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From Vedas to Labs :
India’s Chemistry Revolution

Dr. Bhaskar Protim Mahanta
Assistant Professor, Department of Chemistry

India has made significant strides in the field
of chemistry, contributing groundbreaking
discoveries and advancements that have influenced
the world. From ancient times to the modern era,
India’s contributions have shaped our understanding
of chemistry and its applications. India’s journey in
chemistry began thousands of years ago. In the
ancient Vedas, chemistry was referred to as ‘Rasayan
Sastra.” The study of liquids and chemicals was
known as ‘Rasa-vidya’, ‘Rasatantra’, and
‘Rasakriya’. The Vedas also describe chemical
laboratories and chemistry works, termed
“Rasakriya-Nagaram’ and ‘“Rasakriya-Shala,” which
translates to ‘schools where chemicals are activated’.
The Rig Veda mentions metals such as gold, silver,
copper and bronze. Ancient Indian texts like the
“Sushruta Samhita” and the “Charaka Sambhita”
detailed early practices in chemistry and medicine.
Ancient India’s contributions to science and

technology encompassed chemistry principles that
went beyond theory, manifesting in practical
applications such as perfume distillation, the
manufacturing of dyes and pigments and sugar
extraction. Indian scholars developed techniques for
extracting metals from ores and creating alloys,
laying the groundwork for modern chemistry. The
art of alchemy, known as “Rasavidya,” was practiced
in ancient India and scholars such as Nagarjuna were
known for their work in metallurgy and
pharmacology.

In the 20" and 21 centuries, Indian scientists
have continued to push the boundaries of chemistry.
Prafulla Chandra Ray, a chemist and industrialist,
established ‘Bengal Chemicals & Pharmaceuticals’,
India’s first pharmaceutical company. Often called
the ‘Father of Chemical Science in India,” he began
exploring organic thio compounds such as thiols and
thioethers, as well as their interactions with metals,
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around 1914. Another one notable figure is C.V.
Raman, who won the Nobel Prize in Physics in 1930
for his work on the scattering of light, known as the
Raman Effect. This discovery has had profound
implications in both chemistry and physics,
impacting various fields including spectroscopy and
material science. Har Gobind Khorana was a key
figure in the development of chemical biology and
a trailblazer in molecular biology. He was among
the first to demonstrate the role of nucleotides in
protein synthesis and played a crucial role in
cracking the genetic code. Additionally, he
synthesized Coenzyme A, a complex molecule
essential for digestion. Shanti Swarup Bhatnagar
played an important role in developing the science
and technology infrastructure of post-independence
India and shaping the country’s science and
technology policies. He served as the Founder-
Director of the Council of Scientific and Industrial
Research (CSIR) and was the first Chairman of the
University Grants Commission (UGC).
Additionally, he made significant contributions to
applied and industrial chemistry. Dr. C. N. R. Rao,
a prominent Indian chemist, made substantial
contributions to the field of solid-state and structural
chemistry. His work on the synthesis of new
materials and understanding their structures has
been instrumental in advancing both theoretical and
applied chemistry. Another prominent name is A.
P. J. Abdul Kalam, who, although better known for
his work in aerospace engineering, made
contributions to the development of composite
materials that are important in chemical
applications.

India’s chemical industry is one of the
largest and most diverse in the world. It plays a
crucial role in producing essential chemicals,
pharmaceuticals and materials. The country is
known for its significant role in manufacturing
generic drugs, which has made medicines more
affordable globally. Indian pharmaceutical
companies are major suppliers of vital medications,
including treatments for diseases like HIV/AIDS
and cancer.

Many Indian institutions such as the Indian
Institute of Science (IISc), the Indian Institutes of
Technology (IITs), the CSIR labs etc. are renowned
for their research in chemistry. These institutions
have fostered many researchers and innovators who
have made substantial contributions to the field. For
example, the discovery of new catalysts and
materials by Indian scientists has led to advances
in green chemistry and sustainable practices.

Assam has made notable contributions to
the world of chemistry through its rich natural
resources and research initiatives. The region’s
diverse flora, including unique species like the
Assam tea plant, has been the subject of extensive
chemical research, leading to advancements in
natural product chemistry and the development of
various bioactive compounds. Additionally,
Assam’s geological formations have provided
valuable mineral resources, contributing to studies
in mineral chemistry and environmental science.
The region’s academic institutions and research
centers like Dibrugarh University; Tezpur
University; Gauhati University; Assam Agricultural
University, Jorhat; Indian Institute of Technology
(IIT) Guwahati; National Institute of Technology
(NIT) Silchar; CSIR-North East Institute of Science
and Technology (NEIST), Jorhat; Rain Forest
Research Institute, Jorhat continue to play a crucial
role in advancing chemical knowledge and fostering
innovation in the field.

Indian chemists have made their mark
internationally, contributing to scientific research,
teaching and policy-making. They are involved in
global collaborations and have received accolades
for their research, furthering the impact of India’s
contributions to global chemistry.

In summary, India’s contribution to the
world of chemistry is both deep-rooted and
dynamic. From ancient alchemy to modern
scientific achievements, Indian scholars and
researchers continue to shape the field of chemistry,
influencing both everyday life and advanced
scientific research around the globe.
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Introduction :

Ornamental fishes are brightly coloured with
characteristics marking, bands, patterns and spots.
The ideal criteria of a fish to be termed as ornamental
are attractive look with beautiful colouration,
adaptability to live in small confined areas, peaceful
in nature and compatible to live with other fishes.
They are often called as living jewels due to their
attractive look with high trade potential. Initially,
ornamental fish keeping was developed as hobby and
now it has grown as an industry globally covering
125 countries. The global ornamental fish trade is a
growing sector in aquaculture with an annual growth
rate of over 10% with a traded valued at USD 5.88
billion in 2022 and is expected to expand at a
compound annual growth rate of 8.5% from 2023 to
2030. In India, the domestic trade of ornamental
fish grows at the rate of 20% annually and expected
to increase more in coming years with high demand
and through proper utilization of available resources.

A profitable export market, high demand of
indigenous ornamental fish made ornamental fish
industry as a potential avenue of employment
generation in India. It is estimated that, India can
earn about 5 billion U.S. dollars as foreign exchange
through export of ornamental fish.

Ornamental fish farming as a cottage industry :

Ornamental fish keeping in aquarium is one
of the oldest and most popular hobbies in the world.
It is a growing sector of aquaculture industry in both
developed and developing countries as a result of
low investment pet farming in aquarium and tank.
The major driving force of expansion of this industry
is the customer’s choice of a high-end lifestyle and
associated psychological benefits of keeping
ornamental fish in homes. Ornamental fish farming
is a profitable business and any one can start it as
cottage industry with least investment. It is a
financially lucrative venture and also self-rewarding.
Ornamental fish rearing and their propagation have
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been an attractive activity for many people in the
world, which provide not only aesthetic beauty and
pleasure but also financial benefits. The breeding of
ornamental fish and trade of ornamental fish has a
tremendous scope as cottage industry.

At present, collection of ornamental live
fishes from natural sources is the prime source of
global ornamental fish trade in many developing
countries. Thus, taking ornamental fish keeping as
cottage industry of culture and breeding is a
promising avenue of earning foreign exchange. One
can get more financial benefits as the live ornamental
fishes are always highly priced both in domestic and
global trade. As a cottage industry it needs very less
investment, space, water requirement and skill. It also
provides business scope of subsidiary industry linked
to ornamental fish farming.

Training of a month or so could prepare an
entrepreneur to start this business. One can develop
expertise by practicing and experience in later and
could be an expert of ornamental fish breeder or even
trader. The learner does not require any special formal
education. Anyone can learn and do this job more
efficiently with some basic skill and knowledge about
the breeding and rearing of ornamental fish.
Financial institution like NABARD and National
Fisheries Board support this industry as a cottage
industry. Entrepreneur can avail financial support as
loan and also logistic support from these institutions
and through various fisheries development schemes
as announced by the Government from time to time.
The ornamental fisheries can be realized at every
stages of activities, namely at production, marketing

and export. Each stage is a
profitable one giving
employment and livelihood
generation especially for
women. Women self helf
group (SHG) can play a
pivotal role in developing
ornamental fisheries
substantially  through
government funding.

Global ornamental fish
trade :

Ornamental fish production as an industry
was developed initially in developed countries and
at present it grows as industry in all developed and
developing countries making it multibillion dollar
industry. This industry is expanding at average annual
growth rate of 14% since 1985 with a total estimated
trade at US$ 6.0 billion. The global trade is
dominated by the 60% ornamental fishes mostly
originated from developing countries. Initially, the
fresh water ornamental fishes were mostly in trade,
however marine fishes share is also increasing from
20™ century. More than 2500 species are involved
in global trade where 60% fresh water species and
40% marine water species. About 1.0 billion
ornamental fish are traded annually, involving more
than 100 countries. The top exporting country is
Singapore followed by Honkong, Malaysia,
Thailand, Philippines, Srilanka, Taiwan, Indonesia,
and India. The largest importer of Ornamental fish
is the USA followed by UK, Germany and Japan.
Singapore stands as capital of the ornamental fish
trade in the world with a contribution of 12.7% of
the total exports and USA stands as single largest
importer with shares of 19.7% in the import industry.

Present status of ornamental fish trade in India :

In India, the ornamental fish trade is started
in late in comparison to other countries. The
ornamental fish exports from India showed an
increasing trend and an exponential growth over the
years with share of 0.12% to 1.16% during 1991-
2009. The highest share of 1.6 gained in 2007 but
again it falls down to 0.33% in 2015. India exported
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32.3 tons of ornamental fishes worth about Rs.
1085.00 lakh during 2019-20. Around 90% of
ornamental fish trade was from Kolkata, 8% from
Mumbai and 2% from Chennai. India’s total share
to the world ornamental fish trade is about 1% only.
This share is very negligible despite of having vast
coastal zone and abundant fresh water sources.
About 100 indigenous species, in which 80%
of freshwater species and 20% marine species are in
trade from India. Ninety percent of fresh water
ornamental species are farmed and 10% species are
captured wild. Marine ornamental fishes are
exclusively collected from the coral reef habitats
throughout the Indo Pacific region. The majority of
ornamental fishes are exported from India are of wild
varieties collected from rivers of the North-East and
Southern States. The north-eastern states share about
85% of total export and rest comes from the southern
states of India. There is a huge domestic market in
India worth about Rs. 555 crores with an estimated
potential of Rs. 5000 crores. Indian domestic trade
in ornamental fish is growing exponentially with
higher demand than the supply in domestic level.

Problems of Indian ornamental fish industry :

Ornamental fish industry in India is growing
at slower rate though endowed with vast ornamental
fish resources. Like any other trade, growth of
ornamental fish industry depends on variable
technology, best management practices, market and
infrastructure. Government agencies has made
considerable effort by realizing the importance,
however, the ornamental fisheries remain highly
unorganized and this results in extended marketing
channels which cause marginalization of the
producer. Some of the problems are:

1. Ornamental fish culture in India is facing lack
of technical expertise, financial support and
market linkage.

2. Poor skill of fish farmer on rearing, breeding
collecting, handling, sorting and transport of
ornamental fishes.

3. Inadequate institutional funding for research and
development as well as financial assistance to
prospective entrepreneurs.

4. Unorganized ornamental fish trade. The value
chain for the ornamental fish in the country is

rather short which is as follows: Collector (get
neglible price)-Unregistered small trader (Get
Rs. 20-50 per pieces)-Wholeseller (Get Rs. 30-
100 per pieces)-Exporter (Get Rs. 50-1000 per
pieces).

5. Inadequate skilled personal to provide technical
knowledge on rearing and breeding at grass root
level.

6. Lack of awareness among common people about
the prospect of ornamental fish industry.

7. The ornamental fish industry in India is not yet
organized.

8. Inadequate region specific culture and breeding
and management technology.

Strategies for strengthening Indian ornamental
fish industry :

To improve the ornamental fish industry in India,
the following important strategies are
recommended :

a) Systematic studies on the different aspects of
rearing, feeding and reproductive biology of
indigenous ornamental fishes.

b) Extended technical, infrastructure and financial
support by the Government to the entrepreneurs
for culture and breeding of commercially viable
ornamental fish species.

d) Collectivization of all small domestic production
units so that collective effort can be taken to meet
the demand of the market.

c) Establishment of direct market lineage, so that
producer gets the maximum price of the product.

d) Improvement of transportation facilities to
supply of ornamental fish into domestic and
international market.

e) Adoption of proper policy for the development
of ornamental fish industry especially in the
export trade

f) Public private partnership can be encouraged
through establishment of ornamental fish
production units in different parts of the region
to make this sector more vibrant and
remunerative for employment generation and
livelihood improvement.

g) The skill development among the youth and
women for the development of ornamental fish
industries in large scale.
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h) Development of technology of rearing, feeding,
disease management and breeding of indigenous
ornamental fish species.

1) Creating awareness among the common people
to strengthen the stakeholder’s linkages.

Future Perspective :

The indigenous ornamental fishes have high
demand in the global ornamental trade but the
availability of ornamental fishes in the market does
not meet the required level. These are highly priced
in the world trade due to their fancy fin colour pattern
and flashing appearance. India possesses a rich
diversity of ornamental fish, with over 195
indigenous varieties reported from North-East
Region and Western Ghats, and nearly 400 species
from marine ecosystems. Out of these, only 100
species are in trade but there are quite a lot of
potential indigenous ornamental fish species. There
are about 58 indigenous ornamental fishes occurring
in the North Eastern states are currently being
exported through direct collection from natural
habitat but 80% of fish species found in Northeast
region considered as ornamental. Northeast has about
250 fish species, which could be a potential
ornamental fishes with largest share of Assam having
187 ornamental fish species. India’s contribution to
the global trade is worth more than 10 crore rupees
annually which are exclusively based on wild fishes
from natural resources. Thus, proper use of
ornamental fish resources through development of
culture and breeding, it is possible to increase the
level of export to about 110 crore rupees annually.
India can be one of the leaders of the world
ornamental fish trade in coming years through
improvised packages and practices of ornamental
fish culture.

Agencies like Marine product Export
Development Authority (MPDEA), National
Fisheries Development Board (NFDB), National
Cooperative Development Corporation (NCDC) and
National Bank of Agricultural and Rural
development (NABARD) are taking keen interest
in promoting the development and culture of
ornamental fishes. Encouragement of producers, fish
collectors, entrepreneurs and other stakeholders of
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the ornamental fisheries sector through different
governmental agencies may help to bring up new
possibilities to reach the level comparable to other
advanced exporting countries in the near future. The
country needs to build capacity for certification,
quarantine, quality and other regulatory process on
ornamental fishes. Registration of the full value chain
including collectors, traders, importers and exporters
and especially the state fisheries department should
be accredited with the responsibility to issue
registration certificates.

Conclusion :

Ornamental fish industry is an important
sector for employment generation, women
empowerment and foreign exchange earner. It has
vast opportunities with low investment and less water
requirement. A high lucrative export market and high
domestic demand had made ornamental fish industry
as potential source of income generation in India.
The ornamental fish gains much importance as a
trade of earning of foreign exchange recently. The
trade opportunities of ornamental fishes have been
recognized nationally and globally. Production,
marketing and wild catch of ornamental fishes are
the business opportunities. Indian ornamental fish
trade is based mostly on wild collection but need to
develop the industry for production. The increasing
demand of the native ornamental fishes in domestic
as well as global ornamental fish trade leads to high
illegal catch from wild, resulted a few native are
getting endangered. To conserve these species to get
sustainable economic benefits, conservation
measures, management practices, development of
culture and breeding technology of ornamental fish
species are most important. There is ample scope to
develop entrepreneurship on the indigenous
ornamental fish and its subsidiary industries. More
intensified research on ornamental fish resources and
development of technology of production could fill
the gap between supply and demand in both domestic
and global trade. With the active and intensive effort
of all stakeholders, the ornamental fish industry in
India will be a more vibrant and rewarding avenue
of livelihood improvement.
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Overcoming the Fear of Failure : Navigating
through the Turbulence of Self-Doubt

Seikh Masud Bin Muhib
2" Semester, Department of Chemistry

In the journey of life, it's not uncommon to encounter
moments when the feeling of inadequacy creeps in,
leaving us with a sense of unease and anxiety. This
nagging sensation, often accompanied by the fear of
failure, can disrupt our mental peace and cloud our
outlook on the future. Whether it stems from personal
expectations, societal pressure, or a combination of
both, the fear of not doing well enough can be a
formidable adversary to our well-being.

At its core, the fear of failure is deeply rooted
in our innate desire for success and validation. We
set high standards for ourselves, fueled by aspirations
and ambitions, but when we fall short of these
expectations, doubt begins to gnaw at the edges of
our confidence. The fear of not measuring up to our
own standards or those imposed upon us by society
can be paralysing, trapping us in a cycle of self-doubt
and apprehension.

One of the most insidious aspects of this fear
is its ability to distort reality, magnifying perceived
shortcomings while overshadowing our
achievements. We become hyper-aware of our
mistakes and setbacks, often overlooking the progress
we've made along the way. This skewed perspective
not only erodes our self-esteem but also robs us of
the joy and satisfaction that should accompany our
accomplishments.

Moreover, the fear of failure can manifest in
various facets of life - be it in our careers, relationships,
or personal endeavours. The pressure to excel in every
domain can be overwhelming, leaving us constantly
striving for an unattainable standard of perfection. As
aresult, we may find ourselves trapped in a perpetual
cycle of overwork and burnout, desperately trying to
outrun the spectre of failure.

However, it's essential to recognize that
failure is not the opposite of success but rather a
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stepping stone on the path to it. Every setback, every
stumble, offers an opportunity for growth and
learning. Embracing failure as an inevitable part of
the journey can liberate us from the suffocating grip
of fear, empowering us to take risks and pursue our
passions with courage and resilience.

Moreover, it's crucial to cultivate self-
compassion and kindness towards ourselves,
acknowledging that we are human and bound to falter
from time to time. Instead of berating ourselves for
our perceived shortcomings, we can choose to extend
the same empathy and understanding that we would
offer to a friend facing similar challenges. In addition,
seeking support from friends, family, or a mental
health professional can provide invaluable
perspective and guidance in navigating the turbulent
waters of self-doubt. Opening up about our fears and
insecurities can help us realise that we are not alone
in our struggles and that vulnerability is not a sign
of weakness but of strength.

Ultimately, overcoming the fear of failure is
a journey of self-discovery and growth, requiring
patience, resilience, and a willingness to embrace
uncertainty. By reframing our perception of failure
as an opportunity rather than a threat, we can reclaim
our mental peace and embark on the path towards
fulfilment and success, one step at a time.

Ve
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Exploring Gravity Beyond Einstein: Black Hole
Shadows in Modified Gravity Theories, the
Gogoi-Goswami Model, and the Movie : Interstellar

Dr. Dhruba Jyoti Gogoi
Assistant Professor, Department of Physics

Abstract :

Black holes, with their mysterious and
intense gravitational fields, serve as natural
laboratories for testing the boundaries of Einstein’s
General Relativity (GR). This article delves into the
phenomenon of black hole shadows, exploring how
their size and shape provide critical insights into the
nature of gravity. We focus on modified gravity
theories such as Yang-Mills gravity, axionic Chern-
Simons theory, and the recently proposed Gogoi-
Goswami model, examining how deviations from
GR might manifest in black hole shadows.
Additionally, we draw connections between the
scientifically accurate depiction of a black hole in
the movie Interstellar and contemporary research
on black hole shadows. By integrating theoretical
models with observations from the Event Horizon
Telescope (EHT), this study advances our
understanding of gravity’s behavior in the most
extreme environments.

Introduction :

The discovery of gravitational waves and the
first direct image of a black hole shadow have
marked significant milestones in astrophysics. These
achievements have validated predictions made by
Einstein’s General Relativity (GR) while also
opening new avenues for testing alternative theories
of gravity. Black holes, with their immense
gravitational pull, are ideal candidates for exploring
the limits of GR and investigating the potential need
for modifications to this century-old theory.

The 2014 film [Interstellar, directed by
Christopher Nolan, played a pivotal role in bringing

the concept of black holes into the public
consciousness. The film’s depiction of the black hole
Gargantua, visualized by a team led by physicist Kip
Thorne, was based on real scientific calculations,
making it one of the most accurate representations
of a black hole in popular media. The image of
Gargantua, with its bright accretion disk and dark
central shadow, serves as a gateway to understanding
the science behind black hole shadows and their
significance in the study of gravity.

In this article, we explore black hole shadows
within the context of modified gravity theories. We
discuss the recently proposed Gogoi-Goswami
model [1] alongside Yang-Mills gravity and axionic
Chern-Simons theory. By comparing these shadows
to those predicted by GR and observed by the EHT,
we aim to uncover how different gravitational models
might influence the appearance of black holes. This
article integrates insights from both theoretical
physics and observational astronomy to shed light
on the mysteries of gravity and the universe.

Black Hole Shadows in General Relativity :

The concept of a black hole shadow arises
from the bending of light by a black hole’s immense
gravitational field. According to GR, light passing
near a black hole is deflected, creating a dark region
surrounded by a bright ring. This shadow, as first
visualized in the film Interstellar, represents the
boundary where light can no longer escape the black
hole’s gravitational pull.

The shadow’s size and shape depend on
several factors, including the black hole’s mass, spin,
and the observer’s viewing angle. For a non-rotating,
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spherically symmetric black hole (described by the
Schwarzschild metric), the shadow appears as a
perfect circle. However, when the black hole is
spinning (described by the Kerr metric), the shadow
becomes distorted due to the frame-dragging effect,
where spacetime itself'is twisted by the rotating mass.

The first observational confirmation of a black
hole shadow came in 2019 when the EHT captured
an image of the supermassive black hole at the centre
of the galaxy M87. This observation provided strong
evidence for the existence of black hole shadows as
predicted by GR. The shadow of M87* appeared as a
nearly circular dark region, with a diameter consistent
with theoretical predictions based on the black hole’s
mass and spin. The success of the EHT in imaging
this shadow has opened the door to using black hole
shadows as a tool for testing the validity of GR and
exploring alternative theories of gravity.

Modified Gravity Theories and Black Hole
Shadows :

While GR has been remarkably successful
in describing gravitational interaction on a wide
range of scales, from the motion of planets to the
dynamics of galaxies, there are several phenomena
it struggles to explain. These include the nature of
dark matter and dark energy, as well as the unification
of gravity with quantum mechanics. As a result,
various modified gravity theories have been
proposed, extending or altering the equations of GR
in different ways.

One such theory is Yang-Mills gravity, which
introduces additional fields and symmetries into the
gravitational interaction [2]. In this theory, the black
hole shadow can differ significantly from the
predictions of GR, particularly due to the influence
of the charge parameter. This parameter, which is
absent in the standard Schwarzschild and Kerr
solutions of GR, can alter the gravitational field
around the black hole, leading to a larger or smaller
shadow depending on its value. The study of black
hole shadows in Yang-Mills gravity offers a potential
observational test for this theory, allowing
astronomers to place constraints on the charge
parameter based on the observed size and shape of
the shadow.

Another modified gravity theory is the
axionic Chern-Simons (CS) theory, which arises

from considerations in string theory and quantum
gravity. This theory introduces a scalar field coupled
to the gravitational field through a Chern-Simons
term, which can affect the rotation of black holes
and, consequently, the shape of their shadows. In the
case of a rotating black hole, the CS term can cause
deviations from the circular shadow predicted by GR,
resulting in a more complex shape that depends on
the parameters of the theory. Observations of black
hole shadows, particularly for rotating black holes
like those found in the centres of galaxies, could
provide evidence for or against the CS theory,
depending on how closely the observed shadows
match the predictions. This slowly rotating black hole
in axionic Chern-Simons theory [3], is represented
by the following equation:

2 2

ds? = A () d 4B (d 4 r2d 9F -2 %4 sin® O W) di dp

2M
where A(r) = 1—7 The function B(r)

represents the inverse of A(r), where a denotes the
black hole spin parameter. The term W(r) accounts
for the off-diagonal correction and its specific form
is detailed in Ref. [3]. In Fig. 1, we illustrate the
behaviour of the black hole shadow for various
model parameters pertaining to both black holes.
Constraints on the black hole shadow delineated as
the dark region encircled by a bright ring of light,
offer crucial insights into black hole properties and
the nature of gravity.

[
I.z
M

Fig. 1: Vari’ation black hole shadow %or a rotating
black hole as shown in Ref.[3].
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The Gogoi-Goswami Model :

Recent efforts to address various challenges
in GR have led to the development of the Gogoi-
Goswami model, a novel approach designed to
overcome some of GR’s limitations while remaining
consistent with observational data. This model
modifies the gravitational action by incorporating
additional terms that account for quantum effects at
small scales and dark energy at cosmological scales.

In the Gogoi-Goswami model, the black hole
shadow is influenced by additional curvature terms
that modify the spacetime geometry around the black
hole. These modifications can lead to variations in
the shadow’s size and shape, similar to the effects
seen in other modified gravity theories. However,
the unique feature of the Gogoi-Goswami model is
its ability to reconcile the behavior of gravity at both
small and large scales, providing a more unified
description of gravitational phenomena.

The model predicts that black hole shadows
may appear slightly larger or smaller than those
predicted by GR, depending on the specific
parameters chosen. This difference could be subtle,
but it is potentially observable with current and future
astronomical instruments. By comparing the
predictions of the Gogoi-Goswami model with the
EHT’s observations, researchers can place
constraints on the model’s parameters and determine
whether it provides a better fit to the data than GR
or other modified theories.

Interstellar’s Gargantua : A Case Study in
Scientific Accuracy

Interstellar’s Gargantua is more than just a
fictional depiction; it is a visualization grounded in
the science of black holes. The black hole was
modelled using the equations of GR, specifically the
Kerr metric for a rotating black hole. The film’s
depiction of the black hole shadow is remarkably
consistent with what we would expect for a black
hole of Gargantua’s size and spin, as calculated by
Kip Thorne and his team.

Gargantua’s shadow is distorted due to its
rapid spin, creating an asymmetric shape with the
bright ring of the accretion disk warped by the
gravitational lensing effect. This visual effect is a
direct consequence of the frame-dragging

phenomenon, where spacetime is twisted in the
direction of the black hole’s rotation. The accuracy
of this depiction was confirmed when the first real
image of a black hole shadow, that of M87%*, was
released by the EHT. The similarities between the
movie’s visual effects and the actual EHT image
highlight the precision of the film’s scientific
grounding.

However, while Interstellar is rooted in GR,
the exploration of black hole shadows in modified
gravity theories like Yang-Mills gravity, axionic
Chern-Simons theory, and the Gogoi-Goswami
model could lead to deviations from the visual
features seen in Gargantua. These deviations might
include changes in the shadow’s size, shape, and the
behaviour of the surrounding light. If future
observations reveal shadows that differ from GR
predictions, it could suggest the presence of new
physics, beyond what was depicted in Interstellar.

The Role of the Event Horizon Telescope (EHT):

The EHT’s success in imaging black hole
shadows has revolutionized our understanding of
these cosmic phenomena. By linking telescopes
around the world into a single, Earth-sized virtual
telescope, the EHT can achieve the resolution
necessary to observe the shadow of a black hole. The
image of M87* provided the first direct visual
evidence of a black hole shadow and confirmed many
of the predictions made by GR.

The EHT’s observations are not only a
triumph for GR but also offer a unique opportunity
to test modified gravity theories, including the Gogoi-
Goswami model. As the EHT continues to improve
its resolution and sensitivity, it will be able to observe
black hole shadows with even greater detail. This
will allow astronomers to test whether the shadows
conform to the predictions of GR or if they exhibit
features indicative of alternative theories like Yang-
Mills gravity, axionic Chern-Simons theory, or the
Gogoi-Goswami model.

One of'the key features the EHT can observe
is the size of the black hole shadow. In GR, the
shadow size is directly related to the black hole’s
mass, but in modified gravity theories, other factors
like the charge parameter or additional curvature
terms could alter this relationship. By precisely
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measuring the shadow size and comparing it to the
black hole’s mass, astronomers can determine
whether the observations align with GR or if they
suggest the influence of a different gravitational
model.

Challenges and Future Prospects :

While the study of black hole shadows offers
a powerful tool for testing gravity theories, there are
several challenges to consider. One of the primary
challenges is the accuracy of the measurements. The
EHT operates at the very limits of current technology,
and slight uncertainties in the data can lead to
significant differences in the interpretation of the
results. Additionally, black hole shadows are
influenced by a variety of factors, including the
surrounding accretion disk, the angle of observation,
and the presence of other matter in the vicinity. These
factors must be carefully modelled and accounted
for in order to accurately compare the observations
with theoretical predictions.

Another challenge is the limited number of
black holes that can currently be observed with the
EHT. The supermassive black holes at the centres of
galaxies like M87 and Sagittarius A* are among the
few that are large enough and close enough to
produce observable shadows. However, as
technology advances, future instruments may be able
to image the shadows of smaller black holes,
providing a broader range of data for testing gravity
theories.

In the coming years, space-based
observatories like the proposed LISA (Laser
Interferometer Space Antenna) could complement
the EHT’s observations by detecting gravitational
waves from black hole mergers. These observations
could provide additional information about the
properties of black holes and their shadows, further
constraining the possible modifications to GR.

Conclusion :

The study of black hole shadows offers a
unique and powerful method for testing the
boundaries of our understanding of gravity. By
comparing the shadows predicted by General
Relativity with those suggested by modified gravity
theories, such as Yang-Mills gravity, axionic Chern-
Simons theory, and the Gogoi-Goswami model, and

by integrating these predictions with observations
from the Event Horizon Telescope, we can explore
the possibility of new physics beyond Einstein’s
theory.

The connection between the scientifically

accurate depiction of black holes in Interstellar and
real-world observations underscores the importance
of visualizing complex scientific concepts. While
the film provides a glimpse into what we might
expect to see near a black hole, ongoing research
and observations continue to refine our
understanding of these mysterious objects.
As the EHT and other observatories continue to push
the frontiers of astrophysics, the study of black hole
shadows will remain at the forefront of efforts to
explore the nature of gravity. Whether or not we find
deviations from Einstein’s theory, the pursuit of these
questions will undoubtedly deepen our
understanding of the universe and the fundamental
laws that govern it.
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Design and Application of a Mobile-Based Portable
Spectrometer Using DVD Diffraction Grating for
Light Spectrum Analysis

Prabitra Boruah, Susanto Dehingia, Chandika Gogoi, Pohar Buragohain,
Pallab Gogoi, Simon Nag and Dr. Dhruba Jyoti Gogoi
Department of Physics

Abstract :

This article presents the design and
construction of a mobile-based portable
spectrometer using a DVD as a diffraction grating,
enabling users to capture and analyze light spectra
with a smartphone. Traditional spectrometers,
though widely used in research and education, are
often expensive and inaccessible in resource-limited
environments. By utilizing inexpensive materials
like DVDs and integrating them with mobile
technology, a functional, low-cost alternative is
developed. The article explores the principles of
spectroscopy, the process of constructing the
spectrometer, and its applications in both educational
and practical settings. The device offers significant
potential for hands-on learning, environmental
monitoring, and chemical analysis, democratizing
access to scientific tools and fostering innovation
in light-based research. This spectrometer serves as
an affordable, portable, and accessible instrument
for studying light spectra, with broad implications
for both classroom use and real-world scientific
exploration.

Keywords: Smartphone; Spectrophotometer; DVD.

1. Introduction :

Spectroscopy is a fundamental technique
used in science to study the interaction of light with
matter. It plays a crucial role in understanding the
composition, structure, and properties of various
materials by analyzing the light spectrum they emit
or absorb. However, traditional spectrometers,
which are essential tools in research and education,
often come with a high price tag, making them less

accessible to many schools and resource-limited
environments.

Recent advancements in mobile technology
and the availability of inexpensive materials, such
as DVDs, have paved the way for creating cost-
effective, portable spectrometers. By integrating
these materials with smartphones, we can design a
functional and affordable spectrometer that allows
users to capture and analyze light spectra, thereby
providing an excellent educational tool and fostering
a deeper understanding of spectroscopy.

2. Overview of Spectroscopy :

Spectroscopy involves the study of light as
it interacts with different substances. When light
encounters a diffraction grating, it disperses into its
constituent wavelengths, creating a spectrum. This
dispersion occurs because the grating separates light
based on its wavelength, which is determined by the
spacing of the grating’s lines and the light source’s
properties.

A diffraction grating consists of a series of
closely spaced lines or grooves that diffract light into
its component colours. The angle at which light is
diffracted depends on the wavelength, and by
measuring this angle, one can determine the
wavelengths of the light present. This principle forms
the basis of spectrometers, which are used to analyze
the spectral characteristics of light sources, from
incandescent bulbs to LEDs and gas lamps.

3. Importance of a Low-Cost Spectrometer :

One of the primary challenges in integrating
spectroscopy into educational settings is the high cost
of commercial spectrometers. These instruments can
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be prohibitively expensive, particularly for
institutions with limited budgets. The development
of a low-cost spectrometer using everyday materials
addresses this issue, making spectroscopy more
accessible to a broader audience.

A DIY spectrometer constructed froma DVD
and a smartphone offers several advantages:

- Affordability: DVDs are inexpensive and widely
available, making them a cost-effective alternative
to commercial diffraction gratings.

- Portability: The integration with smartphones
allows for a compact, portable device that can be
easily used in various settings.

- Educational Value: Building and using this
spectrometer provides a hands-on learning
experience, helping students understand the
principles of light and spectroscopy through practical
application.

By utilizing readily available materials and
mobile technology, this DIY spectrometer bridges
the gap between high-cost scientific equipment and
educational accessibility.

4. Educational and Practical Applications :

The mobile-based portable spectrometer has
numerous educational and practical applications:

4.1. Educational Use :

- Investigating Light Sources: Students can use the
spectrometer to analyze the spectra of different light
sources, such as sunlight, incandescent bulbs, LEDs,
and CFLs. Each source produces a distinct spectrum,
providing insights into its characteristics and the
nature of its light emission.

- Understanding Spectral Lines: By observing the
spectra of various sources, students can learn about
continuous and discrete spectra. For example,
incandescent bulbs produce a continuous spectrum,
while fluorescent lights generate a series of discrete
spectral lines. This observation helps introduce
concepts like quantized energy levels and atomic
structure.

4.2. Practical Use :

- Chemical Analysis: The spectrometer can be used
to study the absorption spectra of chemical
compounds, which is useful for understanding how
different substances absorb and emit light.

@o | sEIe ARIfUIET SEb], R026-38 A

- Flame Tests: By examining the colours emitted
during flame tests, students can identify different
elements based on their characteristic emission
spectra. This experiment reinforces concepts related
to atomic structure and chemical bonding.

4.3. Advanced Applications :

- Environmental Monitoring: The spectrometer can
be employed to study atmospheric conditions and
assess the health of water bodies by analyzing their
absorption spectra. This capability extends the use
of the spectrometer beyond educational purposes to
real-world applications in environmental science.

- Field Research: In field research, the portable
spectrometer can be used to analyze natural light
sources and study pollutants, offering practical tools
for scientific exploration and data collection.

5. Potential for Innovation :

The low-cost spectrometer designed using a
DVD and smartphone presents several opportunities
for innovation:

5.1. Integration with Digital Technologies :

- Spectral Analysis Software: Platforms like Public
Lab’s Spectral Workbench can be used to analyze
the data captured by the smartphone’s camera. By
uploading images to these platforms, users can
process and interpret spectral data, identifying
specific wavelengths of light and obtaining detailed
analyses.

- Mobile Applications: Future developments could
include mobile applications designed specifically for
spectrometer integration, enhancing user experience
and expanding the device’s capabilities.

5.2. New Research Opportunities :

- Exploring Light Phenomena: The spectrometer can
be used to investigate various light phenomena, such
as the effects of filters on light spectra or the analysis
of light emitted from different sources.

- Citizen Science Projects: The device’s accessibility
encourages participation in citizen science projects,
allowing amateur scientists to contribute to research
efforts and gain hands-on experience with
spectroscopy.

6. Conclusion :
The development of a mobile-based portable
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spectrophotometers.

spectrometer using a DVD as a diffraction grating
represents a significant advancement in making
spectroscopy accessible and affordable. This
innovative approach enables users to explore the
fundamentals of light and its interaction with matter,
providing valuable educational experiences and
practical applications.

By leveraging the power of mobile
technology and inexpensive materials, this DIY
spectrometer democratizes access to sophisticated
scientific tools, allowing students, educators, and
amateur scientists to engage with the principles of
spectroscopy. The device’s potential for educational
enrichment and real-world applications underscores
its value as both a teaching aid and a practical
instrument for scientific exploration.

As technology continues to evolve, further
innovations in mobile spectroscopy may open new
avenues for research and education, fostering a
deeper understanding of light and its properties
across diverse fields of science.

Our team is currently working on several
prototypes of DIY spectrophotometers and trying to
measure wavelengths of different sources including
Na light. Recent findings from our research suggest
that the effectiveness and precision of such devices
highly depend on the geometry of the same. We
believe in the near future, we might be able to provide
a systematic dependency of precision and resolving
power on the geometry of such mobile-based

Fig. 01: Sample images of the spectrum recorded
in our DIY spectrophotometer.
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Food Additives

: A Concern for

Modern Lifestyle

Dr. Hemen Gogoi
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©6 Some food additives have been found to affect brain function,
potentially leading to behavioral changes or neurodegenerative
diseases. Neurological effects are a significant concern when it
comes to the health risks associated with food additives. For
instance, monosodium glutamate (MSG), a common flavor
enhancer, has been associated with symptoms like headaches and
migraines in some people, leading to concerns about its effects on
neurological health.

Like every vehicle requires fuel to run,
human body also requires fuel to function properly.
The fuel that we need for our body comes from the
food that we consume. In modern world, in order
to maintain longer shelf lives, enhanced flavors, and
appealing appearances, the food industry has turned
to a myriad of food additives. While the use of these
substances can make our food look and taste better,
there is a growing concern about their potential
impact on our health. There is a range of food
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additives starting from artificial colors and flavors,
preservatives, texturizers and stabilizers with their
specific function in the food industry. However, as
the consumption of processed foods skyrockets
globally, so does the scrutiny over the safety of these
chemical ingredients. This article is about the
potential health risks associated with food additives
and how their use needs to be minimized in order
to avoid any health complication to live a long and
healthy life.
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One of the major areas of concern due to
food additives is the possibility of allergic reactions
and hypersensitivity. Though all the food additives
cannot be blamed for this, but there are some
additives which may lead to health issues like
swelling, difficulty breathing, and anaphylaxis—a
potentially life-threatening condition for some
individuals. Some of the food additives that can
cause allergic reactions or hypersensitivity include
sulfites, which is used as preservatives in dried
fruits, wines, and other foods. Therefore, it is
important for individuals with specific allergies or
hypersensitivity to remain aware about the presence
of these additives in their diet.

Another potential threat of using food
additives is the increasing risk of cancer. Cancer is
a complex group of diseases characterized by
uncontrolled growth and spread of abnormal cells.
Although the development of cancer is influenced
by a variety of factors including genetics,
environment, and lifestyle, the concern with food
additives is centered on the possibility that some
of these chemicals may have carcinogenic
properties or contribute to the carcinogenic process.
Many studies have been conducted to understand
the relationship between food additives and cancer.
For instance, some artificial colors and
preservatives have come under scrutiny for their
potential carcinogenic effects. Additives like
butylated hydroxyanisole (BHA), used as a
preservative in certain foods, have been shown to
cause cancer in animal studies. Similarly, certain
nitrates and nitrites used in processed meats, which
can form nitrosamines are known to be
carcinogenic. However, there is no clear evidence
to establish a link between certain food additives
and risk of cancer.

Some food additives have been found to
affect brain function, potentially leading to
behavioral changes or neurodegenerative diseases.
Neurological effects are a significant concern when
it comes to the health risks associated with food
additives. For instance, monosodium glutamate
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(MSG), a common flavor enhancer, has been
associated with symptoms like headaches and
migraines in some people, leading to concerns about
its effects on neurological health. Artificial
sweeteners, such as aspartame, have also been the
subject of debate regarding their safety and potential
neurological effects.

One of the leading causes of death
worldwide, cardiovascular diseases (CVDs) have
been found to have significant contribution from
certain food additives as evident from some recent
studies. Food additives capable of increasing blood
pressure and cholesterol levels can directly impact
the risk of cardiovascular diseases. For instance,
sodium, a commonly used preservative and flavor
enhancer in processed foods, can lead to
hypertension (high blood pressure), a major risk
factor for the development of heart disease and
stroke. Besides, processed food containing trans fats
for extending shelf life and improving texture can
increase bad cholesterol levels (LDL) and decrease
good cholesterol levels (HDL) thereby increasing
the chance of heart disease.

Endocrine disruptors are chemicals that can
interfere with the endocrine (or hormone) system
in mammals. These disruptions can cause cancerous
tumors, birth defects, and other developmental
disorders. Some additives are suspected of
interfering with hormones and metabolic processes,
potentially leading to a range of problems including
obesity, diabetes, and thyroid dysfunction by
interfering with the body’s natural hormones.

In conclusion, as we navigate through the
area of modern food production, it is of utmost
importance to understand the potential health
implications of the various food additives used
across the food items. This article is an attempt to
give a comprehensive overview regarding the
impact of food additives on different health related
issues. However, more study and experiments are
required to firmly establish the relation between
food additives and various diseases.
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HOSTEL LIFE

Shaini Tanti
4™ Semester, Department of Geography

It's a different world here

Be it happiness or sadness,

It is full of company here.
Sometimes an artist,
Sometimes a vagabond.

It's fun even in study

At times we fight,

At times we quarrel.

We grow close to everyone
Though from different cities.
Despite having different faiths,
We became a family.

We learn to live together even
In the face of loneliness.
Those who dined at five stars
Have learned to eat humble meals.
Every need is fulfilled,

Even the decent

Find their edge here.

It's a different world here.
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PHOTOGRAPHS

Tridhara Phukan
6™ Semester
Department of English

In the whispers of captured light,
Did we live our moment's right ?
Yes,

Whispered the photographs.

In the echoes of our heart's refrain,
Did we capture our moments right ?
Yes,

Murmured our throbbing hearts.
When I asked,

"Tell me have I lived, laughed and grew ?
Yes.

The frames in silence show

Cheery part in snapshots spun,
Life's melody, a tale well-spun.
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WHAT IF

Ankita Dutta
4™ Semester, Department of Botany

What if skies were always blue,
And every dream had come true?
What if kindess led the way,
And peace was here to stay?

What if hope was never lost,
No matter what the cost?
What if love could always win,
And we could start again?

I3

ECHOES OF
A BROKEN HEART

Bani Dutta
4t Semester, Department of Sociology

In the shadows of the twilight,
Where dreams and nightmares blend.
I search for whispers of your light,

In memories that never end.

Your laughter once a melody,
Now haunts the silent night,
A symphony of misery,

In the absence of your light.

Tears cascade like autumn rain,
On cheeks grown cold and pale,
Each drop a testament to pain,
A love that could not prevail.

In every corner of my soul,
Your absence leaves a scar.
A void that cannot console,

No matter where you are.

Yet in this sorrow, I still find,

A trace of love’s sweet grace.

For though you’re gone, you’re in my mind,
Forever in this space.

So here I stand, alone but true,
With a heart that’s torn apart.
For even in my grief, I knew,

You live within my heart.
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UNTOLD STORY

Sudarshita Mohan
2 Semester, Department of Zoology

The last hope is broken

Now destiny clearly said :
“Your path aren’t the same.”
Sorry,

I could not even make your wish come true
My inner soul whispers,

“Say good bye to him.”

I know its hurts,

But you must.

An era ends, a chapter closes
Let a new one begin.

Happy or sad

Turns to memories,

Always sweet like honey.

Let this be an untold love story.
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TO BE LOVED
BY YOU

Pragyan Boruah
4™ Semester
Department of Sociology

It’s been a year, and I still miss you.

It was the month of November when

I confessed my heart out and waited,
and the answer was in your eyes.
From that day on, usual things started
becoming rituals.

You were like the apricity, which

was deconstructing my worst habits.
Spending time with each other was the
biggest source of joy for us. The feelings
of us kept getting stronger. But as
time went on, it started to fade away.
It shuttered like a catastrophe. I guess,
forever is the sweetest con; it doesn’t exist.
Today, I’'m here again, stuck where it
all started and thinking about as,
perhaps I never moved on. Holding on
to that non-existing hope - the same
hope that keeps bringing me back to
you - it brings me back to feel how

it was to love and to be loved by you.
Because, it’s been a year and I still...

Ve



SET
Spoiled youth

Priyakshi Chutia Emb raCIHg
4% Semester, Department of English Th e Li ght Withill

Full of self pride, who desires for greater fame,
Yes ! It is our present generation who fought
Their dignity and sincerity toward elders Sudaxina Das
Without any shame.... Professor, Department of Economics
Colleges and schools are known to be the
Powerhouse of growing youth,

But alas! ..aches my helpless heart! Staring

At the students leaving class using words

Of untruth...

Prefers more staying at home rather than
Attending school and college,

How will they become the future leaders
Without reading the books and gaining its
Magnificent knowledge?

Have only little time for their family,

Always busy with their phones and social media
Life later ends up in tragedy.

The heart spoke to me,

about the entity of a tiny void
expanding its realm

bit by bit,

with each passing dawn and dusk!

The knowledge appalled me,

shocking it was;

What if,

the void grew within and left me with a blank,
a complete blank!

Love back yourself,

nourish yourself,

the way you showered affection on that tiny sapling today,
my heart seemed to reply!

The way you led

the cascade of kindness flow on the elderly lady, reminding you of old
tales heard long ago,

Remember,

my heart continued,

you are an amazing poem too,

woven with amore.

You are your shadow and light,

permanent for yourself;

The haze disappeared,

once [ started complimenting on my small wins,
that didn’t seem minimal anymore,

and forgot to minimize the abilities I own;

The void began to fill,
and certain to disappear gradually,
my heart informed.
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Exploring the Enigmatic
World of Black Holes

Dr. Yassine Sekhmani
D ’epartement de Physique, Equipe des Sciences de la mati‘ere
et du rayonnement, ESMaR and Facult'e des Sciences, Universit'e Mohammed V de Rabat, Rabat,
Morocco

Introduction :

Black holes, among the most mysterious and
captivating entities in the universe, are regions in
space where gravity is so intense that nothing, not
even light, can escape. This concept has fascinated
scientists and the public alike for decades. The study
of black holes provides profound insights into the
nature of space, time, and the fundamental laws of
physics. This article delves into the formation,
structure, and significance of black holes, examining
their role in the broader context of astrophysics and
cosmology.

The Birth of a Black Hole: Formation and
Evolution :

Black holes typically form when massive
stars exhaust their nuclear fuel and collapse under
the force of their own gravity. The life cycle of a star
depends on its mass. While low-mass stars, like our
Sun, end their lives as white dwarfs, massive stars,
often over 20 times the mass of the Sun, undergo a
more dramatic demise.

When such a star reaches the end of its life,
it can no longer sustain the nuclear fusion reactions
that counterbalance the force of gravity. The star
collapses, triggering a supernova explosion. If the
remaining core is sufficiently massive, it collapses
further to form a singularity—a point of infinite
density—surrounded by an event horizon, the
boundary beyond which nothing can escape the
gravitational pull.

The size of a black hole is characterized by
its Schwarzschild radius, named after the German
physicist Karl Schwarzschild, who first derived the
mathematical solution to Einstein’s field equations

of general relativity that describes the gravitational
field around a spherical mass. The Schwarzschild
radius is directly proportional to the mass of the black
hole, with larger black holes having larger event
horizons.

Types of Black Holes :

Black holes are classified into three main
types based on their mass: stellar-mass black holes,
intermediate-mass black holes, and supermassive
black holes.

1. Stellar-Mass Black Holes : These black holes
have masses ranging from about 3 to 100 times
that of the Sun. They are the most common type
of black hole and are often found in binary
systems, where they may pull material from a
companion star, forming an accretion disk of
infalling gas that emits X-rays.

2. Intermediate-Mass Black Holes : These black
holes have masses between 100 and 100,000
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times that of the Sun. They are relatively rare
and less understood than their stellar and
supermassive counterparts. Evidence for
intermediate-mass black holes comes from
observations of ultraluminous X-ray sources and
the dynamics of star clusters.

3. Supermassive Black Holes : These colossal
black holes have masses ranging from millions
to billions of times that of the Sun. They reside
at the centers of most galaxies, including our
Milky Way. The formation mechanisms of
supermassive black holes remain an active area
of research,

with theories suggesting they could form from the
collapse of massive gas clouds, the merging of
smaller black holes, or the rapid accretion of matter
over time.

The Anatomy of a Black Hole :

The structure of a black hole is remarkably
simple yet profoundly complex. It consists of three
main components: the singularity, the event
horizon, and the accretion disk.

1. The Singularity : At the core of a black hole
lies the singularity, where the curvature of
spacetime becomes infinite, and the known
laws of physics break down. The singularity is
hidden from external observers by the event
horizon, making it impossible to study directly.

2. The Event Horizon : The event horizon marks
the boundary of a black hole. It is the point of
no return; once something crosses this
threshold, it cannot escape the black hole’s
gravitational grip. The event horizon is not a
physical surface but rather a mathematical
boundary that defines the limits of the black
hole’s influence.

3. The Accretion Disk : Surrounding many black
holes is an accretion disk, formed by matter that
is spiraling into the black hole. As this matter
accelerates and heats up, it emits intense
radiation, particularly in the X-ray spectrum. The
study of accretion disks provides valuable
insights into the behavior of black holes and the
extreme conditions near the event horizon.

Db | I TR SED], R028-38 A

Theoretical Implications: General Relativity and
Quantum Mechanics

Black holes are a natural consequence of
Einstein’s theory of general relativity, which
describes gravity as the curvature of space-time
caused by mass and energy. The equations of general
relativity predict the existence of singularities—
regions where the curvature of space-time becomes
infinite.

However, general relativity is a classical
theory, and it does not incorporate the principles of
quantum mechanics, which govern the behavior of
particles at the smallest scales. The singularity at the
center of a black hole represents a breakdown of
general relativity, indicating the need for a quantum
theory of gravity.

One of the most significant theoretical
developments in black hole physics is the concept
of Hawking radiation, proposed by the British
physicist Stephen Hawking in 1974. According to
quantum mechanics, black holes are not entirely
black but can emit radiation due to quantum effects
near the event horizon. This radiation, known as
Hawking radiation, causes black holes to lose mass
over time and eventually evaporate completely. The
discovery of Hawking radiation bridges the gap
between general relativity and quantum mechanics,
although a complete theory of quantum gravity
remains elusive.

Observational Evidence: The Quest to “See”
Black Holes

For many years, black holes were considered
theoretical objects, as their direct observation seemed
impossible. However, astronomers have developed
several indirect methods to detect and study black
holes.

1. X-ray Astronomy : As matter falls into a black
hole, it heats up and emits X-rays. Observations
of X-ray binaries, where a black hole accretes
matter from a companion star, provide strong
evidence for the existence of stellar-mass black
holes.

2. Gravitational Lensing : Black holes can bend
light due to their extreme gravitational fields, a
phenomenon known as gravitational lensing. This

Ve
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effect has been observed in the light from distant
stars and galaxies passing near black holes,
providing further evidence of their presence.

3. Gravitational Waves : The detection of
gravitational waves by the LIGO and Virgo
observatories has revolutionized our
understanding of black holes. Gravitational
waves are ripples in space-time caused by the
acceleration of massive objects, such as the
merger of two black holes. The first direct
detection of gravitational waves in 2015
confirmed the existence of black hole binaries
and provided a new way to study these enigmatic
objects.

4. Event Horizon Telescope : In 2019, the Event
Horizon Telescope (EHT) collaboration released
the first-ever image of a black hole’s event
horizon. This image, of the supermassive black
hole at the center of the galaxy M87, was a
groundbreaking achievement in observational
astronomy. The EHT uses a network of radio
telescopes around the world to create a virtual
telescope the size of Earth, capable of resolving
details on scales smaller than the event horizon
of a black hole.

The Role of Black Holes in the Universe :

Black holes play a crucial role in the dynamics
of galaxies and the evolution of the universe.
Supermassive black holes, in particular, are
believed to influence the formation and growth of
galaxies.

1. Galactic Centers : Supermassive black holes are
found at the centers of most galaxies, including
the Milky Way. These black holes are often
surrounded by active galactic nuclei (AGN),
regions of intense radiation powered by
accreting matter. The energy released by AGN
can drive powerful jets of particles and influence
the distribution of gas and stars in the host
galaxy.

2. Galaxy Formation and Evolution : The
relationship between supermassive black holes
and their host galaxies is a topic of ongoing

research. Observations suggest that the mass of
a galaxy’s central black hole is correlated with
the mass of the galaxy’s bulge, implying a co-
evolutionary process. The feedback from AGN,
through radiation and jets, may regulate star
formation in galaxies and shape their evolution
over cosmic time.

3. Gravitational Wave Astronomy : The mergers
of black holes, detected through gravitational
waves, provide a new window into the
universe. These events offer insights into the
formation and growth of black holes, the
distribution of black hole masses, and the
dynamics of binary systems. Gravitational
wave astronomy is still in its infancy, but it
holds the potential to revolutionize our
understanding of black holes and other extreme
phenomena.

4. Cosmic Structure Formation : Black holes may
have played a role in the formation of large-
scale cosmic structures. The presence of
primordial black holes, formed in the early
universe, is a speculative but intriguing idea.
These black holes could contribute to dark
matter, the mysterious substance that makes up
most of the universe’s mass, and influence the
formation of galaxies and clusters of galaxies.

Challenges and Future Directions :

Despite the significant progress made in
understanding black holes, many questions remain
unanswered. The singularity at the core of a black
hole represents a fundamental challenge to our
current understanding of physics. Developing a
quantum theory of gravity that reconciles general
relativity with quantum mechanics is one of the
most important unsolved problems in theoretical
physics.

I. Quantum Gravity : A complete theory of
quantum gravity would describe the behavior
of black holes at the smallest scales and explain
the nature of singularities. Several approaches,
including string theory and loop quantum
gravity, are being explored, but a definitive
theory has yet to emerge.
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2. Black Hole Information Paradox : One of the
most profound puzzles in black hole physics is
the information paradox. According to general
relativity, any information about the material
that falls into a black hole is lost to the outside
world, seemingly violating the principles of
quantum mechanics, which assert that
information cannot be destroyed. The resolution
of this paradox may provide crucial insights into
the nature of quantum gravity and the
fundamental laws of the universe.

3. Primordial Black Holes : The existence of
primordial black holes, formed in the early
universe, remains a topic of speculation. If they
exist, these black holes could provide clues
about the conditions in the early universe and
the nature of dark matter. Future observations,
including those of gravitational waves and
cosmic microwave background radiation, may
help detect primordial black holes and
determine their role in cosmic history.

4. Black Hole Evaporation : The fate of black holes
as they emit Hawking radiation and lose mass
is another area of interest. Over extremely long
timescales, black holes could evaporate entirely,
leaving behind a final remnant or dispersing
their mass-energy into the universe.
Understanding the end state of black holes may
shed light on the ultimate fate of the universe
itself.

5. Interdisciplinary Studies : The study of black
holes is increasingly interdisciplinary, involving
astrophysics, cosmology, quantum mechanics,
and even information theory. Advances in
computational techniques, observational
technology, and theoretical models are essential
for pushing the boundaries of our knowledge.
Collaborative efforts between these fields are
likely to yield new discoveries and deepen our
understanding of black holes.

Conclusion :

Black holes represent one of the most intriguing
and challenging aspects of modern physics. From
their formation and evolution to their role in shaping

Black holes typically form
when massive stars
exhaust their nuclear fuel
and collapse under the
force of their own gravity.
The life cycle of a star
depends on its mass. While
low-mass stars, like our
Sun, end their lives as
white dwarfs, massive
stars, often over 20 times
the mass of the Sun,
undergo a more dramatic
demise.

the universe, black holes offer profound insights
into the nature of space, time, and gravity. The study
of' black holes is not just about understanding these
mysterious objects themselves but also about
probing the fundamental laws that govern the
universe.

As observational techniques continue to
advance and theoretical models become more
sophisticated, the next few decades promise to be
an exciting era in black hole research. Whether
through the detection of gravitational waves, the
imaging of event horizons, or the development of
a quantum theory of gravity, the exploration of black
holes will undoubtedly remain at the forefront of
scientific discovery, continuing to captivate and
challenge our understanding of the cosmos.
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Notes on the Movie Qala

Abharani Kumar
3" Semester, Department of Chemistry

Qala is a beautiful psycological thriller by
Anvita Dutt Guptan. Qala narrates the story of a
female playback singer who is struggling to seek
validation from her mother as a perfect singer. It
shows the tumultous relationship between mother
and daughter. In this movie, the girl named Qala
wants to impress her mother through her singing
and make her mother believe that she can maintain
their musical legacy. But her life comes to a toss
when her mother brings home Jagan, an orphan after
being impressed by his divine energy of singing.
His presence poses a threat to her singing and she
remains unnoticed by her mother. Eventually, her
jealousy grew and one day, she ended up destroying
Jagan’s voice due to which he had to give up his
life. This incident made Qala feel guilty and at the
end she could not bear the guilt. She took her own
life as she could not survive the tremor.

The story is simple and straight forward. It
is based on emotional complicity. It depicts the
tumultous relationship between Qala, who wants
to become a singer to maintain the musical heritage
of their family and her mother who overlooks her.
It also subtly intertwires the theme of mental health.
It shows how heartache, depression and anxiety of
a girl become so envious that she ended up harming
her brother. And due to this guilt, she was unable
to live peacefully and in the end she took her own
life. It shows the eternal strive to gain the approval
of parents. It also shows how important it is to
support and encourage one’s child. It also exposes
the dark or ugly truth of Bollywood where sexual
favours are traded for career growth. The story shifts
between past and present, remorse and anger, love

brilliant critique of patriarchy.

The movie starts with Qala winning a very
reputed award. She had become a renowned singer.
But she seems to be played by her past. She was
born with a twin brother, but he could not survive
as Qala being stronger than him took up all the
protein. Qala’s mother was not happy with this.
However, eventually her mother begins to train her
with classical music. Her mother, Urmila, was a
celebrated but thwarted artist. Her father was a
Pandit. Her mother wanted her to become a Pandit
instead of a normal singer. But Qala could not fulfil
her expectations. According to her mother, she was
not hardworking enough. Then one day, they saw
Jagan’s (an orphan) performance. Her mother was
mesmerized by his singing. So she bestowed him
with mother-son affection and chose him to be a
deserving successor of their family’s legacy being
captivated by the divine energy in Jagan’s voice.
Qala become really sad about it. She became
insecured as her mother paid more attention to him.
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She saw her mother being physically involved with
a music director to give Jagan a chance in
Bollywood. Qala become so jealous about it that
she added mercury to Jagan’s milk. This destroyed
Jagan’s voice. Qala also comprised her integrity
with one of the music directors to make her debut
in the music industry.

Jagan gave up his life as he could not bear
the loss of his voice. Her mother was deeply
saddened by Jagan’s death and when Qala said she
wanted to go to Calcutta, her mother abandoned
her. Qala went to Calcutta and achieved the position
of a very well known singer. But her past kept
traumatizing her and at last she took her life.

The theme is beautifully portrayed
illustrating how a girl achieves her position through
stuggles.But, the film leaves the audience in the
confusion that whether Qala was right or wrong?
The mother’s character could have cleared some
confusion. Sometimes the movie gets sidelined. The
story seems to have been stretched too much. And
it seemed like she wanted to express too many
things but she could not.

The set designs and colour scheme is
amazing. Light has been skillfully used. The homes
in Calcutta and Himachal Pradesh looks
splendid.But it seems that the house in Himachal
is the only house in the entire area situated in the
midst of a forest which looks very unreal.
Additionally, it depicts snow every day, while other
seasons should also have been represented and there
is a scene where a bridge is being built, but the
background looks very artificial. The editing could
have been improved. The overall cinematography
is good. A world is built so wonderfully appearing
delicate and beautiful, but it feels too artificial and
lifeless.

The costumes beautifully showcase the
fashion of 1930’s. The sarees, the graceful buns,
with crown braids, dark red lips and the brooch
looks so great. The men’s attire in the movie is also
very well-done. It seems that some dresses are being
repeated and the character Urmila being a classical
singer, could be presented more decently without

any unsual clothing. In many instances the dress
and hairstyles do not resemble those of the 1930°s.

The songs and music of the movie are
melodious with musical numbers set at a
remarkably high standard. The works of Amit
Trivedi, Sagar Desai and others are impresive. The
songs are being drawn from our folklore, they are
soothing and at the same time hauntingly
mesmerizing. From the beatiful flirty song ‘Ghodey
Pe Sauear’ to the beautiful love expressing song
‘Shauq’, the audience have totally loved all the
songs. Songs are overall quite good, but apart from
‘thumri’, the other tracks don’t evoke the sound of
the 1930’s.

All the characters are really well developed.
Lead actress Tripti Dimri played her role well but
sometimes her expressions seems to be limited. She
also looked nervous at times. Her way of speaking
resembles that of a modern elite kid instead of a
girl from the 1930’s. Swastika Mukharjee as the
mother acted exceptionally well. She is powerful
and restrained in her dialogue delivering and
expressions. Overall she has justified her role.
Treshie Babil Khan as Jagan has done full justice
to his character. He has really touched people’s
heart. His expressions, dialogue delivering and
everything about his performance looks perfect. The
other character like the music directors, the women
composer, the assistant secretary of Qala had played
their role very well. In terms of character, there
could be more inclusion of servants; in such a big
royal family it seems odd that no servants were
present.

Overall Qala is an amazing movie. It is
heartwarming to see an innocent girl craving for
her mother’s attention. She wants her mother’s
validation and due to lack of which she could not
survive. It is all about the struggle to get into the
eyes of her mother and get her love, care and
emotions and also about the guilt. It conveys
multiple themes. It shows how lack of support
affects one’s mental health, and emphasizing the
importance of encouraging a child. Ultimately it
also highlights how jealousy towards others can
lead to destruction.
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“Milk and Honey” by
Rupi Kaur : A Review

Darshana Phulkonwar
6™ Semester
Department of English

Milk and Honey by Rupi Kaur is a collection of
poetry and prose, published in October 6, 2015,
which contains 208 pages. It is about the experience
of violence, abuse, love, loss and femininity.

Milk and Honey is a collection of both
abstract fiction and non-fiction prose and poetry by
Indian-Canadian poet Rupi Kaur. Through her use
of beautiful language, Kaur takes you on her
emotional journey to love herself in the face of
painful and oppressive experiences. The story is told
in four parts, some pages with two lines of poetry
and others with a full block of text written down the
page. There are also drawings that go with some of
the poems.

Rupi Kaur’s book takes the reader through
the most important events in her life, using her feeling
and her passion in her poetry to show young,
impressionable adults that there are tragic events that
have happened to her that could happen to any
women. An important part of putting a poetry
collection together means being very thoughtful of
how the poems are organised.

Here are some important lessons that I have
learnt from this book—

a) There will always be people who do not want
you to speak.
b) History repeats itself.
¢) You are allowed to take up space.
“Trying to convince myself
I am allowed

milk and
honey

rupi kaur

to take up space
is like writing with
my left hand
when I was born
to use my right”
(Milk and Honey)

d) Defend your opinions with your life.
e) Allow yourself to love others.
f)  Everything will be okay.

“It you were born with
The weakness to fall
You were born with
The strength to rise.”

(Milk and Honey)

The book Milk and Honey takes the readers
through a journey of the most bitter moments in life
and finds sweetness in them because there is
sweetness everywhere if you are just willing to look.
However some critics argue that Kaur’s poems lack
depth and complexity in terms of language and
metaphor. Overall Milk and Honey succeeds in
connecting the readers on a emotional level. Kaur’s
emphasis on healing and self-love makes this a
compelling book.
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REVIEW
An Exotic Journey to

Unravel
The Elephant Girl

Dr. Rashmi Borgohain
Professor, Dept. of English

If you are looking for an exotic tale of
mystery and romance here it is — The Elephant Girl
by Chitta Ranjan. Use of the flashback technique
enhances the mysterious tone of novel and keeps
the readers gripped to the development of the
adventure. Set in the wilderness of the northeast
India in the colonial era, this novel unfolds the tale
of a mysterious maiden heading a herd of elephants
and who is rarely spotted. She is the pagli sahan,
believed to be the deity of the forest, and whose
wrath is feared by the people. Tales surrounding
her and the spirited archers keep everyone away
from the swampy territory of the Santhalis.

Raj Narayan, the crown prince of Paschim
Behar, is an avid wildlife enthusiast who is invited
by Bert Jenkins, the DFO of Kachugaon forest
division, in the Goalpara district of Assam, to take
up a trip on India’s only forest tramway to view
the deep jungles of the Himalayan foothills. His
initial hesitation gave way for the adventurer in
Raj to accompany Jenkins to Kachugaon and relive
his childhood memories. Chitta Ranjan’s use of the
flashback technique sets the aura of mystery when
we are teased into a glimpse of Raj Narayan’s
childhood. A childhood that introduces characters
who are still around Raj Narayan’s life has layers
of unknown, unspoken facets that seduce the reader
to go deeper into the dense forests and the walls of
the Paschim Behar royal palace.

One can feel the unsettling of the otherwise
peaceful ambience of Kachugaon the very moment
Raj Narayan sets his foot there. It is evident in the
very introduction of the ways of Robert Brown,

the Assistant Conservator of Forest, and Rajah Sahib,
the zamindar of Parbatipur. The train ride through
the jungles stir not only the curiosity of Raj, but
also of the reader to go deeper into the unusual
happenings that take place on the way. This leads
to more characters like Gathela and Ranger Baruah
who stoke further the already inflamed curiosity.
At the same time, one cannot also overlook
characters like the maharani or the stepmother of
Raj and Dr Delrome, the personal doctor of Raj’s
father, the Maharajah, who are ‘suspiciously’
folded into the setting.

The two attempts on the life of Raj and the
murder of his father, the Maharajah, leave the reader
to wonder if there is any link between the palace
and the wilderness of the Himalayan foothills or
more precisely, the Elephant girl. The author very
cleverly leads the reader through a maze while
holding firmly the reins of the adventure. He never
lets the reader forget the Elephant girl in spite of
meandering into the insights of the many characters
that come along the way. It is for this mysterious
Elephant girl that Raj leaves aside the advanced
pregnancy of his wife and also his duties towards
the royal office after the Maharajah’s demise, and
goes out to find himself entangled further in the
maze.

The wilderness of The Elephant Girl is
magical, and casts a spell on its readers to go deeper
and deeper into it in quest for the mystery that it
holds. The lush green dense forests, the wild
animals, and above all, the majestic hordes of
elephants are a sight never to be missed. They
enhance further the already mysterious ambiance
that the author has set for his readers to dwell upon.

The only superfluous part seems to be the
concluding chapter that turns out to let the scattered
pieces fall in places. This has mellowed down the
effect of mystery that the story aligned itself to be.
An open ending would have kept the readers
gripped to the story. The hunger to read a little bit
more and a thirst to know what must have happened
thereafter would have enhanced the mysterious aura
of the novel. Nonetheless, The Elephant Girl is a
successful story of suspense, mystery and romance,
and Chitta Ranjan has made a commendable debut.
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