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FOREWORD

The COVID-19 pandemic has affected a very large number of people worldwide and is the
worst that we have seen in our lifetime. Even a larger number of people have been affected not
by the virus itself, but by the follow-up that has been enforced in order to combat the disease
and contain the spread of the virus. While the impact on industry, agriculture and, in general,
economy has been of disastrous proportions, the influence on academic and intellectual
activities has been considerable. It is against this backdrop that Jogamaya Devi College has
taken up the challenge of publishing an E-Book with contribution from all its departments.
There is no doubt that this effort deserves nothing but praise and will encourage other
institutions to follow the footsteps of this institution.

The E-Book comprises articles from the whole spectrum of departments of the institution. The
language departments - those of Sanskrit, Bengali and English - are well represented in the E-
Book, through thought-provoking articles that would rouse the interest of readers from other
disciplines as well. The History department has delved into the history of writing History.
Sociological issues, homosexuality and the place of women in society have rightfully claimed
their place in the publication. Science departments have come up with new ways of looking at
classical topics, the history of the Periodic Table and marble, the ever-revered form of Calcium
Carbonate that has been used by sculptors and architects over the ages. What will quite
expectedly surprise the reader are the discussions on display technologies, artificial
intelligence and a novel use of the smart-phone.

The purpose of this publication goes beyond academic exercise of the authors and trans-
departmental readers. When lock-downs thwart a return to normalcy and the date of
resumption of usual academic activities is as elusive as a mirage, the publication will serve to
keep the minds of both the authors and readers alive and refreshed. It will, hopefully, be
followed up by successive editions, in electronic or printed form, giving opportunities to all
faculty members to write and publish. Until then, let us all wish that this E-Book will be read
and appreciated by a wide range of readers.

Pratip Kumar Chaudhuri
Chief Editor
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FROM PRINCIPAL’S DESK

It feels nice to announce that even in the long period of lockdown due to pandemic, Research
Committee of Jogamaya Devi College worked relentlessly towards publishing the 4t E-Book of
our college whose theme is the changing trends in human thoughts and perspectives.

The content of the book covers a wide range of perspectives- from history to science, from law
to literature.

[ hope readers will not only enjoy reading the articles but also will get encouraged to
contribute to the future volumes.

[ congratulate the editorial team for their hard work in this hard time.
With thanks

Principal

ii
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FROM THE EDITORS’ DESK

When the Homo sapiens sapiens emerged as the Supreme Being among all the species on this planet,
all they knew were the lighting of fire and the art of making of a few kinds of crude flint tools for
hunting, gathering and different types of household (or ‘cave-hold’) works. Quite a few millennia
after that, through deliberate plantation of seeds and domestication of animals, they entered the
period of agrarian culture from the vulnerable state of hunter gatherers. Once their basic needs —
food, shelter and clothing — were addressed, the humans started to explore their creative faculties
which distinguished them from the other animals. They became behaviourally modern with symbolic
art, advanced tools and specific indigenous cultures. Gradually, with the large population centres,
shared communication strategies, common social norms, developed culture and advanced forms of
governance, the human civilizations came into existence. Along with material prosperity, human
intellect and conscience started being manifested in every possible way. Various branches of
knowledge— Science, Mathematics, Logic, Humanities, History, Philosophy, etc. entered the
purview of human cultivation leading to the advent of dynamic theories and discoveries.

The history of science, which includes both natural and social sciences, commenced its journey by
the ‘Natural Philosophers’; scientific methods have been employed since the Middle Ages, and
Modern Science began to develop during the Scientific Revolution of 16™ -17" century Europe.
From the 18" through the 21% century the history of Science presents progressive accumulation of
knowledge leading to the competition of paradigms and conceptual systems. On the other hand,
humanities deal with the ‘non-science’ subjects and concern themselves with the study of all
languages, literature, arts, history and philosophy. The term ‘Humanities’, derived from Greek word
‘humanitas’, originally denoted a training programme for Greek orators. From that point of
inception, history of humanities underwent numerous changes and transformations during its
journey. In the present-day scenario, humanities are considered as ‘Idiographic Human Sciences’,
which objectively deal with the worldly phenomena with reference to its unique value within the
cultural and human contexts. Therefore, it is conclusive that innumerable illuminating thoughts,
giving rise to myriad novel ideas and notions from both theoretical and analytical perspectives, have
created marvels in the evolution of mankind and have redefined the connotation of human
civilization in every era.

When we, the members of the Research Committee of Jogamaya Devi College were pondering over
the prospective themes of our upcoming Interdisciplinary volume, these diverse trends of human
thoughts caught our attention. The oxymoron ‘Constantly Changing’, is possibly the most
acknowledged attribute of the phases mankind is undergoing from time immemorial and we thought
that this ubiquitous and intriguing idea, encompassing all the branches of knowledge, will definitely
fascinate everyone concerned.

iii
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So, here we are, with the electronic version of our third Interdisciplinary Volume titled ‘Changing
Trends in Human Thoughts and Perspectives: Science, Humanities and Culture, Part — I’ with an
array of eleven articles, judiciously authored by the teachers and researchers of our college and other
educational institutions, and reviewed by the eminent academicians from different fields of study.

The smartphones have become of late the most commonly used electronic device, and apart from
their conventional use in telecommunications, they are being widely used in the diversified fields of
internet browsing, digital photography, multimedia applications, entertainment and so on, thus
replacing gradually a host of other instruments like the computers with all their peripheral
instruments, the still cameras and the video cameras, video games etc. Amrita Ghosh and D. Amilan
José, in their article titled “Smartphone: A Convenient Analytical Measuring Tool for Chemical
Sensors”, have explained that apart from the above well-known uses, the smartphones have evolved
into an essential and convenient analytical tool for chemical sensors and health monitoring.

The present age is appropriately called ‘the age of electronics’, and a major part of human creativity
of the 21* Century is employed in designing new and improved electronic devices. In her article
titled “Advancement of Display Technology: From CRT to Quantum Dot and MicroLED”, Amrita
Mukherjee has described the rapidly changing world of modern display technology to meet the
evolving needs of the newly designed electronic gadgets and their updated versions.

The chemists and the physicists across the world celebrated last year the 150" anniversary of the
periodic table of elements, which was first published by Dmitri Ivanovich Mendeleev in 1869. It was
slowly shaped to its present form by the relentless efforts of the best of human intellect over the
years. Bhaskar Ghosh, in his article titled “Scientific advancements leading to the evolution of the
periodic table and discovery of new elements after Mendeleev” presents an overview of the gradual
evolution of the periodic table of elements and the scientific innovations on which they are based,
along with a glimpse of the discovery of new elements after 1869.

Chandrabali Mukhopadhyay has discussed the properties of marble, the necessity of artificial marble
and the environmental impact of marble mining industry on the workers with special reference to the
Makrana marble of Rajasthan in her article labelled “Marble: Elegance through Ages- From Natural
Deposits to Artificial Production”.

In her article titled “Changing Trends in Writing Autobiography: A Comparative Analysis of the
Autobiographies of Gandhi, Nehru and Dr. Kalam”, Juthika Bishwakarma has explored the changing
trends of the literary genre of autobiography through the comparative study of the three widely
acclaimed autobiographies written by three eminent Indians: The Story of My Experiments with Truth
by Mahatma Gandhi, An Autobiography by Jawaharlal Nehru and Wings of Fire by Dr. A. P. J.
Abdul Kalam (with Arun Tiwari) from the perspectives of the stylistic mechanics and the
problematics of the genre.

On 6™ September 2018, a historic judgement was made by the Supreme Court of India which

scrapped down Article 377 that criminalized homosexuality. In her article, labelled “Section 377:
Challenges and Changing Perspectives in the Indian Society”, Nisha Tamang discussed the various
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challenges faced by the ‘Queer Community’ due to section 377 of the Indian Penal Code and how the
verdict passed to scrap this section has affected the legal and social status of the community.

Piali Mondal has chosen her topic from a ‘not-so-cultivated’ subject of Anglo-Saxon literature. In her
paper titled “Hweer Sindon Seledreamas?: The Joyless Mead-hall of Late Anglo-Saxon Literature
and the Politics of Absence and Disruption”, she has examined the cultural shift as the reasons, due
to which the mead-hall or winsele, usually portrayed as a place of cheer in Early Germanic
Literature, gradually became a place of sorrow and sin in the late Anglo-Saxon literature.

In a country like ours, the pressing need for the introduction of new teaching methodologies has
always been felt, and the recent technological advancement has made it possible to disseminate
knowledge and continue student-teacher interactions during the lockdown period. Rituparna
Mukherjee, however, explored another field of application of the state-of-the-art technology in the
educational institutes. In her article labelled “The Introduction of Artificial Intelligence in ESL
Teaching: Possibilities and Limitations”, she has tried to locate the areas in which the technology of
artificial intelligence can aid the teachers based on their dissemination of classroom lectures as well
as administrative duties, alongside noting the nature of infrastructural preparedness the use of this
technology would necessitate.

The European Renaissance of fifteenth century marks the transition from the middle age to the
modern age, when the traditional cultural traits were amalgamated with the new ideas to bring about
revolutionary changes in various fields of literature, science, and arts. A similar phenomenon
occurred in Bengal from early nineteenth to mid-twentieth century, when a synthesis of the
traditional Indian culture and the modern Western civilization laid the foundation of the modern
Bengali literature, and greatly enriched all its branches. This was the time when the creative mind of
Bengal not only found expression in mother tongue but also in other languages, and apart from
English, Sanskrit was indisputably the most favoured and appreciated language of the
contemporaneous Bengali intelligentsia. Sushree Chakraborty, in her article titled “Changing Trend
in Modern Sanskrit Drama: The Bengal Scenario”, has discussed the manner and explained the
probable reasons due to which, the tradition-bound Sanskrit literature of the early and medieval
periods were transformed into a nice blend of tradition and modernity with the applications of
modern elements and modern techniques by the Sanskrit literary artists of twentieth century Bengal.

We are glad to announce that, in spite of some technical complications which were difficult to sort
out in the present situation, we could make necessary arrangement to publish two articles in Bengali
also. Conforming to the theme of this volume, Aditya Haldar has narrated the history of the historical
studies and researches in India in his article titled ‘®Rres 3020 oGP @ ©F 4. Rajat Kumar

Naskar, in the article named e 19", has described the periodically evolving status and

position of women in the Indian society in three ages — in the Vedic age, in the age of Manusmriti,
and in the nineteenth century.

As soon as the articles were invited for the present volume, the enthusiastic response we received
from the teachers of various institutions made us optimistic of its acceptance and appreciation to our

m V
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wide range of readers, and we are proud to declare that even before its publication we have been
compelled to announce the publication of another volume on this topic, titled ‘Changing Trends in
Human Thoughts and Perspectives: Science, Humanities and Culture, Part — II’. The work is already
in progress and we expect to publish it later this year.

Presently all of us are going through a trying situation, arising from the global pandemic and the
natural calamities of the region, which has caused severe hindrances to all our academic endeavours.
At a stage we found it extremely difficult to continue the works, and the lack of any mode of
communications cast a shadow on the timely publication of this volume. Finally all the impediments
could be eliminated, and to this we owe to our highly esteemed reviewers, most of whom have
sincerely and scrupulously completed their works within the scheduled time in spite of all the odds.

We consider ourselves fortunate because this humble effort of ours, still at its incipient stage, has
received the blessings of some distinguished academicians. It is an honour to acknowledge the
guidance and assistance we have received from Dr. Chittaranjan Bhattacharyya, Professor of
Geology (Retired), University of Calcutta and Dr. Amitava Das, Professor, Department of Chemical
Sciences, IISER Kolkata. In spite of their extremely busy schedules, they have spent much of their
valuable time to extend their helps to us.

We also gratefully acknowledge the support and encouragement we have received from our
honoured Principal and revered colleagues at the different stages of the work. Sincere thanks to our
colleague Dr. Broti Gayen of Department of Bengali for editing the language of the two Bengali
articles and helping the authors to make necessary corrections. We will consider this initiative to be a
success if the students, researchers and teachers can enrich their knowledge bases from its discourses
and are encouraged to participate actively in similar endeavours in future.

Sushree Chakraborty
Bhaskar Ghosh
Soma Mondal
Piali Mondal

Kaushik Kiran Ghosh
(Members of the Editorial Team)
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Abstract: Smartphones are one of the essential devices in every human life. Recently, it is becoming a part of
modern analytical methodology. The usage of a smartphone in chemical sensor research is attractive because it is
cheap and affordable. From the point of the analytical device, it is portable, easy to use, and even an unskilled
person can use without much problem. Therefore, smartphones have emerged as an efficient analytical tool that
enables the interpretation of chemical sensing data without a sophisticated analytical instrument. In this article,
we narrated the usage of smartphones in the field of chemical sensors. Critical recent examples of water
contamination detection (chlorine and mercury), pH monitoring, glucose sensors (health monitoring), explosive
sensors (defence research), and biological sensors were discussed. This chapter established the fact that apart
from communication, entertainment, multimedia usage, browsing, etc. smartphones could be an essential and
convenient analytical tool for chemical sensors and health monitoring.

Keywords: Smartphone, Colorimetric, Sensor, Analytical tool, Portable camera

1. Introduction

Smartphone has become an integral part of our everyday lives. Apart from entertainment, it has
several advantages, including fast communication, convenient web surfing, portable cameras, GPS
facilities as well as productivity apps. All these features create revolutions in smartphone
technology and have made our lives more comfortable, faster, and better.

Smartphone technology has also gained attention to the researchers worldwide to utilize this as an
analytical instrument in sensing applications. The conventional analytical tools are bigger or
heavier, not portable, expensive, and mostly their settings are dependent on resources. Smartphone
as an analytical tool has been developed as very suitable and promising in several fields such as
microscopical and medical diagnosis (Contreras-Naranjo et al. 2016), analyzing water quality
(Ozdemir et al. 2017), agricultural studies (Intaravanne & Sumriddetchkajorn 2015) and mostly in
the field of sensors. In the area of sensors, smartphone based analytical technology was utilized in
various applications, which include chemical and bio-sensors (Grudpan et al. 2015, Huang et al.
2018), determination of pH (Dutta et al. 2015, Shen et al. 2012), glucose sensors (Wang et al. 2016),
electrochemical sensors (Lillehoj et al. 2013); also, several reports are available in imaging science
(Zhu et al. 2013, Coskun et al. 2013).

A smartphone has various features that contain different forms of sensors — for instance,
accelerometer and thermometer to spot and distinguish information that is relevant for a particular
purpose. The most extensively utilized sensor-device is the camera as an optical sensor. This
portable camera is a powerful tool, along with audio and video accessories. Correspondingly, a
smartphone possesses advanced devices such as a fast multicore processor, battery system, adequate
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memory storage, touch screen facility, etc. To transfer the data, not only the USB port and portable
power supply are necessary, but again, the wireless data transfer systems such as Bluetooth, Wi-Fi,
and near-field communication (NFC) are added with the advanced technology. Accumulation of all
these modern technologies in a simple smartphone, it could be an effective and efficient tool for
modern analytical applications for the detection and monitoring of various biological and
environmentally essential analytes.

2. Smartphone readable colorimetric sensor

The smartphone-based colorimetric sensors work on the principle of the color changes as well as
variations in the color intensity of the particular sample. More or less, every smartphone has a dual-
camera system- front and backside camera. With technology, these cameras are gradually becoming
more and more advanced every day with a better focusing ability, high resolution of images, and
also various photographic features to preserve better realism rang in skill. In the hardware part, each
smartphone camera comprises a metal oxide semiconductor and image sensor, which usually has a
photodiode pixel array. To convert images into electronic signals, peripheral readout circuits are
also mandatory (Sumriddetchkajorn et al. 2013).

\©
sma‘w“o

RGB

RGB analysis

Samples

Figure 1

Schematic representation of smartphone-based colorimetric sensor (Part of the figure was used from the
website:https://www.medgadget.com/2014/03/new-app-from-university-of-cambridge-accurately-reads-
colorimetric-test-strips.html)

For the colorimetric detection of different analytes, the smartphone camera could be directly
employed to capture images of color changes (Figure 1). External attachments may require to
control the ambient light condition or camera position. Other apparatus may also include a battery,
external LED illumination, or external lens. Though it is sometimes tough to get accurate
quantitative measurements in minor changes in color shades, still most of the time, researchers can
get significant color quantification as output signals with the help of recent smartphone apps.

Among various applications of smartphone-based colorimetric sensors, we are going to discuss few
reported examples such as recognition of analytes in water, pH monitoring, glucose sensors, and
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chemical as well as biological sensors.

3. Chlorine ion detection in water

A smartphone device-based colorimeter that could monitor the chlorine concentration in water was
reported by Sumriddetchkajorn et al. (Sumriddetchkajorn et al. 2013). This article proposes a self-
referencing colorimeter by using a smartphone device and a tablet. The main aim was to use the
digital camera and the 2D image of both the reference material and the sample. Samples were
prepared using different concentrations of chlorine, and the same Kl-starch solution was added in
all the sample bottles. Under the white reference background, as the chlorine concentration of the
water gets increased, a gradual color change was observed from white to light blue and then dark
blue with the same Kl-starch solution. To determine the concentration of chlorine, each of the
bottles was monitored with the smartphone with an Android operating system and white A4 paper
as background reference. Both the reference and the sample were placed in front of the camera, and
the photo was captured. The color image that was taken under the white light concurrently has two
portions- one from the reference material and the other is from the sample bottle. A precise color
ratio from these two parts/images were processed to specify the conversion of watercolor inside the
container into its corresponding concentration of chlorine. The chlorine concentrations were found
in 0.3-1.0 ppm (with <7% standard deviation error), which is a reasonable data.

The same group again experimentally demonstrated (Sumriddetchkajorn et al. 2014) another self-
referencing smartphone-based to monitor the concentration of chlorine in the aqueous medium. In
this report, o-tolidine was selected as a chemical indicator as it was used in fishery farms. The same
principle was applied to test in local baby shrimp farms. It showed a positive result in establishing
the chlorine concentration in the range of 0-2.0 ppm in water with a 0.02-ppm standard deviation.
The response time was also measured as 2 Sec.

Furthermore, the chlorine concentration in water was also fixed by dividing it into three zones to
make it easy for the farmworkers. Nevertheless, there was a drawback of the lack of linearity in
response. This problem could be solved by taking more number of standard solutions for a more
reliable calibration.

4. Mercury ion detection in water

Gar¢ia and co-workers (Kaoutit et al. 2013) detected mercury in water by a smartphone-based
colorimetric membrane that could recognize Hg(Il) in the naked eye. The change in color was
recorded with the change in Hg(II) concentrations. The sensory membrane configuration was made
in such a way that could fit in special detection requirements such as the sample with different
Hg(II) concentrations exceeded the legal limits. The smartphone camera took the pictures of the
Hg(II) contaminated membranes after reasonable exposure to the solutions. Moreover, these
pictures were used to quantify the mercury from the digital parameters within the photographs.
They were able to get exceptional results by dipping the sensory membranes for ~25 min in
contaminated water and then by taking the pictures with the smartphone camera placed over a white
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paper.

Wei et al. (Wei et al. 2014) proposed another smartphone-based detector platform that could
quantify the mercury(Il) ions in aqueous solution. The main advantage of this system is the
quantification of Hg(Il) in water could be measured in parts per billion (ppb) level. This refers to
the high sensitivity of this system. An optomechanical attachment was combined with the digital
camera of a smartphone, which could quantify the concentration of mercury digitally. A plasmonic
gold nanoparticle (Au-NP) and the aptamer-based colorimetric assay was utilized. The
concentration of Hg(Il) was quantified in water by a two-color ratiometric method. The light-
emitting diodes (LEDs) at 523 and 625 nm was used where a custom-developed android application
for the rapid digital image was operated. The limit of detection (LOD) of Hg(Il) ions with this
smartphone device is established to be 3.5 ppb. They also created geospatial mercury(Il)
contamination maps and collected water samples from over 50 locations in California (USA). The
water samples are taken from city tap sources, rivers, lakes, and beaches. This low cost, portable,
and highly sensitive system work as an efficient platform to detect mercury ion in the aqueous
medium.

S. pH and nitrite ion analyzer

Nuria et al. (Lopez-Ruiz et al. 2014) developed an android based sensory application and the paper-
based microfluidic device, which was used for the simultaneous detection of pH and nitrite
concentration. They have used seven sensing areas, including the parallel immobilized reagents, to
exhibit selective color changes in the presence of the sample solution, which is positioned in the
sampling region. Under the flashlight of the smartphone, which is the primary light source, the
images were captured with the in-built camera. A customized algorithm was used for the image-
processing of the colored sensing areas. The results were in good agreement under controlled
conditions of light. The sensing membranes were characterized and checked thoroughly at the
important range. It was found that for the pH, the resolution obtained is 0.04 units with 0.09
accuracy, where the mean squared error is ~0.167. For the nitrite, the values of resolution and LOD
were found as 0.51% at 4.0 mg L™ and 0.52 mg Lt respectively. Similar results were reproduced
with a second smartphone and different light sources. Hence they concluded that the developed
algorithm was not influenced by the light sources, and any smartphone could be used as a portable
analytical instrument for the detection of pH.

6. Smartphone-based spectrometer for Glucose monitoring

Liedberg and coworkers (Wang et al. 2016, Analyst) developed a new economical and convenient
smartphone that could be used as a spectrometer for monitoring the optical changes in real-time.
The built-in LED was used as the light source and camera as the signal detector. A well-known
glucose assay was used and analyzed by this smartphone spectrometer. The smartphone
spectrometer displays two-fold higher sensitivity, which is remarkable compared to the commercial
plate-reader. They have also demonstrated the application of the smartphone as a localized surface
plasmon resonance biosensor. The smartphone was utilized for the heart disease biomarker, cardiac
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human troponin I. The smartphone as a spectrometer, always allows quick response time, more
sensitive and real-time recording of the binding of troponin I. The achieved LOD for troponin I is in
good agreement with the Surface plasmon resonance (SPR) measurement and commercial X-Nano
instrument.

This smartphone spectrometer is much economical, compact, and transportable than the other
conventional instruments. Furthermore, the monitoring of the total spectrum of the sample was
possible instantaneously in a short time. This smartphone spectrometer has several advantages, such
as in-field analysis, routine monitoring, and home diagnostics.

7. Chemical sensors for catechol

Wang et al. (Wang et al. 2016, Talanta) reported a cost-effective, simple, designed colorimetric
sensor ensembled with a smartphone and a remote server and studied a fast analysis of catechol.
The smallest-scale (2x2) array could distinguish among all 13 catechols calorimetrically at six serial
concentrations. It was done with the help of principal component analysis, hierarchical cluster
analysis, and linear discriminant analysis. The outcomes from the data analysis showed the
capability of the suggested colorimetric array for consistent detection and classification of the
catechols.

Most importantly, this work demonstrated a unique coupling of a smartphone and the remote server,
which permits the onsite classification and study. The quantitative analysis of the unknown samples
is also possible by this system. With the help of the portable smartphone, it could be possible to
read the array, data upload, and to obtain the results in real-time. This simple, useful device is
suitable in a real-life example as well as the qualitative and quantitative onsite study of catechol.

8. Smartphone-based explosive detection

Reed and coworkers reported (Tang et al. 2017), a smartphone-based platform that was utilized for
the convenient colorimetric investigation of 2,4,6-trinitrotoluene (TNT). It was done by means of
amine-trapped polydimethylsiloxane (PDMS), which was suitably designed and applied. When the
colorless PDMS comes in contact with the TNT-containing solutions, it showed a noticeable and
quick naked eye color change. The PDMS was sensibly optimized to attain a noticeable detection of
TNT even at a very low concentration, such as 1uM. The integrated camera of the smartphone
could be convenient for taking photos of colored PDMS membranes. This suitable portable
technique could be useful in the real application by precisely measuring and quantifying of the
TNT. TNT recognition in drinking water, tap water, and lake waters were also successfully
validated. This efficient approach is suitable for the field of TNT detections.

In another study of colorimetric detection of explosives, Salles et al. (Salles et al. 2014) effectively
showed a disposable device containing colorimetric wax paper, which could distinguish five
explosives such as triacetone triperoxide, hexamethylene triperoxide diamine, 4-amino-2-
nitrophenol, nitrobenzene, and picric acid. This one-use paper array was made-up of the wax printer
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as well as reagents, for example, KI, creatinine, and aniline. This method generated unique color
patterns for each explosive, which was created based on chemical reactions between the explosives
and the reagents. The output signal/information was extracted by the smartphone-enabled device,
which evaluated the RGB values of each spot using custom software. The LOD was found to be at
the ranges of ~0.2 ug of the explosives. This device is inexpensive and highly efficient in detecting
these explosives for home security applications.

9. Smartphone-based volatile organic components detection

In a very recent work of Owyeung et al. (Owyeung et al. 2019) developed a stable device that is
entrapped with the optically responsive dyes on a thread substrate. The smartphone-enabled
detection system was combined into clothing. The dyes 5,10,15,20-Tetraphenyl-21H,23H-porphine
manganese(Ill) chloride (MnTPP), methyl red (MR), and bromothymol blue (BTB), were used. The
smartphone was capable of the excerpt and to identify the changes in the red, green, and blue
channels. The smartphone could capture the images of the thread to sense the particular analyte.
This technique was applied mainly for sensing gases. The sensing of the vapors of ammonia and
hydrogen chloride; constituents obtained in cleaning supplies, fertilizers, and the dissolved gas
sensing of ammonia was successfully demonstrated. The detection was performed even when the
analytes were present in the range of 50—-1000 ppm. The facile construction of the colorimetric
sensing of various gases in washable threads is a novel idea for the next generation textile
industries.

10. Conclusion

In summary, we have explained several examples of chemical sensors using a smartphone as a
smart analytical tool for the colorimetric detection of different analytes. The main advantages of
utilizing a smartphone as a detector device includes the low price compared to other sophisticated
instrumentation, portability, ease to operate, and the possibility of enormous distribution in the
markets. The smartphone-enabled sensors have other benefits such as cost-effective design, wireless
data connectivity, user-friendly high-resolution digital camera, and sensitive and specific to the
particular analytes. For example, contamination of harmful chemicals in drinking water or tap water
could be detected easily even in a home with the help of a smartphone. We foresee various
developments where the smartphone spectrometer could find applications in field testing, health
monitoring, and home diagnostics. The smartphone-based colorimetric detection will open up new
avenues in the field of sensing devices, and this uniquely practical, portable device with convenient
apps will be suitable in real-life applications.
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Abstract: With the initiation of modern display technology, the amount of time average people employs sitting
on TV, calculator, computer and mobile has increased over the past two decades. In every aspect of our life from
morning to night we are dependent on various display devices. The cathode ray tube (CRT) was the pillar of text
and video display technology for several decades until being replaced by plasma, liquid crystal and solid state
devices such as LEDs and OLEDS. CRT was very popular due to its high resolution, aspect ratio, high contrast
and cost effectiveness. But with the progress of technology the urge to remove different disadvantages like
imperfect sharpness, low brightness, flat screen shape, large shape etc. leads to the invention of liquid crystal
displays. Again with the rapid use of mobile phone different LCD display technology evolved for example IPS-
LCD (In-Plane Switching Liquid Crystal Display), OLED (Organic Light-Emitting Diode), AMOLED (Active-
Matrix Organic Light-Emitting Diode) etc. Again special type of display technology was invented for electronic
paper like display, 3D display etc. Quantum LED is essentially a fancy version of an LED-backlit LCD TV,
boasting exceptional image quality and vivid hues. In this article the way of rapidly changing world of displays
to meet the evolving needs of the electronic devices has been discussed.

Keywords: Display, CRT, LCD, Plasma Display, OLED

1. Introduction

Display technology plays a critical role in information conveyance. In general displays are used in
television set, computer monitors, head-mounted display, broadcast reference monitor, medical
monitors, mobile displays (for mobile devices), smartphone displays (for smartphones). Since its
commercialization in 1922 up until the late 20th century, Cathode Ray Tube technology (CRT) has
dominated the display industry. However, new trends such as the desire for mobile electronics have
increased demand for displays that rival and surpass CRTs in areas such as picture quality, size, and
power consumption. One of the devices likely to replace CRTs is Liquid Crystal Displays (LCD)
due to their lightweight, low operating power, and compact design. LCDs allowed devices such as
digital watches, cell phones, laptops, and any small screened electronics to be possible. Although
LCDs were initially created for handheld and portable devices, they have expanded into areas
previously monopolized by CRTs such as computer monitors and televisions. Other contenders for
leadership in display technology are Organic LEDs, DLP technology, Plasma Displays, Field
Emission Displays, and Electronic Paper. Organic LEDs, being composed of light emitting
polymers, can emit their own light to offer thin and power-saving displays. Using many
microscopic mirrors, DLP technology can generate large bright projections on screens with up to 35
trillion colours. Plasma Displays generate excellent quality images on very large screens. Field
Emission Displays can produce high resolution images like CRTs without the bulky appearance.
The makers of Electronic Paper are trying to replace print by developing displays with many paper-
like properties. Beside these segment displays are very popular because of its use in digital watches
and pocket calculators are made of single LED or liquid crystals. In modern time touchscreen
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displays are very widespread in which is a both input and output device and normally layered on the
top of an electronic visual display of an information processing system. Demand for higher quality
displays will drive technology evolution; this evolution will require new approaches and innovative
ideas in information presentation. In this article the evolution process of large display devices to
meet the evolving needs of the electronic devices has been discussed in brief.

2.1. Cathode Ray Tube (CRT)

The Cathode Ray Tube (CRT) (Moss 1950) was the first display technology and it had an incredibly
long run despite being inefficient, bulky, heavy and full of hazardous waste materials. It pretty
much owned the 20th century. A cathode ray tube consists of several basic components, as
illustrated in Figure 1. The electron gun generates a beam of electrons. The anodes accelerate the
electrons. Deflecting coils produce an extremely low frequency electromagnetic field that allows for
constant adjustment of the direction of the electron beam. There are two sets of deflecting coils viz.
horizontal and vertical. The intensity of the beam can be varied. The electron beam produces a tiny,
bright visible spot when it strikes the phosphor-coated screen. To produce an image on the screen,
complex signals are applied to the deflecting coils, and also to the apparatus that controls the
intensity of the electron beam. This causes the spot to race across the screen from right to left, and
from top to bottom, in a sequence of horizontal lines called the raster. As viewed from the front of
the CRT, the spot moves in a pattern similar to the way your eyes move when you read a single-
column page of text. But the scanning takes place at such a rapid rate that your eye sees a constant
image over the entire screen. The illustration shows only one electron gun. This is typical of a
monochrome, or single-colour, CRT. However, virtually all CRTs today render colour images.
These devices have three electron guns, one for the primary colour red, one for the primary colour
green, and one for the primary colour blue. The CRT thus produces three overlapping images: one
in red (R), one in green (G), and one in blue (B). This is the so-called RGB colour model.
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Figure 1: Basic stricture of a cathode ray tube

As time progresses the shape of the CRT s also evolved. The oldest and most inexpensive CRT
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monitors are spherical. Further development results cylindrical (a section of a cylinder, used in
aperture-grille CRTs), and flat square (a section of a sphere large enough to make the screen nearly
flat) CRT monitor. Flat square tube (FST), developed in 1997, have a larger display area — closer to
the tube size — and nearly square corners. By 2000, CRT monitors that used unconventional mask
technologies were available with completely flat screens. The major benefit of a perfect flat surface
is that they have minimal glare and display images that have a more realistic appearance.

2.2 Advantages of CRT

1. CRT operates at any resolution, geometry and aspect ratio without the need for rescaling the
image.

2. CRTs run at the highest pixel resolutions generally available.

3. Produce a very dark black and the highest contrast levels normally available. Thus it is suitable
for use even in dimly lit or dark environments.

4. CRTs produce the very best colour and gray-scale and are the reference standard for all
professional calibrations. They have a perfectly smooth gray-scale with an infinite number of
intensity levels. Other display technologies are expected to reproduce the natural power-law
Gamma curve of a CRT, but can only do so approximately.

5. CRTs have fast response times and no motion artefacts. Thus it is best for rapidly moving or
changing images.

6. CRTs are less expensive than comparable displays using other display technologies.

2.3 Disadvantages of CRT

1. The CRT's Gaussian beam profile produces images with softer edges that are not as sharp as an
LCD at its native resolution. Imperfect focus and colour registration also reduce sharpness.

2. All colour CRTs produce annoying Moiré patterns. Many monitors include Moiré reduction,
which normally doesn't eliminate the Moiré interference patterns entirely.

3. Subject to geometric distortion and screen regulation problems. Also affected by magnetic fields
from other equipment including other CRTs.

4. Relatively bright but not as bright as LCDs. Not suitable for very brightly lit environments.

5. Some CRTs have a rounded spherical or cylindrical shape screen. Newer CRTs are flat.

6. CRTs give off electric, magnetic and electromagnetic fields. There is considerable controversy as
to whether any of these pose a health hazard, particularly magnetic fields. The most authoritative
scientific studies conclude that they are not harmful but some people remain unconvinced.

7. They are large, heavy, and bulky. They consume a lot of electricity and produce a lot of heat.

3.1 Liquid Crystal Display (LCD)

Different disadvantages of CRT display leads to the invention of liquid crystal displays. Liquid
crystals were discovered in 1888, but their potential application in display technology was not
realized until 1968 when researchers from the RCA’s David Sarnoff Research Centre developed the
first liquid crystal display. Since then, LCDs have revolutionized the small screen and portable
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electronic market offering an alternative to CRTs and making devices like calculators, cell phones,
PDAs, and laptops possible. As LCD designs advance, they will remain a popular part of home
entertainment systems and continue to dominate handheld electronics especially mobile phones.
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Figure 2: Basic Liquid Crystal Display
Structure

Simple LCDs consist of a liquid crystal cell, conductive electrodes and a set of polarizing lenses.
The basic structure for a simple LCD cell is shown in Figure 2. To form a working LCD the
individual components (glass casing, liquid crystal cell, alignment layer, conductive electrodes, and
polarisers) are combined. Light entering the display is guided by the orientation of the liquid crystal
molecules that are twisted by ninety degrees from the top plate to the bottom. This twist allows
incoming light to pass through the second polarizer. When voltage is applied, the liquid crystal
molecules straighten out and stop redirecting light. As a result light travels straight through and is
filtered out by the second polarizer. Consequently, no light can pass through, making this region
darker compared to the rest of the screen. To display characters or graphics, voltage is applied to the
desired regions making them dark and visible to the eye. High-end displays today allow for 256
different levels of light or shades. This allows for a gray scale in which graphics and characters can
be displayed in many varying intensities.

3.2 Different types of LCDs

For several years now the twisted nematic (TN) panel monitor has been the most abundant on the
market (Mosley 1993, Emerging Display Technologies, “LCD Basics”, 2005). Figure 3 illustrates
the basic construction of TN display. Although it has improved leaps and bounds in this department
over the years the image performance is often considered a relative weakness of TN technology.
The main drawback comes with relatively restricted viewing angles. If an LCD monitor is trying to
display black then the colour filter will be positioned such that as little light as possible (of any
colour) from the backlight will get through. A definite strength of the vertically aligned (VA) panel
is its efficiency at blocking light from the backlight when it’s not wanted. Another key advantage of
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VA is the improved viewing angles and colour reproduction compared to TN. Some of the modern
VA panel types used on PC monitors include Samsung SVA (‘Super’ Vertical Alignment), MVA
(Multi-domain Vertical Alignment), AMVA (Advanced MVA) or AMVA+ (a now defunct
additional panel type indicating AMVA with slightly enhanced viewing angles — now standard for
AMVA panels). The real selling point of these is their superior colour accuracy, consistency and
viewing angles when compared to the other LCD technologies. Each colour shade remains distinct
with its own ‘identity’ regardless of its position on the screen. Some of the higher-end IPS and PLS
models take things even further by offering support for extended colour gamuts (increasing
potential shade range) and higher colour depths (increasing potential accuracy). This makes IPS and
PLS panels good candidates for ‘colour critical” work in particular. It is also common for larger IPS
monitors to feature higher resolutions than most of their TN and VA counterparts; although a good
range of resolutions for all panel types is now available.
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TRANSPARENT ELECTRODES
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Figure 3: Twisted nematic panel display

3.3. Disadvantages of LCD

The colour and contrast from various viewing angles is inconsistent
1. Features poor black on dark imagery
2. Motion blur is common
3. Fixed resolution
4. With brightness from backlighting, imagery may appear flat
5. Pixel based display may be stuck on screen
6. Newer technology costs more
7. Imagery not as good with analog interface

Sometime around 2007, LCD televisions beat out Plasma as the consumer choice due to their large

size and lower cost. LED technologies continue to improve, and LED-backlit LCD displays win the
market. OLED technologies also continue to improve, and are getting ready to challenge LCD with
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better blacks (even better than Plasma) and thinner less rigid profiles, however LCDs continue to
offer lower manufacturing costs, longer lifetimes, and greater durability.

4.1. Plasma Display

Plasma screens are composed of millions of cells sandwiched between two panels of glass. Placed
between the glass plates extending across the entire screen, are long electrodes known as address
electrodes and display electrodes which form a grid. The address electrodes are printed onto the rear
glass plate. The transparent display electrodes, insulated by a dielectric material and covered by a
protective magnesium oxide layer, are located above the cells along the front glass plate. The
electrodes intersecting a specific cell are charged in order to excite a xenon and neon gas mixture
contained within each cell. When the gas mixture is excited creating a plasma, it releases ultraviolet
light which then excites the phosphor electrons located on the sides of the cells. When those
electrons revert back to their original lower energy state, visible light is emitted. Each PDP pixel is
composed of three cells containing red, green, and blue phosphors respectively. The phosphors are
separated by ribs which prevent the phosphors from chemically contaminating each other
(crosstalk). Activating these colour combinations at varying intensities, by the amount of current
generated, results in the colour generation as seen on the display. (Weston 1989, Boeuf 2003)
Plasma displays are noted for their flat screen presentation and large screen sizes. They are able to
generate excellent image quality in large scales, and consequently are the leading display
technology when it comes to HDTV (high definition television).

4.2. Advantages of Plasma Display

1. Slim profile

2. Can be wall mounted

3. Less bulky than rear-projection televisions

4. Produces deep blacks allowing for superior contrast ratio

5. Wider viewing angles than those of LCD; images do not suffer from degradation at high angles
unlike LCD's.

6. Less susceptible to reflection glare in bright rooms due to not needing back lighting.

7. Virtually no motion blur, thanks in large part to very high refresh rates and a faster response time,
contributing to superior performance when displaying content with significant amounts of rapid
motion.

4.3. Disadvantages of Plasma Display

1. Heavier screen-door effect when compared to LCD or OLED based TVs.

2. Susceptible to screen burn-in and image retention, although most recent models have a pixel
orbiter that moves the entire picture faster than is noticeable to the human eye, which reduces the
effect of burn-in but does not prevent burn-in. However, turning off individual pixels does
counteract screen burn-in on modern plasma displays.

3. Phosphors lose luminosity over time, resulting in gradual decline of absolute image brightness
(newer models are less susceptible to this, having lifespan exceeding 100,000 hours, far longer than
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older CRT technology.

4. Susceptible to "large area flicker".

5. Generally do not come in smaller sizes than 37 inches.

6. Heavier than LCD due to the requirement of a glass screen to hold the gases

7. Use more electricity, on average, than an LCD TV

8. Do not work as well at high altitudes due to pressure differential between the gases inside the
screen and the air pressure at altitude. It may cause a buzzing noise. Manufacturers rate their
screens to indicate the altitude parameters.
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5.1 Organic Light Emitting Diode (OLED) Display

Organic light-emitting diodes (OLEDs) are thin, flexible display in which the emissive
electroluminescent layer is a film of organic compound that emits light in response to an electric
current (Chen et. al. 2018). But OLEDs are still costly to manufacture and have limited lifetimes
compared to LCD and LED technology. OLEDs were first developed by Eastman Kodak in 1987
using small Molecular method.

Display technology must evolve to keep pace with advances in other areas of technology. OLEDs
are composed of light-emitting organic material sandwiched between two conducting plates, one of
n-type material and one of p-type material. The molecular structure in n-type material, although
electrically neutral, has an extra electron that is relatively free to move around the material. Figure 4
illustrates the basic structure of an OLED display. In p-type material the opposite is true. The lack
of an electron creates a hole that is free to move about. The creation of the extra electron or the hole
comes about because of the mismatch of valence electrons in the molecular structure of the p or n-
type material. Applying a voltage between the two plates causes holes to be injected from the p-type
substrate and electrons to be injected from the n-type substrate. When an electron fills in a hole, it
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drops from a higher energy level to a lower one; consequently, this difference in energy is released
as a photon of light (light particle). The wavelength of the light generated is dependent on the
energy gaps of the emitting material. In order to produce visible light, these energy gaps have to be
within 1.5 to 3.5 electron volts (eV) because of that we get light of visible range. Therefore, the
colours emitted are dependent on the molecular composition of the organic emissive material
chosen for the OLED.

5.1.1 Advantages of OLED

1. Thin structure and excellent display qualities, ideal for use in flat-panel displays.

2. OLEDs are emissive displays (meaning they generate their own light), and as a result require no
backlighting.

3. OLED displays have extremely high switching speeds and as a result can handle high refresh
rates required for full-motion video.

4. OLEDs also have a large viewing angle as a result of its self-luminous effect.

5.1.2 Disadvantages of OLED

1. Degradation of the organic material affects the lifespan of OLED displays. These materials can
degrade through chemical processes such as oxidation and lose their light-emitting properties.

5.2 Small Molecule Light Emitting Diodes (SMOLEDS)

One of the next trends in display technology is Polymer Light Emitting Diodes (PLEDs), Small
Molecule Light Emitting Diodes (SMOLEDS) and dendrimer technology are all variations of
OLEDs. The structure of a basic SMOLED (Shaw-Stewart 2013) contains multiple layers of
organic material. Depending on the organic chemicals that are used to generate the display, different
manufacturing techniques can be used. The p-type layer, known as the anode, is made from a high
work function material such as indium tin oxide (ITO) — used in optical devices for its conductive
and transparent properties. The next layer is an organic material which aids in the transportation of
holes known as normal-propyl bromide (NPB). Following this layer is one which aids in the
transport of electrons; tris-8-hydroxyquinoline aluminium is generally used to form it. Lastly, the n-
type layer, known as the cathode, is made from a low work-function material such as MgAg
(magnesium silver) to produce the electrons. In order to improve efficiency, a luminescent layer is
normally added in between the two layers of organic material. SMOLEDs require a complicated
process of vacuum vapour deposition, where the deposition method involves sublimating the
material in a vacuum. This process allows for a more accurate and better controlled application of
these layers onto the display substrate; however, vapour vacuum deposition is also very complex,
and as a result, this renders to higher manufacturing costs. Therefore, SMOLEDs are more suited
for smaller displays such as cell phones, camera displays, etc. where they can produce excellent
colour displays with a long lifetime.
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5.3 Polymer Light Emitting Diodes (PLEDS)

PLEDs (Low et al. 2019) were developed approximately two years after SMOLEDs. It utilizes
polymers made from chains of smaller organic molecules, an example being polyphenylene
vinylene (PPV). PLEDs differ from SMOLEDs because the organic material is water soluble and
consequently can be applied onto a substrate by common industrial processes such as spin-coating
or ink-jet printing. In spin-coating, liquefied organic material is applied to a substrate which is then
spun, at rates of 1200-1500 revolutions per minute, to uniformly spread the organic material and it
may then be patterned as required. With ink-jet printing techniques, the substrates can be made
more flexible while keeping the production costs low. This means that PLEDs can be used for
larger displays such as monitors or television sets. However, the lifetimes of PLEDs are still not
comparable to those of SMOLEDs as of this time.

5.4 Dendrimer Technology

A dendrimer is a hyper branched polymer. The structure of a dendrimer is comprised of a central
core, and from this core many branching polymers called dendrons. What allows dendrimers the
ability to combine the benefits of both SMOLEDs and PLEDs is the fact that the central core can be
tailored to determine the amounts of light emission, while surface groups located at the end of the
dendrons can be modified so that the molecule can be soluble for ink-jet printing techniques.
Therefore, dendrimer technology retains the control of Small Molecular technology, yet also
maintains the required solubility of PLEDs.

5.5. Active-Matrix Organic Light-Emitting Diode

AMOLED, or active-matrix organic light-emitting diode, brings OLEDs a big step further with
increased resolution and infinite contrast ratio (Choi et al. 2018). When you read about OLED TV
and phones this is the technology that’s being used. The backlight is gone and the display is no
longer rigid, but organic materials tend to die out, and that becomes the technology's most
worrisome flaw for any device designed to last more than a couple years.

6. E-Paper Technology

E-Paper technology was actually invented forty years ago, but its rise in popularity in eReaders and
other devices has happened in recent times (Hagedon et al. 2012). There are three big things
eReaders solve for users, the inability to read LCD and OLED screens in direct sunlight, the
irritation to the eyes caused by excessive viewing of transmissive or emissive displays, and longer
battery life between charges.

7. Touchscreen Display

A touch screen is an electronic visual display that can detect and sense the finger touch or other
passive objects within the display area. In 1971 Dr. Sam Hurst, founder of ELOGRAPHICS
developed the first touch opaque sensor ELAGRAPH at the University of Kentucky and in 1974 he
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developed the first real touch screen. Apple was the first with a touch screen telephone in the year
of 1983. This type of display allows a user to interact with the computer by touching pictures or
words on the screen and thus it becomes very popular (Krithikaa 2016).

8. Conclusions: What is next

Micro LED could oust OLED as the next big display technology, but it won't be easy (Wu et al.,
2018). Samsung has already demonstrated this emerging technology called Micro LED with a wall-
size TV, which uses millions of tiny LEDs to improve on the advantages of OLED without OLED's
limitations. Micro LED has the potential for the same perfect black levels as OLED with no danger
of burn-in. It can provide higher brightness than any current display technology, excellent colour
and doesn't suffer the viewing angle and uniformity issues of LCD. Right now the issue with Micro
LED isn't image quality, its manufacturing. Apple report says the screens are more difficult to
produce than OLED displays, to the extent that Apple almost pulled out of development a year ago.
Also the unique features of solution-processed quantum dots (QDs) including emission tunability in
the visible range, high-quality saturated colour and outstanding intrinsic stability in environment are
highly desired in various application fields (Sun et al. 2019).
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Abstract: Technological advancements provide more effective instruments and procedures for scientific
investigations, and progresses in one branch of science may enrich the other branches. After the first publication
of the periodic table of elements by Mendeleev in 1869, human perceptions on the structures and properties of
atoms evolved remarkably, and the development of new analytical techniques facilitated the detection of a host
of new elements. As a consequence, Mendeleev’s successors progressively came up with new, improved
versions of the periodic table, based on more appropriate laws of periodicity and much larger databases of
element properties. A series of scientific innovations from the late nineteenth century to the mid-twentieth
century gave the scientists a clearer understanding on the nature of elements and their internal constitutions, and
there was near-concurrent expansion of the element database with progressive discovery and synthesis of many
new elements which is still continuing. This article presents a brief overview of the gradual evolution of the
periodic table of elements and the discovery of new elements after Mendeleev, along with a glimpse of the
scientific innovations on which they are based.

Keywords: Periodic Table, Periodic Law, Discovery of Elements, Synthesis of Elements,
Actinides, Super Heavy Elements (SHE)

1. Introduction

Rapid advancements in analytical chemistry from late eighteenth to mid-nineteenth century
facilitated the discovery of many new chemical elements and compilation of a large database of
their properties. The chemists of that era were trying to formulate a scientific scheme of
classification to promote a systematic study of these elements and easy dissemination of their
knowledge to the succeeding scientists. Among a number of classification schemes proposed during
this time, the periodic table published by Dmitri Ivanovich Mendeleev in 1869 was irrefutably the
most efficacious and universally accepted one. Based on the periodic law that the properties of
elements are the periodic functions of their atomic weight; it featured 17 columns or groups, each
comprising elements of similar properties, and 7 incomplete rows or periods (Quam & Quam
1934a, Scerri 2020).

Subsequent endeavours of chemists and physicists throughout the world led to further elucidation of
the major properties of elements in the last three decades of the nineteenth century. Several new
elements were detected during this period which includes the consecutive discoveries of the noble
gases argon, helium, neon, krypton, and xenon by Sir William Ramsay and Lord Rayleigh from
1895 to 1900 (Giunta 1998), and discovery of the radioactive elements like polonium, radium and
radon during 1898 — 1900 (briefly described in Section 2.2). All these new findings enabled
Mendeleev to revise his table a number of times from 1871 to 1903 — the later versions contained
eight groups and an additional Group ‘zero’ for the noble gases, and the places of some elements
were progressively corrected in them (Quam & Quam 1934a, 1934b, Lagowski & Pauling 2020).
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But owing to the limitations of the contemporary state of knowledge in chemistry, there were a
number of inconsistencies in Mendeleev’s table and it was far from complete — many of the
elements predicted by him were not discovered in his lifetime. It took several decades for
progressive upgradation of the periodic table, during which a phenomenal advancement in the
physical sciences originating from a host of discoveries not only revolutionized the notions and
concepts on matter and energy; it would not be an overstatement to mention that it changed the
course of human civilization by its immense socio-economic impacts. These innovations, taking
place from the end of the nineteenth century to the first half of the twentieth century, brought about
unprecedented progress in almost all the branches of science and technology. This work presents a
brief account of how these scientific advancements changed the perception of classification of
elements in the post-Mendeleev era, and led to the discovery of new ones.

2. Small steps and giant leaps in physical sciences from late 19th to mid-20th
Century

2.1. A ray that helped to throw light inside atoms

An innovation by the British physicist William Crookes nearly contemporaneous with Mendeleev’s
periodic table brought about a number of discoveries in the three subsequent decades. Crookes
developed a method of evacuation to create very low pressure (~107° atmosphere) in a glass tube,
and by inserting positive and negative electrodes at its two ends he produced an arrangement for
electric discharge which was named ‘Crookes Tube’ after him. He found that during high-voltage
electric discharge the entire tube was totally dark, but there was a bluish green incandescence in the
glass wall behind anode; indicating emission of a ray from the cathode to the anode, which on
striking the inner wall of the glass tube near anode produced that incandescence. He later suggested
in 1874 that the ray was composed of negatively charged “gaseous molecules” flowing from
cathode to anode (Whittaker 1951, Leicester 1971). In 1876, the German physicist Eugen Goldstein
showed that the rays were emitted perpendicular to the cathode surface, and named it
‘kathodenstrahlen’ or ‘cathode ray’ (Goldstein 1876). Further investigations on cathode ray
facilitated the discovery of X-ray in 1895 and sub-atomic particles in 1897, as described in sections
2.2 and 2.3 respectively.

2.2. Small accidents with not-so-small consequences

Two accidental discoveries, taking place at two different laboratories of Europe at the end of the
Nineteenth Century, opened a new horizon of knowledge. The first one occurred at the University of
Wurzburg, Germany in 1895, where W. C. Roentgen observed that an unknown fluorescence
originating from an evacuated Crookes tube penetrated the opaque black paper covering the tube.
Thus he discovered X-ray, an electromagnetic wave with very small wavelength, which paved the
way for the chance discovery of radioactivity by Henri Becquerel within a few months.

Earlier in 1789 M. H. Klaproth of Germany discovered the first radioactive element, uranium (U),
from pitchblende ore, and named it after the planet Uranus (Greenwood & Earnshaw 1997).
Thorium was discovered in 1828 by the Swedish chemist Jons Jacob Berzelius, who separated it
from a mineral collected by Morten Thrane Esmark, an amateur mineralogist from Norway
(Wickleder et al. 2006). The common physical and chemical properties of these two elements were
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known to Mendeleev who placed them in the early versions of the periodic table. However, it took
many decades more to understand the unique properties of these elements when Becquerel, working
in the National Museum of Natural History of Paris, learned about Roentgen's findings and intended
to study the relation of phosphorescence with the newly discovered X-ray in 1896 (Chodos 2008).
To determine whether the phosphorescent salts emit X-ray on absorbing sunlight, he covered some
photographic plates with black paper, placed over it some crystals of uranium salts, and intended to
put the entire set-up to bright sunlight. However, due to cloudy weather, he had to delay this
experiment for a few days and kept the concealed photographic plates with salt crystals over them
inside a drawer. After a few days, he opened the drawer to find that some unknown emission from
those salt crystals created distinct imprints on the photographic plates, penetrating through their
opaque covers. Thus the uranium salts showed a unique property of emitting some low-wavelength
rays spontaneously, without any stimulation from sunlight or any other external radiation. This
newly discovered phenomenon, hitherto unknown to the scientific community, was further studied
by Pierre and Marie Curie in 1898, and the latter coined the term ‘radioactivity’ for it. In the same
year, they identified radioactivity in thorium.

Shortly after the commencement of their investigations on radioactivity, the Curies found a
substance more radioactive than uranium and thorium in the residual pitchblende after removal of
these two elements. They could separate a new element from that residue in July 1898 (Kabzinska
1998), which they named ‘polonium’ (Po) after Poland (Latin ‘Polonia’), the native land of Marie
Curie. Five months later, they identified another radioactive element in the residue of uraninite
(UO,) mineral after removal of uranium from it (Hammond 2011). The strong radioactivity of this
new element imparted to it the distinctive property of bright green radiance, which inspired the
Curies to name it ‘radium’ (Ra), the French for ray derived from Latin ‘radius’ (Ball 1985, Carvalho
2011).

Ernest Rutherford and Robert B. Owens, in their investigations with radioactive substances during
1899 — 1900, observed continuous emission of a radioactive gas from thorium oxide, which they
named ‘emanation’ (Rutherford 1900, Partington 1957). Sir William Ramsay categorised it as a
noble gas owing to its chemical inertness and similarity of its spectral lines to those of argon,
krypton, and xenon (Ramsay and Collie 1904); and the name ‘radon’ (Rn) was later ascribed to it
(Adams 1920).

2.3. 1897 — 1911: atoms are ‘atomos’ no longer

Nearly two decades after the investigations on cathode ray by Crookes and Goldstein, the
experiments carried out by J. J. Thomson and his co-workers in Cambridge University indicated
that cathode ray was composed of distinctive ‘corpuscles’ or particles which were different from
atoms or molecules (Thomson 1904). He estimated the mass of these negatively charged corpuscles
to be 0.1% of that of a hydrogen atom.

The above findings led Thomson to infer that the corpuscles were separated from the remnant gas
atoms inside Crookes tube by the high voltage electric discharge, which proved that atom, contrary
to its etymology, was not indivisible (‘atomos’ in Greek). He proposed in 1904 a paradigm for the
internal structure of atoms known as ‘plum pudding model’ (Thomson 1904), which visualizes an
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atom as a sphere of positive matter in which the negative corpuscles move in orbits to maintain the
electrical neutrality (Thomson 1912, Dahl 1997). This corpuscle thus described by him, the first
sub-atomic particle to be discovered, was later named as ‘electron’ by the scientific community.

Though the discovery of electron was a significant progress to understand the nature of atoms, it did
not take long to replace the plum pudding model of Thomson with a more appropriate paradigm
when Ernest Rutherford, a New Zealand-born physicist of the University of Manchester,
demonstrated experimentally in 1911 that the charge of an atom is concentrated in a very small
nucleus in its centre. The internal structure of the atom proposed by him, which came to be known
as Rutherford’s model of atom, suggested the presence of a very small positively charged nucleus at
the centre of an atom, around which the negatively charged electrons of much lower mass revolve.
He further opined that the positive charge of an atom is approximately half of its atomic weight.

It did not take long to find out the limitation of Rutherford’s model, as the laws of classical
mechanics predicted that the electrons moving in orbit would lose energy by releasing
electromagnetic radiation, and consequently would collide with the nucleus. Niels Bohr put forward
a new model in 1913 which postulated that the electrons can revolve in definite orbits around the
nucleus without radiating any energy (Bohr 1913). These are called stationary orbits, and are
situated at distances for which the angular momentum of the revolving electron is an integral
multiple of the reduced Planck's constant. Electrons can gain energy by moving from an inner to an
outer stationary orbit, and lose energy by moving from an outer to an inner stationary orbit, through
absorbing and emitting electromagnetic radiation respectively. Bohr also estimated the energy
difference between the stationary orbits using Planck’s constant (Bohr 1923, 1924). This model
proposed by Bohr greatly helped in the formulation of later versions of the periodic table.

2.4. The true significance of atomic number: invaluable contributions of van den Broek and
Moseley

Anthonius van den Broek, a lawyer by profession with a passion for physics, hypothesized the
direct correlation of the position of an element in the periodic table and the charge in its nucleus
(van den Broek 1913, Scerri 2016, 2020). Rutherford had suggested earlier that the charge in an
atom’s nucleus is nearly half of its atomic weight. This proposition was valid for smaller atoms, but
deviated significantly in larger ones, e.g. the nuclear charge of gold (79) is considerably smaller
than half of its atomic weight (196/2=98). Shortly after the publication of Rutherford’s model of
atom, Van den Broek put forward the idea that the number of charges in the atom’s nucleus was not
half of its atomic weight, but exactly the same as its place in the periodic table (Scerri 2016).

At this point of time, Rutherford coined the term ‘atomic number’ to denote the serial number of
that atom in the periodic table (Scerri 2020), and opined that van den Broek’s suggestion seemed
very promising to him (Rutherford 1913).

Van den Broek’s proposition was experimentally established by Henry G. J. Moseley in 1913 —
1914 through a series of experiments on X-ray spectral analysis of elements. Measuring the X-ray
spectra of several metals produced by X-ray diffraction through crystals, Moseley discovered a
systematic mathematical relationship between the wavelengths of the X-rays produced and the
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atomic numbers of those metals (Moseley 1913). His works ascertained that the major chemical and
physical properties of elements are the periodic functions of their atomic numbers, not of their
atomic weights; as the atomic number of each and every element in the periodic table is greater than
its previous one, while the same is not always true for atomic weight (explained in Section 3.1).

Furthermore, Moseley’s works heralded the discovery of four missing elements with atomic
numbers 43, 61, 72, and 75, and proved that there were no missing elements in the existing periodic
table between the atomic numbers 13 and 79. The places of these four missing elements were filled
up in later years (described in Section 4.1) following the synthesis of technetium and promethium,
and the discovery of hafnium and rhenium (Weeks 1956, Cantrill 2018), long after the untimely
demise of this towering physicist in the First World War. He was also able to show conclusively
that there are exactly fifteen lanthanide elements, thus solving a long-standing problem of
contemporary chemists (Laing 2005, Marshall & Marshall 2015, 2016).

The new perception originating from van den Broek’s hypothesis and Moseley’s experiments
brought about a significant amendment of the periodic law and reorganisation of the periodic table,
and helped to eliminate some of its inconsistencies as explained in Section 3.1.

3. Restructuring and extension of the periodic table

3.1. From atomic weight to atomic number: a landmark in the understanding of element
periodicity
Since the inception of the periodic table, the following irregularities were identified in it.

Firstly, the positions of a number of elements based on their respective atomic weights did not
conform to the positions predicted by their properties. Such elements were placed in the table in
accordance with their chemical properties instead of their atomic weights, e.g. cobalt (58.9),
tellurium (127.6) and argon (39.9) were placed before nickel (58.6), iodine (126.9), and potassium
(39.1) respectively, in spite of their greater atomic weights.

Secondly, if the periodic law used by Mendeleev is to be followed, each isotope of an element must
be allotted a separate position in the table based on its atomic weight. But such an arrangement was
not practicable, and would have resulted in the inclusion of elements with dissimilar properties in
the same group.

The above discrepancies could be addressed appropriately after van den Broek’s hypothesis and
Moseley’s experimental works revealed that the position of an element in the periodic table is equal
to the positive charge in its nucleus (Section 2.4), as described below.

(1) When the elements are placed in the periodic table in ascending order of their atomic numbers
rather than atomic weights, their major properties conform to their positions in the table. For
example, based on atomic number, potassium (19) comes after argon (18).

(i) All the isotopes of an element, having the same atomic number, can logically be placed at the
same position in compliance with the new periodic law.
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(i11)) When rearranged in order of atomic number, the elements not only showed periodicity in their
major chemical properties, but there was also a conspicuous regularity in their physical states
and some physical properties like melting point, density, and hardness (Lagowski & Pauling
2020, Scerri 2020). For example, the inert gases of Group zero have very low boiling point and
always tend to occur in the gaseous state. While the elements of Group IA are soft metallic
solids with low melting points, those belonging to Group IIA are harder and have higher
melting points. Hardness and melting point of the elements increase gradually in Group IITA
and Group IVA, then continuously decrease through Groups VA, VIA, and VIIA.

3.2. Development of the long periodic table

To rectify the imperfections of Mendeleev’s table a number of subsequent workers attempted to
develop new tables of classification, among which those given by Werner in 1905 and Bury in 1921
are noteworthy (Gilreath 1958). Quam and Quam (1934b) provided an elaborate description of the
development of these tables from 1892 (Basset) to 1931 (Leroy). These tables have the general
characteristics of eliminating the subgroups of Mendeleev’s table and reorganizing the elements
into 18 columns. Owing to their larger number of columns than Mendeleev’s table of 1972, they are
called ‘long charts’ (Quam and Quam 1934), ‘extended table’ or ‘Bohr table’ (Gilreath 1958).
Breaking the first two periods, the elements were placed in the groups based on similarities of
properties. In this form of the table, the transition elements were placed adjacently in the middle of
4t period. Gilreath (1958) noted many advantages of these tables over that of Mendeleev’s, like
placing Fe, Co and Ni, the platinum group of metals and the noble gases in more appropriate
positions, but noted that they failed to provide satisfactory positions for lanthanides and actinides.

3.3. Periodic table based on electronic configuration

The limitations of Mendeleev’s table and its extended versions (Section 3.2) induced the

investigators to look for a more appropriate scheme for classification of elements, and Bohr’s model

along with subsequent perceptions on the electronic configuration of atoms provided the necessary

tool for it. Gardner proposed a table based on the electronic configuration in 1930. The place of an

element in this table was determined by the number of electron shells in its atom, the number of

incomplete shells and the quantum number of electrons which differentiate an element from its

adjacent ones (Gardner 1930, Gilreath 1958). It contained 7 periods, and its 32 columns were

classified into the following three major divisions from left to right:

(1) The representative elements, differentiating electrons in the highest energy level or shell,
comprising columns 1 to 8.

(i1) The related or transitional elements, differentiating electrons in the second highest energy level,
comprising columns 9 to 18.

(ii1) The lanthanum and actinium series of elements, differentiating electrons in the third highest
energy level, comprising columns 19 to 32.

This table was later improved by Luder and then by Babor (Luder 1943, Babor 1944, Shoemaker
1958), hence received the appellation ‘Gardner-Luder-Babor Table’. Though it was free of many of
the irregularities of its predecessors, its expansion made it inconvenient for use, and some authors
opined that it does not reflect the periodic iteration of the properties of elements, therefore is not
suitable as a periodic table (Gilreath 1958).
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4. Discovery of new elements, completion and further extension of the periodic
table

Of the large number of missing elements in Mendeleev’s table of 1969, some were discovered
during his lifetime and accommodated in the revised versions of his table. He predicted the major
chemical properties of the others based on their places in the periodic table. Moseley, his co-
workers and later investigators accurately measured the atomic numbers of some of the
undiscovered elements of their time. This section presents a brief overview of successive detection
of these elusive elements and gradual filling up of the gaps in the periodic table.

4.1. Discovery of six elements lighter than actinides

Mendeleev left a place for the missing 72™ element in his table and predicted some of its properties,
which was discovered in 1923 by Dirk Coster and Georg von Hevesy. They detected it by X-ray
spectroscopic analysis of zircon crystals and named it ‘hafnium’ after the city of Copenhagen
(Latin name: Hafnia) where it was discovered (Coster & Hevesy 1923, Weeks 1956, Authier 2013).

Rhenium, the 75 element, was discovered in 1925 by Walter Noddack, Ida Noddack, and Otto
Berg in Germany from platinum ore and the mineral columbite (Noddack et al. 1925). It is a third-
row transition metal, placed in the 7™ group of the periodic table.

In 1937, Emilio Segre and his co-worker Carlo Perrier synthesized two isotopes of the 43 element
at the University of Palermo in Sicily. Being the first element to be artificially synthesized, it was
named ‘technetium’ (Tc) from Greek ‘teknitios’ (artificial) in 1947 (Perrier & Segre 1947, Weeks
1956, Emsley 2011).

The element with atomic number 87, named as ‘eka-caesium’ by Mendeleev, was discovered in
1939 by Marguerite Perey of the Curie Institute in Paris from an actinium sample. She renamed it as
‘francium’ (Fr) after her native country France, which was recognised by IUPAC in 1949 (Weeks
1956, Adloff & Kauffman 2005).

Astatine (At), the radioactive element with atomic number 85 and designated as eka-iodine by
Mendeleev, was synthesized in 1940 by Emilio G. Segre, Dale R. Corson, and Kenneth Ross
McKenzie at the University of California, Berkeley, who named it after Greek ‘astatos’ (unstable)
due to its strong tendency of radioactive decay (Weeks 1956, Burdette & Thornton 2010, Scerri
2013).

The 61% element was first detected in the fission products of uranium fuel in 1945 at Oak Ridge
National Laboratory, by Jacob A. Marinsky, Lawrence E. Glendenin and Charles D. Coryell, and
was named ‘promethium’ (Pm) after Prometheus of Greek mythology who stole fire for mankind
(Marinsky et al. 1947, Emsley 2011, Scerri 2013, Cantrill 2018).
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4.2. Detection of actinides (89 to 103) and completion of the row below the lanthanides

In 1899, André-Louis Debierne claimed to discover a new radioactive metallic element from a
pitchblende residue after separation of radium. He named it ‘actinium’ (Ac) from Greek ‘aktinos’
(beam or ray), as it glowed in the dark with a pale blue light due to its strong radioactivity
(Hammond 2005). Though Debierne is widely credited as the discoverer of this element, some of
the chemical properties described by him in 1899, 1900 and 1904 were incorrect and in some cases,
self-contradictory (Kirby 1971, Adloff 2000). For this reason, some authors have credited Friedrich
Oskar Giesel of Germany for its discovery, who discovered it independently in 1902 and recorded
its properties more accurately (Kirby and Morss 2006). Actinium, having atomic number 89, is the
first element in the actinide series which is placed in a separate row in the periodic table below the
lanthanides, with which it shows similarities in chemical properties (Stites et al. 1955).

Mendeleev predicted the existence of an element between thorium and uranium, which was
presumably the 91* element in the table. William Crookes, during his investigations on radioactive
elements in 1899 — 1900, isolated a strongly radioactive material from uranium but could not
identify it as a new element (Crookes 1899, Emsley 2011). Kasimir Fajans and Oswald Helmuth
Gohring are credited for discovering in 1913 the element of atomic number 91, and they named it
brevium due to the very short half-life (Latin ‘brevis’: brief or short) of the isotope they studied. In
1917 — 1918, Otto Hahn and Lise Meitner of Germany discovered another isotope (having atomic
weight 231) of this element with a long half-life of about 32000 years, which prompted them to
rename it as ‘protoactinium’ (Greek: ‘protos’: first or before) as it is transformed to actinium by
radioactive disintegration in the decay chain of ***U (Scerri 2013). In 1949, TUPAC shortened the
name to ‘protactinium’ (Pa) for the ease of pronunciation (Hammond 2004).

But the scientific community had to wait for 27 years more to find out the 93rd element to fill up
the vacant place after uranium in Mendeleev’s table, and it was preceded by a series of events that
took place in between the two world wars. Neutron was discovered in 1932 by James Chadwick at
the Cavendish Laboratory, which gave a complete picture of the atoms. In 1933, Irene Curie and
Frédéric Joliot Curie were successful in synthesizing the radioactive isotope of phosphorous (*°P)
by bombarding *’Al with alpha particles, thus innovating induced radioactivity which opened up an
entirely new research methodology. Enrico Fermi and his co-workers in Italy soon realized that the
newly discovered neutrons, which are electrically neutral, will be more effective than the positively
charged alpha particle to produce induced radioactivity in the elements (Fermi 1934, Rhodes 2012).
Following this line of investigation, Edwin McMillan and Philip H. Abelson discovered the 93™
element in 1940 by bombarding >**U with neutrons in a cyclotron at the Berkeley Radiation
Laboratory of the University of California, Berkeley. Since in the periodic table it comes after
uranium, which was named after the planet Uranus, they later named it ‘neptunium’ (Np) after the
planet Neptune which comes after Uranus in the solar system (Stewart 2012). Following the same
logic, Glenn T. Seaborg and his team ascribed the name ‘plutonium’ (Pu) to the 94™ element of
periodic table, which they discovered in 1941 by beta decay of neptunium (***Np).

The 95™ and 96™ elements were discovered in 1944 by Glenn T. Seaborg, Ralph A. James, and

Albert Ghiorso at the Lawrence Berkeley National Laboratory of University of California,
Berkeley. The heavier of the two was synthesized by bombarding the oxide of newly discovered
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plutonium with alpha particles; and following a long, painstaking chemical procedure, they were
able to separate an isotope of this element (Scerri 2020). The element with atomic number 95 was
soon to follow — discovered in the same laboratory by a similar procedure. The extremely tiresome
and time-consuming procedures of the synthesis of these two elements and further troubles involved
in separating them from one another tempted the discoverers to name them ‘pandemonium’ and
‘delirium’ (Harper 2020), but later they decided to name the 96" element as ‘curium’ (96Cm) to
honour the invaluable contributions of Marie Sklodowska-Curie and Pierre Curie (Krebs 2006,
Scerri 2020). The other, owing to its position below europium (Eu) of lanthanide series, was
analogously named ‘americium’ (¢sAm) (Seaborg et al. 1949).

The element with atomic number 97 was synthesized in 1949 by Glenn T. Seaborg, Albert Ghiorso,
Stanley G. Thompson, and Kenneth Street, who irradiated the oxide of 2 Am with alpha particles
for a long time to produce an isotope of this new element. They named it ‘berkelium’ (Bk) after the
city of Berkeley where their laboratory was situated (Thompson et al. 1950). Interestingly the rare
earth element terbium (¢sTb), which is placed in the row of lanthanide series just above Bk, was
also named in a similar way after the town of Ytterby, Sweden where it was first found. When these
investigators synthesized the 98™ element of the periodic table by bombarding #42Cm with alpha
particles in 1950, they decided to name it ‘californium’ (Cf) after the state of California where
Berkeley is situated.

The next three elements of the periodic table, einsteinium (99En), fermium (;oo0Fm) and
mendelevium (;0;Md) were also synthesized in the same laboratory by the relentless efforts of
Albert Ghiorso, Glenn T. Seaborg, Gregory Robert Choppin, Bernard G. Harvey, and Stanley G.
Thompson from 1952 to 1955. These prodigious investigators chose to pay homage to three of their
predecessors, Albert Einstein, Enrico Fermi and Dmitry Mendeleev by naming these three elements
after them. It may be worth mentioning that on naming the third one, Glenn T. Seaborg commented
in his autobiography that they had considered it appropriate to name an element after the eminent
chemist, Dmitri Mendeleev, although naming an element after a Russian was not easy in the peak of
Cold War and was not acceptable to many American critics (Van der Krogt,
https://www.vanderkrogt.net/elements/ element.php?sym=Md).

This liberal, open-minded attitude of the western scientists was graciously reciprocated by their
Soviet counterparts when they convincingly detected the element 102 at the Joint Institute for
Nuclear Research of Dubna of erstwhile USSR, and named it ‘rutherfordium’ (Barber et al. 1993) to
pay a fitting homage to the highly esteemed British scientist. Following a prolonged controversy
arising from some other laboratories claiming the credit for its detection, the compatriots of
Mendeleev were finally recognised by the IUPAC as the discoverers of this element. The IUPAC,
however, decided to name it ‘nobelium’ (;0;No) in 1997 (IUPAC Recommendations 1997) after
Alfred Nobel, the famous Swedish philanthropist and researcher, and subsequently named the 104"
element after Rutherford.

The last of the actinides, lawrencium (;03L.r) was named by the Berkeley scientists after Ernest

Orlando Lawrence, inventor of the cyclotron. Its synthesis and investigation were complete after a
long series of experiments carried out at the laboratories of Berkeley, USA and Dubna, USSR from
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1961 to 1971. Therefore the IUPAC Trans-fermium Working Group (TWG) in 1992 officially
recognized both the laboratories as the co-discoverers of this element (Greenwood 1997, Emsley
2011).

4.3. Synthesis of the Super Heavy Elements (SHE)

The investigations of Richard Swinne in 1914 on cosmic radiations indicated the existence of
elements with atomic numbers as high as 100 or 108, which was corroborated in 1955 by Wheeler
who coined the terms super heavy nuclei and super heavy elements (SHE) (Wheeler 1955, Werner
& Wheeler 1958, Kragh 2017, 2018). These elements, also known as transactinides, do not occur in
nature — all of them are synthesized in the laboratory. Fifteen such elements have been discovered
so far, from atomic number 104 (rutherfordium) to 118 (oganesson).

In the middle of 20th Century, the shell model of the nucleus was gradually taking shape as a
unified view of nuclear structure (Mayer 1949, Caurier et al. 2005) which postulated that the
protons and neutrons occupy separate systems of shells, which are filled up separately from the
lighter nuclei to the heavy nuclei like the energy shells of electrons. The numbers of neutrons that
complete a shell are 2, 8, 20, 28, 50, 82 and 126 which are known as ‘magic numbers’ (Haxel et al.
1949 Satake 2010, Oganessian & Rykaczewski 2015). The magic numbers for protons are also the
same (Ebbing & Gammon 2007, Kragh 2018). The elements in which both proton and neutron are
present in magic numbers, e.g. 1680 (proton = 8, neutron = 8), 13 25oSn (proton = 50, neutron = 82),
and 20882Pb (proton = 82, neutron = 126) have greater binding energies in their nuclei, and are
therefore relatively more stable than the others (Blank & Regan 2000, Dumé 2005).

A set of isotopes of superheavy elements, owing to their proton and neutron numbers approaching
the predicted magic numbers, are considerably more stable than the other isotopes of the same
elements. The zone of occurrence of these isotopes in the chart of nuclides (with the numbers of
neutron and proton plotted in the abscissa and ordinate respectively) is known as the island of
stability (Moskowitz 2014, Roberts 2019).

Owing to their instability, it has not been possible to study any of the short-lived SHE isotopes with
the conventional physical and chemical methodologies — all their properties are predicted from
theoretical computations. Their instability also prevents their application in the industries or
synthesis of any socio-economically important materials from them.

Of these fifteen elements, six were synthesized in the Helmholtz Centre for Heavy lon Research,
Hassen, Darmstadt, Germany (GSI), one each in the Lawrence Berkeley National Laboratory
(LBNL), Berkeley, USA and the Rikagaku Kenkyiisho (RIKEN), Wako, Saitama, Japan. Two
elements were produced independently, by different nuclear reactions, in LBNL and in the Joint
Institute for Nuclear Research (JINR), Dubna, near Moscow Oblast, Russia (erstwhile USSR) and
the credit for their synthesis is jointly shared by these two institutions. The remaining five were
synthesized in JINR by joint collaboration of the Russian scientists with their U.S. counterparts
from the Lawrence Livermore National Laboratory (LLNL), Livermore, Tennessee, USA.
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A brief outline of these elements is given below.

Rutherfordium (;o4Rf) has sixteen isotopes with atomic masses 253 — 270, except 264 and 269.
267104Rf, the most stable of the sixteen, has 1.3 hours half-life (Sonzogni,
https//www.nndc.bnl.gov/nudat2/). Named after Ernest Rutherford, the credit of its discovery is
shared jointly by LBNL and JINR. It is a heavy metal with a density of 23.2 g/cm’, expected to be a
solid in NTP, having a hexagonal close-packed (HCP) crystal structure.

Dubnium (;0sDb) has 13 isotopes with atomic masses between 255 and 270. 268105Db, the most
stable isotope, has a half-life of ~28 hours (Audi et al. 2012). The credit of its discovery is shared
by LBNL and JINR, and it was named after the city of Dubna where the JINR is located. It is a
heavy metal with a density of 29 g/cm3 (Hoffman et al. 2006) and a body-centered cubic crystal
structure (Ostlin & Vitos 2011). The +5 oxidation state is most stable, though the less stable +3 and
+4 states may also exist. Contrary to the periodic trends, its chemical properties resemble more to
those of niobium than tantalum (Hoffman et al. 2006).

Seaborgium (106Sg) has 12 unstable isotopes with atomic masses from 258 to 271, except 268 and
270. The most stable among them, 269106$g, has a half-life of 14 minutes (Utyonkov et al. 2018).
Discovered in LBNL, it was named after Glenn T. Seaborg, who led the team of scientists in the
discovery of 10 elements. It is a heavy metal with an expected density of 35 g/cm3 (Hoffman et al.
2006) and a body-centered cubic crystal structure (Ostlin & Vitos 2011). Its most stable oxidation
state is expected to be +6, and stability decreasing from +5 to +3 (Hoffman et al. 2006).

Bohrium (;97Bh) has 12 isotopes with atomic masses 260, 261, 262, 264 — 267, 270, 271, 272, 274,
278 (unconfirmed); the most stable being 270, 7Bh with ~61seconds half-life (Audi et al. 2012).
Discovered in the GSI, it was named after Niels Bohr. Its density is estimated to be as high as 37
g/cm3, with a hexagonal closed packed crystal structure (Ostlin & Vitos 2011).

Hassium (josHs) has 12 isotopes with mass numbers from 263 to 277 (except 272, 274, and 276).
269108Hs, with a half-life of ~16 seconds, is the most stable (Audi et al. 2012). Its name is the Latin
form of Hessen where the GSI, its place of discovery, is located. Hassium is predicted to be the
heaviest element in the periodic table with an estimated density of 41 g/cm’® (Hoffman et al. 2006)
and it is expected to have a hexagonal close-packed structure (Ostlin 2013).

Meitnerium (;0oMt) was discovered in the GSI and named after Lise Meitner, the leading nuclear
physicist of early 20™ Century, who is credited as one of the discoverers of nuclear fission. 2" 0oMt,
with 7.6 seconds half-life (Oganessian 2010), is the most stable of the 8 isotopes with atomic
masses 266, 268, 270, 274, 275, 276, 277, 278. There may also be another with 282 (unconfirmed).
Its crystal structure is predicted to be face-centered cube (Ostlin & Vitos 2011), and is expected to
be the second heaviest of the 118 known elements (after hassium) with a density of 37.4 g/cm’
(Hoffman et al. 2006).

Darmstadtium (;;oDs) has 9 isotopes with mass numbers 267, 269, 270, 271, 273, 277, 279, 280,

and 281, among which 281110Ds, with a half-life of ~12.7 seconds, is the most stable (Oganessian
2015). It was discovered in the GSI and named after the town of Darmstadt where GSI is located.
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The density of darmstadtium is expected to be 34.8 g/cm3 (Hoffman et al. 2006), and is predicted to
be a solid in NTP with body-centered cubic crystal structure (Ostlin & Vitos 2011).

Roentgenium (;;;Rg) was discovered in the GSI and named after Wilhelm Conrad Rontgen, the
inventor of X-Ray. 282111Rg, with 100 seconds half-life (Oganessian 2015), is the most stable among
9 isotopes with mass numbers 272, 274, 278, 279, 280, 281, 282, 283, and 286. It is predicted to
have a density of around 28.7 g/cm’ (Hoffman et al. 2006) and to exist as a solid at NTP with the
crystal structure of body-centered cube (Ostlin & Vitos 2011).

Copernicium (;;,Cn) has 7 unstable isotopes with atomic masses 277 and 281-286. 285 ,Cn, the
most stable one, has a half-life of 28s (Oganessian 2015). It was discovered by the scientists of GSI,
and named after Nicolaus Copernicus, the great 13" Century astronomer. The density of
copernicium is expected to be 14.0 g/cm’ in the liquid state at 300 K, and 14.7 g/cm” in solid state
(Mewes et al. 2019). This is much less than the other super heavy elements and not much different
from that of mercury at the same temperature, though the latter has much less atomic mass. This can
be explained by the fact that density of an element is a function of two factors: its atomic mass and
inter-atomic distances. In spite of its high atomic mass, copernicium has a low density owing to its
large inter-atomic distances. This element is considered as one of the two gaseous metals in the
periodic table (Hoffman et al. 2006, Kratz 2011).

Nihonium (;;3Nh), earlier predicted as eka-thallium, is the first SHE to be synthesized in RIKEN,
and its discoverers decided to name it after their native country Nihon (Japan). 286113Nh, having a
half-life of ~10s (Oganessian 2015), is the most stable of 8 isotopes with atomic masses 278, 282—
287, and 290. It is predicted to have a density in between 16 to 18 g/cm’® (Hoffman et al. 2006,
Styszinski 2010) and a hexagonal close-packed crystal structure (Keller et al. 1969).

Flerovium (;,4F1), named earlier as eka-lead, has 7 unstable isotopes with atomic masses from 284
to 290. 289114F1 has a half-life of around 1.9 seconds (Oganessian 2015), which is the most stable.
This element was the first one to be synthesized in the JINR by collaboration of the Russian
researchers with their U.S. counterparts from the LLNL. It has been named after the Soviet
physicist Georgy Flyorov, the founder of JINR. Latest studies predict a face-centred cubic crystal
structure for this element (Ahmed et al. 2017) and a density of either 22 g/em® or 14 g/cm’
(Hoffman et al. 2006).

2%, 1sMo, with a half-life of 0.65s (Oganessian 2015), is the most stable among the 4 reported
isotopes of moscovium with atomic masses 287 — 290. It was named after Moscow Oblast of
Russia, where it was synthesized, by collaboration of the scientists from the JINR the LLNL. Its
density is predicted to be 13.5 g/cm’ (Fricke 1975).

Livermorium (;;6sLv) 4 isotopes are reported with atomic masses from 290 to 293, among which
293116LV has the longest half-life of ~53 milliseconds (Holden 2004). It was synthesized in the JINR
in collaboration with the LLNL, and has been named after the town Livermore, where the latter
institution is located. Its density is predicted to be 12.9 g/cm3 (Fricke 1975, Eichler 2015).
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Tennessine (;;7Ts) was synthesized in the JINR in collaboration with the LLNL, and was named
after the state of Tennessee, USA. Two isotopes with atomic masses 293 and 294 could be
synthesized, of which 294117Ts has the longer half-life of 51 milliseconds (Khuyagbaatar et al. 2014,
Universitaet Mainz 2014). It belongs to the halogen group, and its density is estimated to be 7.1 —
7.3 g/em’ (Bonchev & Kamenska 1981) which is greater than astatine, and thus continues the trend
of increasing density of the halogens. This continuity is expected to be exhibited in its chemical
properties also — the ability of halogens to accept one electron to achieve the noble gas
configuration gradually decreases from fluorine to chlorine, bromine, and iodine with their
increasing atomic weight, and tennessine is predicted to have the lowest electron affinity in this
group (Hoffman et al. 2006, Moody 2013).

Oganesson (;;30g) was synthesized in the JINR, in collaboration with the LLNL, and has been
named after Yuri Oganessian, the leading nuclear physicist of JINR, in recognition of his
contribution in the discovery of many super heavy elements. It is thus the second element, after
seaborgium, to be named after a person who was alive at the time of naming. It is the first synthetic
element that belongs to Group 18. It has 2 isotopes of atomic masses 294 and 295, the latter having
the longer half-life of 181 milliseconds (Hofmann et al. 2016). This extremely unstable nature of
oganesson greatly hinders the study of its physical and chemical properties, and the theoretical
predictions in many cases produce contradictory and even unexpected results. Earlier it was thought
to be a gas at NTP with a boiling point as low as 247 Kelvin (Takahashi 2002), thus being the
densest gaseous substance in the periodic table. But the later researchers predicted it to be a solid at
NTP owing to relativistic effects (Nash 2005). Furthermore, in spite of belonging to the group of
noble gases, it has been predicted to be considerably reactive (Nash 2005).

6. The concluding remarks

Since its inception, the periodic table of elements has been periodically reconstructed and expanded
following the propositions and innovations of new scientific theories and the modernisation of
research techniques. With further technological advancement and consequential progress in
scientific methodologies, the coming decades are likely to witness the synthesis of new elements
and the creation of a larger and more precise database of properties for the existing ones. This is
expected to bring about a further revision of the classification scheme of elements and formulation
of more appropriate periodic tables in future.
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Abstract: Marble occurs in all the countries of the world and ranges in age from Archean to Pliocene-
Pliestocene. The beauty of white, nearly pure marble with its lustre has touched the human sensitivity and drove
the man to the world of aesthetics and symmetry since early days. As the favourite medium for the Greek and
Roman sculptures and architects, it has become a cultural symbol. In this paper I have described the properties of
marble (for which it was favourite to the sculptures and architects) with special reference to the Makrana marble
of Rajasthan. The difference between the geological set-up of Mesoproterozoic Makrana marble (about 1400
Ma) formed under greenschist-amphibolite facies and marble of the Carrara region of Italy formed by
greenschist facies metamorphism of calcite shell marine Tethyan limestone has been described in brief. Brief
notes pertaining to the elegance and unique creations of Michelangelo’s David, a biblical hero from a Carrara
marble of Italy, Taj Mahal and Victoria Memorial (Kolkata) from Makrana marble, India, Abraham Lincoln
Memorial from marbles of Colorado, USA and few others are presented. The necessity for artificial marble and
the environmental impact of marble mining industry on the toiling workers have been briefly described.

Keywords: lustre, greenschist facies, amphibolite facies

1. Introduction

1.1 Origin of the term “Marble”

The word "marble" derives from the Ancient Greek word udpuopov (mdrmaron) from udpuopog
(mdrmaros) "crystalline rock” “shining stone”. R. S. P. Beekes has suggested that a "Pre-Greek
origin is probable". The game of “marbles” (toy) which dated as 13" century had been played with
little round balls of polished marble or alabaster (gypsum: CaSO,, 2H,0) for hundreds of years
before glass-production evolved (marble games are popular in some countries and even world
championship game is held) (en.wikipedia.org/wiki/ Marble_(toy)). It is interesting to note that
“Mar” of marble is used to mean the rock in some flourished languages of the world such as
Marmaros or Marmarons (root names in Greek), Marble (English), Marbre (French), Marmor
(Latin, German, Swedish), Marmo (Italian), Marbre (French), Mpamop (Mramor, Russian),.
Marmore (Portuguese), Marmol (Spanish), Mamar (Arabic), Marmar (Persian) and Marbleo
(Esperanto).

1.2 Naming a rock as marble

Marble has been found in the ashes of Pompeii and the tombs of ancient Egyptians. A marble
temple called Parthenon, whose impressive columns and tiles were crafted from Pentelic marble
was built on a rocky mound above the city of Athens between the period 447 and 438 B.C. when
the ancient Greek Empire was at its height. It is believed that this was the first use of this marble
which is also used as a symbol of purity and immortality till date. The popularity of marble began in
ancient Rome and Greece, where white and off-white marble was used to construct a variety of
structures due to its beauty. Besides statues and buildings, coloured marble was used to create
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beautiful tile of flooring. Thus although marble was popularly used in ancient times its petrographic
naming as ‘marble’ is thought to have been made by Sylvester Richardson in 1873 from Gunnison
country, Colorado and subsequently rediscovered by George Yule and accordingly the marble has
been known as Yule Marble of Colorado. Marble is the State Rock of Colorado.

1.3 Occurrence and age of marble

Although marble occurs all over the world, four countries account for half of its production. These
are Italy, China, Spain and India. The formation of marble ranges in age from Archean to Miocene
to even Pliocene-Pliestocene.

2. Properties of Marble

2. 1 Petrographic classification
Marble is a fine to medium to coarse grained metamorphic rock formed by metamorphism of
sedimentary rocks, most recently it has been claimed by Chen et el. (2020) that the ore bearing
dolomite marble from inner Mongolia is a metacarbonatite (igneous rock). The dominant mineral(s)
are calcite and / or dolomite and /or aragonite which constitute more than 50% (vol) of the rock.
The marble having greater than 95% of any one or more of the above minerals is called “pure
marble”, monomineralic rock or simply “marble”. If the carbonate minerals have modal content
lying between 95%-50%, the rock is called “impure marble” which is indicated by a prefix such as
diopside marble, forsterite marble etc. Marbles have also been classified as

1) Calcite marble (more than 95% calcite and less than 5% MgCO3)

11) Dolomitic marble (5%-25% dolomite)

iii) Dolomite marble (marble containing >20% dolomite).

In the commercial world, however, all calcareous rocks, be marble or limestone, which take good
polish are marbles. For example, several varieties of limestones, onyx and travertine are considered
as marbles. In this context it may be mentioned that onyx is considered by some to be a type of
agate composed of cryptocrystalline silica (chalcedony) with black and white bands. Its brown
variety is named “sardonyx”. Further, agate is said to contain curved bands and onyx parallel bands
(Kushwah et al 2015). In the trade world a serpentine-rich rock with or without little Ca or Mg
carbonates is called “green marble” if it is attractive and capable of taking good polish. It is
interesting to report that a green coloured fuchsite (Cr -mica) bearing mica-schist with a good polish
from Western Vermont was called marble (Dale 1912).

2.2 Colour and lustre

The colour of marble is highly variable such as white, milk white, pearly white, off-white, grey,
greyish black, black, yellow, red, brown, violet, pink, green, blue and variegated colour. These
colours other than pure white are due to presence of impurities of other minerals in variable
amounts. For example, black, yellow-brown-red-pink-purple, and green colours are due to the
presence of carbonaceous material (graphites), iron oxides, manganese oxides and serpentine-
chlorite-epidote-actinolite respectively. Lustre of colourless marbles is vitreous to subviterous to
pearly to dull. The entry of light rays a few millimeter through the polished surface gives a glowing
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lustre.

2.3 Minerals

The common minerals other than calcite, dolomite and aragonite, comprise clay, micas, quartz,
pyrite, hematite, magnetite, limonite, pyrolusite, graphite, diopside-forsterite, serpentine, chlorite,
actinolite, spinel, talc, epidote, visuvianite, grossular, sphene, humite, clinohumite, wallastonite,
scapolite, feldspars etc. As many as 350 minerals have so far been reported to be present in marble
(Volkert 2013)

2.4 Textures

The pure marble is massive, granoblastic, equigranular, generally without any foliation. Grain size
generally increases with the grade of metamorphism. Due to stress the carbonate grains, commonly
interlocked may show the elongation along a particular direction giving rise to schistosity. Even in
some pure marbles, not to speak of the impure ones the preferred orientation of the minor platy
minerals such as micas or the thin veins or lenses of coloured minerals occasionally give rise to
gneissosity. When the pure marble composed of aggregates of granoblastic equigranular carbonate
minerals is subjected to shearing mosaics of coarse grains may be enclosed in the granulated finer
grained groundmass.

Study of polished slabs of world famous Carrara marble, Italy, shows gneissic texture, the
gneissosity being defined by lines of fine linear subparallel striations of blue grey colour through
the dominant white coloured mass. In some cases the lighter bands are composed of elongated
lenses with parallel impersistent layers as well as transverse veins of coloured minerals. The
polished slabs of Carrara marbles of Italy are characterised by oriented lensoids of
pseudoporphyroblastic white marble with trimordial distribution of more white and greyish lenses
giving rise to a brecciated appearance. Another type of marble called staurolite marble of Carrara
region is predominantly composed of white coloured carbonate mass with minor transverse darker
veins.

3. Engineering / Geotechnical Properties

Apart from the above petrographic properties some other important properties are studied for testing
the suitability of marble (or any other rock) for construction of building, memorials, monuments,
slabs and tiles. These properties include hardness, density, different types of strength -controlled by
mineral composition, textures and structures, heat effect, cementation, density, porosity,
permeabilty, solubility, water absorption capacity, cavities, weathering impact and few other
engineering properties. (Kesavulu 2009, US Department of Agriculture 2012, Garg et al. 2019,
Gautam et al 2020).

4. Characteristics of marble for its popularity in architectures and sculptures

The following characteristics of marble are thought to be main causes for its popularity:
I. The beauty of white colour of pure marble and lustre is believed to provide clarity, self-
control and both physical and emotional stability.
II. The low hardness of calcite (Mohs scale: 3) and dolomite (H: 3-3.5) and presence of three
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sets of rhombohedral cleavages (related to atomic arrangements) are advantageous for the
sculptures and architects for easier curving of the marble.

III. The heat resistant capacity and very low porosity (due to interlocking grain boundaries) and
adequate mechanical strength cause less probability of entry of water molecules in the pores
(causing weathering and disintegration of the coherent grains) impart durability to the rock

IV. It adds a tame look and sophistication to a room

V. Itis easy to clean

5. Occurrences of marble in India

Although marble occurs in almost all the states of India, Marble deposit of economic importance are
localised in Rajasthan, Gujarat, Haryana and Madhya Pradesh. Rajasthan is the richest high quality
marble producing state contributing about 90% of the marble produced in India. Out of 30 districts
of the state 20 district have marbles in one or the other forms. Important occurrences of marbles of
Rajasthan are at
1) Udaipur-Rajsamand-Chittorgarh regions 2) Makarana-Kishangarh regions 3) Banswara-
Dongarpur regions and 4) Andhi (Jaipur) -Jhiri (Alwar) regions and 5) Jaisalmer region

5.1 Geologic set-up of Makrana marble

Makrana marble is world famous for its pure white crystalline variety which has been used, as
already mentioned in the construction of TajMahal at Agra and Victoria Memorial in Kolkata and
few other places both in India and abroad. Makrana town (Lat. 27°02°25"N, Long 74°43°44” E) in
the Nagaur district of Rajasthan, India and is situated about 100km WNW of Jaipur. At present
about 800 quarries are present over an area of about 30 km sq. near Makrana town. For overall
detailed Geological account of Rajasthan the reader is referred to the publications of Heron (1953),
Gupta and Bose (2000) and Roy and Jakhar (2016) and references there in. Makrana marble
deposits belong to Ras and Ajmer Formations of Kumbhalgarh Group of the Mesoproterozoic
(1650-1950 Ma) Delhi Supergroup. The statrigraphic sequence of Makrana rocks is given below
(after Bhadra et al. 2007 and Garg et al. 2019):

Table: 1 The statrigraphic sequence of Makrana rocks (after Bhadra et al. 2007 and Garg et al.
2019):

Intrusive . .

Age Supergroup Group Formation Lithology
Aeolian mobile sand with calcareous clay

Quaternary or silt with polymictic conglomerate and
grit

Upper Erinpura Biotite granite, pegmatite, amphibolite

Proterozoic Igneous suite g -peg - 4mp

Lower to . Punagarh Group Bambo!al Phyllite, impure limestone, calc-silicate

Middle Delhi Formation rock

. Supergroup Kumbalgarh/Ajabgarh | Ras/Ajmer Makrana marble and dolomitic
Proterozoic . . .
Group Formation limestone/quartzite
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Fig. 1: Map showing five bands of Makrana marble Naugar district Rajasthan (modified after Natani and
Raghav 2003)

In Rajasthan statigraphy the Banded Gneissic Complex (BGC) is of Archean age. It is overlain by
Aravalli (2100-1600 Ma) and Meso-Neo proterozic Delhi Supergroup. The Aravalli Supergroup
occupies the southern and south-eastern part of the Aravalli Mountain Range whereas Delhi
Supergroup occurs in the southwestern, central and north-eastern part. The Delhi Supergroup is
geographically subdivided into North Delhi Fold Belt and South Delhi Fold Belt. The Kumbhal
group composed of pelitic schist and gneiss, quarzite, phyllite, greywacke and pure/impure marble
and calc-silicate rocks has been assigned to Ajabgarh Group of North Delhi Fold Belt. The Makrana
marble deposits occur in the northern part of the South Delhi Fold Belt and is reported to Ras
Formation of Kumbhal Group (Garg et al. 2019). Figure 1 shows the occurrences of five lensoid
NNE-SSW trending lensoid bands of Makrana marble deposits situated to the west of Makrana
within a country of mixtures of aeolian sands -calcareous clay/silt-conglomerate-grit (Natani and
Raghav 2003, Garg et al. 2019).The five bands differently named are separated from one another by
the country rocks and are distributed over a strike length of about 14km. The maximum length of
the bands is 13 Km. (Davi-Gunawati Band) and the minimum length is 1.7 km (Pina Band) and the
width varies from 30 meter to 150 meter. Each band is constituted of massive marbles interlayered
with calc-silicate and/or calcareous quartzite. Bhadra et al.2007 however reported ten bands or
ridges in which marble quarries are active. The dimensions of each of the five NNE-SSW trending
bands of Makrana marbles are (Natani 2000, Natani and Raghav 2003, Bhadra et al. 2007, Garg et
al. 2019)

1) Devi-Gunawati Band (13km X 90-150 m);

2) Dungri Band (4km X 60-80 m)

3) Pink Band (1.7 km X 35-70 m)

4) Makrana Kumhari Band (3.5 km X 40-50 m)
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5) Borawar Kumhari Bands I & II (2.5 km X 30-40 m)
The characteristics of each of the five bands are described by Garg et al 2019. The super white best
quality Makrana white and variegated white marbles are present in Dungri Band which is about 4
km long and 60-80 m wide. These marble bands are due to isoclinal folding with steep dip and were
formed by metamorphism of limestones during the Delhi orogeny. These marbles were regionally
metamorphosed under green schist to amphibolite facies condition.

5.2 Petrography of Makrana Marble
The characteristic colours of each of the 5 bands of Makrana marbles as mentioned above are as
follows (Garg et al. 2019)
. Devi-Gunawati Band: Pink, white, multi-coloured and pure white (Makrana white marble)
II.  Dungri Band: Super white (Makrana white marble) and variegated white.
III.  Pink Band: Light pink (pink variety)
IV.  Makrana Kumhari Band: Greyish-bluish white (Dungri variety)
V.  Borawar Kumarhi Bands I & II: Greyish white (Dungri variety) for Band 1 and dark grey
and greyish green (Kumbhari variety) for Band II.

The marbles are well jointed. The typical texture is medium to coarse grained granoblastic showing
interlocked recrystallised calcites which impart high bearing strength to the marbles. Makrana white
marble is nearlyl00% calcitic and hence it is monomineralic. Apart from the very high grade
flawless white variety, there are high grade marbles having huge of grey, pink and brown and also
having bands layers and veins of grey, greyish black and bluish grey colours that exhibit good
looking structural patterns to the marbles (bhandarim_marbleworld.com/makrana-marble-2/)
occasionaly with tight isoclinal folding. The minor accessory minerals include quartz, biotite,
muscovite, diopside, tremolite, actinolite, olivine and serpentine, talc and wallastonite. These
silicate impurities impart the above textural / structural patterns.

Makrana marbles are harder compared to other Indian marbles and those imported from Greece and
Italy. The porosity is less than other Indian and imported marbles and this is one of the reasons for
its durability. The slightly higher hardness, interlocking texture, less porosity and solubility impart
some unique characters to Makrana marble such as resistant to abrasion, capability of taking good
polish due to the negligible impurities and strength for durability (Table 2)

Table 2. Geotechnical properties of Makrana marbles (Garg et al. 2019. Table 6)

Properties Values
Bulk specific gravity 2.68-2.72
Bulk density (kg/m3) 2600-2700
Absorption by weight (%) 0.04
Compressive strength (MPa) Dry: 83-96
Wet: 67-85
Flexural strength (MPa) 16-17
Modulus of rupture (MPa) Dry: 14-15
Wet: 16-18
Abrasion resistance 64-172
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5.3 Chemical composition of Makrana marble

The ranges of chemical composition (wt %) of Makrana marble are reproduced below (after Garg et
al. 2019): CaO 50-56, MgO 0.8-1.8, SiO, 0.33-1.20, Fe,03 0.10-0.28, LOI (Loss on ignition) 34.8-
43.2.

5.4. Commercial names of Makrana marbles

The trading community has subdivided the Makrana marbles into five catergories on the basis of
variation of colour, patterns and specific usuage: Albeta marble, Kumhari marble, Dungri marble,
Makrana pink marble and Makrana white marble. The Makrana white marble popularly known as
“Sang-e-Marmar” is elegant and expensive, represents the super quality marble from India which is
comparable with the finest European Marble from Italy and Greece (Garg et al. 2019, p 918: see
also Dube 2008).

5.5 A note on the Geological set-up of Carrara marble of Italy vis-a-vis Makrana marble of
India.

The Mesoproterozoic geological set-up of Makrana marble of India has already been described. The
Geological set-up of Carrara marble represents one of the youngest metamorphic events in the
geological history of the Earth. Here, during late Triassic to early Jurassic period there was
prolonged and substantial carbonate deposition (hundreds of meter thick) along with other
sediments in the Tethyan Ocean of the Apuan Alps unconformably on a basement of
metasediments-metavolcanics probably of Paleozoic age. The calcite rich marine shells after the
death of marine organisms formed the carbonate sediments which were subjected to Green schist
facies metamorphism and isoclinal folding during Oligocene to probably Lower Miocene (about 17
Ma -23 Ma) of Alpine Orogeny and gave rise to marble formation of Carrara of Apuan region.

6. Elegance of marble through ages

I have already described the charcteristics of marble and its elegance for which it was loved by the

ancient sculptures and architects for the construction of statues, monuments, temples and buildings

during the historical period. I submit now brief notes on some of the world famous marble

constructions.

a) Leaning Tower of Pisa, Italy: Carrara marble used, construction commenced in 1173 and
continued for 200 years with two long interruptions

b) Statue of Biblical hero David: Carrara marble of Italy used between 1501-1504 by the great
architect Michelangelo. Michelangelo and Galileo Galilei buried in the famous Santa Croce
Church, Florence, Italy which was constructed of white, green and pink marble of Italy and
Greece. David statue is one of the most celebrated and recognised works of Renaissance
sculpture and it represents a symbol of strength and beauty. It is exhibited in the Academy
gallery of Firenze in Florence.

¢) Taj Mahal: This mausoleum of ‘Mumtaz’, beloved wife of Shah Jahan, the Mughal Emperor,
was built of Makrana marble of Rajasthan between 1631 to 1648 A.D. This was a symbol of
love to Shah Jahan and ‘a drop of tear on the cheek of history’, to Rabindranath Tagore. In
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d)

2)

h)

1983, the Taj Mahal was listed as a UNESCO World Heritage Site and in 2007, it was selected
as one of the Seven Wonders of the World. One of the designers of Taj Mahal, be he
Muhammad Effendi (Ustad Isa) or Ustad Ahmed Lahauri, both Persian, went to Makrana
marble quarries to test its quality in the sun rays. There is a misconception among some people
that Taj Mahal is built solely of Makrana marble. The fact is that although the overwhelming
construction material is Makrana marble, some sandstones (grey, red, yellow) and black slate
were also used in foundations and finishing external surface. Apart from these, for decorative
purpose, several semi-precious stones used include Aquiq (agate), Firoza (turquoise: hydrated
Cu-Al-phosphate), Lajwad (lapis-lazuli), Moonga (coral), Sulaimani (onyx: SiO,), Lashunia
(cat’s eye: chrysoberyl, BeO.Al,03), Yasheb (jade), Petunia (bloodstone: one type of green
chalcedony streaked with red) etc. and some rare man-made stones e.g.: goldstone which is a
coloured glass that contains abundant flat shaped highly reflective tiny inclusions of metallic
copper/ cobalt giving rise to a glittering lustre.

Moti Masjid: Constructed by Makrana Marble both in Lahore and in Agra Red Fort Premises
(1630 -1654).

Victoria Memorial: After the death of Queen Victoria in 1901, the Victoria Memorial was
constructed (1906 - 1921) as a tribute to the success of British Empire in India. Here also the
Makrana marble was used from the same quarries for Taj Mahal. Lord Curzon, the then Viceroy
of India (1898 to 1905) was highly impressed by the beauty of the Greek and Italian marbles
and desired these marbles to be used for Victoria Memorial. However, Thomas Henry Holland
(who named charnockite), the then Director of Geological Survey of India (GSI) suggested that
Makrana marble is equally of high quality as the European marble and hence it should be used
for Victoria Memorial. Lord Curzon then asked Holland to make a report after testing a large
number of samples, both from Makrana and Europe. Holland asked L.L. Fermor to perform
several kinds of tests of these samples in the laboratory of the GSI, Kolkata. The test results
showed that Makrana marbles are superior in quality than the European marbles and finally
Lord Curzon was convinced in favour of Makrana marble (Dubey 2008). Recently, while
repairing it has been discovered that the so long hidden walls and windows of Victoria
Memorial are constructed of red sandstone (indianexpress.com./Cities/Kolkata,Shodhganga.
inflibnet.se.in/bitstream/10603/185963/14/14_chapter%204.pdf)

Lincoln National Memorial (Abraham Lincoln): Perhaps the greatest President (16th Century) of
USA. The memorial symbolizes his belief in the freedom and dignity of all people. The
Memorial was built between 1914-22. Marble from the state of Colorado was used for the
building and that from the state of Georgia for the statue.

Sheikh Zayed Grand: Mosque (Abu Dhabi, UAE): Constructed between 1996-2007 mainly from
marble of Macedonia and also Makrana; gold, semi-precious stones and ceramics came from
many countries. It is one of the largest mosques in the world.

Dukhnivaravan Sahib Gurdwara (Ludhiana, India): Constructed around 1932. Makrana marble
is used.
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Fig 2: Carrara marble, Italy Fig 3: Sculpture made up of marble Fig 4: Architecture made up of
(Wikipedia) (Source: wikipedia, The Unbelievably Delicate Marble Marble, The TajMahal, Agra, India

Marmo z17.JPG, 2004) (Source: Marbleindia, 2014)

Sculptures at Cappella (Patowary,
2019)

7. Necessity of artificial marble

The decreasing resource of high quality marble in the earth and its increasing price and living
standard of a section of people have prompted to prepare artificial marble with desirable properties
such as high mechanical strength, excellent weather resistance, flexural strength, improved surface
hardness, heat resistance and an excellent processability. Cultured marble offers a number of
advantages over natural marble. These include lesser cost and incredible design flexibility
compared to natural marble. This price for the marble is gradually increasing with the uprise of
living standard. To overcome the difficulties, synthetic marble is produced artificially.

8. Advantages of artificial marble

The artificial marbles are of beige, grey and white colour. The main advantages of them are the
colour homogeneity and the resistance in an acidic environment, in particular in an environment
where the pH is significantly low. Moreover, the large proportion of resin (7%) contained in
artificial marbles composition contributes to their greater flexural (bending) strength compared to
all other rocks.

9. Disadvantage of artificial marble

High percentage of resin contained in artificial marbles composition is a significant disadvantage.
Due to the resin the bonding of artificial marble in a high-temperature environment, such as the
Mediterranean, is considered as a difficult and complicated process. Therefore, the use of artificial
marble is restricted to decorating pool copings and drain grates, always accompanied by high
quality adhesives, while it should be avoided in cases of outdoor floor decking.(Ref:
https://www.poolstones.com/bwl-knowledge-base/artificial-engineering-marbles-advantages-and-
disadvantages/).

10. Impact of marble mining and processing on health

In open-cast mining huge amount of silica/silicate dusts are produced during removal of
overburdened silicate rocks. Inhalation of these dusts (very often protective masks are not provided)
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for years causes silicosis among the workers. Moreover excessive marble dust is generated by dry
cutting of marble causing air pollution in the vicinity of industrial units. The use of excessive water
in the processing of marble cutting plants yields slurry of marble. In Rajasthan, which is the largest
producer of marble in India, about 5 to 6 million tonnes of marble slurry are generated every year
from more than 2000 processing units (IBM 2018). The dumped slurry adversely affects the crop
productivity of the land by reducing porosity of soil and lowering the ground water level. After
drying the finer fraction of slurry pollutes the air which is harmful not only for the human beings
but also for the vegetation and machineries (Kushwah et al 2015).

In the marble industry, the workers have to handle heavy machinery used for cutting, crushing,
polishing and finishing. These machineries have exposed sharp edges of blades which can cause
physical hazards such as loss of body parts of the operating workers. Further the workers have to
carry heavy slabs and hazardous chemicals used for polishing. Further they have to work in
environments of excessive noise and vibration, excessive dusts generated by dry crushing, electrical
hazards etc. in such industrial units the workers are exposed to several health risks like problems of
eye, skin and respiratory trouble. Reflection of solar radiation from the furnished white marble
affects the eyesight of the workers and may cause temporary blindness with major risks of
accidents, photoconjunctivitus and photokeratitis and dermatitis (Zahra et al. 2014). The workers
are affected by hearing loss due to industrial noise, nausea and hypertension due to whole body
vibration plus prolonged standing, asthma, muscle strain with back stress, and headaches.

11. Effect of air pollutants and acid rain on marble sculptures and structures

Acid mists (HSO4, HCI, HNO3) in the atmosphere cause deterioration of structural materials (and
also flora-fauna, soil qualities agricultural crops). Sulphuric acid mist in the atmosphere causes
deterioration of structural materials. Marble sculptures and architectures have suffered damage in
the last 30 years as a result of increased SO, content in the atmosphere. To be more precise the
destructive forms of pollution is acid rain. Acid rain occurs when fossil fuel emissions containing
sulphur dioxide combine with moisture in the air to form acidic precipitation. When acid rain falls
on historical monuments of limestone or marble, a chemical reaction takes place which has a
corrosive effect on these structures.
For example, the following reaction is illustrative:

CaCO3+HCI' — CaCl; + COa.
The reaction dissolves the material, leading to permanent damage. (Ref:
https://sciencing.com/about-6372037-pollution-s-impact-historical-monuments.html).

12. Protection and preservation of marble structures

It is strongly recommended in case of marble structures that to seal all sides of the surface by
applying a pre-treatment even before laying. This will prevent irreversible damage such as internal
rust, discoloration or internal stains.
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13. A case study

The Yamuna is an integral part of the Taj Mahals design and there was no anticipation that it would
dry or become narrow. But the river has narrowed and it is polluted. The wooden foundations are
likely to become brittle and might disintegrate When the wood is not exposed to oxygen there are
no microorganisms to promote decay. A dry Yamuna could promote disintegration of the wooden
foundations, the corrosive effect of the polluted water adding to the decay. Thus, to retain the
structural integrity of the Taj Mahal, a free-flowing Yamuna in its original form is a must.(Ref:
https://www.hindustantimes.com/analysis/a-free-flowing-yamuna-is-critical-to-the-taj-mahal-s-
future/story-NOXchAw5AvUhI4x6C2AS41L.html). The Mathura Oil Refinery is located about 50
kilometres away from the Taj Mahal. It releases toxic gases and disposes waste into the rivers
making the area dirty and unhealthy. Even the Taj Mahal is getting affected because of this. The
Indian government hired a panel to examine the effects of the refinery on the Taj Mahal where it is
found that the air has high levels of suspended particulate matter due to factory emissions, dust,
construction, and exhaust from automobiles. These are causing the Taj Mahal to change colour from
white to yellow. (https://en.wikipedia.org/wiki/Mathura_Refinery).

14. Protective measures

The Archaeological Survey of India (ASI) is looking at scientific methods to protect the Taj Mahal
from pollution. According to the experts, the changes in the colour of the Taj Mahal over time can
be accessed through spectrography. The Ministry of Culture has given this responsibility to the
Survey Science Branch of ASI and the ASI had started the mudpack treatment of the Taj Mahal. In
the first stage, the minarets and the four small domes on the top of the monument were cleaned
using layers of Fuller's Earth. No chemicals were used in cleaning the marble to preserve the
monument's marble surface. Now this 'cleaned' surface will be documented through spectrography
so that the ASI can have a complete record of how the Taj Mahal changes colour with time. This
report will also be placed before the Supreme Court. Notably, ASI will be doing the spectrography
project through its science branch. (https://www.indiatoday.in/india/story/asi-looking-for-scientific-
methods-to-protect-taj-mahal-from-pollution-1474984-2019-03-11)

ACKNOWLEDGEMENT

The author is greatly indebted to her Head of the Department, Dr. Abhijit Chakroborty and her
colleague Dr. Bhaskar Ghosh, Assistant Professor of Geology, Jogamaya Devi College. The author
is also grateful to the anonymous reviewer who has studied the manuscript meticulously and
suggested some valuable suggestions.

REFERENCES

1. Bhadra B. K., Gupta, A. K., Sharma, J.R., Choudhary, B. R. (2007). Mining activity and its
impact on the environment: study from Makrana marble and Jodhpur sandstone mining area
of Rajasthan. J. Geol. Soc. India 70 (4), 557.

58




Mukhopadhyay | Changing Trends in Human Thoughts and Perspectives, Part I,
Jogamaya Devi College Interdisciplinary Volume 1, 2020

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

Beekes, R.S.P. 2009. Etymological Dictionary of Greek. Brill.

Chen, W., Liu, H.Y., Lu, J., Jiang, S.Y., Simonetti, A, Xu, C., Zhang, W. 2020. The formation
of the ore-bearing dolomite marble from the giant Bayan Obo REE-Nb-Fe deposit, Inner
Mongolia: insights from micron-scale geochemical data. Mineralium Deposita, 55, 131-146

Dale, T.N. 2012. The commercial marbles of western Vermont. RareBooksClub.com

Dubey, R. K. (2008): Superiority of Makrana (Rajasthan) Marble: Ind.J.HIS.Sci 43(2), 285-
288.

Gupta P and Bose, U (2000). An update on Geology of the Delhi Supergroup in Rajasthan
Geol. Surv. Ind., pub no. 55, 287-366

Heron, A.M.(1953): The geology of central Rajasthan, Mem. Geol. Surv. India 79, 1-389
IBM (2018): Marble. Indian Minerals Year Book 2016, Part-III: Mineral Review, 55" Edn.
Kesavulu, 2009; US Department of Agriculture, 2012;Garg et al, 2019; Gautam et al, 2020.

Knottnerus R. Maas H. (2006): From quarry to graveyard CREM (Consultancy and Research
for Environmental Management), India Committee of the Netherlands, SOMO (Centre for
Research on Multinational Corporations), Francis Weyzig, 1-87

Natani, J.V. and Raghav, K.S. (2003): Environmental impact of marble mining around
Makrana, Nagaur district, Rajasthan. J. Geol. Soc. India 62 (3) 369-376.

Oleg R., Jacqueline D., Douglas F. (2007): Metacarbonate and related rocks, Provisional
recommendations by the SCMR (Subcommission on the systematics of metamorphic rocks, a
unit of IUGS), 1-8

Roy, A.B. and Jakhar, S.R. (2016): Geology of Rajasthan (Northwest India): Precambrian to
Recent. Scientific Publishers, Jodhpur 421p

Sanchita Garg, Perminder Kaur, Monoj Pandit, Fareeduddin, Gurmit Kaur, Asifa Kamboj,
Som Nath Thakur (2019): Makrana Marble: a popular Heritage Stone Resource From North
West India. Geoheritage 11, 909-925.

Saxena, Neha., Mohammed, Arif,, Yadav, Rajesh Kumar., 2016. A Real study of marble
mining activities in district Nagaur (Rajasthan).

Williams, H., Turner, F., Gilbert, C., 1954. Petrography: An Introduction to the Study of
Rocks in Thin Section (2nd Edition).

Zahra, Dr. Imran Hashmi, Nadia Akhtar (2014); Occupational health and safety issues in the
marble industry and their potential measures. International Journal of Scientific and
Engineering Research, 5(2), 1137-1140

Indianet.nl/pdf/fromquarrytograveyard.pdf
en.wikipedia.org/wiki/ Marble-(toy), Last visited on 21.05.2020.
bhandarim_marbleworld.com/makrana-marble-2/, Last visited on 21.05.2020.

http://indianexpress.com./Cities/Kolkata;Shodhganga.inflibnet.se.in/bitstream/10603/
185963/14/14_chapter%?204.pdf, Last visited on 21.05.2020.

http://www.amusingplanet.com/2019/12/the-unbelievably-delicate-marble.html, Last visited
on 21.05.2020.

https://marbleindian.files.wordpress.com/2014/08/taj-mahal-agra.jpg, = Last  visited on

59




Mukhopadhyay | Changing Trends in Human Thoughts and Perspectives, Part I,
Jogamaya Devi College Interdisciplinary Volume 1, 2020

24.
25.

26.

27.
28.

21.05.2020.
https://en.wikipedia.org/wiki/File:Marmo_z17.JPG, Last visited on 21.05.2020.

https://sciencing.com/about-6372037-pollution-s-impact-historical-monuments.html, Last
visited on 21.05.2020.

https://www.hindustantimes.com/analysis/a-free-flowing-yamuna-is-critical-to-the-taj-mahal-
s-future/story-NOXchAw5AvUhI4x6C2AS41.html, Last visited on 21.05.2020.
https://en.wikipedia.org/wiki/Mathura_Refinery, Last visited on 21.05.2020.

https://www.indiatoday.in/india/story/asi-looking-for-scientific-methods-to-protect-taj-mahal-
from-pollution-1474984-2019-03-11, Last visited on 21.05.2020.

Dr. Chandrabali Mukhopadhyay

Dr. Chandrabali Mukhopadhyay is presently working in the Department of
Geology at Jogamaya Devi College, Kolkata. She was awarded with Ph.D. degree
from the University of Calcutta in 2008. Her research interest includes
Metamorphism and Structure of North Singhbhum Fold Belt of India. She is also
interested in Mineralogy and Metamorphic Petrology.

60




& Changing Trends in Human Thoughts and Perspectives: Science, Humanities and Culture, Part I,
Jogamaya Devi College Interdisciplinary Volume 1, Issue 1 (2020), pp. 61-67

Changing Trends in Writing Autobiography:
A Comparative Analysis of the Autobiographies of
Gandhi, Nehru and Dr. Kalam

Juthika Biswakarma

Department of English, Jogamaya Devi College
juthika.chat @gmail.com

Abstract: Autobiography is a literary genre, traditionally rooted in the Western tradition of confession. The
focus of any autobiography is the ‘I’, the protagonist of an autobiography is the authorial ‘self” which, in this
modern world of complexities, is always in a state of flux. Since autobiography is a genre of the self, so it too
does not have a fixed form. Each author writes autobiography with a different purpose, and these differences in
purpose along with the author’s socio-cultural background largely influence the narration. With changing time,
the genre has also evolved into different forms- earlier there was no distinction between the author and the
narrator, and the author confessed to resolve the conflicts of his soul; but now it has come a long way from this
tradition. In this paper, I shall explore the changing trends of this genre through three Indian autobiographies:
The Story of My Experiments with Truth by Mahatma Gandhi, An Autobiography by Jawaharlal Nehru and
Wings of Fire by APJ Abdul Kalam with Arun Tiwari. However, the aim of this paper is not to discuss the merits
and demerits of these works or analyse the changes in content; it will rather limit itself to the discussion of the
changing trends in the stylistic mechanics of the genre. I have also discussed the problematics of the genre and
its relationship with memory.

Keywords: Genre, Confession, Memory, Self, Patterns of autobiography

1. Introduction

A God-fearing friend of Gandhiji once said to him:
“Writing an autobiography is a practice peculiar to the West. I know of nobody in the East having
written one, except amongst those who have come under Western influence” (Gandhi 2009).

In these lines, the western origin of autobiography is evident. Its seeds lie in the Christian tradition
of confessions. Saint Augustine’s Confessions is widely regarded as the first autobiography
revealing the self in the spirit of the Catholic ritual of confessions. Written in CE 397 in Latin, this
book traces the psychological, spiritual and philosophical developments of Augustine from an
ordinary child stealing fruits to an arrogant youth, lacking faith in Christ, to rising in spirituality and
becoming an arch-believer in Christianity. This seminal work gave birth to a new genre which
makes the author a ‘historian of the self” (Anderson 2001) as he seemingly tries to present a truthful
history of the self.

2. Different Forms of Autobiography

Originated in the West, it has been given diverse forms by autobiographers of different socio
politico economic backgrounds and cultural ethos. Early European authors wrote autobiographies in
the form of diaries, memoirs, chronicles, travel journals and letters. Eminent autobiographers like
David Hume, Benjamin Franklin and Rousseau flourished in the West and left bare the



Biswakarma | Changing Trends in Human Thoughts and Perspectives, Part I,
Jogamaya Devi College Interdisciplinary Volume 1, Issue 1 (2020)

philosophical, spiritual and moral journey of their souls. Then with Mary Delariviere Manley’s
Rivella we got the first full length fictionalised autobiography. We also have fictional
autobiographies in the form of novels like Thomas Mann’s Confessions of Felix Krull, Confidence
Man (1954) and Rainer Maria Rilke’s The Notebooks of Malte Laurids Brigge (1910).Very
recently, we observed another trend in the form of ‘as-told-to’ or collaborative autobiographies in
which one person narrates the story of his life and the other person records, edits and gives shape to
the story. Some prominent examples are The Autobiography of Malcolm X: As Told to Alex Haley
(1965), Bandit Queen of India: An Indian Woman’s Amazing Journey from Peasant to International
Legend (2006) — the story of Phoolan Devi as-told-to authors Marie-Therese Cuny and Paul
Rambali, Wings of Fire: An Autobiography of APJ Abdul Kalam as-told-to/ with Arun Tiwari
(1999).

In this paper, I shall trace the changing trends in writing autobiography through the analysis of three
great Indian autobiographies- The Story of My Experiments with Truth by Mahatma Gandhi, An
Autobiography by Jawaharlal Nehru and Wings of Fire by APJ Abdul Kalam with Arun Tiwari.
Before highlighting the diverse patterns followed by these writers, I would like to draw the attention
of the readers to the problematics related to this genre.

3. Problematics of the genre

Confession is the keystone of the autobiographical arch. Most of the autobiographies are
psychological self-revelation prompted by a traumatic experience or the desire to confess guilt or
reveal the journey of the soul, and such writings lead both the author and the reader to experience
catharsis. Since an autobiography is essentially the story of the self, which is always on the flux and
which does not follow a set pattern of evolution, the genre also does not have a definite form. In any
autobiography, the veracity of the account depends on the sincerity of the author on the journey of
soul-searching. But is there any difference between confessing to God and confessing to the world
publicly? Certainly, there is, and that is why, some critics refuse to classify the genre of
autobiography as pure non-fiction, and prefer to describe it as creative non-fiction. In any
autobiography, the author recreates a positive image of the self through the systematic and
deliberate process of selection and omission, and for this reason Burton Pike observes: “All
autobiography is fiction” (https://shodhganga.inflibnet.ac.in/bitstream/10603/107338/7/07_chapter
%?202.pdf). However, the author’s sincerity alone cannot ensure the truthfulness of an
autobiography, memory plays a crucial role here and that is evident in the following lines of Saint
Augustine’s Confessions:

“I enter the fields and spacious halls of memory where the countless images that have been brought
into them from many things through the senses, are stored as though they were treasures....When 1
enter this storehouse, I ask that the thing I want be brought out to me. Some things appear
immediately, but some things require a search, and are finally dragged out, as it were, from some
hidden closet. Certain other things rush out in crowds, and while something else is being hunted
out, they scramble around as if to say, “Perhaps we are the ones you wanted?”...The vast cave of
the memory, with its numerous and mysterious recesses, receives all these things and stores them
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away, to be later recalled as they are needed... This power of memory is great. It is very great, O
God, it is an inner room that is vast and unbounded. Who has penetrated to its very bottom?”
(Augustine 2001)

Thus, though the author recreates his self through an intensive and sincere churning of his memory,
he could never reach the ‘very bottom’ of all his experiences, and so he sometimes has to rely on
secondary data provided by close friends and relatives to fill the gaps, especially in the matter of
childhood experiences. However, despite these limitations, the genre continues to attract men and
women of all strata alike, and each one of them has contributed to the development of various
patterns in the genre. Here I shall explore these patterns through the comparative analysis of the
three autobiographies mentioned earlier.

4. Gandhi’s The Story of My Experiments with Truth

Gandhi’s autobiography is much in the line of Augustine’s Confessions. The reader has been taken
into confidence from the very beginning through the confessional tone of the title which declares
the account of his life as a series of ‘experiments’ with ‘truth’. A ‘willing suspension of disbelief is
evoked in the reader through the witty use of the words ‘experiments’ and ‘truth’ and through his
declaration in the introduction: “I am far from claiming any finality or infallibility about my
conclusions” (Gandhi 2009). He further said, “I am not going either to conceal or understate any
ugly things that must be told. I hope to acquaint the reader fully with all my faults and errors.” His
attempts at proving his truthfulness continues throughout the book as whenever his memory fails
him, he mentions in parenthesis: “(I cannot now recall...)”. Gandhi acknowledged the
incommunicable nature of certain experiences which are known only to oneself and one’s Maker.
The goal that Gandhi wanted to achieve through the writing of his autobiography is “self-
realization, to see God face to face, to attain moksha”, and this he achieves through the narration of
his experiments in the world of morality and spirituality.

Originally written in Gujarati and published serially in Navjivan, a Gujarati weekly, Gandhi’s
autobiography was translated into English by Mahadev Desai, his personal secretary. He started
writing this in the seclusion of his years of imprisonment at Yeravda, when he embarked on a
journey of self-discovery through the contemplation and introspection of his sins, faults and errors,
moments of shame, personal crises and moral failings which he depicted in this book with utmost
sincerity. This sincerity and devotion to truth give this book the tinge of morality. Born in the
family of staunch Vaishnavas, Gandhi developed an interest in religion and spirituality. The regular
reading of the Ramayana at his home during his childhood and later the reading of the Gita and the
Bible during his student life in England left a deep impression on him and made him a lifelong
votary of truth, humbleness and sincerity. His strong faith in religion made him so humble that even
while pointing at the unethical behaviour of one of his schoolteachers, he said, “Yet the incident did
not in the least diminish my respect for my teacher...my regard for him remained the same. For I
had learnt to carry out the orders of elders, not to scan their actions”. This humbleness had brought
him closer to the common man; in spite of being educated in England, he was deeply moved by the
plights of the poor to whom he was a saint, a spiritual healer. His strong desire to uplift the poor
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both morally and spiritually through the story of his experiments in the spiritual field is evident in
his declaration: “...I have all along believed that what is possible for one is possible for all”. This
desire prompted him to write in his native language, the language that would reach the masses.

Gandhi’s language, his choice of words and sentence structure are distinguished with remarkable
lucidity, simplicity, compactness and precision. At times his tone is didactic like moral precepts, at
times prophetic and yet at some other times intensely personal. He has used quotations and allusions
to prove the righteousness of his thoughts as they are rooted in traditional Indian culture and various
scriptures. He quotes heavily from the Gita, and besides it he also draws from Surdas and some
other spiritual writers, from Gujarati doggerels, from Sanskrit texts and ancient hymns. His
quotations have a religious and moral bearing, and appeal to the conscience of the reader indulging
him into spiritual analysis.

5. Nehru’s An Autobiography

Nehru’s An Autobiography is remarkably different from the confessional account of Gandhi’s moral
and spiritual journey where he gives utmost importance to truthfulness and simplicity. Nehru’s
autobiography is “a sketchy personal, and incomplete account of the past, verging on the present,
but cautiously avoiding contact with it” (Nehru 2004). Nehru himself mentions in the Epilogue to
his autobiography: “Perhaps what I have written is not so much an account of what I have been but
of what I have sometimes wanted to be or imagined myself to be.” This indicates how facts and
fictions have been blended into his account, and this also raises doubts in the reader’s mind
regarding the veracity of his story. He also wrote in the Preface, “My attempt was to trace, as far as
I could, my own mental development, and not to write a survey of recent Indian history. The fact
that this account resembles superficially such a survey is apt to mislead the reader and lead him to
attach a wider importance to it than it deserves.” Thus he continuously played hide and seek with
the reader. He begins his work in a mood of self-questioning and his mental conflict is not resolved
till the end as in the epilogue he shows how he is a misfit:

“I have become a queer mixture of the East and West, out of place everywhere, at home nowhere...
I cannot get rid of either that past inheritance or my recent acquisitions...they also create in me a
feeling of spiritual loneliness not only in public activities but in life itself. I am a stranger and alien
in the West. I cannot be of it. But in my own country also, sometimes, [ have an exile’s feeling.”

His book is more than a personal document, the incorporation of a detailed account of recent Indian
history makes it a historical one, but he makes it clear at the outset that “this account is wholly one-
sided and, inevitably, egotistical”. He presented a detailed analysis of India’s inability to break the
shackles of bondage. Written during the long solitudes of Dehradun gaol life from June 1934 to
February 1935, this book was published in 1936, and was dedicated to his wife Kamala. The title
was proposed by his publisher as Nehru prefers to call it an ‘autobiographical narrative’. In his
narration of the major political events, he comes out as an observer, a memoirist and an
autobiographer. Apart from sharing the story of his own mental development, here he sometimes
lashes out severe criticism against groups and individuals. He also voices his dissents against
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different connotations of the word ‘religion’, quotes other’s explanations of the concept and then
expresses his points of dissents. He unabashedly expresses his attraction to the opposite sex and
vehemently opposes Gandhiji’s views on it saying:

“For my part I think Gandhiji is absolutely wrong in this matter... Sexual restraint is certainly
desirable, but I doubt if Gandhiji’s doctrine is likely to result in this to any widespread extent. It is
too extreme, and most people decide that it is beyond their capacity and go their usual ways, or
there is friction between husband and wife”.

At times his tone is romantic and his prose becomes poetic expressing the romantic yearnings of
Keats, Shelley and Wordsworth. His love for reading various books, his passion for learning, his
relentless zeal to know the unknown is discernible in the pages of the book. He starts the first
chapter with the following quotation from Abraham Cowley:

“It is a hard and nice subject for a man to write of himself: it grates his own heart to say anything of
disparagement, and the reader’s ears to hear anything of praise for him.”

It truly sets the stage for what he is going to write in his ‘autobiographical narrative’. He has quoted
from William Blake, Matthew Arnold, Robert Browning, Alexander Pope, Thomas Moore, Walter
De La Mare, Li Po, Swinburne, Shakespeare, Byron and many others. His quotations appeal to the
aesthetic and the artistic sensibility of the readers. The amazing sights and sounds of nature, its
myriad hues, ever-shifting monsoon clouds, a fine sunrise and sunset and mighty mountains filled
his heart with delight and a sense of relief, and found its way through a rich aesthetic and poetic
prose.

6. Kalam’s Wings of Fire

Kalam’s autobiography, an excellent example of as-told-to autobiography, forms a class of its own-
each page has something new to offer starting from the dedication page. Kalam has dedicated this
book to the memory of his parents; and Arun Tiwari has incorporated a poem ‘My Mother’ written
by Dr. Kalam, a scientist and a poet par excellence, on the dedication page itself. The title of the
book was neither given by Dr. Kalam nor Arun Tiwari; Madhu Reddy of University Press gave the
book its title. Arun Tiwari revealed the story behind writing this book, “It took me close to six years
to write this book, overcoming the resistance of Dr. APJ Abdul Kalam to share his story, stopping
people close to him from inserting their own agendas into the book and finally, my own
inadequacies as a writer” (http://aruntiwari.com/books/wings-of-fire/). Thus it was Tiwari who
wanted to make his master, his spiritual guru known throughout the world. Kalam’s professional
responsibilities kept him busy for almost eighteen hours a day and so he did not ever think of
writing about himself. He even expressed his doubts in the Introduction to the book regarding the
relevance of his childhood memories or his struggles to others. He questioned, “Was it worth the
reader’s while, I wondered, to know about the tribulations and triumphs of a small-town boy?”
Tiwari persuaded him to reveal everything as his story is not limited to the making of a world class
scientist alone, it goes far beyond and narrates the story of the successes and setbacks of science in
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modern India. It becomes ‘the story of national aspiration and of co-operative endeavour’ (Kalam &
Tiwari 1999). The deliberate attempts at taking his readers into confidence, as practised by other
autobiographers, are missing in his autobiography, but the deep spirituality on which Kalam’s life is
based since childhood awakens the faith in the reader’s mind. A scientist, a poet, a rich repository of
fresh ideas and a deeply spiritual man like Kalam had so many things to tell the youth, so his
conversations were marked with various subplots and digressions, at times it became difficult for
Tiwari to follow his narration. Kalam used to sit with Tiwari at an interval of a few months and talk;
and Tiwari used to take notes diligently. At each of their meeting, Tiwari used to give him the
manuscripts which he would return at the next meeting after correction. Tiwari did not simply
transcribe whatever had been told to him. He went through Kalam’s personal library meticulously;
and selected and incorporated the poems that were behind the making of the man. How far he
contributed to shape Kalam’s autobiography could be realised through the following comment of
Dr. Kalam: “Buddy, today people call you Kalam’s man; later, when I would have gone, whenever
they would see you, they would say I was your man” (http://aruntiwari.com/books/wings-of-fire/).
Unlike other as-told-to autobiographies where the author mostly transcribes the narrator’s story,
Kalam’s book is rather written by both the authors, and that is why the authorship of the book is
denoted as APJ Abdul Kalam ‘with’ Arun Tiwari. The entire book is divided into four broad
chapters and each chapter is aptly titled, mentioning the period: Chapter I- Orientation (1931-1963),
Chapter II- Creation (1963-1980), Chapter III- Propitiation (1981-1991) and Chapter IV-
Contemplation (1991-...). On the title page of three chapters, Tiwari quoted lines from the Atharva
Veda (chapter I), Lewis Carroll (chapter III) and Al-Waquiah (chapter IV).

Kalam’s journey throughout India brings him in touch with various cultures, food, landscapes and
people which he describes with utmost gratitude and humbleness as each of these encounters
contributed to the growth of a philosopher and a poet. His autobiography is replete with many such
poems that flowed from his pen spontaneously at moments of joys, realisation and contemplation.
Kalam believed that science and spirituality are complimentary to each other as the basic premise of
science is truth which leads one to spirituality. His autobiography turns out to be a treatise on
leadership, value based education, ethics and self-help; it is a celebration of all the religions of the
world. He has quoted generously his teachers, great philosophers and renowned poets; and his
quotations are a wellspring of motivation. Kalam consciously reduced the length of the book from
340 pages to about 200 by removing the portions wherein he shared his conflicts with people. His
autobiography thus celebrates only the positive aspects of things and people.

7. Conclusion

In The Story of My Experiments with Truth, the centre of Gandhi’s attention was always his inner
world, his mental development; his experiments sometimes bring the larger issues of the day under
his consideration but they remain only in the periphery. Gandhi’s autobiography is the result of his
intense introspection on the inner workings of his mind, it is a kind of moral and spiritual analysis.
Nehru starts his autobiography with the nostalgic description of his origin, childhood, schooling and
marriage, but it soon turned into a commentary on the contemporary socio-political and economic
conditions prevailing in the pre-independence India. Nehru’s autobiography is more of a personal
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account of the contemporary events and it is rather secular in nature. Kalam’s autobiography is
meant to inspire the several-million mass of India- his personal story surpasses the narrow trifling
concerns of his life and narrates only those events that can give wings to the divine fire present in
every youth of India. The purpose of his autobiography is not to find his true self, not to come to
terms with the conflicts of his mind, not to search his soul, which most autobiographies seek; his
only aim is to give the youth a message: “With faith, you can change your destiny” (Kalam &
Tiwari 1999).The three autobiographies highlight the changing trends in writing autobiography-
Gandhi’s autobiography is confessional, moral and spiritual, Nehru’s is semi-confessional and a
social commentary, and Kalam’s is motivational and spiritual. Thus, starting with the confessional
tone, autobiography as a genre has evolved and is continuously evolving, and keeping pace with
this trend not only the purpose but also the mode of delivery has changed. Like the Freudian self,
the genre too has no limitations in terms of form and content.
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Abstract: On September 6th2018, a historic judgement was made by the Supreme Court of India which
scrapped down Article 377 that criminalized homosexuality. A lot of things have changed after the passing of the
judgement. Many from the community have been able to come out to their families and in their workplaces.
More open conversations about the queer community are happening now and people at large have started
accepting these communities. Judicial reform may create an enabling platform to come out, but social realities do
not necessarily change in sync. This paper thus aims at looking at various challenges faced by the community
due to section 377 of the Indian Penal Code and how the verdict passed to scrap this section has affected the
legal and social status of the said community.
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1. Introduction

The basic idea of human rights lies on the principle that all human beings should be treated equally
and with same dignity. The violation of such principle and dignity paves the way for discrimination.
Our constitution has recognised several equality rights for the different sections of society and it
recognises the rights of gender as well. Indian constitution explicitly states that in Article 14 no
state shall deny equality before the law and equal protection within the territory of India, Article
19(a) illustrates the right to freedom of speech and expression, and Article 21 guarantees the
protection of life and personal liberty which also gives the right to live with dignity. But these basic
fundamental rights are denied to some people just because of their sexual orientation.

‘Homosexuality’ is a sexual orientation characterised by sexual desire or romantic love exclusively,
or almost exclusively, for people who are identified as being of the same sex. The word homosexual
translates literally as “of the same sex,” being a hybrid of the Greek prefix homo- meaning “same”
(as distinguished from the Latin root homo meaning human) and the Latin root sex meaning “sex’.
People who are homosexual, particularly males, are also known as “Gay”’; homosexual females are
known as “Lesbians”. The term homosexual can be used as a noun or adjective to describe same-
sex oriented persons as well as their sexual attraction and behaviour. However the term
homosexuality appears in print for the first time in 1869 in an anonymous German pamphlet,
paragraph 142 of the Prussian penal Code and its maintenance paragraph 152 of the Draft of a Penal
Code for North German Confederation written by Karl Maria Kertbeny. This pamplet advocated the
repeal of Prussia’s sodomy laws. Thus the homosexuality has its long-time presence.

The lesbian, gay, bisexual, transgender, queer ( LGBTQ) couples do not share the same set of legal
rights as enjoyed by the heterosexuals. They are also barred from child adoption and the
discrimination at jobs, education, at homes still remains common. It has often been regarded as an
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issue of mental health. However, homosexuality as some kind of mental disease ceased to be
considered as an abnormal behaviour when The American Psychiatric Association, in 1973 and the
World Health Organisation, in 1992 officially accepted its normal variant status. This led to the de-
criminalisation of homosexuality in different countries. There are various states across the globe
that enacted anti-discriminatory or equal opportunity laws and policies to protect the rights of gays
and lesbian.

2. History:

Homosexuality has been the subject of discussion since ancient times to modern era and
homosexual behavior is deeply rooted in Indian culture. Hindu Mythology positively illustrates the
occurrence of homosexuality and same-sex activities in various literatures and ancient texts such as
the Manu Smriti, Arthashastra, 2,000 years old Kamasutra, some erotic sculptures in old Khajurao
temples, Upanishads and Puranas. As per Indian epics and Hinduism, the manifestations of different
deities with the characteristics of both male and female genders such as Ardhanarishvara, who is the
embodiment of both Shiva and his partner Parvati. The name Ardhanarishvara means “The Lord
whose half is a woman”. For the past 150 years an unusual practice of ritualistic transgender
marriage in Angara, a village in Gujarat, during the time of Holi Festival can be observed. Every
year this unique wedding is performed where Ishaak, the bridegroom and Ishakali, the bride are
both men.

Historically, homosexual relationships were not outside the societal norm in the past even in the
early western cultures of ancient Greece and same sex marriages were recurrent within the
Christians and non —Christian communities for a long period of time. The historic figures, love
poetry and paintings in pre modern era such as Alexander the great, Plato, Michelangelo, Leonardo
Da Vinci, Christopher Marlowe have featured the homosexual orientation and the relationships of
the people with their own gender.

3. Discriminatory Law:

Section 377 violates the right to life and personal liberty, the right to equality and the right to
freedom guaranteed to all citizens as Fundamental right, Chapter III of Indian Constitution. Prior to
British colonisation there were no laws against same-sex relations in India. Indeed, some Hindu
traditions positively celebrated homosexuality alongside heterosexuality, as part of the spectrum of
human sexuality and erotic desire. Homosexuality, however, was criminalised by the British during
their rule in India under Section 377 of the Indian Penal Code (IPC) in 1861, inspired by the 1553
Buggery Act that outlawed homosexuality in England. As per Section 377, whoever voluntarily has
carnal intercourse against the order of nature with any man, woman or animal, shall be punished
with imprisonment for life, or with imprisonment of either description for a term which may extend
to 10 years, and shall also be liable to pay a fine. Since then the LGBT community has been facing
torture, imprisonment, fear etc. and are deprived of their basic rights. Interestingly, England (the
country of origin of the sodomy law) has abolished the offence of homosexuality between
consenting partners by the Sexual Offenders Act 1967 whereas in India, the consent is quiet
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insignificant for constituting an offence as defined under this section. Therefore it is section 377
that defines the unnatural offences in India and makes homosexuality a punishable offence.

According to the figures submitted by the Government of India to The Supreme Court in 2012,
there were about 2.5 million gay people recorded in India that is approximately about 8% of the
total population. Lesbian, gay, bisexual, transgender and queer (LGBTQ) people in India faces legal
and social difficulties; they remain victims of violence in different forms supported by the state and
society and are deprived of social and legal recognition. On 23rd February 2012, the Ministry of
Home Affairs expressed its opposition to the decriminalisation of homosexual activity, stating that
in India, homosexuality is seen as being immoral.

4. Activists Movement:

In 1994, an organisation called AIDS Bhedbhav Virodhi Andolan (ABVA) filed a public interest
litigation (PIL) in Delhi High Court, challenging the constitutional validity of Section 377 — it was
one of the first legal protests against government repression of the LGBTQ community. The PIL
also gave India its first champion of gay rights — the ABVA, which had published in 1991 a ground-
breaking pamphlet, ‘Less Than Gay’, a citizens’ report on the discrimination faced by the
community in India. The second movement to repeal Section 377 led by the Naz Foundation (India)
Trust, which is non-governmental organisation, filed a lawsuit in the Delhi High Court in 2001 in an
attempt to legalise the homosexual intercourse between consenting adults. Various activists’
movement supported the LGBTQ community. In 1994, lesbian and gay groups filed a petition
challenging the law in the Delhi High Court. Gay rights activists have fought a long battle against
section 377. Many other organisations, like the National AIDS Control Organisation, Law
Commission of India, Union Health Ministry, National Human Rights Commission of India and the
Planning Commission of India have expressed support for decriminalising homosexuality in India.
A letter to the gay magazine Trikone said that a lesbian group’s first attempt to create a public
opinion on LGBTQ marriage and family law was made in the year 1996 by an Indian lesbian
collective called Stree Sangam in a government conference. Similarly, other gay and lesbian groups
like Humsafar of Mumbai, Sahayathrika of Kerala also raised gay issues in the mainstream. Efforts
were made by different organisations to push through policy changes by organising workshops on
gender and sexuality for young adults and millennials in local schools and colleges.

5. The Verdict:

The Delhi High Court struck down the law that considered consensual homosexual sex between
adults as a crime as it violates the fundamental rights protected by Indian Constitution. The verdict
issued by a two-judge bench of Delhi High Court on the landmark case of Naz Foundation v. Govt.
of NCT(National Capital Territory) of Delhi decriminalised homosexual acts involving consenting
adults throughout India. However, this was later overturned by the Supreme Court of India in
Suresh Kumar Koushal v. Naz Foundation, in which a two judge bench reinstated section 377 of
Indian Penal Code. On September 6th 2018 a landmark judgement was made by a bench of five
judges in Navtej Singh Johar v. Union of India to revoke the provision of section 377 declaring that
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it was unconstitutional and destructive to an individual’s dignity and identity. The five-judge bench
has partly struck down Section 377 as it violates the right to equality guaranteed by the Indian
Constitution. The other aspects of Section 377 which deals with unnatural sex with animals and
children remain in force and will be considered a penal offence. Justice Indu Malhotra, one of the
five judges who read out four concurrent verdicts on 6 September 2018, also stated that the society
owes the LGBTQ+ community an apology for the historical wrongs perpetrated against it. India has
now joined 17 commonwealth nations that have overturned laws criminalising homosexuality.

6. Challenges and Changes After Section 377:

The recent Supreme Court order on Section 377 appears to be a step forward towards a more
inclusive society. After the repeal of Section 377, many organisations have been supportive for
decriminalising homosexuality in India and urged for tolerance and social equality for LGBTQ
people. India is among countries with a social element of a third gender, but mental, physical,
emotional and economic violence against LGBT community in India still prevails. Since
homophobia is prevalent in India, homosexuality is rarely discussed openly. People from the
LGBTQ community have finally started to come out freely and mainstream themselves. Some felt
better equipped to battle the daily micro-aggressions they faced at schools, colleges or work. For
others, the novelty of a post-377 world quickly wore off, as social structures, inflected by class,
caste, and religion, cut into their hopes of a life of dignity and equality. As per sources Indians still
face enormous pressure to conform, to comply with socially acceptable conventions and have to
pretend to be someone else at work which takes a mental toll on them.

The Supreme Court ruling of Section 377 has helped many people to open up about their sexual
orientation and speak freely about it on Social media as well. They were seen celebrating the
victory after the verdict. Earlier being gay in India meant to be rejected by family, being ostracized
by the community and even faced violence but with the passage of time the attitudes of family
members have been gradually shifting towards a better side. The researches depict that it is still not
easy for people to come out freely as LGBTQ+ even in the society that are protective and
supportive of the community’s rights unless they begin to accept themselves before asserting that
identity to the world. Post the Section 377 verdict, the real fight has begun: to educate people,
eradicate misconceptions, and to spread awareness about equality in smaller towns, so that more
people from the rural area will have the courage to come out of the closet. The suicide rate among
the LGBTQ people in rural areas is alarming, as many are forced to get married by family and
society without their consent. Due to the lack of support from family, society and police, many rape
victims stepped back from lodging a report. The verdict has clearly opened door for such trials.
Homosexuality has often been considered as a mental disorder or a curable disease. The Indian
Psychiatric Society has categorized homosexuality as a “stable” mental condition. Therefore
changing families’ attitudes becomes the key priority as viewed by a clinical psychologists Richa
Vasishta, a research interventionist at the Humsafar Trust, a nonprofit organization in Mumbai and
Delhi that provides counseling, health-care services and advocacy for the LGBTQ community. The
struggle to sustain the momentum of the reading down of Section 377 must begin at all the levels
including grass-roots. Reportedly, there are still cases of harassment by the police officials towards
the members of the community (particularly transgender people) relying on Section 377 together

m h



Ghosh | Changing Trends in Human Thoughts and Perspectives, Part I,
Jogamaya Devi College Interdisciplinary Volume 1, Issue 1 (2020)

with other criminal offences, including offences addressing prostitution and public nuisance
(Chandrachud 2019). Although more liberal attitudes are growing in the major cities, in rural and
small-town India, where most of the population live, there is still much ignorance and prejudice.
Ban on section 377 on homosexuality is just a beginning as the battle to be fought is still long with
huge challenges to end the stigma, discrimination and crime that LGBT people suffer in India. The
anti- homosexual attitudes of many religious and community leaders are mostly hostile to this
reform and reflect the existence of widespread prejudice in India that risks the life of LGBT people
particularly of so-called ‘honour killing’ by their families.

Despite the reading down of section 377 of the LGBTQ, the community still feels that the laws do
not effectively protect them. Has it really changed anything in the life of the LGBTQ community?
Actually nothing much because we still don’t have a clause that recognises the sexual violence
against men. However, the very fact that one’s action that criminalises your love can have a very
deep psychological impact, so the biggest impact would be psychological that one do not fear any
kind of harassment that could possibly happen in a country like India. If a woman is raped, she can
file a case because there are provisions for her. But if a gay or a transgender is raped by a man there
is no place for them to file a complaint. There is no such law so far. There are people who are
forced to have sex since they cannot file any complaint. Such cases are still happening and nothing
much has changed at the ground level. Criminal prosecution record 377 was mostly used in this
country to prosecute male rape because there was no systematized persecution.

The discrimination towards the community still exists even after the removal of section 377.
Members of the Queer community feel that there is still a long way to go. There is still no policy or
law that supports the homosexual or gay community, there are no syllabus that mentions about the
LGBTQ, no science books to educate and explain the society about these communities. Basic things
such as exclusion from the sources of livelihood, other than begging sex work, homelessness, lack
of access to health care, these continue to be some basic things that plague the majority of people in
our country but especially people from marginalised genders and sexuality.

As a part of the historic judgement on 6™ September 2018 the Supreme Court of India also directed
the State government to ensure that the judgement reaches to the farthest parts of the country. But
even today only few people in some metropolitan cities know about it. The community feels let
down in this aspect as well.

7. Conclusion:

People of the LGBTQ community have really come out and mainstreamed themselves and have
taken places from work culture to cinema, to art, to fashion and music, but there is still lack of
empathy for the people of the community. So, there is a need to make efforts to re-imagine our
laws. Either discrimination can be because of invisibilisation (of the community) or we only
recognize the male-female binary or, it can also be because we don’t recognize non-heterosexual
conduct since most of the laws are made with the assumption that only heterosexual relationship is a
legitimate relationship. Thus even when we do not see gender in the laws, it will still discriminate
against LGBTQ community people. So the attempts should be made to make them always inclusive
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but it is not as simple because we cannot just add people to these laws. We need to re-imagine them
completely. We all know that current sexual offence laws do not account for LGBTQ people but it
is not simply changing the gender of the victim. That will not really solve the problem because we
have the substantive criminal law, procedural law, evidence law. And when we think all of them
together, they are made in a certain way that they assume only a woman can be a victim. So when
we change these laws, we need to re-think some of these things.

There are other important issues as well that LGBTQ community needs to focus on which is
financial inclusivity, recognition of property rights between homosexual couples, children adoption
rights, surrogacy, implementation of marriage act, basic equality. All of these issues create a huge
lacuna in India and it makes the life of LGBTQ couples in India a living hell. Let us hope that the
equality in all forms reaches the community very soon.
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Abstract: The mead-hall or winsele, usually portrayed as a place of cheer in Early Germanic Literature, seldom
appears in such joyful forms in late Anglo-Saxon literature, and, when it does, is often interrupted by grim
tidings, such as Heorot being laid to waste by a monstrous interloper like Grendel in Beowulf Even if we take the
sceptic’s view that Anglo-Saxon literature, owing to an early influx of Christian ideas, has acquired a Christian
prudence that is at odds with celebratory inebriation, the extant texts give us reason to believe that the case is not
so simple. Gudlac clearly speaks of a hero’s welcome at a mead-hall in heaven, which infers that the heroic ideal
in Anglo-Saxon poetry has not yet done away with a hero’s place in the mead-hall. Even if Gudlac’s validity as a
Christian text is brought into question, Bede himself compares human life to a sparrow flying through the king’s
mead-hall, where he sits with his retainers. In this paper, we hope to examine this probable cultural shift in light
of literary evidence; we shall discuss why, and in what manner, the once joyful hall is becoming a place of
sorrow and sin, and why the seledreamas, or revelry, is silenced.

Keywords: Heroic ideal, Anglo-Saxon literature, poetry, Christian text, cultural shift, literary
evidence

The Early Germanic literature is not scant in the way of mead-hall stories; Thor’s mead-hall
exploits provide comic relief in many Norse sagas, and the Icelandic sagas are not lacking in their
share of mead-hall revelry, the Scandinavian afterlife providing a heroic welcome for the fallen
warriors in Valhalla.

However, the mead-hall or winsele seldom appears in such joyful forms in later Anglo-Saxon
literature, and, when it does, is often interrupted by grim tidings, such as Heorot being laid to waste
by a monstrous interloper like Grendel in Beowulf (date of manuscript: late 10" Century AD to
early 11"™ Century AD). The Old English part of the title is a quote from the elegy The Wanderer
(date of manuscript: late 10" Century AD), where the narrator bemoans the absence of revelry, or
seledreamas (lit. hall-cheer). Even if we take the sceptic’s view that Anglo-Saxon literature, owing
to an early influx of Christian ideas, has acquired a Christian prudence that is at odds with even
celebratory inebriation, the body of literature, itself, gives us reason to believe that the case is not so
simple- Gudlac (date of manuscript: late 10™ Century AD) clearly speaks of a hero’s welcome at a
mead-hall in heaven, which suggests that the heroic ideal in Anglo-Saxon poetry has not yet done
away with a hero’s place in the mead-hall. Even if Gudlac’s validity as a Christian text is brought
into question, Bede himself, in his Historia Ecclesiastica gentis Anglorum (Ecclesiastical History of
the English Nation, 731 AD approx.), compares human life to a sparrow flying through the king’s
mead-hall where he sits with his retainers. In this paper, we are to discuss why and in what manner
the once joyful hall is becoming a place of sorrow and sin, and why the seledreamas, or revelry, is
silenced. In doing this, we would do well to veer way off the path of the tropes in Norman literature,
where hall-scenes of heroic romances, while heavily informed by the Germanic imagery, acquire
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cultural connotations not entirely Germanic, with the possible late exception of Sir Gawain and the
Green Knight (late 14" Century AD).

Before we start expounding on the possible causes for the destruction and disruption of the mead-
hall ideal as the Anglo-Saxons perceived it, we have to identify exactly what is being destroyed. It
is, first and foremost, a place for enjoyment, but it is also a place for shelter- “wherein you sit at
supper in winter, with your commanders and retainers, while the fire blazes in the midst, and the
hall is warmed, but the wintry storms of rain or snow are razing abroad.” (Bede). Bede’s imagery is
used to highlight both the brevity and preciousness of life, which is granted but once, life being the
brief shelter for the soul, as the hall shelters the king, his commanders, and the retainers. In
Beowulf, both before the attack of Grendel and after Beowulf’s conquest of him and his mother,
Heorot is shown as a place where both material (gold) and immaterial (fame) wealth can be earned-
‘He béot ne 4léh, béagas da¢lde/Sync @t symle” [He did not boast in vain, and distributed rings,
treasure at his feast]. The mead-hall has a deeper significance yet for the sailor in The Wanderer-
“Gemon hé selesecgas  ond sincpege
hu hine on geogude his goldwine
wenede to wiste...

... ond on cnéo lecge
honda ond héafod swa hé hwilum &r
In geardagum  giefstolas bréac”

[He remembers Hall-warriors and [the] treasure-giver, how his gold-giver endeavoured to entertain
him in his youth....And on [his lord’s] knee lays hand and head, as he before, in days of yore,
enjoyed the gift-throne].

The loss experienced here, is more personal than the destruction of Heorot. The sailor has not only
lost his occupation and the source of his mortal and immortal wealth, but he has also lost his lord
and his companions. The breaking down of the comitatus bond between the erstwhile vassal and the
new lord is pretty clear here, but the sailor’s elegy also contains a feeling of familial loss and a
disintegration of communal values. His departure from the mead-hall, then, makes his grief as great
as it would be when separating from a loved one, and the memories, ghost-like, appear before his
eyes to haunt him, a memory of a joyous time that will never return.

“ Sorg bid geniwad

Ponne maga gemynd mod geondhweorfed

gréted gliwstafum  georne geondsc€awad

secga geseldan.  Swimmad eft on weg.

Fléotendra ferd no p&r fela bringed

ctidra cwidegiedda...”

[Sorrow is renewed, when the memory of kin is brought to mind. He greets them with joy, eagerly
looking over his companions. They always swim away. The spirit of seabirds never brings there

much in known speech.]

The disappearance of joy in the mead-hall, then, can also be associated with the loss of varying
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values both familial and heroic. And the mead-hall ideal, when at the risk of being lost or disturbed,
must take into account the causes for the disruption or failure of such values.

Before we start discussing the disappearance or disruption of the mead-hall ideal, we have to
consider a few things. Firstly, we are basing the identification of causes on very few texts, as much
of the Old English corpus does not survive. Secondly, and this is related to the first concern, the
selection of said texts was not objective. The texts were selected and recorded by book-learned
men, who were mostly from the clergy- King ZAlfred was one of a kind in his ambition, and the
hand of non-royal commanders and retainers is even less to be seen in the process of selection and
editing of Anglo-Saxon texts. Therefore, the mead-hall debacle cannot be represented in the entirety
of its facets which must have been present in the literature of that time.

An apparent cause is the growing religious and public intolerance for inebriation. The contempt is
not necessarily for the mead-hall itself, but the overindulgence in wine. One of the Exeter
(manuscript dated late 10™ Century AD) riddles, to which the answer is “wine”, says, “Hrzgl is min
hasofag, hyrste beorhte/reade scire on reafe/ic dysge dwelle, dole hwette/unredsipas”(Chiefly
Christian Riddles 18, Baum 1963) [My garment is dark, with bright decoration red and shining on
my dress, I mislead fools, and encourage the unwise towards stupidity.] Drinking itself is not
discouraged, and a clear picture of the survival of the mead-hall can be seen in the sword/cross
riddle- “ic seah in heall per heled druncon/ on flet beran feower cynna” (Chiefly Cristian Riddles
13, Baum 1963) [I saw in the hall where heroes drank, a thing of four kinds being carried to the
floor].

This intimates that the heroes’ drinking in the hall has not quite gone out of fashion as of yet, but
the scarcity of drunken exploits seen in a positive light in later Anglo-Saxon literature is very telling
of the millennial attitude. The merry monks of Coldingham who had partied themselves to a death
by fire (The Saint’s Bridge Blog 2013) are a thing of the past; the Benedictine reforms are here to
stay. This brings us to the next probable cause- the souring of relations between the church and a
certain number of the nobility.

In late 10" Century AD, upon the death of Edgar, who was deeply sympathetic with the causes of
Bishop Dunstan (the chief-most voice for Benedictine reforms in England), his son Edward is
murdered as well, and, in his place, Zthelred, the favourite contender of the Wessex anti-Dunstan
nobility is made king. This causes much conflict of interests between the Benedictine reformers and
the ruling aristocracy. The revelry of nobility begins to be considered as immoral and even pagan to
an extent, and especially so by the clergy. Such sentiments are best illustrated with quotations from
a presumably late 10"-century poem, Juliana. In one of the instances, there, the Devil finds the
revelry of the mead-hall a perfect opportunity to grab a man’s soul: “pat he in win-sele/purh
sweord-gripe sawle forletan/ of fleschoman” [that he in the mead-hall, through swordfight,
releases his soul from his body]. The mead-hall is, then, no longer a joyous place, but the prowling
ground of the Devil, who can snatch away souls at will. Later, Juliana’s saintly death is succeeded
by the dark and cold death of her pagan suitor and his friends, and this death is contrasted with their
time spent in the mead-hall to highlight the futility of the latter:

“Ne porftan pa pegnas  in pam pyrstan ham,
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Seo geneat-scolu in pam neolan scrafe
to pam frumgare feoh-gestealda
witedra wenan, pet he in win-sele
Ofer beor-setle  beagas pegon’

[In that dark home, in that dark place, the retainers did not need to look to their treasure-giver for
reward, to expect gifts that he, in the mead-hall, across the beer-bench, may have given as rings.]

The life in the mead-hall, in comparison to the Christian sobriety and prudence of Juliana, is not
only seen as barbaric, but as un-Christian. The description of the mead-hall in Juliana, one should
keep in mind, does not resemble the Roman orgies (as it would be fitting for the time of the original
story), but bases itself on the gift-giving revelry of the Anglo-Saxon mead-hall tradition, and very
possibly implies a close connection to the contemporaneous political turmoil between the Church
and the State, tacitly questioning the validity of the anti-Benedictines’ access to power. As Hugh
Magennis puts it in reference to this poem, “...the ungodliness of this life is suggested: the warriors
are seekers of hell.” (Magennis, 1996). Juliana’s triumph over the pagans, when seen side-by-side
with Judith’s triumph over Holofernes, intimates a paradigm of new heroism, one that not only
thinks mead-hall revelry to be unnecessary, but as something that leads to violence and hellish
condemnation. This is around the time when violence in its negative connotations begins to register
in the Germanic consciousness, and creates a new binary of violent and non-violent deeds, as
opposed to the previous binary of heroic and non-heroic.

The mead-hall also gets disturbed by the frequent internal and external political struggles occurring
in England. The Benedictine struggle does enough to divide the land into warring factions, and
various tribes begin to see this instability as a golden opportunity to attack England, the Northmen
being the fiercest amongst them, but the Picts and the Scots also want their due. The combined
effect of these causes is a loss of old values, and the comitatus bond, as Wulfstan says in Sermo
Lupi Ad Anglos (1014 AD approx.):

“Ful micel hlafordswice eac bid on worolde pat man his hlaford of life forr&de, oddon of lande
lifiende drife, and &gper is geworden on pysan earde; Eadweard man forr&de and syddan acwealde
and @fter pam forbarnde;”

[And the greatest betrayal to a lord is when one would deprive his lord of life, or drive him out of
his land; and both have happened in this land; Edward was betrayed, and afterwards killed and then
burned].

In this, the Vikings and the Dane-law also play a hand, as those servants who cross over to the
Viking lands and gain freedom may kill their erstwhile lords without fear of monetary retribution,
while, if the lord kills his former servant, he has to pay the full gild, as it would be ordained for
someone of his status, to the kin of the slain man. In relation to this, the description of Grendel in
Beowulf as caines cynne or Cain’s kind is very significant; he may not be only a physical
manifestation, but also a moral disruption. Being the successor of the first kin-slayer, Grendel
wreaks havoc in a world where kin-slaying is the most shameful and un-heroic deed, along with the
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betrayal of one’s lord - possibly reminding them of the inner disintegration of values; that Unferth,
guilty of the same crime as Cain’s, remains in the hall of Heorot and within the rank of Hrothgar’s
vassals. Grendel’s attack on Heorot, then, may point to a disintegration that has already begun; an
unravelling, so to speak, of the old heroic values, and in that the destruction and slaughter done by
Grendel may well be a metaphor for this unravelling. This point gains more currency if we consider
that well after Beowulf’s leaving, the kin-slaying continues, Wealhp€ow’s sons being slaughtered
by their kinsman - this implies that the joy Beowulf had brought to Heorot was transitory and
illusive.

Another, and final, issue that we should deal with in this context is the prediction of the apocalypse,
which Wulfstan very nicely makes into a foreground for Sermo Lupi Ad Anglos, detailing the
disintegration of the moral, ethical, and physical in the land as premonitions of the impending
Apocalypse. In fact, he may not be the only one to connect the loss of the heroic value and the
mead-hall ideal to the impending doom. The sailor in The Wanderer uses the instrument of fate-
“onwended wyrda gesceaft weoruld under heofonum” [fate’s decree turns this world under
heaven]- and connects it to the physical destruction of the land- “eal pis eorpan gesteal  idel
weorped” [All this foundation of the earth becomes wasted]. A further connection, between the two,
is made in relation to the values the sailor has abided by, and feels bereaved without: “Hw&r cwom
mappumgyfa?/ Hw&r cwom symbla gesetu? Hwar sindon seledréamas?/Eala beohrt bune!  Eala
byrnwiga!/ Eala peéodnesprym!” [Where is the giver of treasures? Where are the seats for the feast?
Where is the revelry (lit.hall-cheer)? Alas bright cup! Alas mailed warrior! Alas the glory of the
lord!]. Thus the sailor ties a very personal and moral apocalypse to a seemingly physical one, and
the loss of heroic values may appear to him as the warning for the end that is to come; if we are in
any doubt about his reference to the Apocalypse, we may refer to a few lines: “Ypde swa pisne
eardgeard @lda Scyppend” [The Creator of men destroys this city.] and “norpan onsended/hréo
hreglfare hlepum on andan” [From North comes a mighty hailstorm, malicious to men]. If we
take the latter to be a metaphor, it may easily be claimed that the poet is aware of both the
impending doom and the Northmen’s fury, and is very aware of what they mean for the ideal of the
mead-hall.

Therefore, the mead-hall, for the most part in later Anglo-Saxon literature, is but a fragment of what
it once used to be; fraught with the frowns of Church-fathers, the shifting political scene, and
predictions of apocalypse, it survives more as a memory than any distinct place in time.
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Artificial Intelligence, ever since its inception at the 1956 Dartmouth Conference has been making
steady strides in changing the landscape of our socio-economic world, the way we interact with
others presently and the manner in which we operate even the most basic financial transactions at
this date. The boom of the cyberspace and social media has suddenly brought into our world an
abundance of personal, professional and financial data, and artificial intelligence as a concept mines
this data in order to systematize and simplify our lives. Defined, artificial intelligence is an
algorithm that programmes machines to emulate and project human behaviour and do tasks that
require human intelligence: “...activities that we associate with human thinking, activities such as
decision-making, problem-solving, learning...” (Bellman 1978, cited in the UNESCO working
papers on education policy, 2019). Presently its ubiquity is evident in the use of navigation systems,
voice recognition software, natural language processing, machine learning system, text to speech
synthesis, computer games, and speech and handwriting recognition software. This essay outlines
and identifies the areas of education in which artificial intelligence can be used successfully to
ensure easy accessibility to the learners and a wide range of educational choices, with special
reference to teaching English as a Second Language. This essay also aims to describe the potential
benefits of incorporating artificial intelligence in the educational system, discuss the challenges and
implications of introducing this system in the Indian context and argue the state of preparedness of
our current educational system through a survey statistical data, conducted among 200 students in
Kolkata.

It is the common perception that India needs to step up to the world’s educational level, both in
terms of academic infrastructure and academic content. The ‘one model fits all’ strategy has to
make way eventually for a more individualized, specialized educational paradigm that is tailored to
the students’ needs. In this context, artificial intelligence can play a key role in enhancing the
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current educational architecture in a two-pronged manner. Firstly, we can utilize AI’s proclivity for
excelling at tasks of a repetitive and predictable nature productively in reducing the encumbrances
of educational governance and management. The most favoured instances would include
administrative tasks such as admission procedures, wherein administrators can use Al monitored
systems to categorize students based on merit, automatizing paperwork, reducing workload on
teachers, and teaching assistants. Another beneficial manner in which Al can help educators is by
assisting in grading papers that have an objective based pattern. Educators can apply Al in
curriculum development based on collected students’ personality data and their individual learning
styles. The same core curriculum can then be adapted in various specialized areas, with inputs from
Al-monitored ongoing student assessments that can accurately gauge student skill acquisition over
time (Karsenti 2019). They can employ Al to monitor and categorize student feedback, and other
administrative activities such as ordering and budgeting for educational materials and equipment,
expense management and facilities management. The National Testing Agency is also planning to
utilize Al software powered assessments to conduct examinations like JEE, UGC NET to ensure
fairness, test reliability and validity and prevent leakage of papers, as well as to enable timely
correction of papers and declaration of results. The fruitfulness of such Al manipulation is that it
gives the teachers greater freedom and time to engage in research and professional development, as
well as encourage personal interaction with students.

The goal of all education, especially higher education is to ensure learner autonomy. Schools and
colleges can apply artificial intelligence in a variety of innovative ways to ensure quality education.
Governments and higher education institutions are reconstructing the present educational system to
broaden its reach to a greater number of takers. Institutions can employ Al with cloud computing
software very successfully in developing enhanced distance learning programmes. They can design
intelligent tutoring platforms and online applications to cater to teachers and students who can
access educational materials from even remote places. The Indian Government schemes such as
SYAWAM (Study Webs of Active Learning for Young Aspiring Minds), that aim to make
education available to all are a case in point. 62% of the students surveyed in Kolkata have claimed
that they are self-reliant learners, and the introduction of tutoring applications has not only
empowered the students to think on their feet but also to lessen their core reliance on classroom
methodology. Around 68% of the students surveyed opt for online learning resources as one of their
self- learning strategies. In cue with this trend, publishing houses are developing on-demand digital
content and this is changing the manner in which the present education system is operating. It is
quite a possibility that education will soon become partially paperless if not entirely. Teachers, on
the other hand, can take the help of Al powered software to understand the students with differing
levels of ability and aptitude and offer appropriate remedial exercises. The trend towards Al hyper-
personalization is gradually becoming apparent, as more and more educators in developed countries
such as Australia (Popenici & Kerr 2017) are using Al systems to personalize learning for their
students. Teachers are using Al systems to assist the students with learning, answering tasks or
reinforce conceptual knowledge with additional materials. In some countries such as China, Al
powered systems are helping in tackling the increasing teacher-student ratio, combating inadequate
number of teachers by catering to the students’ lack of basic knowledge, encouraging self-
monitored learning routines and modules in students (Zhu 2017).
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Teachers can use artificial intelligence constructively in learning scenarios where there is a dynamic
exchange of language involved. Language learning classrooms, especially English language
learning requires structured and varied language inputs and many language specialists argue to the
benefits of employing Al in an English Language classroom. It is a tool for optimal use of language
in a classroom (Li 2017), and 74% of the students surveyed have preferred a learning environment
that includes a teacher and some form of ICT methodology, stating that learning with a teacher can
be a more shared, personal and often emotional experience, while a machine enables audio-visual
data, which is not only interesting but also aids retention and better comprehension. Keerthiwansha,
2018, explores the practicality of incorporating voice-driven Al software such as Amazon Alexa in
an elementary English classroom. His findings indicate that the students were more responsive,
highly engaging, prone to self-correction, and having greater participation than an entirely teacher-
governed classroom. Yang, 2007, gives an example of an Al programme, Lucy, in integrating oral
practice and written exercises for elementary learners who find it difficult and often inhibiting to
open up to teachers. Lucy is an Al software with a virtual face and audio output that works on the
principle of text and audio communication, ensuring a two-way communication in real time. It has
an in-built electronic dictionary that the learners can access in order to develop vocabulary and
phrases. However, Al lacks the sophistication of understanding complex human language
mechanisms like humour, pun, irony and sarcasm, and therefore cannot be used to understand and
further materials in subjective human learning. This is where the human factor becomes so
important. Dodigovic, 2007, highlights a more refined approach to Al utilization in the computer
programme, Intelligent Tutor. This programme is designed to diagnose and correct some typical
errors produced by adult learners of English as a Second Language. The system helps to diagnose
errors based on frequency, gravity of the error and its communicational significance in terms of
communication breakdown. This kind of Al interface is extremely beneficial for an ESL teacher in
being able to create a learner-error corpus and create suitable customized remedial and practice
exercises for learner improvement. This will especially aid the development of common Indian ESL
errors like SVO construction, use of tenses and aspects, appropriate inflectional and derivational
suffix use. Al in this context will help teachers design specific lesson plans and provide rule-based
clarifications. However, as 75% of the students surveyed attest their faith in teacher over machine in
error correction, the final remediation must come from the teachers. Zhu, 2017, argues that proper
introduction of Al in the ESL paradigm on a regular basis will comprise four kinds of users,
namely, system administrators that are staff ensuring the smooth management and wellbeing of the
softwares and hardwares in question; field experts who are English language educators with long-
standing experience entrusted to develop, modify and manage content as per need; English teachers
who will implement the system to organize, analyze and diagnose student weakness and needs; and
finally the students who will be the takers of this system.

However, changing the generic architecture of the educational system to an Al-driven one is not
without its challenges. The UNESCO Education Policy 2030 Report (2019) identifies four main
considerations: ensuring inclusive, fair, and equitable use of AI in education; leveraging Al
properly to enhance the teaching and learning experience; promoting adequate skills essential to
implement Al in a large-scale manner, and finally, safeguarding ethical use, privacy and
transparency of the data that is mined for the purpose. It has become increasingly important for
governments to encourage and mobilize research in Al-driven educational programmes if our
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country is to follow the global trend in education. Also, Al-monitored systems have the clear
capability of overtaking and replacing a significant number of staff employed in the education
administration. It is therefore extremely essential to train personnel in more contributory, creative
and entrepreneurial roles (Popenici and Kerr 2017). France, South Korea and China are already
creating programmes and comprehensive plans to deploy vocational training and development in
this sector, as per the UNESCO report. Most importantly, the students and teachers, who are the
primary recipients of this development, need to be trained in order to operate in this new learning
environment. Teachers must learn new digital skills in order to survive in this data driven
environment as well as to foster better learning and a greater exchange of equitable learning
materials. The government has to sanction the requisite vast sums of funds for sustainable teacher
education and development. The government has to devise suitable public policies that will work at
the national and international level to ensure data accountability, basic infrastructure development
and to ensure private and qualitatively superior learning environment, formulate quality and
inclusive data systems and improve the state’s capabilities of data storage, mining and management.
The authorities will also need to ensure and address ethical concerns of data use in the
dissemination in an educational paradigm.

To sum up, it is imperative that we remember that education is a human-driven effort and that the
human is the centre and key to education. Al solutions take into account tasks that are automated
and therefore simplified. Al systems in the educational context can only be operational in so far as it
enables and empowers the educators to extend their capabilities and excel at their jobs by not being
bogged down by tenuous administrative duties. Artificial intelligence in the educational sector can
act as superlative teaching assistants in the detection of patterns, errors in use, providing practice,
remedy and lively interactive classroom exchanges for optimization of learning. Al can never
replace the expertise of a teacher’s knowledge, nor do his/her personal touch. What it can do is to
make teaching and learning more simplified, accessible, accurate, comprehensive, enjoyable and
individual.
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1. Introduction

Sanskrit, the classical language of excellence and the language of ancient Indian stock of
knowledge is widely known for both its antiquity and its continuity through various phases of
Indian civilization. This language has been the greatest medium for the expression and propagation
of wisdom and culture in India. Sanskrit literature of early and medieval periods deals mainly with
the universality and spirituality innate in mankind. Literary works of these eras were tradition-
bound and changes against the scriptural directives were not allowed in most cases. However,
twentieth century witnessed the initiation and development of a transitional trend in Sanskrit
creative literary genre. The literary artists of Sanskrit were observed maintaining the continuity of
Indian tradition and at the same time introducing modern elements and modern techniques, creating
thereby a nice admixture of tradition and modernity. This blending eventually became the
predominant characteristic of modern Sanskrit literature. Modern Sanskrit dramas also naturally
imbibed the new flavor to represent the modernity of thought and expression. The present article is
an attempt to cast a cursory glance on the different features of the doctrines followed in traditional
as well as modern Sanskrit dramaturgy and to discuss the probable causes behind the transforming
trend.

2. Traditional guidelines of Sanskrit dramaturgy

Sanskrit poetry has been classified broadly under two categories, namely — ‘Sravyakavya’ and
‘Dr§yakavya’ — ‘drSyasravyatvabhedena punah kavyam dvidha matam’ (Mukhopadhyay 1979).
Sravyakavya is a composition, metrical or non-metrical, that appeals only to the sense-organ of
hearing (Sravanendriya). DrSyakavya stands for a poetic composition where the aesthetic feeling
arises through the act of witnessing a drama with the help of the visual sense-organ (darsanendriya),
though hearing organ also plays a vital role in the act of appreciation of the sentiments. ‘Rupaka’,
another designation of DrSyakavya, is a pointer to the aspect of a drama wherein the actor,
surrendering his original personal identity, morphs into the role of a certain character, (eg, Rama,
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Yudisthira,etc) — ‘Ruparopattu riipakam’ (Mukhopadhyay 1979). However, the term ‘Ripaka’ is
also used to denote one (Major Dramas) of the two divisions of ‘DrSyakavya’, the other being
‘Upariipaka’ (Minor Dramas).

It goes without saying that the entire sphere of classical Sanskrit drama was designed and guided by
the precepts of dramaturgy, basically propounded by the sage Bharata in his canonical book
Natyasastra. The directives regarding the science of dramaturgy were very minute in details
regarding the sentiments, the plot, the stages of action, the characterization, the speech — to be
precise, everything. Thus, even reluctantly we must admit that the liberty of the dramatists of
Sanskrit classical drama has been restricted to some extent. The primary success of Dr§yakavya lies
in creating ‘Rasa’—‘na hi rasadrte kascidarthah pravartate’ (Nagar 2004) — by rousing dormant
emotions (‘sthayibhava’) through the aesthetic visual representation. Therefore, the aspiring
dramatists should follow the rules and regulations of the dramaturgical theories in such a way that
the soul of the composition, i.e. the Rasa, is developed with adherence to those.

The success of a drama depends upon several other factors too. The plot is considered to be one of
the most important constituents of a drama since the success of a dramatist to a great extent depends
upon the plot he weaves with his creative genius. Bharata has termed plot as ‘Itivrtta’. The
preceptors of dramaturgy are of the opinion that the plot is always two-fold, viz. Adhikarika and
Prasangika (Nagar 2004). Adhikarika is the main fact as it deals with the accomplishment of the
desired goal of the protagonist of the drama and Prasangika is the secondary one that just
accelerates and feeds this accomplishment. Action or ‘Karya’ is an essential part of the story. There
are five stages (‘Avastha’s) in the development of the action (Karya). They are called ‘Arambha’
(introduction), ‘Prayatna’ (effort), ‘Praptisarhbhava’ (possibility of attainment), ‘Niyatapti’
(certainty of attainment), and ‘Phalayoga’ (attainment of the result) (Nagar 2004). Besides the five
stages of action there are five elements or ‘Arthaprakrti’s into which the plot is divided. They are
‘Bya’ (seed), ‘Bindu’ (the prominent point), ‘Pataka’ (incidental accounts), ‘Prakari’ (the short
incident) and ‘Karya’ (epilogue) (Nagar 2004). Just like a human body has parts like the face,
limbs, etc., the plot also has parts named ‘Samdhi’s. The above mentioned five Avasthas together
with five Arthaprakrtis respectively form the five Samdhis e.g. ‘Mukha’, ‘Pratimukha’, ‘Garbha’,
‘Vimar$a’ and ‘Nirvahana’ (Nagar 2004). These Samdhis, like the joints of our body, serve in
uniting the various parts of the plot into a single whole. The characterization is another important
factor regarding which the dramatist must be very keen. Each and every character must have its
own individuality and their actions must be in accordance with the dramatic situation. Language is
another important factor which demands careful attention of the dramatist. Sanskrit dramaturgy
prescribes employment of different languages and dialects for different characters, intending to
depict the actual scenario of the society. Intelligibility, so that it can be within the reach of one and
all; and suggestiveness, so that the erudite community finds it suitable to their intellectual class—
both these qualities should be the predominant traits of the language for a drama to be successful —
“tasmad gambhirarthah $abda ye lokavedasamsiddhah |
sarvajanena grahyas te yojya natake vidhivat ||” (Nagar 2004)

In a nutshell, these were the directives prescribed in ancient texts of Sanskrit dramaturgy. Let us
now discuss about the transformations and renovations introduced in modern Sanskrit dramatics.
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3. Transformations introduced in modern Sanskrit dramaturgy

The scholars are of different opinions regarding the onset of Modernism in Sanskrit literature.
According to Ramji Upadhyay, the era of modern Sanskrit literature started 17" century onwards,
after the demise of Panditaraja Jagannatha. Professor Rajendra Mishra opines that modernity of
Sanskrit literature came into existence in 1784 CE (Das 2013). He even classified this modern era
into three periods—the period of renaissance (1784-1884 CE), the period of establishment (1884-
1940 CE) and the period of thriving (1940 CE-till date) (Tripathi 1999). Professor Chandrakishor
Goswami divides the era of modern Sanskrit into two divisions-- pre-independence and post-
independence (Jha 2003). Keeping a keen eye on the changing trend, the eminent critics of Sanskrit
literature have pointed out some characteristic features of modern Sanskrit literature. According to
Professor Nirmala Upadhyaya, depiction of patriotism, national integrity, contemporary events,
amorous humor etc. constitute the primary thematic feature of modern Sanskrit literature. Dr.
Radhaballav Tripathi opines that topics like social reforms, lives of great personalities, Gandhism
etc. are the new themes adopted. Eulogy and translations of the legendary works from world
literature are also becoming popular among the new-age writers.

Anyway, as the title suggests, my discourse will be focusing on the Bengal scenario only. The new
forms and features, styles and experiments introduced in modern Sanskrit drama by the dramatists
of modern Bengal can be observed mainly in four facets of Sanskrit dramaturgy-- content,
techniques, language and music. Let us discuss about these aspects in detail.

The older dramas are mostly seen to be mythological and spiritual in character, mainly having
content about legends from the Ramayana, Mahabharata and some other well-known mythological
episodes. However, in the modern centuries, the dramatists from Bengal have penned their
compositions in various categories such as biographies, translations, imaginative compositions,
current affairs, etc. along with the traditional themes. Due to this deviation from the orthodox point
of view, we have been gifted with dramas on contemporary themes as diverse as the topics of the
second World War to the Naxalite movement or from the present condition of Sanskrit to the
problem of refugee influx.

Some techniques essential in traditional Sanskrit dramaturgy started to be considered as superfluous
in modern Sanskrit dramas. The essential gorgeous forms of the stages are transformed into
simplified forms by the progressive outlook of the modern playwrights. Like Western dramas, the
acts are now divided into scenes. Even when the drama is divided into acts, the dictum regarding
the number of acts required in a drama, has been seen flouted. According to the Natyasastra, the
number should vary from five to ten— ‘paficaksara dasapara hyankah syurnatake prakarane ca’
(Nagar 2004). However, we come across a good number of one-act plays, eg. ‘Athakim’ of Dr.
Siddheswar Chattopadhyay and ‘Vestanavyayogah’ of Dr. Birendra Kumar Bhattacharyya as well
as drama consisting of even fifteen acts, eg. ‘Bhaskarodayam’ of Prof. Jatindra Bimal Chaudhuri.
Usage of ‘Nandi’ and ‘Bhratavakya’ became discarded in some plays. ‘Nanavitddanam’ of Dr.
Siddheswar Chattopadhyay, ‘Janani’ of Gauri Dharmapal etc. are examples of dramas without the
application of ‘NandT’. In ‘Sardiilasatakam’ of Dr. Birendra Kumar Bhattacharyya, the
‘Bhratavakyam’ was sung as a chorus presented by all the artists. The play ‘Atha kim’ composed by
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Dr. Siddheswar Chattopadhyay deserves a special mention in the context of transformation of
dramatic techniques of modern Sanskrit drama. This play exhibits a great influence of the drama
‘Waiting for Godot” composed by Samuel Beckett. Chattopadhyay used Bengali letters
symbolically to denote different classes of the society. Conventional dramatic techniques like
‘Samdhi’, ‘Arthaprakrti’, ‘Arthopaksepaka’ etc. have not been applied in this play.

Music has always been considered an integral part of Sanskrit drama. Tradition directs that a
dramatist should be very careful about the application of music because it plays a vital role in the
presentation of the drama in the correct perspective. Some experiments and innovations are found in
this aspect too. In the dramas composed by Mm. Kalipada Tarkacharya, Pt. Vishweswar
Vidyabhusan, Dr. Jatindra Bimal Chaudhuri, Dr. Roma Chaudhuri and Dr. Birendra Kumar
Bhattacharyya, the application of music is praiseworthy. Bhattacharyya’s play titled
‘Srigitagaurangam’ deserves special mention in this context. He himself defined this composition as
a lyrico-drama. In this play, six Ragas and seventy-five Raginis are employed with great skill. The
songs in older plays are being inserted with specific mention to Talas and Ragas (Chattopadhyay
1992).

The modern Sanskrit dramatists of Bengal took a drastic turn against the scriptural prescription
regarding the language of Sanskrit drama. They rejected the old practice of using Prakrta dialogues
for females and people belonging to the lower strata of the society and used Sanskrit instead.
Sometimes, a tendency is visible in modern dramas to replace Prakrta with Hindi or with some
vernacular languages e.g. Bengali, Kashmiri, Rajasthani, etc. (Chattopadhyay 1992). The
propensity for Bengali usages of the Bengali dramatists is easily traceable in some plays. Words
like ‘suvidha’, ‘lucika’, ‘jhanjhata’, ‘patka’, ‘gulti’ etc. may be cited as examples. Some Bengali
words have been sanskritized. The influence of Bengali proverbs is easy to find. Some English
words, eg. tea-leaf, coffee-powder are sanskritized too, as ‘ca-patram’ and ‘kaphi-clirnam’. Words
like kerosene, stove, batting, cooker, etc. are also freely applied.

4. Reasons behind the changing trend

After the gradual decline of the Delhi Mughal empire, Bengal underwent the reign of the quasi-
independent Nawabs, and finally the British took control of the Bengal region from the late 18"
century CE. The plunder of Plassey in 1757 CE made direct significant contributions to the
industrial revolution in Britain with the capital amassed from Bengal, resulting in a great increase of
the British wealth as well as leading to the deindustrialization in Bengal. The socio-economic and
political structure of Bengal was transformed by the advent of the British Raj, and this left
inevitable impact on the education system also.

In the pre-British period, a typical system of education prevailed in Bengal which may be
considered as the indigenous system of education. The popular education prevalent in India during
this period was based on ideas and principles enriched in Hinduism, Islam and Buddhism.
Education was centered around the house of a teacher, variously known as Tol, Chatuspathy,
Maktub, Imambara, and Madrasa. The curriculum of the education system was associated with
customs, languages, social values and various thoughts of people concerned. Grammar, Philosophy,
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Vedic literature, scriptures, Puranas, poetry etc. were the branches that scholars used to cultivate.
Bengal was considered and revered as the apex of education in all of India.

However, when the East India Company started gaining power, degradation in the field of education
was marked. In the beginning, the Company was indifferent to the education of the countrymen.
They found it futile to enlighten the people of Bengal about the European culture. The probable
grudge triggered by interfering in the traditional education system was also apprehended. But some
different reasons demanded the introduction of western education among the people of Bengal a
few years later. In the first place, many English-knowing men were needed to work as clerks,
translators and copyists in the various institutions of the government of the Company. For practical
reason, it was not wise for the Company to bring sufficient number of people from England offering
an excessive pay. Secondly, a class of people showed interest towards European education or the
opportunity of earning livelihood, service and trade. A good number of intellectual people, also,
realized the utility of learning Western knowledge and science and showed interest in learning
English. The European missionaries also played a significant role in spreading the Western
education amongst the people. As a result of all these factors, European education progressed at a
rapid speed in Bengal.

Because of giving too much importance to English language, culture of the vernacular languages
was hugely neglected. And this situation caused the most severe and irreversible damage to the
cultivation of traditional scriptures and literature penned in Sanskrit. The new education system was
confined to the elite and urban aristocrats only and did not serve the people of rural Bengal.
Gradually, it created a class distinction in the field of education causing obstacles in the unity of the
people of Bengal. The Sanskrit scholars began to be considered as persons of merit but of no
practical utility, and they gradually became outcastes from the elite world. As an aftermath, the
culture of various branches of Sanskrit literature was obstructed to a fatal extent and so was the fate
of Sanskrit dramas. Sanskrit drifted farther away from applied and therefore daily life and its study
was considered outdated. Still, we are fortunate to have a good number of devoted and dedicated
scholars of Sanskrit, who by their unrelenting efforts kept the flame of Sanskrit burning, and gifted
Sanskrit literature with abundant literary works of great merit. As appreciation and acceptance are
the ‘sine qua non’ of every composition, in order to serve the changed taste of the readers and
therefore to make their compositions befitting to the age, the Sanskrit scholars of Bengal
experimented, modified and at times flouted the conventional dictums of Sanskrit dramaturgy.

5. Some exemplary Sanskrit dramas authored in modern Bengal

Let us discuss a few specimens of dramatic compositions emanating from the pens of the scholars
belonging to Bengal. These dramas have not only maintained the continuity of Indian traditions of
dramaturgy but have also reflected the present-day socio-cultural situation proving their relevance
to the contemporary society.

Mm. Kalipada Tarkacharya, one of the most eminent scholars of Bengal, has five

dramas to his credit — ‘Naladamayantiyam’, ‘Manavakagauravam’, ‘Sindhunidhanam’,
‘Syamantakoddharavyagohah’ and ‘Prasantaratnakaram’ (Chattopadhyay 1992). The dramas of
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Tarkacharya mostly belong to the old tradition. He chose his themes from the Ramayana,
Mahabharata, Puranas and quasi-historical episodes. He followed the technique and style of old
dramatists while developing the plot, presenting the different stages of action and projecting the
social and spiritual values but these dramas show the influence exerted on them by the technique of
contemporary Bengali folk drama known as Yatra.

Pt. Panchanan Tarkaratna composed two dramas- ‘Amaramangalam’ and ‘Kalankamocanam’
(Chattopadhyay 1992). Both the dramas hold ample traces of the impact created on the mind of the
dramatist by the novels of Bankim Chandra Chattopadhyay and Ramesh Chandra Dutta, and the
influence of the national freedom movement of our country. These dramas praise the age-old eternal
values, and at the same time impress upon the connoisseurs the necessity of protecting the
sovereignty of the motherland with great care.

Mm. Haridas Siddhantavagish gifted Sanskrit literature with four dramas— ‘Mivarapratapam’,
‘VangTyapratapam’, ‘Sivajicaritam’ and ‘Virajasarojini’ (Chattopadhyay 1992). Siddhantavagish
was greatly influenced by the heroic deeds of the historical characters. In his dramas, he described
the fundamentalism and the maladministration of the Muslim rulers along with the degenerated
state of society during that reign with meticulous care. The impact created on the mind of the
playwright by the independence movement is revealed everywhere. The influence of the novel
‘Anandamath’ by Bankim Chandra Chattopadhyay is also evident. The poet voiced the glory of
independence of our motherland more than the glory of a particular society and the administration
of a particular community.

Pt. Vishweswar Vidyabhusan, one of the diligent dramatists of Bengal, composed a good number of
Sanskrit dramas, namely—‘Bharatamelanam’, ‘Canakyavijayam’, ‘Valmikisamvardhanam’,
‘Uttarakuruksetram’ and ‘Prabuddhahimacalam’ (Chattopadhyay 1992). His works are noted for
employment of simple Sanskrit and enchanting meters and for the introduction of the technique of
incorporating songs, frequently adopted by the folk-art form named Yatra in Bengal. One of the
salient features of Vidyabhusan’s dramas is the complete absence of Prakrta in them. Keeping in
mind the socio-cultural condition of the contemporary age, he used Sanskrit as the language of all
his characters including the females making a marked difference from the traditional rules of
dramaturgy.

Dr. Jatindra Bimal Chaudhuri, one of the most industrious playwrights of Bengal bestowed Sanskrit
literature with a great number of compositions. Dr. Chaudhuri set themes of many of his dramas
from the Gaudiya Vaisnava movement; ‘Bhaktivisnupriyam’, ‘Mahaprabhu-haridasam’ etc. are
some examples (Chattopadhyay 1992). The tremendous influence of the poet Jayadeva, composer
of ‘Gitagovindam’, is clear from the technique of the songs incorporated in these dramas. Dr.
Chaudhuri was greatly influenced by the life and deeds of the sagacious descendants of Bengal. He
paid his homage to those great personalities in his dramas, namely, ‘Bhaskarodayam’,
‘Muktisaradam’, ‘Bharatavivekam’ and ‘Subhasa-subhasam’ (Chattopadhyay 1992). The dramas of
Dr. Chaudhuri reject the old practice of using Prakrta dialogues for females and people belonging to
the lower strata of the society and use Sanskrit instead. The spouse of Dr. Chaudhuri, Mrs. Roma
Chaudhuri, is equally famous in the field of Sanskrit literature. She selected the themes from the
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Ramakrsna-Vivekananda movement as well as from the life histories of great personalities like
Mahaprabhu Caitanya, Mahatma Gandhi, Sister Nivedita and so on. ‘Yugajivanam’,
‘Abhedanandam’, ‘Caitanya-caitanyam’, ‘Bharatatatam’, ‘Nivedita-nivedanam’ etc. are some of her
compositions worth-mentioning (Chattopadhyay 1992). The dramas composed by the Chaudhuri
couple follow some of the old techniques and trends but nevertheless, they keep the language as
close as possible to the Bengali language and incorporate certain techniques of folk-art form
prevalent in Bengal to serve the purpose of making these dramas enjoyable to the mass.

Pt. Sreejib Nyayatirtha was the top-notch of the Sanskrit literary circle of his contemporary era.
This genius chose themes from the vast canvas of both the ancient and the modern history. The
range of the themes adopted by him varies from the Puranas to the life history of Shankaracharya to
the horror of second world war and even to the partition of Bengal. ‘Svatantryasandhiksanam’,
‘Ragaviragam’,’Purusa-pungavam’, ‘Naganistaram’, ‘Mahakavi-kalidasam’, ‘Ksutksemiyam’,
‘Cauracaturiyam’, ‘Cipitakacarvanam’ etc. earned great admiration among the connoisseurs of
Sanskrit literature (Chattopadhyay 1992). The farcical works of Nyayatirtha deserve special
mention. These plays represent a completely different type of dramatic art which casts a sarcastic
fling at the deficiencies of man and the weaknesses of the society prevalent in his time. These plays
also reflect the selfishness and foolishness of the modern human society marked in absolute contra-
distinction to the harmony and tolerance of the ancient society.

Dr. Siddheswar Chattopadhyay composed his dramatic creations on the model of the farcical plays
of Pt Nyayatirtha. Dr. Chattopadhyay has contributed to Sanskrit literature with four plays—
‘Athakim’, ‘Dharitripatinirvacanam’, ‘Svargiyahasanam’ and ‘Nanavitadanam’ (Chattopadhyay
1992). In the first three plays he chose themes from the national and international political scenes,
and mercilessly ridiculed the degeneration of the entire political system. In the last one he depicted
the plight of Sanskrit in present days. The selection of themes of Dr. Chattopadhyay is more modern
and the satire is more pointed, as a result of which his dramas are considered to be the best
specimens of farcical plays composed in the recent years.

Equally interesting are the dramas composed by Dr. Birendra Kumar Bhattacharyya. Not only did
he choose his themes from the life history of Kalidasa, Gautama Buddha and Mahaprabhu Caitanya,
but also tried his hand skillfully on the modern topics such as gherao, refugee problems, Naxalite
movement and the workers of STC. Besides the deficiencies and weaknesses of the society,
Bhattacharyya was also well aware of the fact that majority of the troubles start because of the
unsympathetic attitude of the persons at the helm of affairs in all the sectors of education and
employment. ‘Kavikalidasam’, ‘Siddharthacaritam’, ‘Srigitagaurangam’, ‘Vestanavyayogah’,
‘Sardilasatakam’ etc. are some of his noteworthy compositions (Chattopadhyay 1992).

The tendency to collect scenes from contemporary, social and political scenes is found in the drama
of Professor Amiya Nath Chakravorty, who has to his credit several dramas, namely,
‘Meghanadavadham’, ‘Sambhavamiyugeyuge’ and ‘Dharmarajyam’(Chattopadhyay 1992).
Professor Chakravorty depicted the social and political episodes in the framework of the narratives
taken from the Ramayana, Mahabharata and Srimadbhagavadgita. In these works, the religious
angle is pronounced in a completely different note (Chattopadhyay 1992).
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6. Conclusion

The analysis of modern Sanskrit dramas penned by the authors belonging to Bengal from the last
century till date shows a tendency for selecting themes from contemporary political, social,
industrial and academic scenes. The portrayal of ethical values by creating dramatic versions of the
stories contained in early Sanskrit literature and teachings of great personalities like Gautama
Buddha, Mahaprabhu Caitanya, Sriramakrishna Paramahamsa etc. is noted as another salient feature
of these writings. Above all, a penchant for composing dramas abiding by the traditional rules but at
the same time by introducing certain new techniques to serve the taste of the modern literary circle
befitting the developments occurring in the contemporary literature across our country, attributing
to the juxtaposition of tradition and modernity, can be pointed as the most commendable tendency
of the modern Sanskrit literature in Bengal.
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