence, these animals were put into a separate B.O.D. chambers where the
aforesaid temperature ranges are being maintained precisely. Groups [each group comprising
fifty (50) individuals] subjected to subnormal and above normal temperature ranges were
designated as hypothermic (4°C and 10°C) and hyperthermic (30°C and 35°C) individuals
respectively. Such individuals were kept in two separate chambers of the incubator for 24-hr
treatment. Requisite number (not less than ten individuals from each group) of animals were
deshelled and relevant ganglionic complements and/or cerebral ganglion were removed (Nanda
and Nanda, 1993).
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HISTOMORPHIC STUDIES

Light Microscopy

Probes are made through adoption of standard staining techniques like chrome-alum-
haematoxylin-phloxine (modified by Bargmann, 1949) and aldehyde fuchsin (Cameron and
Steele, 1959) following the use of suitable fixatives (Bouin's fluid). Always frontal sections at

7um-8 um thickness are preferred.

Observations:

Normal in situ dissection of the ganglionic whorl contemplating the ganglions under present

investigation: -

Figure 1:
Stereoscopic
binocular
exposition of the
ganglionic whorl
of the central
nervous system
of Lymnaea
(Radix) luteola.
Note
periesophageal
ring and visceral
loop as well as
position of the
paired  buccal

ganglion
invested over the
buccal mass.
(After removal
of the
oesophageal
tube).
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Figure 2:
Showing 'in situ' view of
a portion of

Perioesophageal ring
encompassing  cerebral
commissure, dorsal
bodies and bulge of the
cerebral ganglion.

Cvtomorphology of the Said ganglionic whorl in the different magnification: -

' Figure 3:
Section of a
portion of

ganglionic  whorl
(cerebral,  pedal
and pleural) of
Lymnaea (Radix)
luteola  showing

CAH-positive
cells (large,
medium and

small) and their
distribution. Note

extent of
groupings of
neurosecretory
elements and their
eventual
disposition in

relation with the
neuropile. X 125
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Figure 4:

Magnified view of
the section of the
cerebral ganglion

showing

orientation of
MDCs, LDCs and
CDCs. Note
indiscrete

secretory contents
and excentric
position of

disproportionately
large nuclei as well
as DB cell clusters
having ill-defined
lobules. X 125

Figure 5:

Section showing a
large cerebral

neurosecretory
neuron  (MDC)
with axonal

prolongation in
confluence with
the neuropilar
matrix. Note near

absence of
stainable

inclusions within
the axonal

process. X 532
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Figure 6:

Section of the rear
portion of the
ganglionic whorl
containing pedo-
parieto-visceral
complex.  Note
disposition  and
characteristics of
CAH-positive
cells in each of
ganglion. X 125

Figure 7:

Section showing
magnified view of
the LDCs to
highlight  larger
dimension of the
nuclei and
possession of long
but stout axonal
process

containing CAH-
positive material.
X 532

DISCUSSION:

The present investigation on the effects of temperature gradients over the neurosecretory
elements of the cerebral ganglia in Lymnaea (Radix) luteola that inhabits in freshwater (pond
water) provides evidence for the involvement of direct environmental parameter in the
neurosecretory system as observed in case of Lymnaea stagnalis (Wendelaar Bonga,
1972).Particularisation of the role of specific neurosecretory cells has been emphasized in his
studies with respect to water influx and salt loss- a situation that has to be made up with for

freshwater animals. Such criteria are tenable in the species under study where environmental
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change with respect to temperature fluctuation is called for and seems not to be due to the
intervening neuronal message (Roubos,1973). Furthermore, importance of the cerebral
ganglion in Lymnaea stagnalis has been established On the basis of elaboration pertaining to
the control of growth and carbohydrate metabolism (Geraerts,1992). This has a relevance to
imply the involvement of neurosecretory cells (LGCS) and other giant neurons for metabolic

activity and adjustment (Geraerts, 1992).

Influence of near ambient temperature renders moderate cyto-anatomical alterations amongst
cerebral neurosecretory components of Lymnaea (Radix) luteola with reference to their staining
affinities, morphological contour of the secretory contents, axoplasamic flow, nucleolar sizes
etc. Besides, images of secretory cycle in the neurosecretory components especially amongst
large types have become obvious. Electron microscopic profiles also demonstrate a near normal
features as and when the extent of accumulation of electron dense granules at the axon
terminals, their conformity and relative abundance of heterochromatin substances are referred
to. Distribution of periodic nucleopores all around the nuclear membrane is striking and seemed
to be a common feature. Coupled with these, the Np ratios amongst all the types of
neurosecretory neurons undergo moderate elevation and seem to be at par with the rise of the
temperature. Such features likely to indicate a compromise in the functional aberrations of the

neurosecretory elements with respect to the physiology of secretion.
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Phytoremediation of heavy metals: A brief overview
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Abstract

Heavy metal pollution, a raging environmental issue, has very few clean solutions.
Phytoremediation has emerged as one of the front runners amongst them. In this review, I
briefly summarize the variety of methods of phytoremediation. I discuss phytostabilization and
phytoextraction in some depth. While the former stabilizes heavy metal pollutants, stopping
leaching and spreading, the latter is a more efficient means of capturing free heavy metals
from the ecosystems. All phytoremediation methods depend on the inherent property of the
plants. However, surprisingly little is known about this relatively new method for a wider

application.

Introduction

Heavy metal pollution due to increasing industrialisation in recent times is a serious threat to
the environment. As these heavy metals are not biodegradable in nature removing them from
the environment has been a considerable challenge. The accumulation of heavy metals in soil
and water not only pose a risk to the environment, but is also a human health hazard. These
heavy metals bioaccumulate in the tissues of animals and plants, often leading to

biomagnification through multiple trophic levels in a food chain, and may even reach humans.

Most of these heavy metals are highly toxic and have carcinogenic and teratogenic properties.
Some heavy metals (for example, Cu, Fe, Mn, Zn, and Mo) are known to be important for
growth at trace quantities. However, high levels of these have adverse effects on growth and

development (Alirzayeva et al., 2017). Thus removing these elements from soil and water is
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essential. There are some physical and chemical processes used to clean up these metals but
these methods have limitations including high cost, intensive labour, irreversible changes in
soil properties and disturbance of natural microflora. An alternative method is to use
Phytoremediation, which is the use of plants and associated micro iota to remove contaminants
from soil and water (Greipsson, 2011). Researchers found phytoremediation as the most
environment-friendly and cost effective natural technique to remove heavy metals. Various
strategies for heavy metal remediation from soil have been adopted. Some of them are briefly

reviewed in this article, focusing on the efficiency of the method, and new findings.

Sources of heavy metals in environment

Heavy metals are a group of metallic chemical elements that have relatively high densities,
atomic weights, and atomic numbers. The common heavy metals/metalloids include cadmium
(Cd), mercury (Hg), lead (Pb), arsenic (As), zinc (Zn), copper (Cu), nickel (Ni), and chromium
(Cr) (An Yan et al., 2020).There are both natural and anthropogenic sources of releasing heavy
metals in the environment. The most significant natural sources are weathering of minerals,
erosion and volcanic activity and the anthropogenic sources include mining, smelting,
electroplating, use of chemical pesticides and fertilizers. Dumping of sludge, industrial
discharges and vehicular emissions also releases huge quantities of heavy metals (Modaihsh et
al., 2004; Chehregani and Malayeri, 2007; Fulekar et al., 2009; Sabiha-Javied et al., 2009;
Wuana and Okieimen, 2011).

Heavy metal toxicity

Heavy metals are classified in two categories essential and non-essential on the basis of their
roles in living organisms. Essential heavy metals like Cu, Fe, Mn, Ni, and Zn are required for
physiological and biochemical processes in plants but in very minute amounts (Cempel and
Nikel, 2006). Whereas, nonessential heavy metals, such as Pb, Cd, As, and Hg, have no role in
the normal physiology of plants or animals; rather these are highly toxic and have adverse
effects in both plants and animals. Several studies have shown these heavy metals can pollute
soil and water, often reducing crop productivity by altering plant physiology (Clemens, 2006).
In humans they can enter through animal and plant based food. These metallic elements are
known to induce multiple organ damage, even at lower levels of exposure and also have
carcinogenic properties (Tchounwou et al., 2014). Studies found Cd has Carcinogenic,

mutagenic, and teratogenic properties. Studies shown that it disrupts endocrine function and
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interferes with calcium regulation in biological systems. Cd also causes renal failure and
chronic anemia (Degraeve, 1981; Salem et al. 2000; Awofolu, 2005). Chronic intake of Hg via
food or water causes anxiety, autoimmune diseases, depression, difficulty with balance,
drowsiness, insomnia, memory loss,vision disturbances, ulcers and damage to brain, kidney
and lung (Neustadt and Pieczenik, 2007; Ainza et al., 2010; Gulati et al., 2010). Allergic
dermatitis known as nickel itch; inhalation of Ni particles can cause cancer of the lungs, nose
and throat (Salem et al., 2000; Khan et al., 2007; Das et al., 2008). Lead poisoning causes
problems in children such as impaired development, reduced intelligence, loss of short- term
memory, learning disabilities and causes renal failure; increased risk for development of
cardiovascular disease (Salem et al., 2000; Padmavathiamma and Li, 2007; Wuana and
Okieimen, 2011; Igbal, 2012).

Remediation

Due to their uncountable toxic properties it is important to remove these toxic metals from the
environment. There are some physical, chemical and biological methods of removal of these
metals from soil such as soil incineration, excavation and landfill, soil washing, solidification,
and electric field application (Sheoran et al., 2011; Wuana and Okieimen, 2011; DalCorso et
al., 2019). All of these methods have limitations like high cost, change in soil profile,
irreversible changes to the physicochemical and biological properties of soils which can
eventually affect the natural microfloras of soils (Ali et al., 2013; DalCorso et al., 2019).

Phytoremediation techniques are plant based eco friendly techniques for removal of heavy
metals from soil. Plants can absorb these metals from the contaminated soil by their root system
and can accumulate them thus changing their bioavailability to the environment. There are
several techniques of phytoremediation which are highly effective in removing heavy metals
from soil. Heavy metals generally exist in insoluble form in soil and plants make them
bioavailable by releasing a variety of root exudates which changes the pH of the rhizosphere
(Dalvi and Bhalerao, 2013). Roots absorb these bioavailable metals either by active transport
or by passive diffusion (Peer et al., 2005). However, a variety of techniques and methodologies
have been co-opted to manage heavy metal pollution in the last few decades.
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Techniques/strategies of phytoremediation

There are a number of phytoremediation strategies that are used for the remediation of heavy
metal-contaminated soils, including (i) phytostabilization, (ii) phytoextraction, (iii)
phytovolatilization, (iv) phytofiltration, (v) phytodegradation, and (vi) rhizodegradation
(Alkorta et al., 2004). In the following section, I will briefly introduce these six methods of

Phytoremediation.

Phytostabilization:

In this technique plants are used to stabilize the heavy metals present in the contaminated soil
by reducing the bioavailability of these metals. Plants immobilize heavy metals by absorbing
them from the soil or water and thus restrict them from entering into the food chain in both soil
and water (Wong, 2003; Marques et al., 2009). In Phytostabilization plants secrete some redox
enzymes which convert the hazardous metals into less toxic forms. This technique minimizes
the heavy metal leaching to the groundwater and also metals dispersion with soil particles by
wind (Vangronsveld et al., 2009; Mench et al., 2010). To achieve an effective
phytostabilization heavy metals tolerant plant species have to be chosen. As a plant's root
system plays the most crucial role in this process, a plant should have a dense root structure.
Studies on medicinal plants showed that Ocimum basilicum L., Melissa Officinalis L.,
Valeriana officinalis L., Calendula officinalis L. and Matricaria chamomilla L. are efficient
for phytostabilization of Pb, Zn and Cd from soil (Achakzai et al., 2010; Masarovicova et al.,
2010).

Microorganisms living in the rhizosphere such as bacteria, mycorrhiza, helps in
phytostabilization by improving the efficacy of heavy metal immobilization. Heavy metals are
adsorbed by the cell walls of microorganisms by producing chelators and helping in
precipitation (Gohre and Paszkowski, 2006; Mastretta et al., 2009; Ma et al., 2011).

Phytoextraction:

Phytoextraction is the most effective phytoremediation technique for removal of heavy metal
from contaminated soil. In this technique, the plants are used to take up heavy metals from the
contaminated soil (or water). Plants accumulate them in their above ground biomass (Salt et
al., 1995; Jacob et al., 2018).
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The process of phytoextraction of heavy metals follow few steps (Ali et al., 2013). These steps
are - (i) heavy metals are mobilized in the rhizosphere, (ii) uptaking of heavy metals by plant
roots, (iit) translocation of heavy metal ions from roots to above ground portions of plants, and
(iv) sequestration of heavy metal ions in plant tissues. Proper selection of plant, performance
of plant, bioavailability of heavy metals, soil type and properties of rhizosphere determine
efficiency of this technique. Plants suitable for phytoextraction techniques should have some
unique characteristics like - high growth rate, profuse root system, tolerant to adverse effects
of heavy metals, resistant to pests and pathogens, good adaptability, easy to cultivate and
repulsive towards herbivores (Mejare and Bilow, 2001; Tong et al., 2004; Adesodun et al.,
2010; Sakakibara et al., 2011; Shabani and Sayadi, 2012).

Two approaches for phytoextraction have been tested. First, hyperaccumulators are plants
which produce less above ground biomass but accumulate target heavy metals in high amounts.
Secondly, hypertolerants, plants which produce massive above-ground biomass tend to

accumulate less amounts of heavy metals.

Plants such as, Trifolium spp, that have multiple harvests in a single growth period can
accumulate heavy metals very efficiently (Ali et al., 2012). Grasses act as better accumulators
than shrubs and trees due to their high growth rate and good adaptability (Malik et al., 2010).
Bioavailability of heavy metals is the most important factor for efficient metal uptake by plants.
Some (Cd, Ni, Zn, As, Se, Cu) of the heavy metals are readily bioavailable ; some (Co, Mn,

Fe) are moderately bioavailable and some (Pb, Cr, U) are least bioavailable (Prasad, 2003).

In addition, there are certain mechanisms evolved by plants for solubilizing heavy metals in
soil. Plants secret some metal mobilizing substances in the root area known as
phytosiderophores (Lone et al., 2008). Plants root secret H* ions which make the soil acidic
and thus increases metal dissolution. These H" ions are replaced by the cations of heavy metals

adsorbed to soil particles and mobilize them (Alford et al., 2010).

There are two modes of phytoextractions, natural and induced. In the natural phytoextraction
process, plants are used in natural conditions without adding any external agents. In case of
induced phytoextraction different chelating agents, such as, citric acid, EDTA, ammonium
sulfate are added to the soil to increase bioavailability of heavy metals so that the plants can
easily absorb (Lai and Chen, 2004; Lone et al., 2008; Sun et al., 2011b). These chelating agents
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can cause soil pollution as it is not biodegradable and it can also leach into groundwater and
cause environmental hazards. Thus, induced phytoextraction should be practiced with proper
care (Marques et al., 2009; Ping et al., 2009; Zhao et al., 2011; Song et al., 2012).

A special case is a type of plants which are specifically adapted to thrive in heavy metals rich
soil - metallophytes (Bothe, 2011; Sheoran et al., 2011). Metal resistant properties of these
plants (metallophytes) have evolved over a long period of time due exposure to high
concentrations of heavy metal rich soil in mining areas. Many of these plants are concentrated
in the plant family Brassicaceae (Bothe, 2011). Metallophytes are divided into three groups:
metal excluders, metal indicators and metal hyperaccumulators. Plants which accumulate
heavy metals in their roots and restrict these metals to transport to their aerial parts are called
metal excluders (Sheoran et al., 2011; Malik and Biswas, 2012). Metal indicator plants
accumulate heavy metals in their aerial parts. Hyperaccumulator plants accumulate heavy
metals in their aerial parts and these plants are highly resistant to heavy metals (Memon et al.,
2001; Memon and Schrdoder, 2009). The term ‘“hyperaccumulator’” was first coined by Brooks
et al. (1977) to define plants with Ni concentrations higher than 1000 mg kgl dry weight
(0.1%). According to Baker and Brooks (1989), ‘‘hyperaccumulators are plant species, which
accumulate greater than 100 mg kg dry* weight Cd, or greater than 1,000 mg kg™ dry weight
Ni, Cu and Pb or greater than 10,000 mg kg™ dry weight Zn and Mn in their shoots when grown

on metal rich soils”’.

Hyperaccumulator plants accumulate 100 times higher shoot metals concentration than normal
non accumulators without compromising their yield (van der Ent et al., 2013). Researchers
have found the plant family Brassicaceae contains heavy metals accumulation ability
(Poniedziatek et al., 2010). Thlaspi caerulescens (Alpine pennycress) is the best known
Hyperaccumulator for Zn, Cd and Ni (Assuncéo et al., 2003). These hyperaccumulator plants
use it as a defense strategy from herbivory by making the leaves unpalatable and also from
pathogens (Meharg, 2005; Prasad, 2005; Dipu et al., 2012). Some of the plants have natural
ability to act as hyperaccumulators for some metals, and are thus called natural
hyperaccumulators. On the other hand, the hyperaccumulation capacity of some plants for
specific heavy metals are enhanced by their genetic modification through biotechnological
methods. These transgenic plants showed a promising future for remediation of heavy metals

from the environment. Alyssum bertolonii, Alyssum caricum, Alyssum corsicum, Alyssum
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heldreichii, Alyssum markgrafii, Alyssum murale are found as good hyperaccumulator of nickel
(Li et al., 2003 ; Bani et al., 2010). Pteris biaurita, Pteris cretica,Pteris quadriaurita, Pteris
ryukyuensis, Pteris vittata, Corrigiola telephiifolia are good in accumulating arsenic
(Srivastava et al., 2006; Zhao et al., 2002; Kalve et al., 2011; Garcia-Salgado et al., 2012).
Cadmium is accumulated by Azolla pinnata, Eleocharis acicularis, Solanum photeinocarpum
and Thlaspi caerulescens ( Rai, 2008; Wei et al., 2008; Zhang et al., 2011; Lombi et al., 2001).
Euphorbia cheiradenia is a good accumulator of lead (Chehregani and Malayeri, 2007). Pteris
vittata and Schima superba accumulate chromium and manganese respectively (Kalve et
al.,2011; Yang et al.,2008). Plants used in heavy metal remediation are usually disposed of
very carefully as they contain hazardous materials. These plant materials are burnt to reduce
the volume and then safely disposed as a hazardous waste in specialized dumps (Lone et al.,
2008; Jadia and Fulekar, 2009; Sheoran et al., 2011).

Other methods:

Phytofiltration is a technique wherein the contaminants are removed from the surface of water
by plant roots (Mukhopadhyay and Maiti, 2010). This process is also known as rhizofiltration.
In another method, phytovolatilization, plants uptake contaminants from soil and convert them
into volatile forms and subsequently release them into the atmosphere. This technique is
generally used for organic pollutants and some heavy metals including Se, and Hg. But this
process does not eliminate the pollutants completely from the environment rather transfer them
to air from soil (Padmavathiamma and Li, 2007). Phytodegradation is a technique plants
degrade organic pollutants of soil by their metabolic enzymes such as, dehalogenase and
oxygenase (Vishnoi and Srivastava, 2008). This technique can only remove organic pollutants
and does not act on heavy metals. Finally, rhizodegradation is a process in which organic
pollutants in the soil are broken down by the microorganisms of the rhizosphere
(Mukhopadhyay and Maiti, 2010). Due to increased microbial activity in the rhizosphere, the
soil contaminants are degraded by microbial metabolites. Plants secrete organic subtracts
which facilitate growth of rhizospheric microorganisms (Kuiper et al., 2004; Yadav et al.,
2010).

Limitations of phytoremediation
Phytoremediation is the most promising method for removal of pollutants from the

environment but it has some limitations. This method is time consuming and the efficiency of
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this process depends on proper research. Phytoremediation remediation efficiency of most
hyperaccumulators is limited by their slow growth. This method is applicable to the low to
moderately heavy metal polluted sites as in highly polluted soil the growth of the plant is
affected (Sahir et al., 2015). Another main limitation of this method is the risk of food chain

contamination if not managed properly.

Conclusions

In conclusion, phytoremediation is an environment-friendly and cost effective method of
removing contaminants from soil and water. It is a relatively recent field of research and its
applications in the natural world is poorly understood. Most of the research work is limited to
the laboratory and greenhouses. Some work in the field sites have been successfully conducted
with positive outcomes. Studies in the field showed that phytoremediation efficiency depends
on soil type, type of contaminants and plant characteristics. Other factors such as soil
physicochemical properties, the bioavailability of heavy metals in the soil, the amount of
exudates released by microorganisms and plant roots and capacity of plants to uptake,
translocate, accumulate and detoxify these metals.
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Abstract

“Multivariate process control” is a part of process control technique which itself is a part of
statistical quality control. The general process control technique, and the control charts take
into account a single quality characteristic, but there are situations in which the simultaneous
monitoring or control of two or more related quality characteristics is necessary. In that case

we adopt multivariate process control technique [1]. And hence it is very important& useful.

Here my new suggestion is we can use1'S1 to form control chart for process variability.

1 Introduction
Multivariate process control

At first, it should be mentioned” why we go for multivariate process control technique? [1]”.

Here, for understanding | take an example,

Suppose that, a bearing has both an inner diameter (x1) and an outer diameter(x2). Together
these determine usefulness of the product; In other words, these two related quality

characteristics are simultaneously responsible for its quality.
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Suppose, in this case x1 & x2 independently follow Normal distributions. Since, both the
quality characteristics are measurements, they can be monitored by applying the usual x-bar
chart for each characteristic. This is shown in the following figurel. & figure2. **Here, the

process is considered to be in control only if the sample means ( X1, X2) falls within their

respective control limits. This is equivalent to the pair of means (X_l,X_Z) plotted in figure6.

[1]
*Corresponding author

**In figurel we have shown c4 against c1 where c4 represents the value of x and c; represents

the value of oc.

Example [1]: sample. no value of E value of E
1 5 4.5
2 6 6.5
3 4 5.5
4 3.5 )
5 6.5 5.5

Monitoring these two quality characteristics independently can be very misleading. The

probability that either X1 or X2 exceeds 3-sigma control limits is 0.0027. However, the joint
probability that both variables exceed their control limits simultaneously, when they are both
in control has a probability of (0.0027) (0.0027) = 0.00000729, which is considerably smaller

than 0.0027. Further more, the probability, that both X1& X 2 will simultaneously plot inside
the control limits, when the process is in control, is (0.9973) (0.9973) = 0.99460729; therefore,

the use of two independent X-bar charts has distorted the simultaneous monitoring of X1 &

X2 in that case , the type —I error & the probability of a point correctly plotting in control are

not equal to their advertised levels for the individual control charts.
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This distorting in the process monitoring procedure increases as the no. of quality

characteristics increases.

In general, if there are p statistically independent characteristics for a particular product and if
an X-bar chart with Probability {type-I error}=a is maintained on each, then the true probability

of type —I error for the joint control procedure is
a=1-(1-a) p & Probability {all p means plot in control}=(1-a.) p.

Clearly, the distortion in the joint control procedure can be sever, even for the moderate values
of p [1].

1.1 MULTIVARIATE PROCESS CONTROL FOR VARIABLES

Let us take a p- component vector as the quality characteristics under consideration.

Now if Xx~N( . ,0)
Then X ~Np (#,X) where 4 =process mean vector,

> =process dispersion matrix of order pxp.
The parameters u & 3 may or may not be known.

Here our purpose is to provide a suitable control chart for controlling, techniques to monitor

the process mean [1].
Here, we have two different techniques:-
1) Formation of control chart with control lines on the basis of % -distribution

we test whether the values of T2 are below the upper control limit y 2 ¢ p. If so, for each m
samples, then we say that the process is within control; if not, then here, we define a statistic

T2 such that T?>=n(x -H) X 1(x - ). And we say that the process is out of control [1].

2) Formation of control chart with control lines on the basis of F-distribution [1]
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This is rather an extension of the previous one, previously we take X is known, and here it is
unknown. We estimate it by it’s sufficient, minimum variance unbiased estimator S. In this

case we define T2 to follow Hotelling’s T2-distribution. If p is unknown then it is estimated by

7 , Where

¥, ]
2%y

X =1/m = 1,2,......p.

2. X5

This is coined by ALT (1985).
Here the control chart for phase-I is
UCL=(p(m-1) (n-1)/mn-m-p+1)*Fa:p,mn-m-p+1, m= number of sample
n=sample size
For phase-II
UCL=(p(m+1) (n-1)/mn-m-p+1)*F:p,mn-m-p+1 [1]
2. COMPARISON BETWEEN THE CONTROL CHARTS [1]

Here, the relative performance of the charts is compared on the basis of operation characteristic

function (OC function) &average run length (ARL)
Where
OC=Probability {process is under control, given (u, X)}
= Probability {LCL<value of the statistics<UCL given (u, X)}
ARL=Average run length

=No. of sample needed to rise an alarm for out of
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desired state of control
2.1 OC function y»? chart
I1= Probability {LCL<T<UCL given (u, X)}, where
T=T?=n(x-p) T (X-4).
LCL=0,
UCL=x2a p
2.2 OC function Hotelling’sT?-chart
I:= Probability {LCL<T<UCL given (u, X)}, where
T=T2=n(x - ;()' s(x - ;() , Where ¥ denotes sample mean

x denotes grand mean

LCL=0,

UCL=((m-1)(n-1)/mn-m-p+1)*Fa:p,mn-m-p+1

2.3 OC function “Control Ellipsoid” [1]

Let X ~Np (g, Z)

And Q={x: (x-X)'E(X-X) < c¥n}
2.4 Then OC functionof 4 & X

_ ’V
|3=P[K€Q]‘J /(X ' (x - ) dx

Q<J_>
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=L(m2)

Let BB=3! and y =B (x-X).

Then 1/J = ‘%‘ =|8| = [B'B| = \/‘Zl = 1/\/‘2‘.

- 4= %
:e—g<x—g>’2 <>_<—g>j n

(o)

=A | e—g{MWKB&—@}dz, (1)
Q

n ! ! o
e~ 5 1Y+ 2yBO- ey

where, A=constant
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3. HERE WE MAKE THE COMPARISON FOR BIVARIATE CASE

3.1 OC function y»? chart

1.002 —

8 0.997 —

0.992 —

Figl. Plot of C4 w.r.t C1

Cc1 VALUE OF pl

C4 VALUE OF OC

OBSERVATION:

a) OC do notdependon x & X

b) OC is constant

c) ARL is also constant [1].
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3.2 OC function Hotelling’sT?-chart

1.002 —

6 0.997 —

0.992 —

Fig2. Plot of C4 w.r.t C1

Cc1 VALUE OF pl

C4 VALUE OF OC

OBSERVATION:

a) OCdonotdependon u &X

b) OC is constant

c) ARL is also constant [ARL=1/(1-OC)] [1]
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3.3 OC function “Control Ellipsoid” [2]

0.8 — .
.
0.7 — -
0.6 — -
0.5 —
1) .
0.4 —
03 — * .
0.2 —
.
0.1 — .
T T T T T T T
3 2 1 0 1 2 3
C1

Fig3. Plot of C2 w.r.t C1

Cc1 VALUE OF pl

C2 VALUE OF OC

OBSERVATION:

a) OCdependson u &X.

b) OC curve is following a pattern and it has maximum values around p1=-0.5, -0.2 &then
decreases in a smooth way; after u1=3 its values are very small. So the present OC

curve is looking quite similar to the ideal OC curve.

¢) ARL is also decreasing with 4 .

d) Soitis very fast to detect out of control situation.

e) Soitis sensitive.
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f) So it helps in optimizing the process [2].
3.4 Limitations_[1]
Here, we take subgroup size n=5, if it will large then it is better for normal assumption
NOTE
1. For p=2, c=1.53.
2.The OC =value of a double integration(lz)
3.Here, we do the integration by numerical integration using trapezoidal rule.
4.we make a polar transformation of (1)
Take, r=0,0.5,1,1.5. @=-m, -n/2,0, n/2, w;

Take one choice of X & 10 choices of p

41
Zz[l 9) , lo=2*u1; 1=-3, -2, -1, -0.5, -.2,0,0.5,1,2,3;

Here, Is=function of(pu1).

4. INTERPRETATION OF OUT OF CONTROL SITUATION_[1]

The above two charts are to monitor whether the process in control or not. But if the process is

out of control then all the variables are not necessarily out of control. There may one or more

variables which is out of control. So we are to find these out of control variables.

For this there are many methods of which the following approach is very useful. If T?is the

current value and T2 is the value of it except the ith component. Then di=T?-T%;. And di is

an indicator of the relative constitution of the ith variable to over all statistics. In out of control

situation we see which di’s are large[1].
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Furthermore, if the p- quality characteristics are not independent, which usually would be the
case if they relate to some product, then equations (1) &(2) do not hold and we have no easy

way even to measure the distortion in the joint control procedure.
4.1 HISTORICAL BACK GROUND

The original multivariate quality control was done by Hotelling (1947) applied his procedure
to bombsight data during world warll. Subsequent papers dealing with control procedure for
several related variables includes Hicks, Jackson (1956) (1959) (1985), Crosier (1988),
Hawkins (1991) (1993), Lowry (1988), Lowry & Montgomery (1995) &Alt (1985). There are

many other works also available on this topic.[1]

Formation of control chart with control ellipsoid on the basis if general aspects of

multivariate normal distribution [ 11

Basically, “Control Ellipsoid” is a special kind of ellipsoid which is analogous to general

“Concentration Ellipsoid”.

In Concentration Ellipsoid, we assume Uniform distribution over Normal distribution between

-1/2

u-3

assumption to Uniformity. So for p variables it is Multivariate Normal distribution. The

c& u+3_1/20, but in Control Ellipsoid we do not change our set up from Normal

Concentration Ellipsoid is a (drum like) equi-probability_contour i.e. the probability is same
for every point in the base of the drum. On the other hand, this Control Ellipsoid is a

symmetrical inverted tub i.e. the geometrical reparation of multivariate Normal distribution.

So here our objective is to determine ¢, whereSoe={n(x-x)'S(x-x)<c?} is the region of

control Ellipsoid. Here we estimate u & X by X & S[1].

4.2 HOW WE MAKE A PROCESS IN CONTROL BY THIS CONTROL ELLIPSOID.

Control Ellipsoid is defined in such a way that the probability of a point of being inside the

Ellipsoid is 0.9973. So if we see that the value of n(Y X )'S‘l(f -?) lies within the above

Ellipsoid Sefor each sample then we can say that the process is in control, out of control o.w.

4.3 DETERMINATION OF THE VALUE OF c [1]
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Let the required value of S is

FUE2PEE)) e R

(-4 X (- p)=C?

—12mp | ez_mﬂdl’

Y'y<g

[since’

Y=positive definite

=> ¥ 1=positive definite
=>¥1=B'B, B is non singular

Let,y = B(x— )

ey =(x- B

ie., (X —;()' z1(X- ;Q =y'y

=2 - B - £ - [z

Y 1=rcose1cosey. ... COSOp-1,
Y2=rcoseicoser.......... COSOp-281Nep-1, -1/2<=ei<=m/2
i=1(1)P-2
- T<=0p-1<=T
0<r<oo

Yp=rsines,
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2
p —_2— ;!
DY TrEYY.
Then [J|=r PXcose1”? coseP> ....... COS6p-2,

crmxal2 nl2

ie. I=1/(\/2n)p.j_[ J. J. e_llzr |J|drdes...... dep-1, Where ¢ is the upper limit of r to be

0-7-nl2-712

determined later.

p-2 7l2

:1/(\/2n)pje—l/2r2rpfldr J‘d ep_lH J' COSeipflfidei
0 -

i=l _z/2

7l2

rp_ldr)(zn)]j B(p-i/2,1/2) [since, J.COSQfd 0.=B(a+1/2,1/2)]

-2

-1/2p?

=1/(2mP( [ @

-1/2p?

~1/(2np [ " dr @22 20y T(pr2)
0

1/2¢°

=UT(p2) [@ 7" dz 2=1/2¢?
0
[since,(1/2)r?=z,i.e.rdr=dz,i.e.r®-2=2(-22)7(p-2/2)]
t k
=UrGe+D) fe " 7z, pl2=k+l
0

=h(W(k+1)Y2 k),  u=Mk+1)2 b=k
=I,(u,b).
Finally we obtain c=(2u(k+1)Y2)Y2,

[Retaining similarity with Shewart’s control chart, if we choose a =0.0027 i.e I,(u,b)=0.9973
then we have different c? for different b. Here, we use trial &error method to find out the value
of u&h.
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Now if for a given level of significance (o) we want I=1-a, then from the biometric table of

incomplete gamma function we get the size of the Control Ellipsoid [1]
Now we can extent the previous concept in case of attribute also.
5. MULTIVARIATE CONTROL CHART FOR ATTRIBUTE_[1]

Here, as we have different variables corresponding to different qualities, then, depending on
these various related qualities, we can classify the product as defectives &non- defectives. Let,

number of defectives as regard quality, one can be taken as x1, X2, .....,Xp.

Then X1,X2,X3,Xa,...... ,Xp jointly follow Multinomial distribution with parameter
N,71, 72,3, . ...... ,mp. Where m; is the probability of finding a defective regarding the ith quantity.
Here we take the nonsingular form of multinomial distribution. Now  for
large n we approximate multinomial distribution as multivariate Normal distribution. In that

case we can use control ellipsoid. In that case,

_Xl_ zl _7[1 —_
_ X, X2 T,
x=1nY [ <. |4,

EROINEIREN

We can do so since 7 is estimator of X

5.1 INTERPRITATION OF OUT OF CONTROL
Theory is given in section 1.1.

5.2UTILITY

1) This technique gives the perfect alarm.

2) This is based on more general assumptions. Since we have taken the normal assumption,

then, for those variables that do not follow normal dist" it also give good results.
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3) Iny?—chart or HotellingT2-chart we get the line concept which is more general.

Sample Mean

Sample Mean

=
o
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X-bar Chart for X1-BAR - X1-BAR

Sample Number

Fig.4

X-bar Chart for X2-BAR - X2-BAR

Sample Number

Fig.5

UCL=9.322

Mean=5

LCL=0.6782

UCL=8.060

Mean=5.4

LCL=2.740
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But obs ¥?=51.884>taby 05°=16.75; So simultaneously taken (x1-bar, X2-bar) is out of control
[1]

5.3 MONITORING OF PROCESS VARIABILITY

As it is important to monitor the process mean vector, in the multivariate case ,it is also

important to monitor process variability. Here we have two methods due to Alt(1985)---
5.4 Method 1.

The first procedure is a direct extension of univariate S? control chart .The procedure is
equivalent to repeated tests of significance of the hypothesis that the process covariance matrix
is equal to a particular matrix of constants X .If this approach is used, the statistics plotted on

the control chart for the ith sample is
Wi=-pn + pn In(n) - n In(JAi|/|Z]) + tr(Z2A), i=1,2.. ,

where Aj =(n-1)S; ,Si is the sample covariance matrix for the sample i, and tr is the trace

operator. If the value of Wi plots above the UCL=x2up(+1)2, the process is out of control[1].

219



EQ @’9’
=5 ",%’
g

BODHI VOL 4 PP.204-224, 2021 wlllgaafic

5.5 Method 2.

The second method is based on sample generalized variance, |S|. This statistics det(sample
covariance matrix) is a widely used measure of multivariate dispersion. Montgomery&
Wadsworth

(1972) used an asymptotic normal approximation to develop a control chart for| S|. Another

method would be to use the mean and variance of |S|, that is, E(|S]) &V/(|S|), and the property
that most of the probability distribution of |S| is contained in the interval E(S]) £3 ,N (|S|)

. It can be shown that
E(IS))=b1[Z],

V(IS))=b2[Z P,

e=1/(n-LP [ [ (i),

=10 [ -DI[ [ j+2)- T [~ D)T

. UCL=[Z|(b1 +3b,1?),
CL=[Z|bs,
LCL=[Z|(bs - 3b2*?),

where |X] is estimated by |S|/b1.If LCL<O; it is taken as 0. But it is to be remembered that it is
a relatively simplistic scalar representation of a complex multivariate problem, we may be

2.320.40 1.68 —0.40

misguided by |S|; because | Si|= 0.40 050" |_ .40 050

yet, the three

10—|5|—
01| A"

matrices convey considerably different information about the process variability and the
correlation between the two variables.

So, they said it is better to use univariate control charts for variability in conjunction with the
control chart for |S| [1].
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6. MY NEW SUGGESTION IS AS FOLLOWS

We can use1'S1 to form control chart for process variability,since
E(1'S1)=pl’ X1,
V(1'S1)=2p(L' 21)%,
In that case for Y, to be known
UCL=pl Y1 +3./2p (L X1),
CL=pl' 21,
LCL=pl'¥1-3,2p (L' L1),
If LCL<O; it is taken as 0.

When X is unknown then we replace Y. by

Where Si=The variance-covariance matrix of ith sample based on n observations on X =

xl
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0.00105

0.00100

C10

0.00095

Fig.7

In x- axis we plot 1%t variable, In y- axis we plot 2" variable,in z- axis probability.

8. PROCESS UNDER PRACTICAL CONDITION

Fig.8

In x- axis we plot 1% variable, In y- axis we plot 2" variable,in z- axis probability
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9. CONTROL ELLIPSOID UNDER TWO VARIABLES

Fig.9
In x- axis we plot 1% variable, In y- axis we plot 2" variable, blue line shows the control limits

for simultaneous mean and standard deviations

10. CONTROL ELLIPSOID UNDER THREE VARIABLES
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In x- axis we plot 1% variable, In y- axis we plot 2" variable, In z- axis we plot 3™ variable,

yollow dots shows the control limits for simultaneous mean and standard deviations

FURTHER DEVELOPMENT:-

1)Here we make the comparison between the method charts for mean on the basis of the
assumption that X is known but in real situation it may not be known ; so, one can do with that

which will be more practicable .

2) One can make many other modifications on the variability control procedure.
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Law review on the case of whether coal can be considered a
biological resource, as defined under section 2(C) of the biological
diversity act, 2002
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Abstract:

This paper discusses a case where the President of a Biodiversity Management Committee filed
a case against the National Biodiversity Authority and others. It focused on interpreting
sections of the Biological Diversity Act of 2002, including declaring coal as a biological
resource. The National Green Tribunal heard the case, seeking expert opinions from
Secretariat of the Convention on Biological Diversity and others. Despite an expected outcome,
the paper highlights the logical analysis, scientific evidence, and court arguments, referencing
Supreme Court cases. The verdict was reached on October 6, 2015, making this case

noteworthy for its unique legal and scientific implications.

1. INTRODUCTION:

Details of the case: case numbers were - Original Application No. 28/2013(CZ) and Original
Application No. 17/2014(CZ), heard at the National Green Tribunal Central Zone Bench in
Bhopal. The applicant (and complainant) was Shri Baiznath Chaurasia, President of the
Biodiversity Management Committee in Eklahara Village, Chhindwara, Madhya Pradesh. The
respondents included Western Coalfields Ltd., represented by its Chairman and Managing
Director in Nagpur, Maharashtra; Coal India Ltd., represented by its Chairman and Managing

Director in New Delhi; the Union of India, represented by the Secretary of the Ministry of
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Environment & Forests in New Delhi; the National Biodiversity Authority, represented by its
Chairman in Chennai, Tamil Nadu; and the State Biodiversity Board, represented by its
Member Secretary in Bhopal, Madhya Pradesh. The cases were filed in 2013 and 2014, with
the judgement delivered on October 6th, 2015.

The rationale behind filing the case: The applicant, in this case, the president of a Biodiversity
Management Committee of a village in Madhya Pradesh, was probably assessing his duties
and powers as the president. He likely studied the Biological Diversity Act of 2002 (hereafter
BD Act, 2002) and its various sections during that process and then made specific claims. It is
important to note that the applicant has just interpreted the Act and tried to follow it sincerely.
He tried to remain faithful to his objective. That sincerity shows itself in the claims made. He
said that Western Coalfields Ltd. was extracting coal from various mines within the territorial
jurisdiction of the Biodiversity Management Committee and that the operations of both
Western Coalfields Ltd and Coal India Ltd. at Chhindwara fell under the same territory. He
then referred to the BD Act of 2002 for relevant terms like ‘Biological Diversity’, ‘Biological
Resources’, ‘Commercial utilisation’, ‘fair and equitable benefit sharing’ and ‘value added
products’. The applicant had said that section 21 of the BD Act, 2002 conferred powers on the
National Biodiversity Authority to determine equitable sharing benefits. Even after more than
ten years of its constitution and seven years after the construction of the State Biodiversity
Board, Western Coalfields Ltd and Coal India Ltd. had neither obtained approval for
commercial utilisation nor had they started sharing the benefits with the applicant. The
applicant called for coal to be identified as a biological resource to be covered under the BD
Act of 2002.

2. CASE HISTORY:

The applicant was the President of a Committee constituted under Section 41 of the BD Act,
2002 and Section 23 of the Madhya Pradesh Biodiversity Rules, 2004. This Committee was
constituted on April 14, 2013, by a local body of a village named Eklahara in the Chhindwara
district of Madhya Pradesh. It was formed to promote conservation, sustainable use and proper
documentation of biological diversity, including conserving land races, folk varieties and
cultivars, domesticated stocks and breeds of animals and microorganisms, preserving habitats
and chronicling biodiversity-related knowledge. The applicant had said that the BD Act of 2002

was made to conserve biodiversity, sustain the use of its components, and ensure equitable
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distribution of the advantages stemming from the use of biological resources, knowledge, etc.
He further mentioned that the Act had come into operation due to the United Nations
Convention on Biological Diversity, to which the Govt of India is a signatory, and which came
into force on December 29, 1993. Following this, the government of Madhya Pradesh created
the Madhya Pradesh Biological Diversity Rules, 2004, which went into effect on April 17,
2004. Rule no 23 of these Rules conferred certain powers for the formation of the Biodiversity
Management Committee at Zila, Panchayat, Janpad Panchayat, Gram Panchayat, Gram Sabha,
Nagar Panchayat, Municipality and Municipal Corporation level. The applicant maintained that
Western Coalfields Ltd. had been extracting coal from various mines located within the
territorial jurisdiction of the Biodiversity Management Committee (hereafter BMC). Also, the
activities of both Western Coalfields Ltd and Coal India Ltd. at Chhindwara fell within the
territorial jurisdiction of the concerned BMC. The applicant referred to specific terms
mentioned in the BD Act 2002. Those were — ‘Biological Diversity’ meaning “the variability
among living organisms from all sources and the ecological complexes of which they are part
and includes diversity within species or between species and of eco-system”, ‘Biological
resources’ meaning “plants, animals and microorganisms or parts thereof, their genetic material
and by-products (excluding value added products) with actual or potential use or value, but
does not include human genetic material.” , ‘Commercial utilization’ meaning “end uses of
biological resources for commercial utilization such as drugs, industrial enzymes, food
flavours, fragrance, cosmetics, emulsifiers, oleoresins, colours, extracts and genes used for
improving crops and livestock through genetic intervention, but does not include conventional
breeding or traditional practices in use in any agriculture, horticulture, poultry, dairy farming,
animal husbandry or bee keeping.”, ‘Fair and equitable benefit sharing’ meaning “sharing of
benefits as determined by the National Biodiversity Authority under Section 21.”, ‘Value added
products’ “meaning products which may contain portions or extracts of plants and animals in

unrecognizable and physically inseparable form.”

The applicant had made the following claims: -
I) To direct Western Coalfields Ltd. and Coal India Ltd. to start sharing benefits, as
mandated under the BD Act, 2002 provisions.
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I1) To direct the National Biodiversity Authority ‘to determine the exact percentage of
equitable benefit sharing so that it can be made applicable to all concerned rationally
and equally and to implement it per the provisions of the Biological Diversity Act’.

I11) To direct the State Biodiversity Board ‘to initiate appropriate action against persons/
Companies not obtaining prior approval from the State Biodiversity Board and to
start penal action for imposing a penalty for such violation, as mandated under the
Act.’

IV) To pass ‘any other appropriate orders which this Hon’ble Tribunal deems just and
proper for compensation against the arraying Respondents.

V) To declare that coal is a biological resource as defined under Section 2(c) of the BD
Act, 2002.

The fifth point was claimed as an additional claim in a Misc. Application No. 142/2013 filed
in Original Application No. 28/2013, under order VI of Rule 17 of the Code of Civil Procedure.
This move was challenged by Respondents No.1 and 2 because an entirely new claim was
being made. But, after hearing the Learned Counsel for both the parties, the Tribunal had
permitted the applicant to withdraw the Misc. Application with liberty to file fresh application
challenging the orders of the Government of India, seeking the relief mentioned already
(additional claim). As a result, both Original Application No. 28/2013 & Original Application
No0.17/2014 were considered and dealt with together by the court.

The applicant had said that although the State Biodiversity Board had issued a notice under
section 7, read with section 24 of the BD Act, 2002, to Western Coalfields Ltd., the latter not
only did not share the benefits but was also unwilling to pay the fee that may be levied by the
BMC. This was a violation of section 24 under the BD Act of 2002.

Here, the primary argument of the applicant was that coal is a ‘biological resource’, and that is
evident from the process of its formation. According to the applicant, coal is a fossil fuel formed
from the remains of vegetation that grew as far back as 400 million years. It is often referred
to as ‘buried sunshine’ because the plants that formed coal captured energy from the Sun
through photosynthesis and then made the compounds that make the plant tissues. By that logic,
since coal is of plant origin, it should be considered a biological resource. Also, the main

element in that plant material is carbon, so the respondents, Western Coalfields Ltd and Coal
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India Ltd, fell within the ambit of the BD Act of 2002. Thus, they must have been liable to
share benefits with the applicant. The applicant had contended that he had made this appeal to
the honourable court only after failing to get any positive response from the attempts to
approach the concerned respondents. The applicant also claimed that the National Biodiversity
Authority and State Biodiversity Board had been unable to discharge their statutory obligation
of taking action against Western Coalfields Ltd and Coal India Ltd for extracting coal without
prior intimation to the State Biodiversity Board as required under Section 7 read with Section
24 of the BD Act, 2002. The applicant was also aggrieved by the two letters issued by the
Ministry of Environment, Forest & Climate Change (MoEFCC), Govt. of India, dated
02.09.2013 by the Secretary, MOEFCC & the letter dated 06.09.2013 by Section Officer,
MoEF&CC / respondent No. 3 wherein the respondent had clarified that coal is not a biological
resource and, therefore, did not fall within the jurisdiction of the BD Act, 2002. The applicant
claimed the interpretation to be not only wrong but even went to the extent of claiming that the
Secretary of MOEF&CC had no authority to interpret the provisions of the BD Act, 2002 and
instruct any person to exclude any biological resource from the purview of the BD Act, 2002.

The applicant claimed that the sole purpose of this was to benefit the coal companies.

In his attempt to justify coal as a biological resource, the applicant also gave the following
supporting arguments. Certain studies revealed that the plant tissues found in coal also contain
DNA and have the same genetic material as all plants. The process of fossilisation causes the
degradation of genetic material when exposed to air and makes the DNA components
regenerate. So, coal is both a ‘biological resource’ and ‘biological diversity’ and fell under the
purview of the BD Act of 2002. Attention had been drawn to the notification dated October 26,
2009, issued by MoOEF&CC under section 40, which sought to exclude certain items of
biological resources from the purview of the BD Act, 2002. It had been claimed that since coal
was not excluded in that notification, coal should not have been considered a biological

resource.

The State Biodiversity Board had supported the contention of the applicant that coal was a
biological resource because it was formed from the remains of vegetation and, therefore, was
part of the plant material because it had remains of plants and thus fell within the definition of
biological resource. As a result, the respondents, Western Coalfields Ltd. and Coal India Ltd.,

were under obligation to pay the fee levied by the applicant as per the requirements under
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Section 41(3) of the BD Act, 2002. The State Biodiversity Board also stated that the purpose
of the BD Act, 2002 would be defeated if narrow construction of the definition or provision of
the Act is drawn to exclude from its purview the commercial utilisation of any biological
resource. They also pointed out that since coal was not excluded from the ambit of section 40
in the notification issued by the MoEFCC and the National Biodiversity Authority, the
respondents Western Coalfields Ltd and Coal India Ltd were under obligation to pay the fee
levied by the applicant.

The applicant pointed out that although coal was covered under the Mines and Minerals
(Development and Regulations) Act, 1957, it did not take away his right to claim the right to
consider coal as a biological resource under the BD Act, 2002.

Arguments from the respondents:

i) The respondents, Western Coalfields Ltd. and Coal India Ltd. had said that coal was governed
by the Mines & Mineral (Development & Regulation) Act, 1957, and it was a specified primary
mineral listed in the first schedule of that Act. That Act also conferred powers to make rules
and levy charges on coal only upon the Central Govt. So, the State Govt did not have the
jurisdiction and competence to levy any charge. The respondents, Western Coalfields Ltd. and
Coal India Ltd., also argued that if coal was categorised as a biological resource, it led to
confusion as two different statutes contradicted each other. The respondents Western
Coalfields Ltd. and Coal India Ltd. also drew the court’s attention to some cases of the
honourable Supreme Court - Iridium India Telecom Ltd. v. Motorola Inc. (2005) 2 SCC 145,
Talchar Municipality v. Talchar Regulated Market Committee, (2004) 6 SCC 178 and P.V.
Hemlatha v. Kattam Kandi Puthiya Maliackal Saheeda, (2002) 5 SCC 548, the conclusion was
that “in case of a conflict between provisions of two statutes, the specific provision prevails
over the general provision. The MMDR Act, a specified statute enacted to regulate minerals,
will prevail over a general statute, i.e. the Biological Diversity Act.” Also, in the Hingir-
Rampur Coal Co. Ltd and Ors. v. The State of Orissa and Ors. AIR 1961 SC 459, “That even
if one assumes that the Biodiversity Management Committee has the power to levy collection
fee or any person, even then the said power cannot be exercised in the present matter” and “a
fee is charged only when a service is rendered in return of that. There is always an element of

quid pro quo while levying a fee.”, also in case of the State of W.B. v. Kesoram Industries Ltd.
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and Ors, (2204) 10 SCC 201, the court had said that “there has to be some form of benefit in
lieu of a charge, for it to be termed as a fee.” and further in Sona Chaindi Oal Committee and
Others v. State of Maharashtra (2005) 2 CC345, the Hon’ble Supreme Court held that “there

has to be a reasonable relationship between the Service rendered and the charge levied”.

i) Respondents Western Coalfields Ltd. and Coal India Ltd. had further stated that the
definition of the term biological resource, as mentioned under section 2 of the BD Act, 2002,
was exhaustive and only included plants, animals, microorganism and their genetic material
and by-product and since coal did not fall in any of those categories it could not be termed as
biological resource. It was further contended that coal was a combustible, sedimentary and
organic rock that could not be compared to a living organism. It takes approximately 300
million years for coal to form. By no stretch of the imagination could coal be categorised as a
biological resource as defined under the BD Act of 2002. It was also pointed out that according
to the BD Act of 2002, ‘genetic material’ was defined as the materials of plant, animal,
microbial or other origin that contained a functional unit of life. The half-life of DNA is stated
to be 521 years under ideal conditions, and the respondents supported their argument based on
a study by a scientist from New Zealand, published in the Proceedings of the Royal Society of
Biology (2012). The ideal conditions needed were - a state of dryness, vacuum packing, and
frozen under -80° C. But coal was formed under high temperatures and pressure over millions

of years. So, the applicant's claims should have been treated as untrue.

iii) Western Coalfields Ltd. and Coal India Ltd. argued that coal was a ‘value added product’
that contained products of plants and animals in an unrecognisable and physically inseparable
form. So, it was outside the scope of the application of the terms under Section 2 of the BD
Act, 2002.

iv)MOEFCC and the National Biodiversity Authority, in their joint affidavit, had contended
that coal could not be categorised as a biological resource by plain interpretation of the term
‘biological resource’. They drew the court’s attention to the case of Nelson Motis v UOI (AIR
1992 SC, 1981) and State of Jharkhand v Govind Singh (AIR 2005 SC 294) to infer that “when
words of statute are clear, plain or unambiguous, i.e. they are reasonably susceptible to only
one meaning, the courts are bound to give effect to that meaning irrespective of the

consequences.”. The respondents had said that “although the applicant has a benefit sharing
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right under the BD Act, 2002, the legal right claimed by the applicant under Section 41 (3) is
distinct, different and separate from the determination of equitable sharing of benefits as
envisaged under Section 21 of the BD Act, 2002.”

v) MoEFCC and the National Biodiversity Authority had furnished expert opinions of the
Secretariat of Convention on Biological Diversity, Geological Survey of India, Zoological
Survey of India & Botanical Survey of India. The opinions are presented below in a concise

form.

Secretariat of the Convention on Biological Diversity — According to Article 2 of the

Convention on the use of terms for the purpose of this Convention, ‘biological diversity’ meant
“variability among living organisms from all sources” and ‘biological resources’ included
“genetic resources, organisms or parts thereof, populations, or any other biotic component of
ecosystems with actual or potential use or value for humanity ” and ‘genetic material’ meant
“any material of plant, animal microbial or other origin containing functional units of heredity”.
This terminology clarified that the Convention on Biological Diversity dealt with living
organisms. This interpretation was supported by the many decisions of the Conference of the

Parties.

Geological Survey of India — The GSI had said that coal was a combustible black or brownish-

black sedimentary rock that usually occurred in rock strata or veins called coal seams.
According to the United Nations Economic Commission for Europe (UNECE, Geneva)-“a
sedimentary rock composed mainly of hydrocarbons containing in weight more organics than
in-organics”. Coal was of vegetable origin and could be considered an organic sedimentary
rock. “The modern definition of a coal seam as per ISO 14180 is a coal seam is a stratum or
sequence of strata composed of coal as a significant component and significantly different in
lithology to the strata above and below it”. After considering all facts, the GSI had said that

coal could be considered a geological rather than a biological resource.

Zoological Survey of India — The ZSI had said that as per the Convention on Biological

Diversity (CBD) article-2, biological resources included genetic resources, organisms or parts
thereof, populations, or any other biotic components of an ecosystem with actual or potential
use or value of humanity. The ‘biological resources’ definition under the BD Act, 2002 did not

include human genetic materials. The ZSI concluded that both the CBD and BD Act of 2002
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defined biological resources as living resources and not dead or fossilised in nature. Also, the
“Nagoya Protocol emphasised access to genetic resources and the fair and equitable sharing of
benefits arising from their utilisation and coal, although biological in origin but devoid of any
heritable genetic material, metabolic reactions and genetic expression.” The ZSI concluded that
coal could not be considered a biological product for sharing benefits from extracting coal from

the mines, and the BD Act did not apply to both the access and benefit sharing on such products.

Botanical Survey of India — The BSI defined biological resources based on the CBD. It
maintained that most of the coal was formed about 300 million years ago from dead plants
whose remains accumulated in swampy areas layer over layer, eventually creating a soggy,
dense peat material. Bacteria and other microorganisms performed the initial disintegration
process. They went on to explain the complete process of coal formation.

It revealed that despite being of vegetable origin, the biochemical and geochemical processes

leave coal without any trace of life.

vi) Respondents Nos. 3 and 4, i.e. MoEFCC and the National Biodiversity Authority, had
argued that since coal did not qualify as a biological resource, it was automatically excluded
from the purview of the BD Act, 2002. So, there was no need to specifically exclude it under

the notification dated October 26, 2009, as the applicant claimed otherwise.

3. CRITICAL ANALYSIS :

The court’s analysis — The honourable court had started with the background of the BD Act,
2002. The BD Act, 2002, had resulted from the International Convention on Biological
Diversity, 1992, to which the Govt. of India was a signatory, and entered into force in
December 1993. The CBD was one of the essential outcomes of the United Nations Conference
on Environment & Development (UNCED) held in Rio de Janeiro in 1992. The Convention
called upon the nation-states and signatories to the Convention to take legislative, legal and
administrative steps for the conservation of biological diversity, its sustainable use and
equitable benefit-sharing mechanisms, and the protection of the associated traditional
knowledge. It was against this backdrop that the Union of India enacted the BD Act of 2002.
In light of the facts the applicant and the respondents presented to the court, the court had found

three critical issues for consideration. Those were —
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1. Whether coal was a biological resource as defined in terms of the section 2(C) of the

BD Act, 2002.

2. Whether there had been any violation of the BD Act, 2002 by the Central Government
by issuing letters dated 2-9-2013 and 6-9-2013.

3. Whether the applicant was entitled to levy a fee for extracting coal from areas falling

within his jurisdiction.

On issue 1 — The court explained the term ‘Biological Diversity’ by referring to the origin of
the word biological to the word ‘bios’, meaning ‘relates to life or living beings’ in the Oxford
Dictionary. The word diversity referred to ‘diversity that exists among living organisms within
species, between different species, and between eco-systems’. During the hearing, the Learned
Counsel for applicants had submitted that coal might not qualify as biological diversity, and so
did not press for it. However, they argued vehemently that coal should be considered a
biological resource. The learned counsel for the respondents argued that coal could not be
considered a biological resource and even furthered the argument that biological resources
were renewable and exhibit growth and reproduction characteristics. Any material or resource
that did not possess these attributes could not be considered a biological resource. Various
expert opinions were also presented in support of that argument, which claimed that
considering coal a biological resource was not scientifically justified. Biological resources have
two important properties. They are renewable if conserved and are destructible if not. They can
grow, reproduce, and evolve. Coal had none of these characteristics. “The interpretation of the
definition of biological resource, as in Article 2 of the CBD, and that given under the BD Act,
2002, although look somewhat at variance with each other, particularly in the way it has been
described in Section 2(c) of the BD Act 2002, however, exploring it further, the conclusion is
inescapable that both the definitions lead to the same conclusion. Any material which does not
have the genetic make-up or DNA cannot be qualified to be a heritable genetic material and
hence cannot also be called a biological resource.” The inability of coal to be used as a genetic
material automatically made it a candidate unsuitable as a biological resource. Although there
were claims made in the scientific world that DNA had been isolated from dinosaur bones
preserved for over 80 million years, a large body of scientific communities had questioned the
validity of that DNA. Even contrary scientific studies showed that the half-life of DNA is 521
years (based on experiments carried out in New Zealand on fossilised bones of certain extinct

species of birds, published in the Royal Society of Biology, 2012). The study further revealed
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that once a plant or animal cell, the basic unit of life, died, enzymes broke down the bonds
between nucleotides that form the backbone of DNA, and microorganisms sped the decay. The
study concluded that every bond between nucleotides would be destroyed in about 6.8 million
years, even if preserved at the ideal temperature. DNA would cease to be readable by about 1.5
million years. Further, no scientific study claimed that coal had a genetic structure. So, it was
not a genetic resource. Thus, coal did not qualify to be a biological resource.

The court then analysed whether coal can be considered a byproduct or not. In the process, the
meaning was referred from the Oxford Dictionary. The court said that by including byproducts
within the definition of biological resources in the BD Act 2002, protection was given to the
byproducts of plants, animals, and microorganisms such as gums, honey, etc. The court
concluded that the assertion of the applicant that coal was a byproduct of the plant lacked merit.
The inescapable conclusion was that coal could not be treated as either a part of the plant or a
byproduct thereof.

The court noticed that neither the UNCED nor the subsequent meetings of the Conference of
Parties (COPs) gave any indication or suggestion that any non-living resource could be
considered. It pointed out that it was logical to conclude that if coal was indeed intended to be
considered in the CBD, then the issue would have been brought up and discussed after the
Convention was first signed and ratified. Since that was not the case, it indicated that coal was
not considered to be a biological resource.

The court also noticed that even the tone, tenor, or content of the discussions held in parliament
did not remotely suggest that the legislature favoured the inclusion of coal or other fossil fuels
under the BD Act, 2002. Therefore, even on the principle of “purposive construction,” the court
did not see any justification for categorising coal as a biological resource. It also considered
whether, by bringing coal within the definition of biological resource, the objective of
conserving biological diversity could be served better. It concluded that doing so would only
dilute the specific focus of the BD Act of 2002.

Also, if coal was considered a biological resource, then, by similar logic, petroleum and natural
resources would also have to be regarded as natural resources. Similarly, sugar, which is of
plant origin, is made from sugarcane after it is subjected to a physicochemical process. The
fact that it retains carbon as one of its main constituents would also make it a biological
resource! Thus, different absurd consequences would arise.
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Hence, the court concluded that coal could not be considered a biological resource.

On issue 2 — The court concluded that the National Biodiversity Authority had formed its own
independent opinion on the categorisation of coal as a biological resource, and there was no
breach of the BD Act, 2002 by MoEF&CC by writing letters dated 2-9-2013 and 6-9-2013.

On issue 3 — The BD Act, 2002 was aimed to provide for the conservation of biological
diversity, sustainable use of its components and fair and equitable sharing of benefits arising
from the use of ‘biological resource’ knowledge. The National Biodiversity Authority worked
out the benefits-sharing mechanisms in section 21 of the Act. However, benefit sharing was
directly linked to the commercial utilisation achieved by the user of the biological resource.
Section 41 of the BD Act, 2002, was related to regulating biological resources at the local level.
It mandated the National Biodiversity Authority & State Biodiversity Board to consult the
Biodiversity Management Committees (BMCs) while making decisions on the use of
biological resources and the knowledge associated with such resources occurring within the
territorial jurisdiction of the BMCs. Section 41(3) empowered the Biodiversity Management
Committees to levy charges by way of collecting fees for accessing or collecting any biological
resource for commercial purposes from the area falling under the territorial jurisdiction. In this
case, since coal had not been considered a biological resource, it could be concluded that
Western Coalfields Ltd. and Coal India Ltd. were not liable to pay any collection fees for
accessing or collecting coal from the area that fell within the territorial jurisdiction of the
applicants nor were the applicants entitled to levy any fees for collection of coal on respondents
1 & 2, i.e. Western Coalfields Ltd. and Coal India Ltd. The judgement was delivered on
October 6, 2015, in Bhopal by Mr Justice Dalip Singh, and the Expert Member was Mr B.S.
Sajwan. This was a unique case in the sense that the President of a local body, in this case, the
Biodiversity Management Committee of a village, made the absurd claim of considering coal
as a biological resource. But he was true to his intentions. It can be believed that he made those
claims only to carry out the purpose of the Biological Diversity Act of 2002.

The Respondents went to great lengths to refute the claims made by the applicant. They even
presented several expert opinions of very credible institutions in the country. It is greatly
appreciated that the court went to great depths, made scientific, literary, and legal references,
considered future consequences, and carefully weighed out the feasibility of each claim and
the merit of each argument.

236



Eﬁhﬁﬂ .
<35

T i
BODHI VOL 4 PP.225-237, 2021 - "En i

4. CONCLUSION:

The conclusion/judgement of this case was likely easy to predict. For any student of science, it
might be easy to guess that coal cannot be considered a biological resource as defined under
the Biological Diversity Act of 2002. But it is fascinating to see how the arguments and
evidence were presented and supported in court and further backed by logic, or lack thereof.

This case's strength lies in the exploration of scientific evidence and logical deduction.
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