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MESSAGE FROM THE PRINCIPAL

I hereby tak great pride in announcing that, following its legacy, St. Xavier’s College Science
Association publishes the 12th edition of its Annual Magazine, “Pebbles” — an arena for sci-
ence enthusiasts all across the country to add to their scientific personality, dissolving all
boundaries to learn and grow in close communication with science and its transit through
time.

We believe that, in the field of education, every stakeholder is a learner and every day is an
active opportunity to learn and discover. “Pebbles”, therefore, is a quality endeavor and a
beautiful initiative, which does commendable work in promoting and supporting innovation,
science and creativity.

I extend my heartiest congratulations to the Deputy President, Dr. Arup Kumar Mitra, for his
unparalleled guidance, and to the Pebbles Committee, whose commitment and labour has
culminated in this magazine.

I wish all success to Science Association, for “Pebbles”, for its annual fest “Sigma” and all its

) esl
Rev. Dr. Dominic Savio. S.J.

Rector and Principal,

future endeavors.

St. Xavier’s College (Autonomous), Kolkata
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MESSAGE FROM THE VICE
PRINCIPAL

Department of Arts and Science

St. Xavier’s College Science Association has constantly striven to encourage students to ex-
plore science beyond the classroom. One of the many endeavours undertaken by the associa-
tion includes ‘Pebbles’, their Annual Scientific e-Magazine.

I am delighted that this magazine is now in its 12th year of publication, as a collection of orig-
inal scientific ideas and articles by students from around the country and abroad. This form
of scientific expression makes the magazine an excellent platform for showcasing the stu-
dents’ scientific prowess and passion.

The Science Association’s annual fest, ‘Sigma’, further urges students to participate in activi-
ties and explore the various fields of Science.

I would like to extend my heartiest congratulations to the Editorial Board, for successtully

publishing the magazine and carrying forward its legacy of prodding the unknown and artic-

e

Prof. Bertram Da’ Silva

ulating scientific temper.

Vice Principal (Arts and Science),

St. Xavier’s College (Autonomous), Kolkata
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MESSAGE FROM THE DEAN

Department of Science

The Annual e-Magazine of St. Xavier’s College Science Association, ‘Pebbles’, has given op-
portunities to several young minds to express their scientific thoughts through articles over a
decade since its inception.

The magazine allows students to imbibe knowledge from all branches of science, reinforcing
the current-day need for interdisciplinary research.

I applaud the efforts of the members of St. Xavier’s College Science Association for continu-
ing to showcase science as the driving force in our lives.

I congratulate the Editorial Board for successfully publishing this e-Magazine!

-

Dr. Tapati Dutta
Dean of Science,

St. Xavier’s College (Autonomous), Kolkata
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MESSAGE EROM THE DEPUTY
PRESIDENT

St. Xavier’s College Science Association

I take immense pride in presenting the latest issue of St. Xavier’s College Science Associa-
tion’s Annual e-Magazine, ‘Pebbles’.

In this modern age of technological breakthroughs and scientific discoveries, there is an
urgent need to encourage and showcase the talents possessed by the young students who are
going to step into this huge scientific community and shape our future in the days to come.
As a result, it gives me utmost joy in witnessing how ‘Pebbles’ is attempting to fulfill this mis-
sion by giving these budding scientists a platform to display their passion and a medium to
present their ideas.

I am very happy that unlike other years, ‘Pebbles’ is coming in e-version, a positive step to-
wards conservation of forests.

The magazine becomes a success due to the relentless efforts of our diligent Editorial Board
members and the constant encouragement from the Principal, Vice-Principal and the Dean

of Science, who have been an indispensable guiding light for this endeavour.

Qo

Dr. Arup Kumar Mitra
Deputy President,

St. Xavier’s College Science Association
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MESSAGE FROM THE VICE
DEPUTY PRESIDENT

St. Xavier’s College Science Association

The Science Association upholds its name as one of the most reputed societies at St. Xavier's
College, Kolkata.

On that note, I would like to extend my heartiest congratulations to the Science Association
on publishing the 12th edition of their Annual Scientific e-Magazine ‘Pebbles’, with ever
impressive content for young minds to brainstorm upon.

The magazine continues to pose itself as a brilliant medium that allows students to express
their imagination onto a canvas of scientific thoughts brewing in them.

I take immense pride and pleasure in joining hands with the students to create this edition.
It has been a delightful experience, working with the students who possess such passion for
the subjects involved and have so much to contribute in shaping our future.

I wish the Association all the very best for their upcoming event ‘Sigma’, and hope to see

them thrive and encourage scientific exploration and research in the years to come.

ﬁ'(’\g;

Mr. Rana Biswas
Vice Deputy President,

St. Xavier’s College Science Association
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MESSAGE FROM THE
SECRETARIAT (2018-2019)

“Stay hungry, stay foolish.”
- Steve Jobs

These words have kept us motivated for years now. So, back in 2018 when we were given the
opportunity to be the leaders of St. Xavier’s College Science Association (SXCSA), it was
equally thrilling and also kind of nerve racking. It would be exciting for sure, but we never
thought that the journey will be this beautiful. Nothing would have been possible without the
support and guidance from Rev. Dr. Dominic Savio (S.J.), our Principal, Dr. Arup Kr Mitra,
our Deputy President, Mr. Rana Biswas, our Vice-Deputy President. The amazing team- the
Core Committee, the Organising Committee, the Event Heads and the Volunteers who have
been an integral part of SXCSA and the pillar to success.

St. Xavier’s College Science Association is one of the oldest societies of the college that has
been working for the students for years now and our job was to take this forward. We would
like to thank the former Secretary, Ms. Henna Palta and Asst. Secretary, Mr. Rittik Bose for
trusting us. Our Committee of 2018 - 2019 has always worked as a team, giving their best.
The aim has always been to create a community within the college, focusing on science and

technology- a forum for students to share their ideas, a space where everyone can and are
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willing to learn from each other. To foster this very thought we conducted programmes like
Google India MLCC in 2018, which introduced students to the field of Machine Learning,
regularly updating the students on significant dates in the field of science, hosting interesting
seminars, and sending students to various science and innovation exhibitions where they can
showcase their ideas on a bigger platform. Throughout we have tried to take various initia-
tives- failed in a few, succeeded in many- but the main aim was to create a community where
students would be benefited.. “Sigma 2019, whose theme was “A Myriad Of Minds”, has
been an end-of-tenure celebration for us with the best of minds coming together and joining
us for a two-day long science fest. Everything cannot be summed up in one single message,
every effort cannot be framed in words. We thank the college authorities, who have been an
absolute support in the smooth conduct of all the events. Somebody who has always support-
ed the Association and never refused to any proposal is Arup Sir. We thank Sir for backing
the Team in our one-year journey. We have learned a lot as being the leaders for SXCSA.
Lastly, every community needs support from its members and we would like to thank every-
one who has been a part and has supported us throughout. We hope this support will contin-
ue and will increase in the coming years. Best wishes to the upcoming Committees to keep up
the good work, and most importantly work for the students so that they can take something

back from SXCSA and take the Society, and thus, St. Xavier’s College, Kolkata, to newer

heights.
W' “'f]/ R‘r\&m Dattamunsi
Mr. Avijit Chakraborty Ms. Aryaa Dattamunsi
Secretary (2018-2019), Assistant Secretary (2018-2019),
St. Xavier’s College Science Association St. Xavier’s College Science Association
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MESSAGE FROM THE
SECRETARIAT (2019-2020)

‘Always question, always wonder.’

It is often said that answers lie with those who have the courage to ask. It is precisely with this
outlook towards life that a group of science enthusiasts started the journal of Science Associ-
ation — Pebbles, a conflation of recent scientific developments, infused with a simple, yet ear-
nest approach of generating awareness about the same, within the readers. Science is not
only about facts and figures. Science is about innovation, it is about the power to imagine and
hence, create. Keeping this in mind, the approach has been to avoid the toning down of arti-
cles by the black and white representation of facts, but instead, add vibrant strokes of the au-
thors’ own opinion and imagination to the canvas, thus, making it unique and original.

We would also like to take this opportunity to thank our dynamic core committee without
whose hard work and support, this publication would have been a difficult milestone to
reach. We also thank the zealous members of our editorial committee, led by Ms. Arunima
Bhattacharya and Mr. Anweshan Mukherjee who have worked tirelessly to put this e — jour-
nal together, page by page. Finally, our heartfelt gratitude to the many members of our asso-
ciation who have been scientists, in the truest sense of the word, delving deep into the many

mysteries of science, attempting to provide solutions for pressing issues of the day using
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novel methods and technology and above all, channelizing their passion towards the correct
exploitation of science.

The contents of this e — journal are not mere articles, but the embodiment of the passions,
creative expression and outlook of an entire generation of budding scientists who are sure to
revolutionize the world, with their work, in the years to come. Every person who has contrib-
uted an article to this e — journal has already advanced on his or her journey to make the
world a better place than it is now. The selection process has been exceptionally trying; every
article in it being worthy of publication. However, the few articles that have featured in this e
— journal are those, whose words have left a profound imprint on our minds and hence, have
carved a special niche for themselves. Yet it is you, the reader, who reserves the right to judge
our creation, so allow us to leave that part of this publication to you. We wish all our readers

some of their most pleasurable hours, as they browse through our creation. Happy Reading!

-

i) ueva Doy,

Mr. Nabhonil Chatterji Ms. Sneha Das
Secretary (2019-2020), Assistant Secretary (2019-2020),
St. Xavier’s College Science Association St. Xavier’s College Science Association
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MESSAGE FROM THE
EDITOR’S DESK

The most precious knowledge the Xaverian life has gifted us is to remain focused and per-
form each and every work with passion. Pebbles 2020 is one such passion which has been
made possible with sheer hard work of the Editorial Board under the unconditional guidance
and support of the Deputy President of St. Xavier’s College Science Association, Dr. Arup
Kumar Mitra and the Vice Deputy President, Mr. Rana Biswas.

“A Transit through Time” stands for the element of human progress and achievement, the
continuous process without which the human race and the world we live in would not be as
advanced and connected throughout.

This e-Magazine consists of how Science has developed and made our lives easier over the
ages, described meticulously in the form of articles, crosswords, doodles, paintings and pho-
tographs. Through Pebbles 2020, the Editorial Board pays tribute to Dr. Stephen William
Hawking, the person who gave us an insight on almost every aspect of Science in the coming
ages, from the Origin of Black Holes to the Era of Superhumans, opening an array of possibil-
ities for research and development in Science and Technology over the years to come.

We would like to thank Mr. Nabhonil Chatterji, Secretary, St. Xavier’s College Science Asso-

ciation; Ms. Sneha Das, Assistant Secretary, St. Xavier’s College Science Association; and,
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Ms. Poulomi Mukherjee and Mr. Kobid Deb Roy, Core Committee Members, St. Xavier's

College Science Association for their persistent support.

Our biggest and most heartfelt thanks goes to each and every member of the Editorial Board
and the Chief Designer, Mr. Spandan Mazumder for their immense hard work and tireless

effort in making Pebbles 2020 a success.

Anussna waﬁ« P

Ms. Arunima Bhattacharya Mr. Anweshan Mukherjee
Editor-in-Chief, Associate Editor-in-Chief,
Pebbles 2020 Pebbles 2020
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ABOUT SXCSA AND SIGMA

‘A function to each organ. and each organ to its own function. is the

law of all organization. — Herbert Spencer

Science is not only about facts and figures. Science is about innovation, it is about the power
to imagine and hence, create.

The idea of St. Xavier’s College Science Association is to bring together a group of scientific
minds from various fields, so that the unified mind can bring about wonders.

All throughout the year, the Association conducts programmes across different fields of Sci-
ence, ranging from Machine Learning Crash Course to seminars on Actuarial Sciences.

The Association has also actively encouraged research activities and blogging, and has com-
memorated scientific discoveries and great scientists by way of the same.

On the 11th and 12 of February, 2019; the Science Association organised its annual fest
SIGMA, with the focal theme being "A Myriad of Minds". As all departments of science con-
verged together, to collaborate and conduct a variety of events ranging across all disciplines,
be it, technology, biological sciences or pure sciences, the theme did indeed seem befitting.
The fest hosted 15 events participated by students all through West Bengal. SIGMA has
broken barriers and has given the opportunity to reach beyond textbooks, not only to stu-
dents from the departments of Science, but also to students belonging to other disciplines of
the college.

While general events included treasure hunt, debate and quiz; events requiring specialisation
in a particular field included an intriguing integration battle and coding,

Sigma 2019 served as a platform for manifestation of the scientific aptitude of the students of

this city, while indulging in healthy competition and other festivities.
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COVER STORY

"Who controls the past controls the future. Who controls the present

controls the past.’ — George Orwell. 1984

Time, through the indefinite continued progress of existence and events in the past, present,
and future, is the fundamental that took life evolving from single cells to complex multicellu-
lar organisms, and the Earth, from a burning ball of lava to a life-sustaining biosphere. Such
is the transition of science through time, that it transformed time from an unexplained entity
to just one element of four-dimensional space-time. Time evolved from Descartes to Einstein
and with time, science evolved. Existence evolved. This brings us to one of the most magnifi-
cent phenomena in the history of Earth - Evolution.

What is evolution? It is easy to say that it is the change in the heritable characteristics of bio-
logical populations over successive generations but simplifying it would be putting the entire
phenomenon to shame. Evolution has made us believe that each and every different species
of organisms have originated from one single cell. Hence, in a way, all of us are related — from
the highly intelligent apes to the smallest of microorganisms. We differ from one another be-
cause of variations in our genetic material but the proof of homology is overwhelming. To the
many years that have gone into understanding and establishing evolution, it is safe to say
that it just might be the greatest show on Earth!

As human beings evolved from Homo Habilis through Homo Erectus, and Homo Heidelber-
gensis to the modern-day humans - Homo Sapiens - they underwent active encephalization
and subsequently, significant growth in the size of their brains. They learned to control fire,

grow their own food, invented wheels, and learned the use of language to express themselves.
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We say that today, civilisation stands at the peak of scientific and technological progress, but
we don'’t really know what the future has for us. All we can do is to feel the exponential growth
and keep attempting to quench our thirst for knowledge and information.

In this beautiful reality, human beings began their journey towards achieving great heights
by learning how to count. Counting led to numbers, which led to operations on numbers,
which led to the creation of Mathematics. Mathematics is everywhere. It is the cradle of all
creations without which the world cannot move a single step. Everyone has the simple yet
beautiful complexities of Mathematics ingrained in their day-to-day lives.

Mathematics led to the invention of everything. This is because, it does not change with the
area where it is used. An equation stands true on the Earth, Saturn, and even if the Sun goes
down.

As scientists engulfed themselves in the study of Mathematics, it led to the invention of the
modern-day Computers. Fundamentally conceived as a storage and organisational solution
to the huge amount of information handled completely manually, computers have evolved
and advanced to become an indispensable part of modern-day human life. What was initially
devised for storing bytes of textual and numeric data can now be used to work in place of
human beings themselves. The modes and principles remain the same — storing and process-
ing data. Not only has the hardware aspect undergone immense sophistication but program-
ming languages have also evolved from machine level languages to user friendly ones.

As the amount of data in the world increased, the need for efficient algorithms for maintain-
ing them increased — which gave birth to the study of Analysis of Algorithms and Statistics.
The various algorithms paved the way for invention of every device that we see which uses

Real-Time data. Today, statistical methods and the algorithms on which they are based are
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applied in almost all fields that has decision making as one of its major tasks. Modern day
computers have made it possible to make models involving large-scale statistical computa-
tions which would have been impractical and error-prone to perform manually.

The data bloom resulted in many Application software to be developed, which would analyse
data given to it as input. But, as processing with Real-Time data started to be used on a larger
scale for greater accuracy, the data sets became too large and complex to be analysed by tra-
ditional data-processing application software. This gave birth to the study of algorithms for
handling such big data sets, known as Big data.

As research developed, scientists realized that applications such as email filtering and Com-
puter Vision could not depend just upon the conventional algorithms for effective perfor-
mance, since they change with respect to the given scenario. The only way that these could be
efficient and accurate was by figuring out the patterns in previously used data. This study of
algorithms and statistics used by computer systems to perform a specific task without using
any explicit instructions and just relying on patterns in the previously used data (known as
‘training data’) is known as Machine Learning.

Human beings have always been on the quest of making their lives easier. Thus, the idea of
letting machines do most of the work for us did not take very long to turn into reality. Various
Artificial Intelligence algorithms began to be incorporated into computer systems to make
them Intelligent Systems; use of robots — the science of Robotics; inter-relating all the devic-
es around us to be able to transfer data among themselves over a network without requiring
any human interaction — the Internet of Things, all these have combined to make our lives

easier than ever. And so, we kept yearning for more information, more data.
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We started gathering information not only from the planet
we live in, but also from beyond. Humans, in their unending
curiosity for unveiling the mysteries of space and time, start-
ed reaching into outer space, looking for answers and expla-
nations. This led to the invention of a revolutionary machine
that has, as of yet, seen as far as 10-15 billion light years away
into space. This endeavour changed the way humans have

historically viewed the universe and paved its way towards a

= thorough and detailed research in the field. This machine is
Atlas Robot a humanoid robot
designed to aid emergency services the Hubble Space TEIESCOPE.

in search and rescue operations
To observe the stars and to attempt to de-
cipher meaning from them is an act as old
as civilisations. We have come a long way
from the belief that celestial bodies are
manifestations of the divine and that the

Milky Way is the only galaxy in existence.

In the age of the Renaissance, when Co-

pernicus proposed a mathematical model
proving heliocentrism and Galileo used The Hubkle Space Telescope in orbit as seen from the departing

Space Shuttle Atlantis. flying Servicing Mission 4 [STS-125), the fifth
his telescope to further prove that the and final Hubble mission

earth was not the centre of the Universe, these were radical ideas. Despite the immense back-
lash from The Catholic Church, science prevailed over unfounded beliefs, thus opening the

door to Kepler and Newton's work explaining space phenomena through laws of motion, the
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earth was not the centre of the Universe, these were radical ideas. Despite the immense back-
lash from The Catholic Church, science prevailed over unfounded beliefs, thus opening the
door to Kepler and Newton’s work explaining space phenomena through laws of motion, the
discovery of spectral lines and years of ground-breaking research and inventions. Scientists
and inventors became fearless of religion, putting forth one ground-breaking hypotheses

after another, many of which still remain unproven yet undisputed.

One such unproven hypothesis, is the concept of ‘Time Travel’. No practical experiments or
theoretical explanations have been attempted to describe this paradoxical concept. However,

the idea is definitely intriguing.

Across the ages, physicists have tried to delve deep into the concept of passage of time. Some
physicists argue that time is like a flowing river, slow at some places and faster at others. This
corresponds to Einstein's theory of general relativity which explained the relativistic nature
of passage of time due to the distortion of the neighbouring space-time fabric by massive ob-
jects, better known as gravitational time dilation. Scientists have used distortions in
space-time to think of possible ways time machines could work. Some like the idea of "worm-
holes", also known as Einstein-Rosen bridges, which may be shortcuts through space-time.

The idea of meeting one's past self may sound intriguing but certain paradoxes arise which
make us question its unimaginable effects. One such is the consistency paradox or grandfa-
ther paradox, which occurs when the past is changed in any way, thus creating a contradic-
tion. This paradox suggests that, if one were ever to go back in time and kill one's grandfather

in his childhood, it would result in the time traveller's parents, and ergo the time traveller,
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not being born. If the time traveller weren't born, then he never went back in time to kill his
grandfather in the first place. Therefore, he lives to offspring the time traveller's parents, and
therefore the time traveller. There is, thus, no predicted outcome to this.

The concept of time travel will
become more comprehensible
as science and technology ad-
vances. As the layers of mystery
surrounding the passage of
time unravel "over time", these
paradoxes may be resolved by

propositions and hypotheses,

and perhaps, someday, time
would also be just another phy- Dingrimmalic roprosaatation af s Wbk

sical entity, at our disposal.

The idea of travelling through time might sound ridiculously unscientific, but we can never
predict that it is impossible, for we have borne witness to such explanations and inventions
which were heretofore unthinkable. Certain fields of science were such that we had no means
back then to explain the theoretical ‘hunches’ and hypotheses of the inventors of that time.
One field which required tremendous labour and time, and advanced apparatus to work with,
was Chemistry, also called “the study of change". It was extremely difficult to study in its
primitive forms due to lack of means. Slowly, scientists, after conducting laborious experi-
ments over centuries, discovered the true nature of matter, formed the periodic table by clas-

sifying elements, discovered the gas laws and the fundamental laws of thermodynamics. We
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have come from a time when Kekule helped ascertain the true structure of benzene to now,
when molecular quantum mechanics helps us understand the true picture inside an atom
and to knowing how a protein folds.

We have come a long way and time has been in our favour. However, like every other thing,
scientific and technological progress, too, has unforgiving effects on the world.

If economic prosperity and time could be personified, then their relationship would have
been the most dynamic yet perplexing one. As the global civilization grows over time boom-
ing science, technology is being used for higher economic growth, often without acknowledg-
ing the social costs of those changes. As a result, the society faces a trade-off between climate
change and better economic growth. But with the global and technological expansion, we
should make the optimum choice for the world. This optimal choice should be made between
usage of the same technology for both economic growth as well as for saving the world. So,
it's high time to let our choice go through metamorphosis with an aim to balance the cost of
using technology and economic development over time. It is, indeed, to be noted that hun-
dreds of tech-companies all over the world have started paying heed to the ecological effects
of their products and inventions and have taken steps accordingly.

Therefore, science and its transit through time will only get better as we move forward into
new eras of inventions and discoveries. Internet has enabled scientific research to be publi-
cized more rapidly than ever before. Journals and articles are often made available online
even before they are printed. This unrestricted distribution of information can speed the pace
of scientific progress, since the latest findings can be inspected, referred to, and/or built
upon with very little lag time. With easy communication over the internet, many more scien-

tists can provide feedback on a particular article, thus facilitating collective research.
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With the progress of science, unknown got relatively known and new errors replaced existing
errors. Today mankind holds his ground firm, looks out towards the horizon where science
meets human, embraces the blazing light of knowledge and yet yearns for more. What lies
ahead of us is an endless stretch of possibilities waiting to be explored.

Human beings, through evolution, inventions, discoveries, failed attempts, miraculous reve-
lations and lucky errors have come a long way, steadily treading the path of Science and
Reason. We can only hope that this magnificent chronicle of our Transit Through Time will

lead us into a world of reason, logic, progress and perfection.

With the progress of science, unknown got relatively known and new errors replaced existing
errors. Today mankind holds his ground firm, looks out towards the horizon where science
meets human, embraces the blazing light of knowledge and yet yearns for more. What lies
ahead of us is an endless stretch of possibilities waiting to be explored.

Human beings, through evolution, inventions, discoveries, failed attempts, miraculous reve-
lations and lucky errors have come a long way, steadily treading the path of Science and
Reason. We can only hope that this magnificent chronicle of our Transit Through Time will

lead us into a world of reason, logic, progress and perfection.
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This simple equation holds answers involving one of the deepest mysteries of the Universe,
the Black Hole. Aptly enough, it lies engraved on its creator’s epitaph, housed quietly be-
tween the graves of Sir Albert Einstein and Charles Darwin, in the tomb of one of the most
revolutionary Scientists of the 2oth century, Sir Stephen William Hawking.

Strapped in his automated wheelchair with tracheal pipes and wires running through his

body, this man’s mind went further into outer space than any other man had been. He could
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see the Universe in a way that nobody had ever perceived before, and hence, his contribu-
tions to the world of theoretical physics has carried us decades ahead of our time.

Born on 8 January 1942 in Oxford, to Frank and Isobel Eileen Hawking, Stephen William
Hawking has always had a somewhat eccentric upbringing. Both his parents were academi-
cally brilliant and attended the University of Oxford, where Frank studied Medicine and
Isobel studied Philosophy, Politics and Economics. Quite naturally, the family placed a high
value on education. They lived a frugal life in a large yet disorderly house where each
member remained engrossed in their books at all times.

Hawking attended one public school and two private schools, and passed his eleven-plus a
year early. Due to lack of financial means, he could not attend the prestigious Westminster
school, and hence remained at his previous school, St. Alban’s. He was regarded as “Ein-
stein” by his friends, although he did not show signs of academic brilliance in his early
school days. However, he gradually developed tremendous aptitude in science, decided to
study Mathematics in college, but settled for Physics in the Oxford University. At the age of
17, in October 1959, Hawking started his University education, which was later followed by
graduate study in Cosmology at Trinity College, Cambridge, in October 1962. While in Uni-
versity, Hawking transformed from an aloof 17-year old undergraduate to a popular, witty
and confident boy who took interest in sports and the fine arts. He proved to be a prodigy in
rowing and was often heard appreciating classical music. He was starting to appreciate and
enjoy his life as a University student when in 1963, in the second year of his graduate study,
he was diagnosed with a slow-progressing neurodegenerative disease, ALS (Amyotrophic
Lateral Sclerosis). He had difficulty walking, his speech became unintelligible and doctors

gave him a life expectancy of two years. Hawking immediately fell into depression. It was at
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this time that his Graduate supervisor, Dennis William Sciama, one of the founders of
modern cosmology, dedicated his time and efforts into bringing Hawking back on his feet.
With Sciama’s efforts and encouragement, he started working again.

Hawking, back on track, started to develop a reputation for his arrogance and brashness.
He went about publicly challenging the theories of leading cosmologists and physicists.
During 1965, he wrote his first thesis on spacetime singularity in the centre of black holes,
which was approved in 1966. Following his thesis, he was awarded a research fellowship at
Gonville and Caius College, Cambridge. He completed his PhD in applied mathematics and
theoretical physics, with specialisation in general relativity and cosmology. His essay “Sin-
gularities and the Geometry of Space-Time” won him that year’s prestigious Adams Prize,
thus paving the way for his scientific career which would eventually lead him into becoming
one of the greatest theoretical physicists of his time.

He co-authored essays and papers on singularity theorems, physical cosmology, quantum
gravity, gravitational physics and quantum physics with his colleagues and supervisors,
winning awards and fellowships from the world’s leading universities and institutions. He
delved into an extensive study and research on Black Holes and its properties. In 1970, he
proposed the four laws of Black Hole mechanics, drawing an analogy with thermodynamics.
In 1971, he won the Gravity Research Foundation for his essay “Black Holes”. In 1973, he
published his first book, ‘The Large-Scale Structure of Space-Time’' which he co-authored
with George Ellis, a British theoretical physicist. In his thesis, in 1974, he claimed that black
holes emit radiation, later known as Hawking radiation, which continue until they exhaust
their energy and evaporate. Consequently, Hawking was elected a Fellow of the Royal Soci-

ety (FRS) in 1974 and was the youngest scientist to bag a Fellowship at that time. By the
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end of the decade, his discovery was widely recognised as one of the most significant break-
throughs in theoretical physics.

Throughout his career, Hawking had dedicated a considerable amount of his time towards
professorship. He had been a lecturer and a professor in several esteemed Universities
throughout England and the USA, including the California Institute of Technology (or,
CalTech) and the University of Cambridge, where he was the Lucasian Professor of Mathe-
matics. In his lifetime, he supervised 39 successful PhD students. He received immense aca-
demic recognition for his revolutionary works in the field of theoretical physics, including the
Adams Prize, the Eddington Medal, the Pius XI Gold Medal, the Dannie Heineman Prize, the
Maxwell prize, the Franklin Medal, the Hughes medal, the Albert-Einstein Medal and the
Presidential Medal of Freedom. He received honorary doctorates from the University of
Oxford and from the Imperial College, London in 1978 and 2017 respectively.

Hawking was always known for his decisive opinions and his unique perception of Science.
He identified as an atheist and his views on the existence of God had always been extremely
intriguing:

“If we discover a complete theory, it would be the ultimate triumph of human reason — for
then we should know the mind of God.”

In his book, ‘A Brief History of Time’, he suggested that the existence of God was not neces-
sary to explain the origin of the Universe. He firmly believed that there is no God, since there
is no Science to prove the existence of God. He would say that the concepts of afterlife and of
God being the creator of the Universe were unaccounted for and unproven. In his opinion,
“the Universe is governed by the laws of Science”.

Towards the end of the 1990s, Hawking started dedicating a lot of his time towards writing
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and publishing books. His awards and medals, though prestigious, did not benefit him finan-
cially and he decided to write scientifically relevant books for a wider audience. To his annoy-
ance, his scientifically precise and factual language had to be cut short and simplified for the
sake of universal approach. However, the results were overwhelming. His books, ‘The Uni-
verse in a Nutshell’, ‘A Briefer History of Time’, and ‘God Created the Universe’, gained im-
mense popularity and were widely appreciated. His first book for the common audience, ‘A
Brief History of Time’ created a huge impact on his readers. It became a bestseller, selling
more than 10 million copies in 20 years, and was on the London Sunday Times bestseller for
more than five years. The book was translated into 35 different languages by the end of 2001.
After a lifetime of ground-breaking discoveries, countless mistakes and still more achieve-
ments, defiance against a fatal illness and unapologetic candour, Stephen William Hawking
died on 14 March, 2018 at his home in Cambridge, at the age of 76. Rightly called, ‘The
Master of the Universe’, this man went closest to understanding time and space than any
human had ever been. He was ahead of his time, as many would rightly believe, and he was
not afraid to ask questions. He would question the fate of humanity and the meaning of life.
Throughout his time on Earth, he actively endorsed scientific progress and refused to believe
that the fates of human beings are controlled by a superior being. Instead, he often spoke
about the emergence of a new race of ‘superhumans’ in future, who would be able to design
their own evolution.

Stephen Hawking defied time despite his illness and lived with it for more than 50 years,
after having a life expectancy of two years at the time of diagnosis. He was more than just an-
other theoretical physicist. He was an educationist, a realist, and a futurist. His defiance

against failure made him one of the greatest humans to tread on Earth.
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We cannot see them, hear them or feel them, they are intangible, but always with us. Micro-
organisms, the oldest forms of life on Earth, are invisible but an indispensable part of the
human body and the environment. They have diverse roles, some of them are our friends and
some are foes. This world of microbes was serendipitously discovered by Antony Van Leeu-
wenhoek in the late 17th century. However, with the dawn of 19th century, microbes became
synonymous to disease, when cholera, tuberculosis and leprosy causing bacteria were discov-
ered in a quick succession. Microbes were looked down upon as villains, which needed to be
destroyed before they destroyed us (Fig 1).
If we imagine a scenario, where an antimicrobial
wand was to be waved resulting in the complete
elimination of all the microbes comprising of
bacteria, fungi, viruses and others from the
Cartioss, ALD

world, there would be an immediate jubilation . 4 NAFRLD

over conquest of the innumerable microbial ill-

Emerging
infectious

nesses like malaria, dengue, athlete’s foot and so ! disease

many others. But this euphoria would be very
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Fig 1. Microbes: Our foes



short-lived. A microbe free world would be disease free yet calamitous. There would be a

myriad of environmental impacts.

The consequences of a world devoid of mi-
crobes would be as follows:

1) The recycling of biogeochemical wastes
would come to a standstill resulting in an ac-
cumulation of human and animal wastes.
2)Ruminants (like cows, goats, sheep)
would be unable to derive the benefit of a
cellulose-rich diet

3)Plants would be left without their biologi-
cal nitrogen fixing partners

4)Humans would be unable to obtain essen-

down
food

Fig 2 Gut microbes Our friends

tial microbial vitamins and amino acids (Fig 2)

Microbes have a pivotal role to play in governing the existence of all the life forms including

plants, animals and human beings. In their absence, life would eventually get extinguished.

“Life would not long remain possible in the

absence of microbes.”—Louis Pasteur
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PROSTATE CANCER
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Prostate is a small walnut-shaped gland in men which produces the seminal fluid that helps
to nourish and transport sperm. The cancer which occurs in the prostate gland is known as
prostate cancer (PCa). PCa is the most commonly diagnosed solid organ non-skin cancer in
males and the sixth leading cause of cancer death among men worldwide. In India, the 5-year
survival rate for PCa is 64% and this is one among the top ten leading cancer sites in India.
The life time risk of a diagnosis of PCa is 15.9 % while the life time risk of death is 2.8 %. In
2015, PCa was the cancer with the highest incidence for men in 103 countries or territories.
Many risk factors including endogenous (age, ethnicity, hormones, family history, oxidative
stress) and exogenous factors (diet, environmental agents, lifestyle) have been attributed to
PCa. In males of African ancestry, the incidence of PCa is highest among all populations.
However, racial disparity may be subsequent to healthcare access dissimilarity, delay in
seeking medical attention and follow-up, and variations in allelic frequencies of microsatel-
lites at the androgen receptor (AR) locus.

Molecular genetics has also proved to be an invaluable tool in the understanding of PCa. Dif-
ferentiating between aggressive and non-aggressive PCa is required for effective intervention
in the treatment of PCa. Patients at high risk will be promptly identified and treated appro-
priately. The many prediction tools of PCa survival which are being utilized currently have

limitations. They are all generally poor prognosticators. Genetic susceptibility studies as well
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as gene expression panels can provide additional tools for the status of PCa progression

The indolent course of many tumors and the potential for adverse treatment effects have gen-
erated controversy regarding the utility of screening and early detection. Common treat-
ments include radical prostatectomy (RP), active surveillance, radiotherapy, and andro-
gen-deprivation therapy (ADT). Radical prostatectomy and radiation are effective treat-
ments for men with more significant cancer, such as those with a PSA level greater than 10
ng/mL and those with nodules palpable on digital rectal examination. Although these two
options are widely used to cure the majority of patients, approximately 30-40% of patients
will relapse.

Androgen receptor (AR) is a nuclear transcription factor, which plays important role in
signal transmission. Androgen signaling through AR plays an overriding role in epithelial cell
proliferation and differentiation of the epididymis, prostate, and other male traits. Dysfunc-
tion of AR signaling is well-established to be a central problem in prostate carcinogenesis.
The inhibition of AR activity through mechanisms in addition to androgen ablation, such as
modulation of signal transduction pathways, may delay PCa progression.

Most of the PCa begin in an androgen-dependent state and ADT results in improved clinical
outcomes. Unfortunately, some cancerous cells develop resistance during course of time re-
sulting in androgen-independent PCa. Each year, an estimated 25,000 men will find out
their prostate cancer has changed enough to become resistant to standard androgen-depriva-
tion therapy, also called hormone therapy.I n this particular condition, several mechanisms
enhancing AR signal transduction pathways, such as, amplifications or mutation of AR
genes, alteration of AR co-regulatory proteins take place. Any of these changes can lead to
PCa cells to gain androgen-independent properties. Androgen-independent type of PCa is

found to me more aggressive, metastatic, and lethal by nature.
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Lifelong learning is a continuous, self motivating way of knowledge acquisition for develop-
ment at both professional and personal end. Even though we frequently associate formal ed-
ucation at academics (school, college, university etc.) with learning, but modern day learning
needs are much more than good education. So learning is all about reaching one’s full poten-
tial, achieving self-actualization and is the continuous process to succeed in the competitive

world.

In this article, author has tried to summarize some skill which students should acquire in the
current day scenario to succeed and sustain(Figure 1). These skills are broadly divided into

three categories as follows -

A. Character Qualities - These qualities help to face the changing environment
B. Foundational Literacies - These core skills are applied to everyday tasks
C. Competencies - These expertise approaches helps to face complex challenges

as gene expression panels can provide additional tools for the status of PCa progression
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Character Qualities | Foundational Literacies ‘ Competencies

Curiosity | Literacy | Problem Solving
Initiative Numeracy Creativity
Persistence Scientific Literacy Communication

Leadership | ICT lInformation and Collaboration
. Communication

A Technology! Literacy

Social and Cultural

Financial Literacy
Awareness

| Cultural and Civic Literacy

From figure 1 it is clear that pillar/ column 2 (Foundational Literacies) can be acquired to an
extend from academic institutions, while skills under other two pillars are acquired by get-
ting exposed to more and more challenges and by self determination and motivation. Hence

mastering lifelong learning skills helps work and live better in this changing world.
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The most critical challenge faced by human race in the present scenario is to ensure food se-
curity for the rapidly growing human population, which is projected to reach approximately
nine billion by 2050, requiring crop productivity to increase by 60—100%. The food crises are
being aggravated by several factors like reduction in agricultural land area and frequent oc-
currence of environmental stresses, in addition to increasing population. Conventional
breeding approaches are mostly time-consuming and lead to the transfer of undesirable
characteristics via crossing. Genetic manipulation techniques using physical, chemical and
biological (T-DNA insertion/transposon) mutagenesis have played a major role in studying
the role of genes and improving the crop species. The integration of single or multiple alien
genes within the target species through transgenic approaches also gained a lot of momen-
tum for crop improvement since the last three decades. However, such integration of trans-
genes is non-specific, sometimes unstable and is a matter of public concern when it comes to
edible crop species, which has practically delayed the commercial release of genetically-mod-
ified crops in the market. The latest wave of innovations in plant breeding has emerged from
site-directed genetic modification techniques, based on the activity of Site-Directed Nucleas-

es (SDNs) such as Zinc Finger Nucleases (ZFNs), Transcription Activator-Like Effector Nu-
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clease (TALENSs) and Clustered Regularly Interspaced Short Palindromic Repeats (CRIS-
PR)/CRISPR-associated (Cas). The discovery of CRISPR/Casg gene editing system has revo-
lutionized research in plant science. In contrast to the transgenic approach, which leads to
random insertions and very often unpredictable phenotypes, such genome editing methods
produce defined mutants, thus becoming a potent tool in functional genomics and crop
breeding. Genome edited crops have an additional advantage over transgenic plants, since
they carry their edited DNA for the desired trait. ‘CRISPR’ actually refers to tandem repeats
flanked by non-repetitive DNA stretches, found to be homologous with foreign DNA se-
quences derived from plasmids and phages. The CRISPR cleavage methodology requires (i)
a short synthetic guide RNA (gRNA) sequence of 20 nucleotides, complementary to the DNA
stretch within the target gene, which therefore binds to the target DNA, and (ii) Casg nucle-
ase enzyme that cleaves 3—4 bases after the protospacer adjacent motif (PAM). Casg nuclease
creates a double-strand break at the target DNA sequence, which becomes modified during
DNA repair through the Non-Homologous End Joining (NHEJ) or Homologous Recombina-
tion (HR) pathway. The Casg nuclease is composed of two domains, (a) RuvC (an endonucle-
ase domain named for an Escherichia coli protein involved in DNA repair)-like domains and
(b) a HNH domain (an endonuclease domain named for characteristic histidine and asparag-
ine residues), with each domain cutting one DNA strand. In order to implement a CRISPR
project, it is necessary to (i) identify the PAM sequence in the target gene, (ii) synthesize a
single gRNA (sgRNA), (iii) clone the sgRNA into a suitable binary vector, (iv) introduce
within host species/cell lines, and (v) screen and validate the edited lines. Although most
genome editing has been applied to Arabidopsis, tobacco and rice, other crop species can also

be targeted using this technology.
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One of the promising strategies for crop improvement involves elimination of negative ele-
ments or undesirable genes via knock-out mechanism which includes the most common ap-
plication of CRISPR/Casg. Using this technology, several plant traits have been improved
like quality, yield, and abiotic or biotic stress tolerance. Rice variety with more enhanced
aroma content has been generated via TALEN-targeted disruption of OsBADHz2 that in-
creased the content of 2-acetyl-1-pyrroline, the primary fragrant compound in aromatic rice.
Rice with low amylose content, and hence improved eating and cooking quality, has been
generated by knockout of Waxy. The shelf-life of tomato has been increased by editing a
T317A replacement into the ALC gene. Several negative regulators affect the yield-determin-
ing factors like grain size (0sGS3), grain number (OsGnia), grain weight (TaGWz2, OsGWs5,
0OsGLW2, TaGASR?7), panicle size (OsDEP1, TaDEP1) and tiller number (OsAAP3). Grain
weight in rice has been increased by simultaneous knockout of three grain weight-related
genes (GW2, GW5, and TGW6). Even plant architecture can be changed via this technology,
e.g., knock out of the gene CAROTENOID CLEAVAGE DIOXYGENASE 7 (CCD7), con-
trolling a critical step in strigolactone biosynthesis, generates rice plants with ideal pheno-
types like high-tillering and dwarf habit. Recessive homozygotes of maize for the dominant
gene, LIGULELESS1 (LG1), produce upright leaf architecture that can capture more light and
grow at higher field densities than maize with conventional leaf structure. Using CRISPR/-
Cas 9 system, flowering time can be regulated by modifying flowering genes and their inter-
actions. Mutation of flowering genes like FLOWER LOCUS T (FT) and SELFPRUNING 5G
(SP5G) has been used to change the flowering time of soybean and tomato. Thermosensitive
male-sterile tms lines in rice and maize, as well as photosensitive genic male-sterile csa rice

and ms45 wheat have been produced. Knockout of genes like OsARM1, OsNramps5, and
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OsHAK1 has enabled development of rice accumulating low levels of cadmium, radioactive
cesium and arsenic respectively. The ARGOS8 (that encodes a negative regulator of ethylene
response) expression has been enhanced by substituting or knocking in the GOS2 promoter
in place of the native ARGOS8 promoter via Homology-Directed Repair (HDR) that is known
to improve drought tolerance in maize with increased yield. Triple knockout of Ospyl1/4/6
(OsPYL being the abscisic acid receptor gene family) could visibly improve grain yield under
high temperature stress. With respect to pathogen resistance, CRISPR/Casg technology has
also shown desirable results. Rice plants resistant to blast disease caused by Pyricularia
oryzae has been generated via knockout of OsERFg22, an ethylene responsive factor gene.
Deletion of the OsSWEET13 promoter can generate rice plants resistant to bacterial blight
caused by Xanthomonas oryzae pv. oryzae. Serotonin biosynthesis can be blocked in plants
by disrupting OsCYP71A1, leading to increased level of salicylic acid conferring plant resis-
tance to insects like stem borers. Many other plant traits have also been improved through
genome editing like overcoming self-incompatibility, improved haploid breeding, shortening
of growth periods, etc.

The unprecedented capacity of genome editing to generate targeted, sequence-defined, and
genome-wide genetic diversity has further prospects in future in plant science. To reduce our
dependence on inorganic fertilizers, the CRISPR /Cas system could be used to transfer the ge-
netic elements of the Nod factor signaling pathway from legumes to cereals, allowing the
latter to fix atmospheric nitrogen. C4 rice can be generated by fine-tuning the expression of
genes involved in C4 photosynthesis, so as to optimize the protein levels, thereby increasing
the efficiency of carbon fixation. CRISPR/Cas-enabled mimicry of domestication events in

wild or semi domesticated plants could lead to the production of new crops and sources of
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diverse germplasm for breeding. Modifications of genes that control seed dormancy (DOG1),
oil quality (FAE1 and FAE2), glucosinolate accumulation (HAG1 and GTR2) and oil content
(DGAT) would greatly facilitate the development of elite domesticated varieties of penny-
cress (Thlaspi arvense L.), that has a short growing season, extreme cold tolerance and high
productivity of seed oil. In agriculture, CRISPR/Cas-based gene drive could be used to sup-
press or eliminate invasive species like pests and weeds, alter pathogens and introduce new
traits into the existing populations. Pigweed (Amaranthus) could be engineered by gene drive
in such way to become susceptible to the widely used herbicide glyphosate.

In 2017, successful CRISPR-mediated genome editing was reported for approximately 20
crop species, pointing to the widespread use of this system for crop improvement. Crop Bio-
tech Update News Archive (http://www.isaaa.org/ke/cropbiotechupdate/default.asp) high-
lights the recent reports on the use of this technology in crop science. The US Department of
Agriculture (USDA) has recently made it clear that they will not interfere with the introduc-
tion of new traits in crop species via genome editing and will not impose any stringent regula-
tory procedures on such crops, as are being followed for the conventional genetically-modi-
fied or transgenic crops. This will enable smooth and easy commercial release of such crops
with more acceptability/consumption and their ready acceptance to the society. However,
prior to that, genes, controlling molecular mechanisms underlying crop development and
physiology, need to be identified and sufficiently characterized in order to exploit the im-
mense potentiality of this technology. The efficiently transferring technologies from the
bench to the field requires rapid discovery of the genetic bases of the important traits, en-
hanced efficiency of gene targeting (gene insertion and replacement), effective delivery of

CRISPR/Cas reagents to plant cells and subsequent plant regeneration, with or without the
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need of the current tissue culture methods which are long and laborious processes. Improv-
ing the existing delivery systems and developing new systems will be the key factors in reduc-
ing barriers to inexpensive application of gene editing in plants. To expand the range of deliv-
ery systems, both Agrobacterium and plant genes could be manipulated to improve Agrobac-
terium-mediated transformation. The presence of cell wall also makes efficient delivery of
genome-editing reagents to plant cells quite challenging. Current delivery systems are there-
fore limited to specific plant species, genotypes and tissues. Fortunately, fine-tuning the ex-
pression of developmental genes such as Baby boom and Wuschel2 has dramatically in-
creased the transformation efficiency of certain monocot crops, increased the range of elite
genotypes that can be transformed, and substantially reduced the time required for plant re-
generation. Harnessing the concepts of both synthetic as well as systems biology and advanc-
es in functional genomics, coupled with the development of genome-editing technology and
next-generation sequencing, will enable engineering of advanced crops with highly improved
qualities. To conclude, the simplicity, versatility and robustness of CRISPR/Cas systems al-
together make multiplex genome editing a potential tool not only in model plants, but also in
major crops, enabling precise and efficient base replacement at the target locus, rather than

stochastic disruption of the gene.

40
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Our existing generation may be highly progressive in terms of science and technology, but
our Hindu mythology may leave even our scientifically oriented youth awestricken and be-
wildered. Hindu mythology speaks of flying chariots or vehicles (Vimana), which are nothing
but similar to our modern aeroplane. The aircrafts, capable of interplanetary travel and invis-
ibility, but having radar systems and other sensors, existed in mythological era. According to
‘Vyamanika Shastra’ (Science of Aeronautics) of Maharishi Bharadhwaj, aircrafts of those
period were much more advanced than our present generation transport. The epic Ramaya-
na mentions about the famous ‘Pushpaka Vimana’ of King Ravana, who stole it from Lord
Kubera, the God of wealth and it was Lord Rama who returned it back to Kubera. The aircraft
was originally made by Lord Vishwakarma for Lord Brahma, the Hindu god of creation. The
Sanskrit 'Samarangana Sutradhara' discussed the construction strategy of vimanas. Pushpa-
ka Vimana literally means an aircraft shaped like a flower. Pushpaka Vimana had a special
capability of expanding or contracting in size, in accordance with the number of passengers.
The special feature of vimana, soaring the skies for long distances is that, If N people sit in
the vehicle, there will always be (N+1) seats. Beside this, another well-known aircraft that

supposedly belonged to Ravana was ‘Dandu Monara’ (an aircraft resembling a peacock).
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According to the sacred scriptures of the Vedas, Lord Sun, Lord Indra and several other Vedic
deities used various modes of transport in the form of flying chariots pulled by animals, such
as horses. The ‘Agnihotra-vimana’ had two engines while the ‘Gojo-vimana’ had more en-
gines. The legendary Indian epic, the Mahabharata mentions the fact that during the Vana
Parva, Arjuna arrived at Amaravati, the city of Indra, through vimanas. The Rig Veda in-
cludes references to various modes of transportation. ‘Jalayan’ was a vehicle designed to op-
erate both in air and water while ‘Kaara’ used to operate on ground and in water. ‘Trichakra
Ratha’ was a three-wheeled vehicle for operation in the air. “Tritala’ was a vehicle consisting
of three stories. ‘VaayuRatha’ was the wind-powered chariot while ‘Vidyut Ratha’ was the
power-operated vehicle.

The Hindu scriptures enlighten us about the basic concept of modern evolution. Many Hindu
texts mention about the cycle of birth or creation and destruction. The concept of ‘Dashava-
tara’ of Lord Vishnu can be viewed as having some resemblances to Charles Darwin's theory
of evolution. British evolutionary biologist J. B. S. Haldane opined that they are a true
chronological depiction of the story of evolution. The first incarnation of Vishnu in the form
of a fish (Matsya) resembles the evolutionary origin of fish in the geological time scale called
Devonian Period. This is followed by the appearance of Kurma, the aquatic reptile turtle and
then Varaha, a mammal. Thereafter came Narasimha, a human-lion hybrid being, followed
further by Vamana, the dwarf and then the remaining incarnations were of human. The tenth
avatar Kalki is yet to arrive with the goal of annihilation. The science of zoological taxonomy
is diverse and vivid. It is interesting to note that the ancient law book of Hindus, ‘Manu
Smriti’ provides the basic scheme of animal classification, based on the presence of hooves,

whether being carnivorous or herbivorous, whether living in villages or forests (habitat), etc.
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Ramayana mentions about ‘Vanaras’, an ape-like species possessing human intellect, who
existed along with modern human,

Excerpts from the Mahabharata indicates the possibility of application of nuclear weapons
being used in war (Brahmastra). There has been recent discovery of green glass and radioac-
tive samples apparently used in the Mahabharata war in certain excavation sites in India. It
is to be noted that green glass is produced as sand melts at very high temperatures, common
in nuclear explosions. As mentioned in the Mahabharata, the total death toll was around 1.6
billion in only eighteen days. The fact clearly raises the possibility of mass scale annihilation
that is only possible with highly powerful weapon like nuclear weapon. The huge amount of
destruction found at the site of the famous ancient Indus Valley Civilization city Mohenjo
Daro almost corresponds to the devastation of the city of Nagasaki during World War II.
The epic Ramayana speaks of ‘Ramasetu’, also known as Adam's Bridge, an engineering mas-
terpiece constructed by Lord Rama and his monkey (Vanara) army under the strict guiding
principle of Nal and Neel, civil engineers or architects of that era. Studies have found that the
time of Ramayana and the carbon dating analysis of the bridge, especially sea beaches near
Dhanushkodi and Mannar Island almost coincides and so we may admit that the bridge is the
only historical evidence of Ramayana. The advanced technology was used to make stones
float on water building the bridge from India to Sri Lanka within only five days. Surprisingly,
such floating stones are found scattered across Rameswaram even today.

There have been instances of live telecast during Mahabharata days. Dhritarashtra, the King
of Hastinapur, was physically blind, but wanted to obtain live information from the battle-
field of Kurukshetra. Lord Krishna gifted Sanjay with a superpower of distant vision called

‘Dibyo Drishti’ to perceive the live telecast. The narration can even be comparable to a central
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computer unit having wireless connections that can accept various commands with cameras
in the heaven. The access permission was granted by Lord Krishna, the so-called ‘System Ad-
ministrator’ of that time.

Instances of biological cloning can be found in our mythology. There has been revolutionary
advance in the field of genetic engineering and cloning has been an integral part of the genet-
ic technology. Biological cloning may refer to cloning of genes, cloning of cells, and cloning of
whole individuals. In ‘Srimad Bhagavatam’ or 'Bhagavata Purana' that depicts the story of
Lord Krishna, there was the story of King Nimi. When the king died, the fortune-teller creat-
ed a new baby ‘Janaka’ from his dead body through a process of ‘Mantha’, that may be com-
parable to human cloning. Since the baby was created via Mantha, he was named ‘Mithila’
and his subsequent kingdom was also named as Mithila. In Hindu mythology, Raktabija was
a buffalo-demon with a blessing that whenever a drop of his blood fell on the ground, a dupli-
cate Raktabija would be born at that spot. Markandeya Purana mentions that Raktabija
along with other demons, Shumbha and Nishumbha had a battle with Goddess Parvati or
Ambika and was wounded. However, whenever his blood drops fell on the ground, innumer-
able Raktabija individuals were created. At this point, it was Goddess Kali or Raktheshwari
who came to the rescue and licked up each drop of blood pouring from the demon's body. The
character of Raktabija may be another instance of human clone. The science of biological
cloning was even practised during the Mahabharata days. In Mahabharata, it has been men-
tioned that Kauravas were hundred sons of Dhritarashtra. Kauravas were created by simple
splitting of the single embryo into hundred parts and then growing each part in a separate
container. It seems from the description that the concept of In Vitro Fertilization (IVF) or

test tube babies as well as efficient embryo transfer technology was highly in practice.
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Organ transplants and plastic surgery are wonderful aspects of modern medical science.
Head replacement can be the most complicated organ transplant one can imagine. Hindu
mythology narrates the story of Lord Ganesha. When Lord Ganesha lost his head, mother
Parvati pleaded to Lord Vishnu who flew off in search of a substitute head. He found a sleep-
ing elephant on the bank of a river and severed its head and affixed it on to the body of Lord
Ganesha, often referred to as elephant-headed god, thereby rendering a perfect functional
head. In modern times, scientists are attempting to regenerate cells in both animals and
plants, as part of regenerative biology. We must not forget the instances of Maricha of Ra-
mayana who got himself converted into a beautiful deer, exemplifying a complete transfor-
mation. Lord Hanuman was said to have mastered the great eight arts of transformation
(Ashta Siddhi), such as, anima, mahima, laghima, garima, etc, whereby he could transform
his body to be as large as a mountain, or as tiny as an ant; as heavy as boulder, or as light as
a feather. The evolution of this branch of science called Wave Genetics has the capability to
give an absolutely new dimension to evolution of life on earth, ignoring the concept that
random mutations are the most important driving force behind evolution.

None can contend against the accurate calculation of the distance of our Earth from the Sun.
The very two lines of famous ‘Hanuman Chalisa’ computes such astronomical distance with
great simplicity and perfection. It says, “Yug Sahashra Yojan Par Bhanu, Lilyo Taahi Madhur
Phal Jaanu” which means Sun (Bhanu) is at a distance of Yug SahashraYojan (distance unit).
Lord Hanuman did jump to the Sun (Bhanu), thinking Sun as a sweet fruit (Madhur Phal).
According to Hindu Vedic Literature, 1 Yug= 12000; Sahashra= 1000; 1Yojan=8 Miles. Thus
12000 X 1000 X 8 = 96,000,000 miles. 1 mile= 1.6 kms. This means 153,600,000 Km, very

close to the current officially declared figure by NASA. Our own ‘Gayatri Mantra’ discovered
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by Saint Viswamitra is considered the most powerful hymn (sloka) in the world. Studies
reveal that the hymn produces about 110,000 sound waves per second, that has great positive
influence on spiritual and cognitive health of human. The lines of the hymn, "Om Bhoor
Bhuvah Swaha, Tat Savitur Varenyaam, Bhargo Devasya Dheemahi, Dhiyo Yo Nah Pracho-
dayaat" means “O Divine mother, our hearts are filled with darkness. Please dispel this dark-
ness and promote illumination within us.”

The present scientific tempo must excavate the mythological treasure and the combinatorial
knowledge is sure to find out solution to many existing problems in various spheres of

science.
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DID THE ARYANS REALLY INVADE INDIA? TRUTH VS. MYTH
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The Harappan Civilization has fuelled our curiosity right from our days in school. Textbooks
have taught it to be one of the earliest civilizations, spread over northwestern South Asia
from 2600 to 1900 BCE. Archaeological evidences have shown Harappa to be one of the first
civilizations with intricate urban planning, detailed drainage systems, proper trading policies

and a cosmopolitan outlook with people of different cultures co-existing together in unison.

As every civilization reaches its end following the destined passage of time, so did the Harap-
pan Civilization, broadly known as the Indus Valley Civilization. Archaeologists followed a
gradual disappearance of seals, script and distinct jewelry to finally the decline and abandon-
ment of cities. However, the cause behind the civilization getting wiped out has since re-

mained a mystery, with numerous theories having been circulated.
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The most common theories that have surfaced include:

e Climatic change — starting from deforestation and overuse of landscape to excess floods

e Shifting and/or drying up of rivers, with special reference to the river Sarasvati

e A probable invasion by Aryans — the Aryan Invasion Theory

And the battle between the last two theories has kept historians and archaeologists divided
since time immemorial.

The Aryan Invasion Theory refers to the concept that the Vedic people, referring to those who
wrote the Vedic literature, viz. Rigveda, Yajurveda, Samaveda and Atharvaveda, were not in-
digenous to India, but had invaded the same around 1500 BCE, originating around the Cau-
casus Mountains. The point of controversy first arises as there has been no historical, textual
or archaeological evidence to verify this theory and all that exist are linguistic speculations
which date back only to the relatively recent 19th century AD. And many scholars bear the
opinion that linguistic evidence is not really enough to confirm the place of origin of the

Vedic Aryans.
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But then how and why did such a theory come up all of a sudden?

The Revolt of 1857 against the British rule in India had reinstated the fact that the colonial
rule could be continued only with the support and collaboration of the Indians in large num-
bers. The chosen pathway of attempting to turn more natives into supporters of the British
rule was via education. The Macaulay’s Mission was one such move aiming at introduction of
English education in India. The pioneering proponent of this mission was the British politi-
cian Thomas Babington Macaulay, who had been serving on the Governor General’s Council
in India. Now, besides imposing education in English, he also believed in conversion of
Hindus to Christians to be instrumental for easier establishment of supremacy in the colony.
As such, he is alleged to have aimed at translating and interpreting the Vedic texts in a way
that could convince the newly educated Indians that the Bible was superior, and hence re-
cruited the German Vedic scholar, Friedrich Max Muller for the job. Max Muller came up
with the Aryan Invasion Theory while translating the Rig Veda and it is believed that the East
India Company had further sponsored the development and spread of this theory to meet
their political agenda. A few years later, after the unification of Germany in 1871, Muller dip-
lomatically refuted his own theory on the superiority of the Aryans, stating that by Aryan he
meant language and not race, and started promoting the eastern spiritual wisdom in Europe.
But the damage had already been inflicted upon India by then.

While Muller referred to the linguistic aspect later on, the British used the theory as a weapon
to divide the Indian masses by race, pitting the North Indian ‘superior’ Aryans against the
South Indian Dravidians, the high-caste against the low-caste, the Vedic supremacy against
indigenous principles, all aiding the British strategy of Divide and Rule.

The objections to the theory started coming up only later with advances in archaeological
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evidences, and the discovery of the remains of the Indus Valley Civilization, in the early years
of the twentieth century.

Geological and oceanographic studies have revealed that the Harappan civilization had been
supported by the lower part of the Sarasvati river, fed by the Sutlej, among others — the
change in the course of the Sutlej and its effect on Sarasvati coincided temporally with the
disappearance of the civilization, both dating back to approximately 2200 — 1900 BCE. The
drying up of the river had led to the people diverging towards different areas of the eastern
Gangetic plains to settle in. The date of the Aryan invasion as per the theory stated was 1500
BCE, but then how could one invade a population that has ceased to exist 400 years earlier?
But then, where did the Aryans actually come from? Do the initial Vedic scriptures mention
them? Or were the Vedas written by the Aryans themselves?

Deciphering the pictographic script on the Indus seals brought but little clarity to the confu-
sion. As David Frawley of the American Institute of Vedic Studies points out, it is a paradox:
we have a history about Harappa without a literature, and a literature about the Aryans with-
out history, archaeology and geography.

While historians have had innumerable debates trying to solve this, science has tried its own
way out. Genes define every organism and genetic studies have helped us unravel the mystery
around this theory slightly:

1. Mitochondrial DNA (mtDNA) and Major Histocompatibility Complex (MHC) genes serve
as markers in denoting gene pools of different populations. There has been a distinet lack of
similarities in these genes among the gene pools of the Indians and the Europeans.

2. Tissue antigens of the north and south Indians are relatively uniform and completely dis-

tinct from the Europeans.
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These results from June 2006, pointed to the fact that north and south Indians, in all proba-
bility, had the same origin, but the Aryans had probably never invaded Harappa.

One of the most recent publications about this controversy in Cell re-instates the same. In an
ambitious project conducted by archaeologists, palaeontologists and scientists, it has been
proved genetically that ancient Harappan genome lacked any ancestry with steppe pastoral-
ists or Iranian farmers — a discovery that can perhaps lead to the ultimate dismissal of the
Aryan Invasion Theory. The authors managed to extract enough DNA from the pinna from a
female skeleton that lived during the Indus Valley Civilisation from Rakhigarhi (Haryana).

The Cell paper analysed this DNA.

Figure I Archeological Context

llocation of Rakhigarhi. Haryana and skeletal remains of the Individual studied!

(Source: Shinde et al. 2019, Cell)
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Another analysis by an overlapping team has been published in Science. This paper considers
the problem at a macro level, which is probably the largest human paleogenetics study con-
ducted. This project has analysed the genetic data from 523 ancient people across Central

and South Asia right up to the European Steppe.

The Impact of Yamnaya Steppe Pastoralists

Ancestral
North Indians

Figure 2: The Bronze Age spread of Steppe pastoralist ancestry into South Asia

(Source* Narasimhan et al. 2019, Sciencel

The broad conclusion that we can arrive at this stage is that the Indian subcontinent popula-
tion has a diverse origin. The constituent races during the Bronze Age were: the ancient an-
cestral South Indians, Indus Valley population and a significant migration from the Steppe
pastoralis. The interbreeding amongst there population is what makes most of the modern

Indian population today.
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BEING INQUISCITIVE

InquiScitive (inquiscitive.wordpress.com) was started by a few students of the Postgraduate De-
partment of Biotechnology, St. Xavier's College, Kolkata in March, 2017. But it grew well beyond
the college and people from different parts of India have gradually become active participants.
InquiScitive believes in writing scientific articles in a way that would be appealing to the masses
and would inculcate an interest in science in even people who are not directly related to the scien-
tific field. So , in short, it believes in being 'inquisitive' about science and relating it to our daily
lives, and definitely sharing knowledge.

At InquiScitive, a team of dedicated bloggers earnestly present to you the marvellous aspects of
science and technology. Here, beyond the margins of books and the boredom of terminologies,
science is portrayed as the most intriguing and attractive field to venture. The aim of this blog is
to spread scientific awareness,explore the scientific mysteries and expose myths and fads which
continue to confuse the people at large. As for making the blog better, a close watch is kept on
evolving for the better with new ideas and suggestions from the members and followers!

Till date, two electronic journals titled InquiScitive Journal: An e-magazine of latest scientific de-
velopments, Vol. T and 11, have been published by InquiScitive.

Currently, Arunima Bhattacharya (Editor-in-Chief, Pebbles) and Ankur Rao are the Joint Heads
of InquiScitive. Nabhonil Chatterji (Secretary, St. Xavier’s College Science Association) is the
Chief Editor. Arkopriyo Banerjee and Sanjana Banerjee are the Joint Associate Chief Editors with
Rituraj Bhattacharjee as Analyst. Nilanjan Das and Ankur Rao are the founding members and ad-
visors.

A number of articles published in Pebbles cite references from InquiScitive and the editorial

board remains grateful and appreciates such a collaboration between Pebbles and InquiScitive.
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A SNEAK-PEEK INTO THE WORLD OF INQUISCITIVE

Sleep Learning - A Student’s Delight
Suravi Mukherjee —— Published in January. 2019

Hypnopedia, the ability to learn while sleeping was much popularized by fiction in the ‘60s
but was soon abandoned due to lack of reliable scientific evidence. However, recent findings
tell a different tale.

Our sleep comprises of two drastically different phases. The early part of the night is gov-
erned by slow wave sleep (SWS) during which some memories spontaneously get reactivat-
ed. During the latter part of the night, rapid eye movement (REM) prevails and this is the
period where dreams are the most frequent and vivid.

In 2007, Bjorn Rasch and his colleagues at the University of Liibeck in Germany, conducted
a sleep experiment by preparing people to memorize the locations of certain objects while
simultaneously smelling a rose. Later they were allowed to sleep in beds in the laboratory,
and the same smell was provided. Electrical recordings confirmed that the smell activated
an area of the brain called the hippocampus, which is critical for learning navigation and
storing new knowledge. After waking up, people recalled the learnt locations more accurate-
ly. This observation, however, was only seen when the smell was provided during the course
of slow wave sleep.

In 2009, another experiment was carried out using sounds instead of smells. It was found
that that sounds played during SWS could enhance remembering individual objects sepa-
rately, not a collection of objects. This procedure, termed targeted memory reactivation

(TMR), made participants learn the designated spots of 50 objects on a computer screen
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while hearing a sound corresponding to that object. After this, the participants took a nap
and EEG recordings verified that each one was soundly asleep. The sounds related to the
subjects were again played softly during slow wave sleep. On awakening, they remembered
the locations cued during sleep better than those locations not flagged. So, sounds and
smells thus appeared to reactivate the spatial memories and prevented forgetting. Function-
al magnetic resonance imaging highlighted the areas of the brain that take part in TMR, and
EEG results gave an insight into the synchronized activity of networks of neurons in the ce-
rebral cortex. thus appeared to reactivate the spatial memories and prevented forgetting.
Functional magnetic resonance imaging highlighted the areas of the brain that take part in
TMR, and EEG results gave an insight into the synchronized activity of networks of neurons
in the cerebral cortex.

Anat Arzi and her colleagues, now at the University of Cambridge, used smells to create rela-
tively simple memories. In one of such experiments, they were successful in curbing the
desire to smoke in people who were eager to quit. When asleep, the participants were made
to smell both tobacco smoke and rotten fish simultaneously. These people, in the following
week, reduced smoking by 30%, having been conditioned to associate smoking with the
smell of rotten fish.

Brain rhythms provide an insight to how memories stored during sleep are later retrieved.
One type of neural signal, called slow wave, consists of a “down” phase, where neurons are
silent and an “up” phase where they regain activity. This pattern ensures multiple cortical
regions remain in an up state simultaneously, reinforcing recently formed memories. Sleep
spindles, which are brief increase in rhythm upto 12-15 cycles per second and can coincide

with the up phase. Spindles originate in the thalamus, a centre that controls information
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transmitted to almost all parts of the cerebral cortex. The rhythm of the spindles recurring
at approximately five-second intervals, coordinate the activity of sharp-wave ripples in the
hippocampus. During this time, slow waves take up the role of orchestra conductor, coordi-
nating the pace of sleep spindles and sharp-wave ripples. This intricate coupling of oscilla-
tions underlies not only memory reactivation but also the altering of neural connections to
strengthen memory storage. This complex network interaction, known as consolidation,
allows new information to be integrated with existing ones. The intertwining of memories
creates a gist of recent experiences that makes sense of a complex world. Acquiring complex
memory is not easy but given that Karim Benchenane and his colleagues in the French Na-
tional Center of Scientific Research (CNRS) have been able to actually change the mind of a
mouse, even that may be a possibility, albeit distant. Neurons called place cells within a
mouse fire when it explores a new environment and also during sleep. The researchers stim-
ulated the mouse brain, activating place cells while the animal was asleep. Amazingly, im-
mediately after waking up, the mice headed to the locations corresponding to the stimulated
place cells.

So, sleep is not just needed for rejuvenation but also to enhance memories initially acquired
while awake. This research establishes a normal component of learning that is slightly
off-line, but the boundaries of what is possible still remains to be tested. This knowledge
might help in creating programs of sleep learning to preserve memories, speed up new

knowledge acquisition and even change bad habits like smoking.
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A Tour of the Event Horizon
Malyadeep Bhattacharya — Published in August. 2019

Black holes are undoubtedly interesting, terrifying, but beautiful and one of the most power-
ful objects in the universe. They have been a topic of speculation and extensive study by as-
tronomers as well as the common people. In recent years these mysterious celestial bodies
have been on the news quite often. So, what exactly are they? Why are we so interested in
them? Why are they so frequently discussed?

Black holes, in simple terms are the remains of a dead star. When a star having a mass well
above the Chandrasekhar limit dies from a supernova explosion, it ejects all the matter con-
tained within it into space leaving behind a collapsing core. The strong gravitational pull of
the collapsing core starts attracting all matter nearby. The gravitational pull is so intense, it
fuses protons and electrons together to form neutrons. All the attracted matter is com-
pressed inside a very small volume resulting in the formation of a very dense object. If the
neutron degeneracy rate can resist further collapse, a neutron star is formed, or else, a Black
hole is born. A black hole’s gravitational pull due to its density is so strong, the escape veloci-
ty of an object at the event horizon (the point of no return) exceeds the velocity of light. The
centre of the black hole is called Singularity. This point has infinite density and anything
which falls into singularity is said to be crushed, atom by atom, by a process called Spaghet-
tification, adding to the mass of the black hole. No theory to date can explain what happens
beyond the event horizon. Physics just seems to go crazy there. The radius of the event hori-
zon is known as Schwarzschild radius, named after Karl Schwarzschild. For the first time in
history, an image of a black hole was released earlier this year. The star of the picture was

the central supermassive black hole of the galaxy M87 which is about 53 million light years
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away. It was considered a suitable candidate since it has an active galactic nucleus, matter in
its accretion disc travels at near relativistic speeds, it is nearby and large, and its orientation
would allow us to take a better picture.

The image showed a shadow surrounded by a bright orange accretion disc which gets
dimmer as we move to the upper half. The reason behind this dimming is due to a phenome-
non called Relativistic beaming. Due to this effect, light moving away from us appear
dimmer and light coming towards us appear brighter. The accretion disc consists of matter
and superheated gases which glow due to immense friction as it revolves around the black
hole. The shadow seen in the picture is not the black hole. It depicts the Innermost Stable
Circular Orbit in which matter can revolve around the black hole without being sucked in. It
has a radius 2.6 times the Schwarzschild radius. Inside the shadow lies the Photon Sphere
which has a radius of about 1.5 times the Schwarzschild radius. In the photon sphere, pho-
tons are forced to revolve in orbits, i.e., a photon will graze the orbit around the black hole
and will then be ejected out, which means, if that photon would reach our eyes, we would
possibly be able to see what resides behind the black hole. This results in Gravitational Lens-
ing. Due to this phenomenon the image of any object behind the black hole gets distorted.
This also implies that if we could stand in the photon sphere, we would be able to see the
back of our head in front of us! A Black hole curves space-time around it so much that light
waves from the same object bends extensively and reaches our eyes from different directions
thus creating multiple images of the same object. Thus, in the image we can’t see the black
hole because light simply cannot reach us from there. It is only the shadow that we see.
However, it should be noted that black holes do emit radiation as a consequence of Quan-
tum Field Theory, due to which matter and antimatter can pop into existence from nowhere

and again annihilate each other. Near the event horizon antimatter is sucked into the black
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hole and matter is released as radiation. This radiation is of the order of billionths of a
Kelvin and is termed as Hawking Radiation. Thus, a black hole loses mass and eventually
dies. But as the radiation is so small it cannot be detected with present-day instruments and
it would take billions of years for a black hole to die. The picture shows the existence of the
black hole since the behavior of matter around it and the radiation from it (mostly X-Rays)
demands the existence of such a powerful object. This image has huge importance since it
provides concrete evidence about the existence of black holes which again verifies the solu-
tions of Einstein’s General Theory of Relativity.

More evidence include, the first ever successful detection of gravitational waves due to the
merging of two black holes, detected by LIGO and Virgo in the year 2016. Gravitational
waves are generated when accelerated masses having huge gravitational pull move in an
inward spiral path and merge with each other. This results in the generation of transverse
waves in the curvature of space-time which travel in all directions at the speed of light. The
existence of these waves was first predicted by Henri Poincare in 1905 and was subsequently
predicted by Einstein in 1916. Astronomers recently received another strong gravitational
wave signal named S190814bv which indicated that a black hole swallowed up a neutron
star in an event called Tidal Disruption. Our galaxy too contains a Supermassive Black Hole
at its center. The black hole is named Sagittarius A* and is a powerful and complex radio
source. It was first detected when a variable and luminous X-Ray flare was observed from it,
which could have been released from nothing else other than a black hole of such size. The
black hole is about 26,000 light years away and has a mass of about 4.1 million solar masses.
It is harder to detect since it is quite inactive in terms of gobbling up matter and giving out
radiation. It gives out only small periodic bursts. The large cosmic dust clouds near the ga-

lactic centre effectively hide the radiation from the black hole making it even harder to
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detect. It was for the first time on 13th May, 2019 that Scientists observed the radio source
grow 75 times brighter than usual and then again return to its normal state when viewed in
near infrared regions. Scientists were astonished by this weird event and are working on it
to find answers. Astrophysicist Tuan Do who observed the event stated that there are two
possibilities till date; either a star named So-2 passed too close to the black hole resulting it
in being swallowed up or an object named G2 went too close to the black hole, Scientists be-
lieve that finding out the cause will reveal many facts about how black holes evolve and will
also reveal more about our galaxy’s evolution. Recently, scientists also found evidence that
our central black hole merged with an intermediate mass black hole and just got bigger. A
computer simulated image of Sagittarius A* was released along with the image of the black

hole of Galaxy M87.

References: Tuan Do, Unprecedented variability of Sgr A* in NIR, arXiv:1908.01777 [astro-ph.GA] arx-

iv.org/abs/1908.01777
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A téte-a-téte with the Deputy Precident,
St. Xavier'e College Seience Accociation

Dr. Arup Kumar Mitra

X Which school did you go to and what were your favourite memories there?
| went to South Point High School and | remember my music classes in Nursery
. Wwhere we were taught the songs of Goopy Gyne Bagha Byne by Anup
“Ghoshals sister.
: .
X Who is your favourite superhero?
Aranyadeb (Phantom!
4 ¥

X Which is the best"placc you have ever been on a vacation?

| cherish seeing the entire Himalayan range from Tungnath. after trekking 6 kilo-
2

meters. \, tl'
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X Have you ever owned or would like to own any pets?
| have adopted dogs...

.
X Which is your favourite sport/ indoor game?

My favourite sport is cricket but my favourite indoor game is table tennis.

What are some of your favourite movies?

Sonar Kella. Apu Trilogy

X Which songs do you know all the lyrics to?
Most of Rabindra Sangeet...

X What are your must-have smartphone apps?
Paytm. Uber. Grofers, BookMyShow. Google. WhatsApp. Facebook

»
X What would be a hidden talent you have?

| do not have any talent but | like to perform in drama. in character roles.

X Where would you go if you could time travel?

To my school days... "
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Statistical Analysis of the Literary

works of Rabindranath Tagore
Ritam Dutt,

Doctor of Philosophy

Language Technologies Institute

School of Computer Science
Carnegie Mellon University

Pittsburgh, Pennsylvania

The article strives to provide a brief overview of the statistical analysis of the literary works
of Rabindranath Tagore. I hope this will provide a brief idea of how one can use statistical

tools to observe differences in languages.

Dataset Description

The data we collected for our analysis consist of the literary works of Rabindranath Tagore.

Rabindra Nath Tagore was an eminent Indian philosopher, poet, and polymath whose liter-
ary works have received universal acclaim and admiration. He was the first non-European
artist to win the Nobel Prize in Literature and the only person to compose the national an-
thems of the two countries, India and Bangladesh. His legacy has been immortalized
through his work and hence it may be interesting to observe his works from a statistical per-
spective. We also distinguish two specific genres of his work, poems, and stories, each of
which can be considered to be a sub-language of its own. Both the works span over the last
quarter of the 19th and first half of the 2oth century. Hence the sub-languages under consid-

eration remain invariant across time and since they are from the same era, from the same
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author, the sole difference in the sub-languages would be the genre of the literary work itself,

i.e. the differences between poetry and narratives.

Dataset Collection

The dataset for collecting the literary works of Rabindranath Tagore has been publicly-
scraped from the website . The publicly available website is maintained by the Department
of Information Technology and Electronics Government of West Bengal and hosts a vast
plethora of literary works of the author. We automate the process of scraping the informa-
tion from the web pages hosted on this site and dump the text scraped from these pages into
the two categories, stories, and poems. We note that there are other genres of literary work
available such as drama, songs, and essays but for simplicity, we consider only stories and
poems. We were able to categorize the web pages based on the presence of certain HT-

ML-markers which encodes the genre of the page.

Preprocessing :

Since the dataset for the literary works was obtained by scraping web pages, we make sure to
remove any unnecessary characters like punctuation, Unicode characters, romanized num-
bers and letters. There is no need for performing case-folding since distinct cases do not exist
for Bengali. We separate sentences on the basis of the three delimiters, ‘|’ which is equivalent
to the full-stop ‘.’, question marks (?) and exclamation marks (!). These are used to chunk

sentences for both the prose and poems in the corpus.
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Preliminary statistics:

#Webpages | #Sentences | #Unigrams

1062 | 33783 42413 | 393148 238451 298596
Poems 3562 | 27927 51655 | 349609 243519 270818

We perform an initial analysis of the number of sentences, unigrams, bigrams, trigrams and
tokens in the vocabulary for both the stories and poems. The most striking analysis from the
preliminary results is that the poems have a much higher Type (Unigrams) to Token Ratio
(hereby called TTR). We hypothesize that since poems are intrinsically more artistic and ex-
pressive, their linguistic characteristics would exhibit departure from proses. One of them
would be a tendency to use less frequent words that occurs in prose which can be measured

by the variation of TTR over the entire corpus. This gives rise to the first hypothesis.

Hi1: Are Rabindranath’s poems more expressive than his stories?

Since it is difficult to define expressiveness, we resort to the TTR value to characterize it. We
thus plot the Type to Token Ratio (TTR) curves for unigram, bigram and trigram for the
entire corpus of both stories and poems. It is evident from the graph that the TTR values for
poems are larger than that of the stories. Likewise, unsurprisingly, the TTR ratios for the
higher-order n-grams are monotonically greater than the lower-order ones. Here, we repre-

sent the y-axis (TTR values) in a log scale to make the differences more distinct.

72



Stories-Unigram
Poems-Unigram
Stories-Bigram
Poems-Bigram
Stories-Trigram
Poems-Trigram

El.lé 0.6
Fraction of tokens

r, one might question that observing the TTR over the entire us might not be in-
dicative of individual stories or poems itself. We emphasize that due to the arbitrary nature
in which the webpages were labeled, we are unable to ascertain the distinct number of poems
and stories available. Hence, to observe the variation in TTR across poems and stories, we
used a simple heuristic. We divided the corpus of poems and stories into chunks of 100 sen-

tences. This leaves us with 337 chunks of stories anc ) chunks of poems. We observe the
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TTR ratios of unigrams, bigrams, and trigrams for these chunks and report its

mean and variance below. The mean TTR values of unigrams for poems is greater than

that of stories as expected; however the TTR values of trigrams and bigrams is higher in
stories than that of poems. We postulate that the difference arises since the poems of
Rabindranath are building upon common themes of beauty of nature and have a common
rhythmic flow, as will be discussed below, there is expected to be overlap between adjoining
poems. Nevertheless, we demonstrate that in general, the poems are more expressive in
terms of words; but lesser for higher n-grams. However, if we consider the entire corpus,
stories tend to use more stop-words and common phrases and hence the TTR values of
poems are greater than stories as evident from the above figure. However, it is very

interesting to note that the TTR values for both stories and poems are very high, indicating

the rich use of vocabulary and the expressiveness of the author.

‘ Mean value of TTR Variance of TTR

Poems 0.666 0925 | 00941 0.011 0.023
Stories 0.605 0.946 0.968 0.006 0.015 0.016

Characters and Vocabulary

Bengali has the following characters in the alphabet:

1) Vowels - &', 91", %', 5, "G, "B, 4, 9 (8 NS

2) Consonants - 3", '¥', "7, "¢, "8, B, 'R, "G, A, '@, T, ¥, G, T, T, O, ',
wmy, W, e, e, e, WL LR, L L, YL, Y, R, L T,

3) Diactrics - <T, o, ot 'L e ' T, To!, ToT,, TS, 08, '‘og''c!,
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4) Numbers - O!, !bl’ 'Q', !\.J!’ '8‘, va.!’ v\'L)r, rqr, 'b", '

Diacritics are used in conjunction with consonants, i.e they modify the vowel. For example, a
crow or (kak) is written as BT, It is similar to Hindi and other Indic languages. These are the
characters that appear for the literary works along with hyphens -,

We note down the most frequently occurring characters for stories and poems here.

- - | -
207 SR,

Unigrams

Bigrams

=21 9, Ol (A,
N AN, B2 T,
T

73 ot 30
SIGH T AT, ST

(= T, B e
57, ' oel e

C b U ) £ O |
Ol B!,

'OOFIEN 06

75

-

7, O, SR, SN,
SRR b =

i Koy R DR e

O (A, 'O O, '
-7, sifcx fotas,
A7 o, =W,
T

0 fon (717,

5o sSger afosr,
I o0 SRR,

S1If- (2 % SRR



The observations might seem incomprehensible for those who cannot understand the lan-
guage but one can readily identify a particular trend as one moves from characters to words
(unigrams) to higher level n-grams, i.e. the commonality is decreasing. Some initial observa-
tions in this section include:

1) The most commonly characters used in poems and stories are the same.

2) The frequent unigrams also occur in both the sets albeit in different orthographic nota-
tions. The word “SIR[4” means the same as "9 The difference lies in the dialect. Bengali
historically had two major dialects, chaste language (shadhu bhasha) meant for writing and
colloguial language (chalita bhasha) meant for daily communication. It seems that poems
due to their more expressive nature has more words in ‘chalita bhasha’ as opposed to stories.
3) Bigrams in poems also show the interesting phenomena of anadiplosis where the same
word is repeated for emphasis or musicality. This is less frequent in proses.

4) The content of the trigrams also exhibit stark variation. While the trigrams in prose talks
about an action ("23(® 12 22T, "N, 4F fATF GIFRAT), the ones in poems refer to nature
and beauty (SACIIF, ITOF, STET means forest, spring and breeze). The main
take-away is that the languages in poems and prose are expected to have significantly differ-
ent word-distributions not only due to content, but also due to the difference in dialects. This

forms the second hypothesis.

Hz: How similar/ different are the distribution of words, characters and other
n-grams in poems and proses written by the same author?
Firstly, we look at the Zipf's law for the unigrams, bigrams and trigrams for both poems

and prose, the distributions of which plotted below. The curves for unigrams, bigrams and
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trigrams follow a similar fashion as shown in [5]. Both axes are represented in the log scale
so as to observe whether the general form of Zipf’s law holds true in this case. f = k/r3 where
fis the frequency of a word with rank r. § indicates the slope in a log-log scale while k denotes

the value of the intercept. Here we consider only the slope.

Unigrams Bigrams Trigrams

Stories

The value of the slopes clearly show that apart from the Poems-unigram, Zipf’s law does not
hold true. In fact, as we progress from unigrams to bigrams to trigrams, the values of the
slopes decreases significantly, much more than those reported in [5] for WSJ and Mandarin
corpus. The greater slope of proses as opposed to poems in the early stages can be explained
via the observation that frequently occurring words or stop-words occur more frequently for

proses than poems.
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requency

Stories-Unigram
Poems-Unigram
Stories-Bigram
Poems-Bigram
Stories-Trigram
Poems-Trigram

Distribution

KL (Poems||Stories)

KL (Stories||Poems)

KL (Total)

Character

0.02148

0.01914

0.04063

Unigrams

0.82799

0.80357

1.63157

Bigrams

0.68269

0.72572

1.40842

Trigrams

0.42869

0.49333

0.92203

Word length

0.15416

0.17113

0.32530




We also note the differences/ divergences between the different distributions between the
proses and poems. We specifically observe the symmetric KL-Divergence scores of the fol-
lowing distributions between prose and poems : character distributions, word distributions,
bigram and trigram distributions and word-length distributions. The observations are given
in the table above.

It is unsurprising that the KL Divergence of characters is small as opposed to words and
higher-order n-grams. However, it is indeed interesting that the KL-Divergence values of
lower-ordered n-grams are greater than the higher-order ones. This observation can be ex-
plained when we consider the number of common terms that occur as unigrams, bigrams
and trigrams among the stories and poems. It is astonishing to note that only 34.03% of uni-
grams, 6.83% of bigrams, and only 0.53% of trigrams in stories are found in the poems. This
suggests that there are several n-grams that are common to stories and not in poems The re-
verse also holds true with only 27.95% of words, 6.69% of bigrams and 0.58% of trigrams
that occur in poems are also found in proses.

Consequently, we thus inspect the most-frequent n-grams which occur distinetly in each.

Stories

T_ee =, ©IRIF,
R, NN, fREe, | W, 9, SSFTC = 0
*Fﬁ!s I, R, YR, | ORI,

3, Mo, e,

ﬁ‘zm‘ﬂw AT, 2R, | &=, B
ST, WET, "6 _(oR, SRR,
8IS, FEE, WLINF, | O, N




Bigrams

Trigrams

(o, O (o3 e, RIES
T 5T Rz, w1 o
C4T, THH (9 B, Gl

The observations are similar to the ones we had observed for even the most frequent
n-grams, i.e the proses tend to use more formal words (‘shadhu bhasa’) whereas the poems
use their colloquial variants. Likewise, the bigrams and trigrams in poems call upon refer-

ences to breeze, forests, spring-time and other aspects of nature.
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We also decide to inspect another feature, i.e whether the words in poems or stories are simi-
lar in terms of length as well.

It is observed that the average length of words in stories is 4.927 while that of poems is
4.768. We hypothesize whether the expected values of the distribution of word lengths be-
tween poems and stories will be different. Hence we consider the null hypothesis that these
two distributions have the same expected value and perform two statistical tests, namely the
Welch’s test [7] (where we assume the population variance is different) and the Student’s
T-test [6] (where the two populations have the same variance). In both cases, we perform the
tests on the entire distribution as well as randomly drawn samples of size 10000. In all the
cases we observe that the p-value is less than 0.001, implying that they are statistically sig-

nificant.
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The Undefined Division
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To understand why division by zero is undefined, let us first take a look at what multiplica-
tion is.
Let us take an example.
4X5 = 20.
We can also write this as 4+4+4+4+4 = 20.
So we can say that multiplication is repeated adding.
Also, let us look at the multiplication, the other way round.
So, 5%4 = 20
It is pretty obvious that we think of them as the same but in reality, they represent different
ideas.
Here, it means 5+5+5+5 = 20.
This also proves that multiplication is commutative.
Now let us look at what division is.
Similar to multiplication, it is repeated subtraction. But however it works a little different
when compared to multiplication.
To understand this, let us consider an example.
6/3==2
When we talk about repeated subtraction, one may ask how we subtract here.
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What division actually means is how many times one can subtract the divisor from the divi-
dend until they get 0.

guotient

Fluoliiﬂnt

2

So to show the working, we take the same example.

6/3=2

6-3—-3=0

Since we are subtracting 3 (divisor) from 6 (dividend) twice to get 0, the quotient here is 2.
Now, this brings us to our topic. So, let us take an example of 1/0. Here, the dividend is 1 and
the divisor is 0. According to the definition of division, we subtract the divisor from the divi-
dend until we get zero. So if we do that,

1=0=0—0=0 ...

And this keeps going on and on and on.

Which brings us to what we have been listening since our childhood, that is, it goes to infini-
ty.Now most ofus know more than simple subtraction. It is more than just simple subtrac-
tion. Let us now take another way to approach the problem.

So we consider certain numbers.
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What division actually means is how many times one can subtract the divisor from the divi-

dend until they get o.

=o0?

=R

So this is another argument and you can see here we're approaching zero in the denominator
from 1.
But does it mean that 1/0 = infinity?

To answer that question, let us look at another example
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Similarly, should also be, 2/0 = .

This brings us to the conclusion that, 1/0 = 2/0 = .

Therefore, from the above it allows us to say 1=2, which is an absolute contradiction because
they are two sets and of different sizes.

Thus, 1#2#+x

Similarly, this can be done with other numbers as well therefore causing more contradic-
tions.

Therefore, we state 1/0 as undefined.

But why undefined? Are mathematicians that lazy? They didn’t find out?
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No. There is a reason. And, here’s why. Let us look at an example mentioned before,

Keeping this example in mind, we can clearly see that we had started from a bigger number
1 and we approached o. But is this the only way one can approach it?

What if we approach zero from -1?

e

1 G
-0.1

1

-0.01

1
—-0.001

=-1000



As you can see, this is not going to . Instead, it is going to -cc.

Here, we get to the main situation.

Why undefined? Why do calculators give “math error” when we punch in a calculation of di-
viding a number by 0?

The reason for calling it undefined is that it is indefinable.

What it means is that if Mathematician A uses the first method of approaching zero from 1,
Mathematician B can use the second method of approaching zero from -1.

Looking at the problem graphically,

Fraph goesto

Approaching O from 1

1L

Approaching O from -1

Graph goes to — % l

L 4

In technical terms, one can say the limit doesn’t exist. Therefore, since the value of any
number divided by o cannot be defined, we write “undefined”.

References:

¢ Eddie Woo’s Youtube Channel Lectures.

e https://inquiscitive.wordpress.com/2019/10/10/when-we-di-

vide-any-number-by-o-why-do-we-regard-it-as-undefined/
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Art is the mirror of a civilisation’s culture and its world view.

The Islamic Golden Age, was a period of cultural, economic and scientific flourishing in the
history of Islam, traditionally dated from the 8th century to the 14th century. During this
time, science, made incredible progress due to the translation of Greek and Indian Texts by
the scholars in Baghdad. There were advancements in trigonometry, astronomy and medi-
cine. Al-Khwarizmi wrote the first book on algebra, Ibn Al-Haythm invented the first camera
and the Hindu-Arabic numeral system was adopted, which developed into the modern
Arabic numerals, used throughout the world today.

Islamic Art and Architecture is famously composed of elements that bear significant mean-
ing and were developed through meticulous practice. The presence of domes, arches, walls
decorated in arabesque art, calligraphy and colourful repeating patterns distinguish an Is-
lamic monument from the rest.

Art and architecture evolved due to various factors. Mathematical progress, verses in the
Quran that emphasize the importance of acquiring knowledge, heavy funding, and certain
Islamic principles.

The most important principle governing art was Aniconism - the religious prohibition of fig-
uration and representation of living creatures. Except in Mughal Palaces, adherence to this

rule was observed in mosques, tombs and minars of India. Figures, in paintings, were re-
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stricted to hold little representational meaning and be mostly decorative. Due to this prohi-
bition, artists and architects, employed geometry to create intricate geometric patterns to
decorate the walls and ceilings. These specific patterns are known as Tessellations. In geo-
metrical terminology, a tessellation is a pattern, usually repetitive, resulting from the ar-
rangement of identical polygons over a plane, without leaving any gaps or overlapping por-
tions.

The tessellations, commonly seen in Islamic Art, is the tiling of polygons in 2 dimensions,
and these interlocking shapes can be extended infinitely. This bears similarity to the ara-
besque design that consists of repeating motifs, vegetal and floral patterns. The concept of a
repeating, infinite form of expression is used to symbolise the transcendent, infinite and in-
divisible nature of Allah. In order to use tiling as a technique, artists relied on their founda-
tions in geometry.

In the 3rd Century, Euclid, a Greek mathematician, published a book entitled “Elements” in
which he listed five postulates describing geometry, The modern reformulation of Euclid’s
postulates are:

« Any two points can be joined by a straight line.

» Any straight line segment can be extended indefinitely in a straight line.

» Given any straight line segment, a circle can be drawn having the segment as radius and
one endpoint as center.

» All right angles are congruent.

» The Fifth Postulate: Given a line and a point (not on that line), there exists only one line,
passing through that point and parallel to the original line.

Muslim geometry descended directly from principles set forth by Euclid. Tessellations of the
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Euclidean plane, are generally formed with copies of a single polygon, also called tile, and the
transformations of the copies of the tile by isometries creating a pattern over the plane. An
isometry of the Euclidean plane is a transformation which preserves length.

Isometries include:-

» Reflection: Infinitely many points remain fixed along the line of reflection.

« Rotation: One point remains fixed about which the tile rotates.

» Translation: No points remain fixed.

» Glide Reflection: No points remain fixed.

+ The identity map: All points remain fixed.

Figure Translation, rotation and reflection operations on octiamonds.

The shape of the tile depends upon the number of the sides meeting at one vertex. The angles
can only add up to 27 at a vertex i.e., the meeting point of different tiles.

Therefore, for a more mathematical explanation, let p be the number of sides of a polygon,
and g be the number of polygons meeting at a single vertex.

By the formula for polygons, sum of all of the interior angles = n(p-2)

Hence, each interior angle is = 7 (p-2)p
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pgm-2qm = 2pn

Pq-2q-2p=0

Pq-2q-2p+4 =4

(p-2)(q-2)=4

The only possible ways to factor (p- 2)(q-2) = 4 are as follows:

p = 4 and q = 4, which is a square, p = 6 and q = 3, which is a hexagon and p = 3, q = 6, which
is a triangle. We can further prove that this triangle would have to be equilateral as there

would be 6 other polygons meeting at that vertex. These are also called regular polygons.

The complex tileworks were analysed and it was concluded that they had been derived from
similar frameworks of regular polygons i.e., a square, triangle or hexagon and from the 12th

century onwards, octagon and dodecagon.

Fig 1 illustrates the orthogonal grid made from squares, with the dual grid (green) being the

same orthogonal grid. The vertices of this grid have four-fold symmetry. This is due to the

four coincident squares meeting at the vertex at 9o®°.
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fig 2 (left to right) shows the isometric grid made from equilateral triangles, along with its
hexagonal dual (green) and the opposite. The vertices of the isometric grid have three-fold

symmetry.

The construction of complex geometric patterns from tessellations, made up of simple regu-
lar polygons, which serve as a sub-structure or framework is referred to as the system of reg-

ular polygons.
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The shapes were used to decorate ceilings, doors, walls and for the Mughals, window screens

or jalis. The example below, shows the use of regular hexagons in the jalis at Agra Fort.

With the development of this form of art as well as advancements in geometry, Islamic art-
ists of the 12th century began to produce a more sophisticated form of tilework, now called

quasi-periodic tiling. (Example given below- Darb-i Imam Shrine, Iran).
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“Quasicrystals is a pattern that fills a space but does not possess the characteristic of transla-
tional symmetry that is typical in true crystals. In two dimensions, this means that sliding an
exact copy of the pattern over itself will never produce an exact match, though rotating the
copy will often produce a match.” Quasicrystals were a complicated phenomenon that re-
mained mathematically unexplained until the 1970s, when Sir Roger Penrose, described
them. About a decade later, the Nobel Prize for chemistry went to the discovery of quasicrys-
talline structure in the positions of atoms in a metallic alloy. (The image on the right is of
“potential energy surface for silver depositing on an aluminium-palladium-manganese
(Al-Pd-Mn) quasicrystal surface”). Despite its complexity, it was discovered that the Islamic
Artists had managed to create almost perfect examples of quasicrystals with rudimentary
tools.

Apart from tessellations, artists also created work including the Arabesque. The role of ge-
ometry for the construction of Islamic floral patterns, in the arabesque style, was primarily
structural: providing symmetrical order upon which the tendrils and flowers rested. There
are innumerable examples of floral design with reflective symmetry. Within architecture,

these were frequently used for dome ornamentation. In such cases, it was noted, the number
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of radial lines of symmetry will invariably be divisible by the number of side walls of the
chamber that the dome is covering: e.g., if the plan of the chamber is a square, the reflected
symmetry will be a multiple of 4. For the styling of domes, radial symmetry was of key im-
portance.

The Mughals frequently used Arabesque style floral motifs to ornament their tombs and

mosques. For example, Tomb of Akbar at Sikandra (below) has a radially symmetrical dome.

During the sixteenth and seventeenth centuries, floral ornamentation grew increasingly
popular and the use of geometrical patterns declined. Apart from some exceptional geomet-
ric innovations such as the Mughal domes, the interest in developing geometric design was
faint. Mughal architecture, developed into a bold new form, combining Persian elements
with Indian touches.

Since then, tessellations have been studied in much greater depth by several mathematicians
and artists, most notably M.C. Escher. The artist’s ability to use the most basic tools to cut
tile, marble and stone into mathematically precise and aesthetically pleasing patterns is
laudable. The sub-structure of the patterns, may be simple regular polygons, but its con-

struction into a more intricate symmetrical design, serves as a testament to their geometric
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knowledge.
The link between Mathematics and Islamic art, due to the influence of one on the other, rep-

resents the interwoven nature of science, art and religion, that characterizes a culture.

References:
1. Islamic Geometric Patterns by Jay Bonner

2. Tessellations: The Link Between Math and Art by Amanda Barth (2007)
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Mathematics has always been (to most people) , just a subject, or in premium terms , just a
methodology to pass some upcoming test. Most of my student comrades have always re-
garded Mathematics in that exact way till date. Infact almost every kid or student studies
Math in order to complete some given syllabus or just in order to qualify some fore coming
examination. But that is essentially just as absurd , as far as what Mathematics is to me;
rather what Mathematics has always been to me... I don’t really intend to become or pose as
a so called ‘NERD’ to you (dear reader) but I have some little treats for you that might (most-
ly will) change your whole perspective of MATHEMATICS. And I prefer to do so, via my fa-
vorite topic over Mathematics, the FIBONACCI SEQUENCE. Finbonacci was known as the
Leonardo of Pisa (Fun Fact).

Almost all computer students are familiar with that little program to print the Fibonacci se-
quence till some n-th term. But that’s been it. Even I didn’t really know what'’s after that
(chuckle) , until I found out, and here’s the revelation.

For those who don’t really know what the FIBONACCI SEQUENCE is, it is a sequence of
numbers that start with 1 and the second term is 1 too. And the 3rd term is the sum of the 1st
and the 2nd term (2), the 4th term is the sum of the 2nd and the third term (3) and it goes
on unending. That is in a nutshell, if I name the terms n1, n2, n3, ....... then every n-k (k be-

longs to {3,4,5,6,.....}) so, the series goes as follows:
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1,1, 2, 3,5, 8,13, 21, ...and so it goes

To most people, probably it is just some ordinary sequence of numbers, but here are some
fun facts regarding the Fibonacci Sequence

1. Birds always fly in clusters while migrating from one portion of the world to another. Each
cluster always consists some number of birds and that number always belongs to the Fibo-
nacci sequence.

2. Every possible flower in the world consists of a certain number of petals; and that number
is always a member of the Fibonacci sequence.

3. The number of spirals in a sunflower always belongs to the Fibonacci sequence.

4. As we divide some nth Fibonacci number to the (n-1)th Fibonacci number, and as we go
on dividing for such larger pairs, we get our quotient getting close to the number
1.61803398875. This number is called the Golden Ratio. And it’s presense is kind of too
REAL, to call Mathematics just ‘theory’.

(As claimed by Da Vinci’s sketch of the VETRUVIAN MAN) Take your arm for example.
From the shoulder to the tip of your finger,measure it’s length. Then consider the length
from the elbow (approx mid point of the arm) and measure till the tip of your finger. Find the
arm/elbow ratio. You'll find it to be approximately 1.618, that is the golden ratio. Do the
same from your head to toe length and your navel to toe length. Divide, boom! Golden ratio.
And such existence lies almost just throughout the body including places like your thigh-
toe length and the knee-toe length.

Well it just doesn’t stop right there. Take the Fibonacci sequence for instance.
1,1,2,3,5,8,13,......

Now let’s square each element and note it down separately

1,1,4,9,25,64,169,...... (2)
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Doesn't really seem much right?

Now see this.

Let's add the numbers of sequence 2 like this, and we denote the number as (f) if we find
something special in it

1+1= 2 (f) = 2 x 1 (both 2,1 are Fibonacci)

1+1+4= 3 (f) = 3 x 1 (both 3,1 are Fibonacci)

1+1+4+9= 15 (f) = 3 x 5 (Both 3, 5 are Fibonacci)

1+1+4+9+25= 40 (f) = 5 x 8 (Both 5,8 are Fibonacci)

1+1+4+9+25+64= 104 (f)= 8 x 13 (Both 8, 13 are Fibonacci)

and so on.....

Note that, everytime I add the squarred sequence consecutively, two at a time, I always get a
number that belongs to the fibonacci sequence.

Well, here’s why...

Consider the following set of squares of fibonacci length till 8. Now, it's area is (1x 1)+ (1 x
1)+ (2x2) + (3x3)+ (5 x5)+ (8 x 8) which is 104. But this is also a rectangle of length 13 and

breadth 8 units. So, Yeah the area is totally 8 x 13 which are Fibonacci Numbers afterall.

So you see Math isn’t just some ordinary subject . It’s just we fail to gain inspiration from it.

Well, essentially Math is Magic. We just need to live in Mathematics.
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: Calculation of the God's Number
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The notoriously difficult Rubik’s cube was invented in the year 1974 by a Hungarian Profes-
sor of architecture, Erno Rubik. Ever since its invention, about 350 million units of this toy
has been sold, and is considered to be the best selling toy ever made.

The funny story is, it was never meant to be a toy.

Being a professor, Mr. Rubik wanted to make it easy for his students to visualize 3D geome-
try. So he made something whose three different axes could be turned independently. He
colour coded each of the sides and started turning the different faces of the cube. He soon
understood this isn’t what he had intended to create. After scrambling the cube, he realized
that it was very difficult to bring it back to its original configuration. It took him approxi-
mately a month to solve the cube. How the cube became popular is a different story altogeth-

er. But what made the cube popular, sure is interesting.

Why is it so difficult?

There are approximately 43 quintillion (exactly 43 quintillion, 252 quadrillion, 3 trillion, 274
billion, 489 million, 856 thousand) different ways that a cube can be scrambled. How big a
number is a quintillion? It has 18 zeroes in it. To put it into perspective, if we were to make a
cube out of whatever material (wood, soil you name it) was at hand, there wouldn’t be

enough material on the island of Great Britain.
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Out of all these combinations, there is exactly one prized combination - the one which has all
the similar stickers on one side.

If you have never handled a Rubik’s cube, I would recommend trying one out just to realize
how twistedly difficult something can be (quite literally).

Learning to solve the cube is actually easy, it just takes some time (and tons of patience).
Contrary to popular belief, being able to solve a Rubik’s cube is not a measure of how intelli-
gent a person is. Solving requires being able to memorize a bunch of different algorithms and
being able to execute them. But solving a Rubik’s cube does help in improving something
called Spatial Awareness. The first time Erno Rubik ever solved the cube, it took him over a
month to do so. Solving the cube in the least time possible has been a sport ever since, or
popularly known as speedcubing. Currently the world record for solving a Rubik’s cube
stands at a mere 3.47 s by Yusheng Du. Some of the most notable speedcubers who have
helped this evolve into a now proper sport are Yu Nakajima, Feliks Zemdegs, Mats Valk, Max

Park etc.

So, what is this God’s number?

The key to solving a cube fast is to figure out the most efficient solution that would solve the
given scramble, and would also require the least number of moves to achieve that prized
solved state of the cube. The current God’s number stands at 20 moves (in half turn metric).
We will see how it boiled down to such a small number.

It basically means no matter what the scramble, a sequence of 20 moves shall always suffice
to solve the cube. And there shall be no exceptional scramble.

There are plenty of videos on the internet showcasing people solving the cube under 10s,

which is pretty amazing. On an average, speedcubers (people who solve the cube really,
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really fast) take anywhere between 40 to 60 moves to solve the cube.

The reason that this number is called the God’s number because it is virtually impossible for
a mortal to figure out the most efficient solution always, no matter what the given scramble
is. For figuring out the solution in 20 moves, the person needs to be able to analyse each of
the 43,252,003,274,489,856,000 different cases that the scramble could be, all at once. This
is humanly impossible. So, it is as if God was to solve the cube, he would always come up with

the 20 move solution. Thus the name, God’s Number.

Evolution in the stages of calculating God’s number:

Michael Reid show
sufficient.

Michael Reid
(corners co

December,
2005

s Rokic rbert Kociemba, 3
July, 2010 20 20 ) avidson, and John Dethridge prove that God's
Number for the Cube is exactly 20.




The three most important stages in the calculation of God’s number could be the following:
« Of course, Morwen Thistlethwaite who started it all with his 52 move solution.
+ Michael Reid, who showed that the superflip position of the cube could be solved in 20

moves.

(The superflip position: Notice how the pieces are flipped in their correct positions)
The superflip position of the cube is regarded widely as the most difficult scramble because,
every piece is present in its correct location, but it is flipped in a wrong orientation.

« In July 2010, when Google finally steps in.

So, how did Google help solve this problem?

Computing all the 4.3x1019 positions of the 3x3 Rubik’s cube is no joke. So, Tomas Rokicki
(a programmer) needed the help of a company who had plenty of superfast computers with
high processing capability and were willing to participate in a “fun experiment”. And hence,
Google.

How did they solve all 43,252,003,274,489,856,000 positions of the Cube?

+ They partitioned the positions into 2,217,093,120 sets of 19,508,428,800 positions each.
» They reduced the count of sets they needed to solve to 55,882,296 using symmetry and set
covering.

+ They did not find optimal solutions to each position, but instead only solutions of length
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20 or less.

« They wrote a program that solved a single set in about 20 seconds.

« They used about 35 CPU years to find solutions to all of the positions in each of the
55,882,296 sets.

In order to understand how they divided the scrambles into different sets, we would need to
delve into a branch of Mathematics known as Group Theory. The study of a Rubik’s cube is
considered to be a fundamental in that field.

Google does not ever release information on the kind of hardware they use, but it still took a
few weeks to run the algorithm to solve the problem, even though they had plenty of comput-
ing power and plenty of computers at their disposal.

To put it into perspective, it would take a standard Intel Nehalem quad core processor 1.1 bil-

lion seconds (or 35 CPU years) to run the same algorithm.

Conclusion:

As for now, the God’s number stands at 20, and seems like it would continue to do so for
quite some time. There are some excellent videos by Numberphile on YouTube, which is sure
to get you hooked.

Oh, and a joke to conclude things:

Peeling the stickers off isn’t the most efficient way to solve the cube after all!

References :
1. ruwix.com, 2. "God's number and Rubik's cube" by Numberphile onYou-
Tube.https:/ /youtu.be/yF2J39Xny4Q, 3. cubezo.org, 4. Visual group theory lectures by

Professor Macauley on YouTube.
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the true nature of reality

Gravitational waves : Understanding
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Given our progress in explaining the working of the cosmos, our understanding has yet too
many loopholes. There is currently no "Unified Field Theory" in existence and general rela-
tivity of Einstein still contradicts with quantum mechanics.
The immediate questions that arise in one's mind are :
-Why are we trying to unify them anyway?
-What is the main obstacle to uniting all the elementary particles and four forces?
Note that the convergence of the microcosm and the macrocosm is what physicists have
sought to accomplish. Such two cosmological forces are described by quantum mechanics
and general relativity respectively. The inherent incompatibility between quantum mechan-
ics and general relativity is impossible to notice in everyday life, or at the vastness of the uni-
verse. The results of the calculations from the observations made by LIGO seems to bridge
the gap between the two fields.
General relativity states that space-time is a fabric which becomes warped and distorted by
the existence of matter and energy, which implies that any object having a mass which moves
in the universe creates distortions in the fabric of space itself, called gravitational waves.
This is one of Einstein's oldest predictions. The concept of gravity by Einstein remains a clas-
sical view, however, because space and time are continuous, not discrete entities; the predic-

tions of the theory break up at very short distances and in very large fields; and the gravita-
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tional domain for inherently quantum systems can not be calculated as it were, like an elec-
tron facing a dual slit. (Scardigli, and Casadio, 2015).

Theoretically, gravity may appear to be quantum in nature, although we do not yet have any
experimental evidence. But with the latest clear observation by LIGO of gravitational waves,
we are persuading to prove, for the very first time, that gravity is actually a physical force of

existence. (Abbott et al. 2017).

Problems of Combining General Relativity And Quantum Mechanics

When one attempts to blend general relativity with quantum field theory, different problems
emerge. In the calculation of physical quantities, a field theorist would point to the usual
process for eliminating infinity. In these models, the short-distance nature of events is so ab-
normal that it is not possible to make accurate predictions. The principle of this approach is
that of a "renormalization,” where the hypothesis collapses. (Butler et al. 2018)

From a general relativistic point of view, problems regarding the causal structure of
space-time when the geometry has quantum-mechanical excitations crops up. There are sev-
eral problems linked to black holes, regarding the fundamental origins of it and the incom-

patibility of quantum mechanics with its thermodynamic properties. (Paschalidis et al.2017)

How String Theory Appearsd To Solve The Problem

Most theoretical physicists are convinced that superstring theory is the solution. String
theory seems to promise that all of science can be incorporated into one supreme structure.
This theory overcomes the problem of non-renormalizability by replacing point-like parti-
cles with one-dimensional extended strings as fundamental objects. While many different

versions are present in practice, the essence of string theory is that every particle can be seen
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to be a one-dimensional sequence with different modes of motion, depending on the basic
forces of nature (gravity, electromagnetic and so on). Of purposes better explained than
terms in mathematics, in addition to time and three spatial facets of daily life, the concept
often demands that there be at least six specific spatial dimensions. Scientists, especially
those operating the Large Hadron Collider, searched for the energy that vanishes into these
dimensions, but none of these attempts was fruitful. The only drawback is that researchers
have yet to provide experimental evidence for their validity—and sceptics doubt if their pre-
diction is even testable.

In the absence of such evidence, three empirical predictions of superstring theory can be
stated -

o The first is that gravity exists, as approximated by general relativity, at small energies. No
other quantum theory can assert this property.

e The second is that superstring solutions typically include the gauge theories of Yang-Mills,
like the ones that constituting the "standard model" of primary particles.

e The third general prediction is the presence of low energy supersymmetry (electroweak
scale).

In the usual approach to quantum field theory (perturbation theory), the questions involving
relativity cannot be properly addressed. But recent findings do not lead to perturbing under-
standings, which should help to address it. When a new theoretical idea is proposed, distin-
guishable experimental predictions are very desirable. Throughout superstring theory, there
have been no comprehensive measurements of the properties, despite many valiant at-
tempts, of the elementary particles or the composition of the universe.

A new paper has now suggested that calculations of gravitational waves can decisively con-

clude the future of string theory. This study might show the first visible proof of extra dimen-
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sions, which can be described only by string theory, may be contained within the waves of
gravity, but they will be squeezed so closely that they are practically imperceptible.

The string theory predicts that, during these events, waves should also propagate through
the extra spatial dimensions and that the standard waves and the hidden ones (the ones trav-
elling through other dimensions other than the 3 known dimensions) should interact in a
subtle way. (Rickles, D., 2016.)

This discovery is incredibly important as Einstein's general theory of relativity does not an-
ticipate this; which suggests that we need to update our interpretation of how gravity acts.
String theory is one choice, but other competing theories also exist. The lack of interaction
would help exclude or limit a glimpse into some of these hypotheses. Others remain uncon-
vinced that the requested experimental evidence would be provided by such observations.
"The question is that string theory states nothing in the context of these extra dimensions,
they could be anything from indefinitely large to exponentially small, so there are not clear
assumptions.”, said Peter Woit, Columbia University, New York's theoretical physicist and
an old sceptical of string theory. There is no reason to believe that these have anything to do

with string theory if we ever see extra dimensions. (de Lacroix et al.2017)

Why Gravitational Waves May Hold The Key To Experimental Verification Of
String Theory?

In 2015, LIGO made the first observation of gravitational waves, the compression and ex-
pansion of space which takes place when an object having mass moves through the space-
time. The extreme collision of a pair of black holes about a billion years ago had sent out a
ripple through the spacetime as gravitational waves which LIGO's sensors had detected.

Now, these gravitational waves are peculiar, as we've only seen their wavelike component,
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never the part concerning their particle aspect. It is a wave and that wave is discovered to be
consistent with General Relativity’s predictions. They are somewhat different from their
other wave counterparts we are used to, they are not scalar waves, like water waves, or even
vector waves like light, with electric and magnetic fields wobbling in phase. Alternatively,
these are tensor waves that trigger space to contract and expand as the wave passes through
that region in a perpendicular direction. The weight of this proposed graviton particle is less
than (1.6x [10] ~(-22) eV)/c”2 , and ~ [10] ~28 times lighter than the electron. (de
Rham et al. 2017)

Yet, we won't be able to conclude whether the "particle” component of the wave-particle du-
ality of gravitons until we find a way to check quantum gravity using gravitational waves.
An essential element of string theory—a possible candidate for a quantum gravity con-
cept—are extra measurements that are concealed because they are very small. Quantum
physics, incorporating quantum mechanics and general relativity was sought to understand
what occurs inside a black hole or during the Big Bang at both microscopic and macroscopic
level. Gravitational waves can tear through every dimension at a characteristic frequency
comparable to how organ pipes of different lengths produce notes of different tone. So the
difference in wavelength due to the occurrence of extra dimensions would vary depending on
the energy of the collision, etc. If the extra wavelength length is believed to be very small, a
sequence of higher frequency gravity waves would be expected, probably at a frequency more
than a billion times higher than what LIGO now can sense. We have a few opportunities, but
LIGO likely will not work in any of them. When two singularities unite, the quantum ef-
fects— which should be distinet from General Relativity— should happen just before or
shortly after the fusion. Apparently, we can't use micro-to-millisecond timescales to test pi-

cosecond timescales, but that may not be unlikely. We developed laser pulses that work in
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the femtosecond or attosecond ( [10) ~(-15) s to 10°(-18) s) so that we can be sensitive to
minor deviations. Yet, theoretically it is not difficult. It is only technologically demanding!
Nevertheless, it is impossible to be detected because the current terrestrial gravitation-
al-wave sensors at high frequencies are insufficiently active, but one day a potential detector

can see this.
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As long as we can remember, mankind has always been extremely curious about everything.
And this curiosity has played a key role in our development. Qur ancestors, being curious of
their surroundings, learnt to stand on 2 limbs, which increased their limit to the observable
surroundings. Similarly, with the advancement of optics, mankind started to try and glimpse
at “The Unknown”, which lies behind the blue curtain enveloping the Earth. Since then, we
have not looked back. And now, we are also able to tell what happens at the “End of the Uni-
verse”. But, even with so much knowledge of the Universe, we can still say that we know
nothing of it.

The Universe has no end. It is of infinite volume. According to Quora, the Universe cannot
be considered as a “Bubble”. It exists everywhere and is approximately the same everywhere.
Also, recent scientific development states, that the Universe is expanding. And not just ex-
panding, it is expanding at an accelerated rate! But it should not be thought that the Uni-
verse is a balloon, and you blow more air into it. This just means that the distance between 2
points in the universe increases with time. The distance between Earth and the Sun, other
stars, planets, etc. is increasing, with time. Quora also provides another analogy to under-
stand this phenomenon. Consider the number line, having all the integers. It consists of the
numbers

.4 -3 2 -1 0 1 2 3 4 ..
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extending up to infinity on either side. Now consider another number line, but this one con-
tains only the even numbers. Then we have the numbers
8 6 4 2 0 2 4 6 8

We can now say each element of the previous number line is half of each element in the
second line. And also, they represent the same number line. Only the spacing changes. Simi-
larly, in the Universe, only the distance between the objects in the Universe changes, but that
does not mean that the total volume of the Universe changes (if it has one). But obviously,
there are exceptions. We can say that the distance between our fingers, hands and feet do not
change. Also, the Milky Way does not expand. But that does not account for much in this

huge universe when we look into it quantitatively.

E =0=(+E)+(=E)=Y +m.c*+Y -mc*+> +K_ +> -K _ +>U=0

| J | ) | | | ) | ] | |

Nothing Pair Creation Positive mass Negativemass  Kinetic Energy  Potential Energy
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Fig: The concept of a zero-energy Universe

The most accepted theory regarding “The Birth of The Universe” is the Big Bang Theory,
which states that the Universe was born from nothing, and a major explosion led to the Uni-
verse. This also led to the formation of the hypothesis of “Zero-Energy Universe”. It may
sound astonishing at first, but it is true that due to the law on energy conservation, the total
energy of the universe before the Big Bang, must be equal to the total energy after it. And
since there is nothing before the Big Bang (i.e. E=0), the total energy after the Big Bang must

also be zero. Hence the total energy of the Universe is taken to be zero. We can say that the
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Universe is made of positive matter-energy and negative gravitational energy, which are
equal in magnitude but opposite in sign. However, it is also true that the concept of time
started after the Big Bang, i.e. the Big Bang occurred at t=0. Now it is to be noted that, in an
explosion, there is always a kind of repulsive force which pushes the matter (and energy)
outward. Similarly, the Big Bang started pushing the energy (and hence, matter, according
to Einstein’s famous equation, E=mc2) outward and still does so today. Also, another im-
portant question must be answered:

“Many stars and other heavenly bodies emit energy in the form of light, heat,
etc. This energy must travel up to infinity, until and unless it hits a surface of
another star, planet, or is sucked into a black hole since energy cannot be de-
stroyed. Where does this energy go?”
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Afterglow Light

Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

Infi
»
i
' -
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Fluctu " »

1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 billion years

Well, this question must be answered within our observable universe. And for that, we must
understand that light did not exist from the time the universe was born from the Big Bang.
We might imagine that a blinding explosion happened at t=0, but it is not so. Though it is

true that a lot of energy was indeed generated, but not light energy. Everything was dark
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about 384,000 years. The first light to come into existence was when the Universe became
transparent, about 384,000 years after the Big Bang. Another assumption might be taken.
The Universe can be taken to be of a constant density of heavenly bodies within it. And the
stars, emitting light energy, hit other non-luminous objects. Since the Universe extends up
to infinity, most of this energy will be absorbed by them, just like Earth absorbs Sun’s energy.
The concept of a 4-dimensional space must also be understood here. To do this, let us start
from the concepts of 0- dimensional analysis, and steadily move on to the 4-dimensional
one.

1. The definition of o-dimension, a point (.)

2. The definition of 1-dimension, a straight line(an infinite collection of points)

3. The definition of 2-dimension, a plane(an infinite collection of straight lines)

4. The definition of 3-dimension, a volume(an infinite collection of planes)
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5. The definition of 4-dimension, an infinite volume.

Thus, the Universe can be considered as a 4-dimensional volume. And we also know that
light energy, when it hits a surface, produces a certain radiation pressure in it. Hence, the
force exerted on that surface is the pressure times area, and this force is supposed to provide
acceleration. Hence we can say that all the light energy that hits a surface of the planet is ac-
celerating it. As the light travels from inside the Universe, the planets and other heavenly
bodies, which have light striking their surface, get displaced due to the force acting on them,
and since these celestial objects are accelerating with respect to one another, we arrive at the
concept of an expanding Universe. However this mechanistic approach has many contradic-
tions, hence physicists altered this theory a little bit saying that in a 4-dimensional space, an
accelerating universe exists due to radiation pressure due to “Dark energy”. And what is this
Dark Energy? Something which we know nothing about (If there was no dark energy, every-

thing in the Universe would collapse at one point due to gravitational attraction).

Fig: Model of Dark energy cansing Universe expansion

Although the mechanistic approach here is not plausible, Einstein did mention that just as
“Radiation Force” exists, there is also something called “Radiation Friction”, i.e. opposition
to the radiation force. This becomes extremely obvious because if nothing called radiation

friction (resistance to radiation force) existed, our Earth would be displaced from its orbit
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(millions of years ago, moving farther away from the Sun), and then we wouldn’t be here to
talk about it.

The reason why the mechanistic approach is not possible in space because the concept of
force (which is the base of mechanics) is invalid in space (but it must be acknowledged that
they do quite well for us inside Earth). In space, everything must be explained in terms of
space-time curvature due to gravitational waves. According to Wikipedia, “Gravitational
waves are disturbances in the curvature of space-time, generated by accelerated masses that
propagate as waves outward from their source at the speed of light.“ Gravitational waves are
an important consequence of Einstein’s general theory of relativity. Even Euclidian geome-
try is invalid in space. Geometrical calculations regarding the Universe requires extensively

complex mathematics for their solution.

Fig: Space-Time Curvature Fig: Gravilational waves

Let us look at another aspect of space that does very well go with Newtonian mechanics (spe-
cifically Newton’s law of gravitation). We know that there is a mutually attractive gravita-
tional force between the Sun and Earth that balances the centrifugal force of Earth. Here we
consider the Sun to be practically stationary with respect to the frame of the Solar system,

since MSun>>>>MEarth But we fail to notice here that even though the displace-
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ment of the Sun is quite small compared to the distance between the Earth and the Sun, it is
enough to create a “wobble” in the Sun. And the effect of this “wobble” gets more and more
pronounced as we consider more and more planets into our system (which till now only con-
sisted of the Earth and the Sun). In the adjacent image uploaded to ResearchGate by V.T.-
Toth, where the centre of the Sun is mapped from 1944 to 2020, the Solar wobble can be well

understood.

An important point to be noted here is that when the entire solar system with all its planets
is considered, the main cause for the wobble is due to Jupiter and Saturn (since they are the
2 planets with the largest mass, and gravitational force on the Sun is directly proportional to
the mass of the planet). Hence from this, we can say, “Earth does not exactly revolve round
the Sun” (nor does any other planet in the Solar System) since the Sun is not exactly station-
ary.

Now, just as this wobble affects our Solar System, the same physical consequences apply to

any other system, where planets orbit a star. Also, this must be well understood that whatev-
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er observations we take about the Universe, most of it depends on the light energy reaching
us. And this light energy generally comes from a star. It would be inappropriate to assume
that we can see faraway planets and other satellites directly, even with the most advanced
telescopes available today. Then how do astronomers predict the existence of planets? A
simple answer would be to check for any black spots on the image of the star we receive
(which is just the planet blocking the starlight reaching us), which is almost equivalent to a

solar eclipse.

Fig: A solar eclipse and another similar example

But for a faraway star, the search would only be worthwhile when the distance between the
planet and the observer is quite small compared to the distance between the observer and
the star to get a visible spot in the image (which is absurd) or the planet is quite comparable
in size (and hence mass) to the star (which is impossible, since then the mutual gravitational
attraction between them would make the star and planet collide with each other). Hence, the
astronomers depend on the wobbling effect of the light coming from a star to predict the ex-
istence of planets. An important application of this process comes when the question of life

in other planets arises.
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CONCLUSION

So we see that our understanding of the Universe has changed a lot since the beginning of
mankind’s quest for knowledge. It was first believed that the Earth was stationary, the Sun
moved around it. Later it became that the Earth moves around the Sun in a circular orbit,
then the orbit changed into an elliptical one with the Sun at one of the 2 foci of the ellipse,
and now we know that the Earth doesn’t even exactly orbit the Sun. Similarly, the geometry
of the Earth changed from flat to spherical, and then we added a slight bulge to it. Recent de-
velopments have rejected Newtonian mechanics in outer space. We see that, as time pro-
gresses, the Universe demands more complex and higher-end knowledge from its observers.
But even after knowing so much, we know so little. The irony here lies in the fact that we
know so little of the Universe, it would be nothing more than a mere assumption to predict
how much we truly know about the Universe. But science does not see this as a drawback but
as a challenge. And even though mankind may not be there to witness the demise of the Uni-
verse (or will it?), scientists have started to predict the changes in the Universe that will
happen over the next trillions of years, until the very end of it.

One thing can be said without a doubt:

“The Universe has Only just begun.”
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Let us begin with a story. Consider a town, where the entire population consists of males. In
this town, there is just one barber (who of course is male). Given that the barber shaves only
those who don'’t shave and an absurd law over the town which specifies that every citizen
must be shaved,

A question arises...

Does the barber shave himself?

Well, if “YES”, then that is a contradiction because that means THE BARBER IS SHAVING
SOMEONE WHO SHAVES HIMSELF.

And if one answers “NO”, that too, is a contradiction because that means someone in town is
unshaved, which is against the laws of the town.

This story is a simple way to understand the paradox in question. Before I come to it, let me
describe the history behind the groundbreaking counterexample paradox.

Gottlob Frega was a mathematician who throughout his life, described, defined and discov-
ered various fundamental concepts of Mathematics. One such concept was the definition of
numbers. Plato had defined numbers to be objects in the universe; I.e. he believed numbers
to be ‘objective truths’. Aristotle, on the contrary, defined the term ‘number’ to be the charac-
teristics of various real objects in the real universe. Then there was Emmanuel Kant who be-
lieved that to understand the concept of numbers or any concept behind mathematics, we
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need some kind of INTUITION.

This is where Gottlob Frege arrives. Frege disagreed with Aristotle's views of numbers being
the characteristics of objects. So did he, for the concept of intuition by Kant. He said, if num-
bers are properties of objects, then only ‘ONE NUMBER SHOULD BELONG TO ANY
OBJECT AND DEFINITELY IT SHOULD NOT BE INFLUENCED BY ANY MATTER OF
OPINION’.

Take a second and imagine a swarm of 80 bees. Should we call it ‘A’ swarm of bees? Or
should we call them ‘80 ’ bees? When we change our viewpoint, the number corresponding
to the object essentially changes.

By this Frege proved that the concept of OPINION or INTUITION should be ripped off. So,
he asserted that Numbers don’t belong to objects; they rather belong to ‘concepts’. His idea
was to show that the foundation of Numbers in Mathematics is derived from logic. He called
this idea LOGICISM. Frege started his quest of Logicism by trying to give a concrete defini-
tion of what a number was. It is difficult for you and me to define Numbers without using the
word ‘number’ or a word attached to the word ‘number’.

Frega defined Number by introducing the idea of ‘concept’ and ‘extension’. A concept is any
sort of idea. An extension is the set of all things that fall under that concept. For example,
given the concept of the colour GREEN, its extension would be the set of all green objects.
For the concept of WOOD, the extension would be the set of all wooden objects and so on. If
the concept is ‘rectangular squares’, the extension would be an empty set. Frege said that
numbers are actually ‘extensions of objects’. Like the concept of extension of the NUMBER
4 would be “ALL THINGS MADE OF **** many objects”; the conception of the extension of
the number 8 would be “ALL THINGS MADE OF *#*###*** many objects”.

He gave his axiom that all concepts, we can build, would have a corresponding extension. So,
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the number of concepts would be equal to the number of extensions. He named this, THE
GENERAL COMPREHENSION PRINCIPLE. The principle sounds reasonable. If not, can
you possibly think of a concept that doesn’t have a corresponding extension to it? I couldn't.
This is where Bertrand Russel appears. In June 1901, when Frege was close to publishing his
theory, he received a letter from Russel which shattered all his dreams and led to him being
hospitalized. The letter simply read: What about the concept of the set of all sets that don’t
contain themselves? Does it contain itself? To explain the dilemma, let’s begin by noting that
we can assume all sets. Sets are the distinct collection of objects, such as the set of all frogs
or the set of all computers. Most sets don’t contain themselves. For example, the set of all
teapots is not a teapot. So, it cannot contain itself. But considering the set of all sets that are
not teapots? We ask: Does it contain itself? If it is not a teapot, it must be containing itself.
Now returning to the set of all sets that do not contain themselves, does it contain itself? If it
does, then it contradicts the definition of the set, i.e, NOT CONTAINING ITSELF. Hence, it
must be that it does not contain itself, but then by it, the set must contain itself. Here the
contradiction arises again as the set must be that it doesn’t contain itself. Similarly, if the
barber shaves himself, it is a contradiction; but if he doesn’t shave, it is a contradiction as
well. This is what Russel’s paradox is all about. Since one counterexample is enough to dis-
prove a statement, this one small counterexample by Russell was enough to shatter Frege's
theory of one-to-one correspondence of concepts and extensions. Thus Frege seemed to have
gradually lost his interest in various theories regarding concepts and logic of mathematics.
There have been various other theories regarding the foundation of mathematics. The most
popular being the Zermelo-Fraenkel set theory which puts to use a lot of Frege’s actual ideas.
The Russel’s paradox, however, is considered to be one of the most groundbreaking para-

doxes, ever, to date.
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The bizarre behaviour of rotating
bodies:'Dzhanibekov effect or the

Tennis racket theorem’
Sidhartha Chatterjee

Department of Physics

Maulana Azad College, Kolkata

Named after Russian cosmonaut Vladimir Dzhanibekov, who had noticed one of the theo-
rem's logical consequences while in space in 1985, the Tennis racket theorem states thatin a
body with three different moments of inertia, rotation about the intermediate axis is unsta-
ble while about the other axes is stable.

This effect is fascinating because a body always rotates in the direction of rotation, but when
it rotates about its intermediate axis, it sometimes turns a 180°while facing the other side
forward. According to Richard Feynman, there is no intuitive way to understand the Dzhan-
ibekov effect, only mathematical expression can explain it. But mathematician Terry Tao
proved Feynman wrong. He proposed a way, rather than some mathematical derivation, but
with visualization.

The theorem is important as the effect is valid for all the bodies which have three different
principle moments of inertia, like our ‘Earth’. So does the earth flip after certain time period?

Well, this would pose a big problem for our scientific community to tackle.

Analysing the Tennis racket theorem
In this picture, we consider a disk with two small masses lying on the Y axis, two big masses
lying on the X axis and the Z axis passes through the centre of the body.
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This body has three different principle moments of inertia. One is when the body rotates
about Z axis (this is the largest moment of inertia as all the masses are contributing), second
is when it rotates about the X axis (this is the smallest moment of inertia as only the small
masses contribute) and the third is when it rotates about the Y axis (only the big masses con-
tribute in this case).The third moment of inertia is the intermediate one.

So we will discuss about the intermediate axis as it causes some bizarre effect.

Now-inertial frowme

125



While rotating about the Y axis, the bigger masses experience centripetal force which accel-
erates them towards the centre, and they rotate in a uniform circular motion. But if we con-
sider the non-inertial frame of reference, these masses experience the centrifugal force,

which is proportional to the distance of Y axis. These two forces balance each other.

Now the two small masses experience centrifugal force proportional to the length of Y axis
for a little perturbation. The tension force between the big and the small masses restrict the
motion of smaller masses in the X-Y plane. Centrifugal force acting on the smaller masses,
causes them to flip and their distance from Y-axis begins to increase. Maximum force is ex-
perienced when they are parallel to Z axis. As the masses move towards Y axis again the dis-
tance decreases and the force tends to zero. In this condition, the masses align on Y axis and
become stable. This motion is repeated periodically.

This effect was first published in 2012 on ‘ROSCOSMOS’ website by the Russian space
agency. A hypothesis was proposed that our planet, in the course of its orbital motion could
execute the same overturn.

Worry not! The angular momentum of Earth is conserved but its energy is not, therefore,
some internal energy dissipates over time. So it moves around its highest moment of inertia

axis and hence we will not be in any danger.
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The observer-machine

Sagnik Ray,
Department of Physics

St. Xavier's College (Autonomous), Kolkata

The following discussion is basically an analysis of a thought experiment. The experiment is
quite simple, involving a number of observers and a moving particle. The purpose of this ex-
periment is to understand the role of observers in physics, and finally in realising the origin
of coriolis force.

Understanding the ‘observer-machine’:

Consider the following statement: “An inertial observer is observing a particle, and con-
cludes that it is moving with constant velocity”. An inertial observer is, say a man with undi-
minished eyesight who is not accelerating. Now if the particle is either approaching or
moving away from the observer, then there is nothing more to the aforesaid statement. But
if the observer’s line of sight is perpendicular to the particle’s trajectory then a little more
brainstorming reveals that a single observer cannot serve as an inertial observer. Human
eyes can cover a certain range beyond which it cannot see. So, a single observer will be able
to observe the particle as long as the particle is within the range. As soon as that particle
moves out of this range, the observer must turn his head in order to see it. But if the observer
turns his head then he is no longer an inertial observer, since rotation is not uniform motion
(even if the observer turns his head with constant angular velocity, his line of sight changes

direction at every instant). We must then reformulate our notion of inertial observer in the
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present scenario.
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Let us consider an array of observers in the following manner: They are all of the same height
with equally strong eyesight. All of them stand in a straight line facing the line of motion of

the particle, with equal spacing say xo in between them (see the figure below).
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The first observer finds the particle at a distance of y_o directly in front of him (the particle
is at the same height as his eyes from the ground). He looks at his wrist watch and finds the
time to be say, t_o0. Now, before we proceed further, let’s talk about the wrist watches first.
It is assumed here that every observer has with him an identical wrist watch and that they all
tick together, i.e. they are all synchronised. In other words, when the wrist watch of the first
observer read t_0, so did the watches of each and every other observer.

The next observer finds the particle to be in front of him at the same distance y_o at an in-
stant 2t_0. The third observer finds the particle directly in front of him at the distance y_o
atan instant 3t_o and so on. These data so collected by the observers are now sent to a single
person who analyses the data. This person, the collector and analyser of data is the inertial
observer. Let’s take a moment to understand this. It’s clear that a single observer cannot be
an inertial observer because of the reason mentioned above. But a linear collection of observ-
ers, now that’s different. In this case, a single observer observes the position and the time
and leaves it at that. Since there are a number of such observers, each one has a set of data,
and no one needs to turn his head to follow the particle. We can keep track of the particle for
as long as we want by increasing the number of such observers.

Let’s call the collector and analyser of data the Observer (with a capitalized ‘o’; it’s kind of
dramatic, that’ why). He knows that the separation between each observer was x0, and the
data provided to him tells that the particle has covered equal distances (x0) in equal intervals
of time (t_0), so the speed of the particle was constant. Moreover, since every observer had
found the particle to be at a constant distance (y_o) in front of them, it implies that the parti-
cle’s trajectory was a straight line parallel to the linear collection of the observers. Thus it
turns out that v_x=x_o/t_o , and v_y=0. Our Observer then concludes that the particle’s

velocity was constant; however he is not wholly satisfied. It is so because in between two suc-
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cessive observers, there was no one to keep track of the particle. One can say that the particle
became invisible while moving from one observer to the next. How can one be sure that it
had not changed course in that region? After all the data provided to the Observer are only
discrete positions of the particle, not its continuous trajectory. Some error is bound to come
into play. So, the Observer decides to decrease the separation between individual observers
and increase their number. The error is somewhat reduced. In theory he can continue to do
so until he gets an almost continuous array of such observers with infinitesimally small sepa-
ration in between them. In reality though, if all the observers are of same width, then if they
are made to stand shoulder to shoulder, the smallest separation and thus the measure of

error is their body width. The error cannot be reduced further.

Plsk 01( Ahe pesiken  of dhe Fa,.l‘gfg,

The arrangement thus mentioned above is what I prefer to call an ‘observer-machine’. Each
individual observer works independently of each other and the data collected is sent to the
Observer, it’s analysed and the behaviour of the system or particle under observation is de-

duced. The observer-machine can be arranged in a number of ways, the simplest one being
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the linear format as discussed above and the only arrangement that serves as an inertial one.
Any other arrangement would be non-inertial. Here's an example to help understand this.

Consider the same linear arrangement as before, but with one observer shifted towards the
line of trajectory of the moving particle. If every other observer had found the particle to be
ata distance of y_o in front of him, then let’s say this one would find the particle at a distance
of y_o/2in front of him. Thus while analysing the data, the Observer would be under an im-
pression that a sudden force had acted on the particle at that point, displacing it momentari-
ly. But there was no real force present and the existence of a force to the Observer is only due

to the arrangement of the observers, making the observer-machine a non-inertial one.
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The observer-machine as a rotating frame:

We now wish to arrange the observer-machine in such a way that it represents a rotating
frame. Let’s consider the following arrangement. The observers are arranged in a single file
as was done previously with a separation of xo between them. But here the second observer’s
head is tilted at an angle @ with respect to the head of the first observer who'’s looking
straight ahead. The third observer’s head is tilted at an angle of 2¢ with respect to the first

observer and so on (see the figure below).
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It’s interesting what happens next. The first observer finds the particle at a distance y_o in
front of him at an instant t_o just like the arrangement of the inertial observer-machine. But
the next observer doesn’t find the particle at the same distance in front of him. Since his head
is tilted, he finds the particle at a distance of y_o sec in front of him, which is obviously
greater than {y] _o. Also, the instant at which the second observer sees the particle is not

[2t] _o but something greater than that, precisely itist_o (2+y_o/x_o0 tang). To under-
stand how this comes about, one must realise that the particle has travelled a distance of

X_0+y_o tang before it is seen by the second observer. Since the actual speed of the particle
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(i.e. with respect to the inertial observer-machine) is x_o/t_o so the time taken by the par-
ticle to reach from the first to the second observerist_o (1+y_o/x_o0 tang). Since the first
observer’s watch had read t_o when he had seen the particle so the next observer’s watch
must read t_o+t_o (1+y_o/x_o tang@)=t_o (2+y_o/x_o0 tan¢). Similarly the third observ-
er finds the particle at a distance y_o sec2¢ in front of him at an instant t_o (3+y_o/x_o
tan2@) and so on; all these data so collected is then delivered to the Observer.
Our Observer makes the following deductions: since the particle was found at a distance of
y_o in front of the first observer but at a distance greater than [ y] _o in front of the second
observer so he readily concludes that v_y+0, in other words the trajectory of the particle is
in no way parallel to the linear collection of the observers. When the particle was in front of
the second observer, the value of [ v] _y=(y 0 secq-y_0)/(t_o (1+y_o/x_0 tang)).
But when the particle was observed by the third observer, [ vl _y=(y_o (sec2¢q-sec
@))/(t_o (1+y_o/x_o (tan2¢p-tang) ) ), a close inspection reveals that the value of v_y had
actually increased as the particle had moved from the second to the third observer. A force
must have then acted on the particle along the line of sight of the observer. Further calcula-
tions reveal that the value of v_y increases continuously as the particle moves; however v_x
remains constant. From the perspective of the Observer, the only explanation amounts to
the existence of a force field that acts on the particle along the line of sight of the observers.
This force field is known as the coriolis force field and it depends on the velocity of the parti-
cle as measured by the observer-machine and the angular velocity of the frame (i.e. the angu-
lar velocity that our observer-machine mimics). This is given by the well known relation,
F=-2mwxV_rot
Where m is the mass of the particle, o ® is the angular velocity and (V_rot ) Bis the velocity

of the particle as measured in the rotating frame. V_rot=v(v_x"2+v_y”2 ) , since v_y
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changes so does @ V_rot and as coriolis force depends on ¥ Vi&_rot so the force on the parti-
cle also changes. Thus the coriolis force field is a time dependent variable field. Also, the co-
riolis force changes due to the change in the angular velocity of the frame, which is the case
in this scenario. Generally o is considered constant. But with the given arrangement of the
observer-machine, o is indeed variable. We must realise that as such there is no angular ve-
locity involved with our arrangement, the observers don'’t turn their heads continuously,
their heads are only tilted at certain angles and they are static. But, as the particle moves
from the first to the second observer, the angle of tilt increases from o0 to ¢, and the time in
which this happens is the time the particle takes to be seen by the second observer, i.e.t_o
(1+y_o/x_o tang). Therefore, w=¢/(t_o (1+y_o/x_0 taneg) ). But this value changes when
the particle is seen by the third observer, because the time taken by the particle to move from
the second to the third observerist_o (1+y_o/x_0 (tan2¢p-tang) ) but the numerator of
is still equal to 2@-@=¢.

From the vector relation of coriolis force, one can easily find the direction of the coriolis force
on the particle using the right-handed rule of vector product (w H is taken to be directed into
the plane of the paper since its sense is clockwise) and the reader must verify that the direc-
tion so obtained tallies with the direction of force inferred from our experiment. However, a
total match of the result obtained from this experiment with the vector relation is difficult
because of the fact that the observer-machine can only provide and deal with discrete data,
not continuous ones. In other words, the velocity of the particle is actually an average veloci-
ty, but the vector equation requires it to be instantaneous. Thus, this experiment involving
the observer-machine aims at understanding coriolis force qualitatively, rather than quanti-
tatively. The coriolis force wouldn’t have existed had the Observer known that the observers

heads were tilted. But this piece of information was withheld from him and the only way he
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could have reasoned out the observations was to introduce the existence of a force (although
we write the expressions of time and position as functions of ¢, the Observer is not aware

that they are functions of ¢, to him they are just numerical data supplied by the observers).
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There is another point worth mentioning. It is the following: the observer-machine can ob-
serve the particle as long as the tilts of the observers’ heads are less than [90] *°. As soon
asng= [90) "°(forsome [n+1] “th observer), that observer’s line of sight becomes par-
allel to the actual trajectory of the particle, thus he can no longer see it; to the Observer, it ap-

pears as if the particle has accelerated to infinity.
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in writing this article. I hope the reader finds it interesting to read and ponder over.
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Self-Driven Cars:

The future of Transportation
Shuvam Aich,

Department of Computer Science

St. Xavier's College (Autonomous), Kolkata

“Success in creating Al would be the biggest event in human history. Unfortu-
nately, it might also be the last, unless we learn how to avoid the risks.”

- Stephen Hawking
Before stepping into the broader topic, I would first like to introduce you all to what Artificial
Intelligence actually is. It is James McCarthy, who coined the term, in 1956. Artificial Intelli-
gence can be considered as an aspect of Learning or a feature of Intelligence through which
machines are trained in a way to solve problems just like the human brain. Or in other
words, through the implementation of Al, we can make intelligent machines mimic the func-
tions of the human brain.
Many multinational corps have made great progress to develop Al. Organizations moving in
great pace for the development of Al includes big names starting from Google, Apple, Micro-
soft to Elon Musk’s SpaceX and Tesla and even Facebook.
“Al is one of the most important things humanity is working on. It is more profound than, I
don’t know, electricity or fire.” Says Google CEO Sundar Pichai.
As Artificial Intelligence is related to machines, it is getting profound importance in fields
like robotics, medical treatments like surgeries, and also in the automobile industry.

I would like to throw light on one such field: How Artificial Intelligence is being used in auto-
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mobile industry to produce Self-Driven Cars.

Have you ever thought of a car without a driver? Well most of us instead of completely reject-
ing the fact that this idea is not at all possible, will be thinking there can be a possibility of a
technology which will allow us to make such cars in the future, which will drive on its own.
What if I told you that we have that technology and we have such cars? What if I told you that
the future is already here?

Yes. Answer to all these questions is Artificial Intelligence.

e Tesla’s Model X consists of an autopilot technology.

¢ Peugeot’s E-Legend consists of autonomous driving.

e BMW is currently developing its new model i-NEXT.

e Yandex, a Russian tech-company has deve}bped a self-driving taxi. Being a taxi, it already
has predetermined routes and drop-off poinlﬁi set.

e Waymo began as the Google self-driving car project in 2009.

Peugeot’s E-Legend:
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It is predicted that 90% of the traffic fatalities would be reduced by the introduction of these
next generation cars. Tech giants are pouring millions of dollars to develop this technology.
Researchers even claim that self-driving cars are statistically much safer than traditional ve-
hicles. Various self-driving softwares have been developed my tech companies which have
been embedded in these cars. These cars consists of a variety of sensors like Uber’s self-driv-
ing car consists of 64 lasers beams. Google’s prototype uses other wide ranges of sensors like
laser beams, sonars, radars and high power cameras to build an internal map of the sur-
rounding. After collecting these data, its gets analysed by a central computer system and the
car then decides to act accordingly, which artificial intelligence is all about. These decisions
include accelerating, breaking and steering.

Obstacle avoiding algorithms help the cars to maintain the traffic rules while driving and
machine learning softwares help in distinguishing between the objects/obstacles. Fully au-

tonomous vehicles may not even have a steering wheel as introduced by General Motors.

Benefits:

e The car analyses almost everything: the road conditions, the traffic lights, the pedestrians,
the turns, the other cars, speed changes, etc. Keeping in mind all these factors, it is nearly
impossible for an intelligent machine to make any fatal mistake. Thus it can easily choose
which path to take and which path to not. As a result, the no. of accidents will be reduced

greatly if these cars are introduced.

e Peugeot’s E-Legend provides an interactive driving experience with a 49 inch screen and
heavy embedded speakers to watch a movie while the car drives itself. As they say, boredom

is clearly not part of the Peugeot Brand's DNA.
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e Tesla focuses on features like navigation on autopilot, automatically retrieving the car,
auto parking facility and auto changing of lanes. Eight cameras and 12 ultrasonic sensors
detect lane lines and surrounding objects—providing 360 degrees of visibility, at all times.
Model X keeps you within a lane while matching speed to traffic conditions, without any
driver input. Forward facing radars provide a long range view of distant objects. Ultrasonic
sensors detect nearby cars, prevent potential collisions and assist while parking. The sonar

fitted in the wheels senses the curbs and other obstacles.

S

e In Waymo, the Software developed by Google predicts the movements of everything

around based on their speed and trajectory thus reducing chances of collision.
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e Once introduced, they can cut a lot of transportation cost (over 50%) for some of the com-
panies. They will also reduce the need for parking space. Smart parking features will also
allow the cars to use minimal space and less time for parking.

e Autonomous cars merely execute instructions. They don’t need to take breaks. We may be
less conscious or may be distracted while driving but the autonomous cars are intelligent

machines. They may be the perfect solution to all our problems.

Drawbacks:

e During adverse weather conditions like when its snowing and all the sensors are jammed
because of cold and ice, or its raining heavily, it could be a problem to drive. So the manufac-
turers are trying to overcome these series of redundancies and system fails.

e People will lose jobs. We will be throwing our lives in the hands of the machines.

e Cost of these cars are going to be extremely high because of the millions of dollars of in-
vestments made by the companies.

e Critics have pointed out the fact that though it will reduce parking space, cruising across

the streets will clog the streets and waste fuel.




Deshla hits the road

Anik Mondal
Department of Chemical Engineering

Indian Institute of Technology, Kharagpur

While the pollution rate in India is increasing at an alarming rate, a group of students from
IIT Kharagpur (KGP) has come up with the indigenous electric auto. Vikrant Racherla, an
Associate Professor in the Department of Mechanical Engineering at IIT KGP, was the pio-
neer behind this project. While originally mentoring some students to develop electric racing
cars, he directed his focus to developing an e-rickshaw. After three years of research and de-
velopment, out came the Deshla from the teamwork of a twenty-member contingent (Elec-
tric Vehicle Group) headed by Racherla. It is a great step on the part of the institution to-
wards the Make In India initiative.
With its powerful motor, lithium ion battery that can last up to 6-7 years, high load carrying
capacity, sturdy frame and yet easy maneuverability, Deshla is a better option than die-
sel-guzzling, polluting autos and even the flimsy and high-maintenance Totos. It is not only
clean and green, but it also steals a march on both when it comes to the issues of safety, reli-
ability, performance, and comfort.

It uses lithium-iron-phosphate batteries that last for 6-7 years. Deshla’s batteries are more
expensive but given their long life, it gains in the cost-benefit analysis. Besides, they provide
a uniform power delivery unlike lead-acid batteries, giving a uniform performance. In lithi-

um batteries, a 10-degree Celsius drop in operating temperature can increase battery life by
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about three years- a huge value addition for the end user. Customers will have to charge their
batteries for 4 hours at home.
Deshla’s battery can provide a higher amperage and easily powers the 3.5 kW motor, which
in turn provides more torque, and therefore, higher speed. Deshla can travel at a peak speed
of 50 km/hr, which is higher than the e-rickshaws which we already have.
Deshla has a steering wheel that works on gear mechanism with high mechanical advantage.
This was a conscious decision of the team to make it impossible for the vehicle to make very
sharp turns which autos are infamous for. The gear mechanism allows for only one-way
motion. So bad roads will not automatically turn the steering wheel of Deshla. Hydraulic
braking instead of mechanical braking is used for more effective braking. Deshla’s back
wheels have independent suspension, making Deshla far more stable and jerk free on bad
roads.
Deshla is completely an indigenous device. The EVG team of IIT Kharagpur has created the
embedded and power electronics subsystems like BMS (battery management system),
Motor Controller, Battery Charger, GPS and 3G Cellular connectivity modules in-house. This
means the Deshla will be more reliable, easy to service/repair, and customizable.
As Prof. Vikranth Racherla, Professor of Mechanical Engineering and PI of the project, put
it, “Instead of retro-fitting an existing vehicle, we thought we would build one up from
scratch, especially because the design is so important for an electric vehicle. It was also im-
portant for the students to learn to do things from scratch... Each design has been conceived,
analysed, prototyped and the cycle repeated many times before the actual product came
out.”
Around 50 students from various backgrounds have been associated with this project since

its inception three years back. Two students who graduated in 2018 have even stayed back

144



on campus to steer the project together with Prof. Racherla. The project has also attracted
interns from various engineering schools across the country.

Prof. Partha Pratim Chakrabarti, former Director, IIT Kharagpur mentioned in his social
media post that the ride was excellent. He also said, “... going from here to a start-up is the
way to go ... we must develop technology which is very good and spawn as many start-ups as
possible.”

Thus far, the team has conducted successful user trials, and developed the embedded and
power electronics subsystems such as motor controller, battery charger, 3G cellular connec-
tivity modules, GPS and a battery management system.

Prof. Racherla, Shyama Agrawal, and Manuj Agrawal (leaders of team EVG) have already
floated a start-up for commercialization of the vehicle. They are planning to raise a seed of 3
crores. It seems that it is only a matter of time that this Indian Deshla hits the road with a

bang.

Reference: http://www.kgpchronicle.iitkgp.ac.in/deshla-hits-the-road/
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Post-Quantum Cryptography
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Cybercrime is the largest threat in the world and one that is still growing rapidly. With the
ever-changing dynamics in the field, it becomes harder to catch these criminals. In such
times when we get the news that there is a new kind of computer already in the market that
can break most of our encryption systems, we are put into a frenzy.

A quantum computer is an electronic device that uses principles of quantum mechanics to
carry out tasks that even the most powerful of supercomputers can’t.

So, we all know that a regular computer translates all the data input into it into long sequenc-
es of 1's and o’s and these “bits” tell the computer what to do. Quantum computers perform
calculations based on the probability of an object’s state before it is measured- instead of 0's
and 1’s-which means they have the potential to process exponentially more data compared
to classical computers. This is possible due to the phenomenon called superposition. To un-
derstand superposition, here’s a way to look at it.

When we toss a coin, there are only two outcomes possible, heads or tails. That is how a regu-
lar computer works, with 1’s and o’s. Now imagine that you are spinning the coin. At the
exact moment when the coin is spinning, we can't tell if it is heads or tails. While it is spin-
ning, it is both heads and tails or as in a quantum computer, both 1 and o. This is called su-

perposition. This phenomenon was first noticed by Werner Heisenberg. He said that for
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sub-atomic particles, it is impossible to determine the velocity and position of that particle
at the same time. This phenomenon is actually applicable to all objects in the universe but
for objects like an automobile, the uncertainty quotient is so small that it is negligible. Now
what a quantum computer does is that it controls the environment such that subatomic par-
ticles like electrons and photons are in a quantum state or in a state where they are both 1
and o at the same time.

With this phenomenon, it becomes fairly easy to do any task where we have multiple options
and we need to figure out exactly the right combination to get optimal results. The problem
with our current encryption technique is that it is based on one of the following hard mathe-
matical problems: the integer factorization problem, the discrete logarithm problem or the
elliptic curve discrete logarithm problem. We use these problems to encrypt our messages.
These schemes are used by most of our day-to-day higher-level security applications includ-
ing Wickr, SSh, TLS, HTTPS, Bitcoin, PGP and VPNs. All of these problems can be solved
easily on a sufficiently powerful quantum computer running Shor's algorithm.

Every number theoretical mathematical problem that we have been using over the last 40
years as a foundation of our security can we solved using a powerful quantum computer and
some variant of Grover’s Search algorithm.

What we need is a new crop of mathematical problems and matching cryptographic schemes
which are hard to solve (and thus secure) even in the face of quantum computing.

Millions of dollars have been put into finding and testing new algorithms that cannot be
broken by the quantum computer. One of them is Lattice based cryptography.

This is the most popular form of post-quantum encryption. Crypto schemes in this area
come equipped with security proofs that relate their security to hard math problems around

lattices. A lattice can basically be thought of as any regularly spaced grid of points stretching
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out to infinity. To understand how this works let’s look at an example. Suppose we take a
2-dimensional lattice, like the plane of a paper with points made on it.

First, we choose two points that don’t happen to lie on a single line that goes through the
origin.

For example, we could choose (2,0) and (0,2). Here are how these points can be used to gen-
erate a third point:

e First, we choose two whole numbers; say, 3 and -1.

e We multiply the coordinates of the first point by 3 to get the point (6,0) and the coordi-
nates of the second point by -1 to get (o, -2).

e Now we add the results together to get our new point (6, -2).

Using this method, we can use (2,0) and (0,2) to generate an entire grid of evenly spaced
points, namely all those with coordinates (x,y) such that both x and y are even numbers
where we also count 0 as an even number. In other words, the basis (a small collection of
points that can be used to reproduce any point in grid that forms the lattice) consisting of
vectors (2,0) and (0,2) generates the lattice points with even coordinates. This lattice acts as
the encryption for the original 2 points (2,0) and (0,2). This seems like an easy encryption to
break when we think in terms of 2 dimensions but when it comes to cryptography, we're
really talking about lattices in much higher dimensions (e.g. 10,000). That means that our
points actually have 10,000 coordinates, not 2 coordinates. So, finding a combination of the
points that simultaneously make all 10,000 generated coordinates turns out to be quite
hard, so much so that we don’t know how to solve the problem quickly even with a quantum
computer, let alone a conventional one.

There is still a lot of mathematical proof that needs to be derive but then again, a quantum

computer that has the potential to hack into current computers is still at least a decade away.
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The chances of our data being unprotected at the advent of quantum computers is negligible.
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The term ‘authentic’ is used either in the compelling sense of being “of irrefutable origin or
initiation”, or in a feeble sense of being “faithful to an original” or a “reliable, adequate repre-
sentation”. When you define a term that is controversial in itself, it comes with the risks of
opposing it while defining it. Authenticity is a subjective constituent in the spectrum of
human psychoanalysis. It characterizes an anomaly such that what might be genuine to one
might not be to another. But to what extent are these notions intersubjective?

Even though the science of authenticity has surged in recent years, the more that authentici-
ty is scrutinized under the microscope the more blurry the definitions become. Prevalent no-
tions about authenticity are being revoked and renewed, so what seemed like a transparent
analysis has now become an obscure hypothesis.

“Given the complexity of people’s personalities, two seemingly incompatible
actions might both be highly self-congruent. People are simply too complex,
multifaceted and often conflicted for the concept of a unitary true self to be a
useful standard for assessing authenticity, either in oneself or in others.”
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- Katrina Jongman-Sereno and Mark Leary (The Enigma of Being Yourself)
The term “social media” coined in the Internet era specifically refers to the web-enabled in-
teractive media. The two features dominating today’s social media are immediacy and lack
of real-time control. With a ceaseless and regenerating feed of information every minute of
every day, it isn’t shocking when our thought processes are manipulated to compile in the
same wired format. However, we know that authenticity is a fundamental question to human
existence, regardless of any technology or media.

“An authentic self is a norm, a rule, a form of living-in a place, a form of living
through instruments, and a form of living-with instrumental ties. Social media
is a relatively new method or way of living: in a virtual place, through technolo-
gy, and with virtual social ties. They are merely the new tools for living in this
widely connected technical modern world, either authentically, or not.”
In this age of social media, it is difficult to recognize what could be authentic. Everyone at-
tempts to distinguish the ‘fake’ from the ‘real’ without grasping the concept of what ‘real’
really is.
The immediacy and pervasiveness of social media with its heightened interactions between
self and others, serves as a platform for the in-betweenness, and thus the more frequent eval-
uation of the gap between inauthentic decisions. If technology is constructed in an authentic
context and is restructured systematically, it allows for reflection on self and others. It serves
as a mediator between the supposed authenticity and the use of technology (such as social
media).
“A frequently stated fret with the ideal of authenticity is that the attention to
one's inner feelings and attitudes may result in a self-centered engrossment

with oneself that is anti-social and destructive of compassion toward others.”
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On closer introspection, what people refer to as their “true self” really is just the aspects of
themselves that make them feel the best about themselves. Intentions, desires and commit-
ments are postulates that engulf the core idea of authenticity that often outweighs the re-
strictions of radical contemplation. The principal nature of these intentions are crucial for
the coherence of one’s absolute recognition such that overshadowing them would result in
the degeneration of the very self that is the prime moral agent.

With the basic idea behind authenticity and the basic need to interrogate it, a discussion of
its segment of ‘scientific authenticity’ seems inevitable. In a writing by Philip Kanarev, a
practicing physicist, who is concerned with the demise of scientific thinking and teaching, he
says:

“A conjunction of scientific results in the 21st century has reached a level that
provides an opportunity to find and to systematize the scientific authenticity
criteria of precise knowledge already gained by mankind.”

The idea of autonomy—the view that each individual must decide based on his or her own ra-
tional deliberations about the best course of action—has in many ways paved the way for the
idea of authenticity. It offers us grounds for elimination of the authority of any former, pres-
ent and future scientist from any scientific authenticity criteria and thus, makes it possible
to establish an estimation of the results of scientific investigations. A certain level of knowl-
edge being accumulated over time allows us to solve a problem in the first approximation.
Euclid, a Greek mathematician who established scientific knowledge in the 3rd century BC,
is a founder of the formation of authenticity criteria for scientific results. He was the first to
pay heed to the necessity of giving a precise definition of scientific knowledge, because it is
impossible for all other scientists or investigators to have a similar understanding of the es-

sence of a phenomenon or a process under analysis.
152



However, neither Euclid, nor Newton gave precise definitions of the notions revolving an
axiom, a postulate and a hypothesis. Consequently, Newton referred to his laws as axioms,
contradicting the Euclidean ideas concerning the very essence of axioms. To abolish these
confutations, it was essential to give a definition not only to the concept of the axiom and
postulate, but also of hypothesis. This necessity is governed by the fact that any scientific re-
search begins with an assumption regarding the reason causing a phenomenon or process
being studied. A formulation of this assumption is a scientific hypothesis. Thus, the axioms
and postulates are the main criteria of authenticity of any scientific result.
An axiom is an obvious statement. It requires no experimental check and has no exceptions.
Absolute authenticity of an axiom appears from this definition. It protects it by a vivid con-
nection with reality. As used in modern logic, an axiom is a conjecture or starting point for
reasoning,.
A postulate is a non-obvious statement, its reliability being proven by experiments or a set
of theoretic results originating from the experiments. Postulates are the basic structure from
which theorems are derived including the whole of Euclidean geometry, which is based on
five postulates known as Euclid's postulates.
Time appeared in space only after matter. Yet, we do not know of a source that produces ele-
mentary particles — building blocks of the material world. That's why we have no reason to
consider that matter is absolute. However, it does not prevent us from cbserving an inter-
connection of the primary elements of the universe: space, matter and time. They exist only
simultaneously and irrespective of each other. This lucid fact is why we consider a perma-
nent existence of space, matter and time as an axiomatic one.

Science has a rather concrete list of criteria with respect to estimating and evaluating the au-

thenticity of scientific investigative results. It requires fidelity to axioms and postulates de-
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scribing natural realities, insisting that hypotheses be validated by experimental results. For
testing scientific authenticity, axioms occupy the first place, followed by the postulates. If a
new theory is in conflict with at least one axiom, it will be rejected immediately by the scien-
tific community without discussion.
Coherently, we can say that the science of authenticity behind one’s true self has become an
implicitly critical concept, often calling into question the existing social order and public
opinion. Even without the explicit existence of the ‘real self *, a link with one’s mindfulness
reliability of spirit serves as a strong predictor of the many measures of well-being.
Healthy authenticity is full acceptance of all conflicting and complex charades. It underlines
the dismissal of the negative facets and encapsulates the positive nuances. It is pivotal to dis-
cover solitary ways to advance in the direction of who an individual truly wants to be.
Perhaps, to actually attain and understand every aspect of authenticity one needs to first de-
cipher what inauthenticity is. In the midst of contemporary thinking, authenticity is per-
ceived as a term referring to a way of an individual’s consciousness which builds an entity
that is worthy in itself.

“The curious paradox is that when I accept myself just as I am,

then I can change.”

- Carl Rogers.
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We humans, with our relatively limited access to the universe, can see far beyond our hori-
zons just by using our imagination and ingenuity. And the universe rewards us by showing
us how incredibly interesting and surprising it is. The future is fundamentally uncertain and
that’s what makes it certainly exciting. Quantum Physics describes the behavior of atoms
and fundamental particles like electrons and protons. A quantum computer operates by con-
trolling the behavior of these fundamental particles in a way that is completely different
from our regular computers. The classical computer is made of circuit chips having basic
modules made of logic gates composed of transistors. As transistors are shrinking to the size
of only a few atoms, electrons face quantum tunneling and hence we might reach a physical
barrier to technological process.

Where’s the trick?

Quantum Physics in Action!

A quantum bit has a fluid non-binary identity. It can exist in a combination or superposition
of 0 and 1 with some probability of being 0 and some probability of being 1. Its identity is it
is a spectrum. The possibilities are endless. An orbit can be any 2-level quantum system such
as spin in a magnetic field or a single photon. o & 1 are the system possible states like the
photons horizontal or vertical polarization which we call ‘superposition’. But in its final state

by sending the photon through a filter, the quantum computer can unmix the 0,1 - the resul-
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ant can be either vertically or horizontally polarized .i.e. it collapses into one of the definite
steps but as long as it is uncbserved, the orbit is in a superposition of probabilities for 0 & 1
. We cannot predict which it'll be. It’s this uncertainly that brings out the magic. Four classi-
cal bits can have one of 24 configurations at a time but 4 qubits in superposition can be in all
of those 16 combinations at once. This number grows exponentially with each extra orbit.
Twenty of them can store a million values at once. The amount of equivalent classical infor-
mation contained by N qubits is 2n classical bits.

Another really weird and unintuitive property qubits can have, is entanglement- a close con-
nection that makes each of the qubits to react to a change in the other’s state instantaneously
no matter how far they are. This means that while measuring just one entangled qubit, one

can directly deduce properties of its partners.

Qubit Manipulation:-

A normal logic gate gets a simple set of inputs and produces one definite output.

A Quantum gate manipulates an input of superpositions, rotates probabilities and produces
another superposition as its output. By proper exploitation of superposition & entangle-
ment, we can get an entire set of calculations that are possible at the same time and this can

exponentially be more efficient than would ever be possible on a normal computer.

Field of Renaissance: -

» Quantum Encryption: Quantum uncertainty can be used to create private key for encrypt-
ing messages sent from one location to another so that hackers cannot secretly copy the key
perfectly.

» Diagnosis & Pharmacy: Design and analysis of Drug development is a challenging prob-
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lem today because exactly describing and calculating all the quantum properties of all the
atoms in the molecule is a computationally difficult task even for our supercomputers but
not for a quantum computer because it operates in the same quantum properties that the
molecule is trying to simulate. Future large-scale quantum simulations for drug develop-
ment could treat diseases that affect thousands of lives.
« Quantum Internet: — Simulating a quantum network on a quantum computer
Teleportation of Information from one location to another without physically transmitting
the information because the fluid identity of the quantum particles can get entangled across
space and time in such a way that if we change something about one particle, it can impact
the other and that creates a channel for teleportation.
« Database Searching: A normal computer may have to test each and the entries but quan-

tum computers need only square root of the time.

What are we waiting For? Superconductivity can be used to create a qubit and maintain
a quantum state. To work with these superconducting qubits for extended periods of time,
they must be kept at temperature close to Absolute Zero. A way to combat quantum decoher-
ence (to stop superposition and obtain a definite state as a result) is supercooling but that is
impractical for commercialization. Also, there are methods like quantum error correction to
combat decoherence. This works on paper but not to the level of precision which is required
to get a quantum computer. It will be a challenge to scale up to a size that is useful. Thus,

computer is wrapped between hype and hope.

Potential sole superpower??!

A quantum computer is not just a more powerful version of a current computer just like an
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electric bulb is not a more powerful candle. It is a different technology based on deeper sci-
entific understanding.

It is not universally faster; it is helpful only when we have all the quantum superpositions
available at the same time for some kind of computational parallelism. If you want to watch
a video in high definition or browse the internet or write a document, they would not give
any classical algorithm to get the results; but it is a computer where the number of opera-
tions required to arrive at the result is exponentially small. So, the improvement is not in the
speed of individual operations but in the total number of operations we need to arrive at the
result.

As explorers in the quantum wonderland, we need to tread carefully and responsibly to-
wards our quantum future. Let’s see quantum computers as a way to probe the mysteries of

nature and reveal more about the hidden world outside of our experience.
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“It’s not just the effect of technology on the environment, on religion, on the
economic structure, on society, on politics, etc., it’s that everything now exists
in technology to the point where technology is the new and comprehensive host
of nature of life.”

Godfrey Reggio

Since the inception of mankind, human beings have aimed at growth and develop-

ment for which they have used technology as a helping tool. But have we ever considered the
social and environmental costs of using those infrastructures? The answer is probably no.
But it's high time to take into account the costs and benefits of using technology because we

should remember that we are the ones who must control technology, not the reverse.

Technology And Economic Growth:

To summarize the role of technology in the economy, we can say that technological develop-
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ment increases the profit and market share of a firm at the micro level and as a whole accel-
erates the growth rate of the economy at the macro level.

According to the classical growth theory, technological improvement induces the productiv-
ity of workers thus increasing the growth rate. Similarly, the neoclassical theory also points
out that technological transformation increases the income of an individual per capita and
motivates savings and investments thus resulting in an increase in real GDP. Thus, it is clear

that scientific technological change ensures economic growth and development.

Technology And Environment :

Technology certainly boosts the economy but we often ignore the social and environmental
costs of infrastructural changes. We forget that human beings are mere guests on this earth;
we've ignored being a part of it as a whole.

Primarily, technological advancements in the 1880s caused the Second Industrial Revolu-
tion but it proved to be detrimental to climate change by increasing carbon emissions.
Nobody is ready to sacrifice their quality of life expecting that everybody else is already doing
that, be it an individual or a firm. This selfish approach towards the environment increases
the magnitude of the problem. Most of the activities that cause global warming are done in
the name of economic growth. We do not use alternative technologies to fossil fuels as it may

decrease the output, boosting unemployment and causing huge losses for the firms.

Economy And Environment :
There's often a trade-off between environmental protection and economic development. For
example, if a factory is forced to shut down due to higher emission of pollutants, then it af-

fects its workers. But if the matter of employment gets prioritized then Mother Nature is
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harmed.

It has been shown in a survey that the pollution level in developing countries is higher than
that of the developed countries. This may be because not only have developed countries ex-
ported their largest polluters to the developing countries but the developing countries have
also failed to regulate power plant and auto emissions.

Hence, the economy and the environment seem to share a dynamic yet a very perplexing re-

lationship between themselves.

Remedy And Policy-Costs And Benefits :

In the present era, protecting the environment for the sake of our future is undoubtedly one
of the major priorities of the government and policymakers. For this purpose, countries and
various health and environmental organizations are defining and listing various regulations
with their cost and benefit analysis.

We need to identify the economic activities which can create value from some of the opportu-
nities that global warming brings about. We cannot deny the necessity of economic growth,
what we can do is change and adapt the ideas and procedures behind it by replacing with the
technologies that contribute to the problem to a lesser extent. But the shocking fact is that
some of the entrepreneurs treat global warming as an important opportunity to generate
income in exchange for a net environmental improvement.

However, the government may play an efficient role in tackling this trade-off. By imposing
rules and laws and enforcing standards, pollution can be reduced while at the same time the
workers can be compensated and offered alternative means of employment. However, gov-
ernment regulations requiring pollution control are generally technology based. As a result,

a marginal company with a low budget will not last in the long run. But an investment in en-
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vironmental cleanup stimulates other upgrades that make the businesses more competent in
the global market. Regulations are on various issues viz. on climate policies, waste manage-
ment, clean water, on the use of resources efficiently and many more. Now the question that
arises is, how many comply with the regulations and how many do justice to them, what are
the costs and benefits of such regulations.

World Health Organization (WHO) has created guidelines for public health policymakers
and for the general public which are often followed as baselines. Other than that, different
countries have enacted various laws for such regulations. The Clean Air Act and the Clean
Water Act have been implemented by the USA which set the standards for the reduction of
pollutants.

The developed industrialized nations form different organizations but they often fail to meet
various standards set by the world organizations. The industrialists and capitalists try to
form a consensus that different norms if followed will cause irreparable damages. But it's not
always true. Many studies have shown that the norms if followed may lead to near-zero costs
in the long run. For example, carbon taxing leads to coverage of the total social costs which
should be done. In economic theories, it is known as internalizing negative externalities. It is
often recommended to use higher graded materials to lessen the emission of harmful sub-
stances. Again, in the less developed nations with a lesser amount of capital and modern
technologies it becomes difficult to comply with the health and environmental standards.
Moreover, due to lack of awareness and education, the citizens do not pay much attention to
maintaining environmental standards.

Certain stringent laws indeed add to the producers' costs reducing their profits and making
them reluctant to comply with the laws. But if the government imposes such laws, it won't

bring any close down production. In the modern world, people with rising incomes are ready
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to pay for better commodities. Also, in the long run, it will not affect the costs much. Such
measures bring sustainable business. When a company follows such regulations it forms
goodwill of its own and its products are considered to be much better than others. Producers
allocate scarce resources more efficiently while complying with the regulations. This leads to
sustainable development. These are major benefits that corporate houses enjoy. Overall,
people would lead better lives, have better health and have better human capital which
would increase the productivity of the economy.

While moving towards a green economy for the market, green technologies are also created
which if produced domestically can benefit the country much more. This can create more
jobs and make people more aware. That is to say, if by the laws we can create more consumer
demand for such products then it will promote more economic activity.

Alongside this, we should consider the costs of such environmental regulations. It is not
always possible for a growing, less developed country to comply with certain rules. Also for
small businesses, it is quite difficult to finance advanced technologies and capital require-
ments to maintain the norms. Not only are the capital costs are huge but in some cases, the
opportunity cost is also quite huge for small firms with limited labor and capital resources.
The time spent on doing the necessary paperwork among other things is not considered ben-
eficial. This makes many firms disregard most of the norms. So, we should create more inno-
vative and inexpensive methods for the prevention of pollution and maintenance of sustain-
able development.

It should be noted here that most of the organizations, even the EPA, should sometimes con-
sider private costs and not social costs. Occasionally, these social costs exceed private costs.
In fact, environmental regulations are more dynamic in the process. The inter-temporal

costs should also be considered in the process; without which the concerned authorities
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think that they have made sustainable rules but in reality, the producers and consumers
suffer from them. This leads to further disappointment at the ground level. Thus, the author-
ities must have such rules and regulations which can actually be followed by the firms and
producers without creating much disagreement among them.

Some environmental plans may not even work to their full potential. So it should be well an-
alyzed before implementing the program. Finally, such regulations should be made that can
be easily realized because we all want a better future, in which our successors can live peace-

fully and happily.

Dice Model :

In this context, William Nordhaus' work is worth mentioning. Using Dynamic Integrated
Climate Economy (DICE) model, he tried to estimate the economic cost of climate change by
not only calculating the social cost of carbon but also examining the 'feedback loop between
human activity and climate’. Thus, he developed a method of analyzing the effect of environ-
mental degradation on economic growth which became a tool to measure the damage caused
by climate change and hence designing climate policy as a remedy. We cannot deny the fact
that environment and economic growth put some inexplicable negative externalities in front
of each other but we need to learn how they can be evolved together under different future

assumptions and this model sheds light on that ocean of thought.

Crux:
So now we are summing up our discussion so far. As a solution for the global village, two
things are necessary-

i.  Building and innovating technology which will lead to higher output generation, but
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remain eco-friendly as well. Thus, we need technology that will keep the growth rate of the
economy at a good pace and won't affect the environment adversely. Now such technology
demands heavy public spending on educational and research facilities of a country. Higher
government spending on education along with the better formation of human capital is nec-
essary for such innovation of technology. Petty issues and profit-maximizing motive of pri-
vate investors should not affect the economic policies in this regard.

ii.  Role of public policy to strengthen the need for making a greener economy. The gov-
ernment has to keep a vigil notice on how the economic agents are working and if they are
following all the norms. Apart from that, the government needs to do a continuous evalua-
tion of the methods being developed and followed in pursuit of getting a better and greener
economy. In fact, such investment spending will also provide the necessary stimulus for the
growth of the economy. Besides, such public investment which leads to the betterment of the

economy may lead to crowding in private investment in the long run.

Conclusion :

The primary focus of this article was to link the environmental benefits to economic prosper-
ity. Standing in the 21st century we cannot think of a life without technology nor can we deny
the importance of economic growth and development. But at the same time, a sustainable
environment is also necessary to accelerate and strengthen that development. Different
eco-friendly economic policies have already been adopted in this regard. Sustainable con-
sumption and production (SCP) is targeted in the production pattern. Investments have
been ensured to promote income and jobs in the green economy. The government is also
playing a significant role but the most important thing that can maintain the equilibrium

threshold is individual awareness and the desire to maintain sustainable development. Then
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only we will be able to leave a planet for our future generations which is both economically

and environmentally rich.
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We have all heard of the famous chemist and inventor Alfred Nobel most famously known
for the invention of dynamite and thus starting the first transition into weapons and explo-
sives manufacture through the invention of several chemical explosives of which Nobel had
patented a mind-boggling 355. Through all his inventions and the subsequent rise in
demand of armaments for the tumultuous war spread times of the late 19th century where
countries and republics were developing their defense sector, Nobel had earned a huge for-
tune of money through the manufacture and sales of all his chemical explosives.

In the year 1888, a certain French newspaper had published the obituary of Alfred Nobel
where the headline stated: “The Merchant of Death is dead”. However, it was Nobel's broth-
er, Ludvig, who had died and thus the obituary for Alfred Nobel was premature. Nobel was
shocked when he had read this and pondered about the legacy that he was going to leave
behind and left him extremely concerned. He was filled with extreme remorse about what he
had done and how his inventions had become the medium that brought on the death of
people. This inspired him to change his will. Nobel penned his last will a year before his
death on 10th December 1896. The wil