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Our objectiveof publishing the “Bulletin” is to popularization of

mathematical thoughts and views for the  people of all categories to get the

beauty, attractiveness and some depth of Mathematics.

            The present ongoing hard scenario of the world due to the pandemic

COVID-19, it was very hard to publish the present volume of the Bulletin of

the TMS. In this period when work from home was the only possible way of

completing our tasks, it is the person Dr. Jaydip Bhattacharya, GS, TMS

whose utmost help make this possibility of publication of this present volume.

So,in beginning I covey my sincere gratitude to him for this kindness.

           This fortieth volume is comprised of some popular articles, question

paper of RMO-2019 with solution, question paper of INMO-2020, results of

different examinations conducted by TMS during the session 2019-2020.

The annual report 2018-19 of the General Secretary, TMS and the audit

report of the Treasurer, TMS of the period 2018-19 also included in this

volume of the Bulletin.

            We convey our special thanks to all those who come up with their

innovative ideas and supporting attitude for publication of this current volume.

 S. Bhowmik
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Mathematical Olympiad IMO (International Mathematical Olympiad
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National Board of Higher Mathematics (NBHM) 
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PRMO Pre-Regional Mathematical Olympiad 

Regional Mathematical Olympiad (RMO)
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 INMO International Mathematical
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RMO INMO

     XVIII & XIX

     XIII & XIV 24 éŸé 27

1991éŸé92 ~î‚ 1992éŸé93

XXXIV

XX

      XIII & XIV

XXXVI 21 éŸé 24

      2015éŸé16

    †þlöì¤²Wz xæþ æþy‚¢yl

X,XI & XII 54 éŸé 58

  1989éŸé90– 1990éŸé91

        ~î‚ 1991éŸé92

XIII & XIV 24 éŸé 27

1991éŸé92 ~î‚ 1992éŸé93
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Report on the outcome of the

NATIONAL CONFERENCE ON VEDIC MATHEMATICS INCLUDING

ANCIENT INDIAN MATHEMATICS (UP TO 1200 AD),

December 28-29, 2019

organized by the Tripura Mathematical society.

he proposal for organizing the “National conferenceon vedic mathematics

including ancient indian mathematics (up to1200 AD)during December 28 -

29, 2019" was approved by the “the Extended Executive Committee Meeting

of Tripura Mathematical Society” held on 19.07.2019.

The objective of the Tripura Mathematical Society(TMS) is follows:

1. Eradication of Mathematics phobia, if any, among learners.

2. To create interest about Mathematics among the learners

3. To inspire students to have joy of learning Mathematics.

4. To unfold beauties, excitement and fun in Mathematics.

5. Promotion and creation of awareness of Mathematics & Mathematical

studies amongthe learners & teachers.

6. To identify a group of talents in mathematics.

7. To motivate teachers to have pleasure of teaching Mathematics.

8. Creation of research environment in Mathematics in Tripura.

9. To highlight rich Indian heritage and culture of Mathematical Sciences.

Tripura Mathematical Society, performed periodically the objective 9, to

highlight rich Indian heritage and culture of mathematical sciences along with

other objectives.

1. Seminar on History &

Philosophy of Science December 2-3, 1995

2. Seminar-cum-Workshop  on

Vedic Mathematics April 22- 23, 2005

3. National Conference on Ancient

Indian Mathematics February 8-9, 2014

In December 2019 we have also organized thefollowing conference with

partial support from CSIR.

4. National Conference On Vedic

Mathematics Including Ancient Indian

Mathematics (up to 1200 AD) December 28-29, 2019
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PLAN OF WORK

The organizer have planned to invite few renowned mathematicians from

different parts of India and will bear their travel expenditure inside India to

Agartala. Some renowned mathematicians from the country will also be invited

and for the retired persons, travel cost will be included in the budget.

The main invited lectures of the conference will be common in the different

topics of Vedic Mathematics and the Ancient Indian Mathematics, so that each

and every participant can listen to their lectures.

The organizer have planned to have a session in the evening in which the

participants, mainly students will get a chance to interact with the reputed

mathematicians and will know about various prospects is the field of Vedic

mathematics and its applications and scope for working with mathematicians

from abroad.

There were 119 registered participants (along with some non-

registered)which includes contributory participants talks and 20 Invited speakers

from the country which includes the following reputed persons outside of Tripura:

1. Prof. Soma Basu, Rabindra Bharati University, Kolkata, West Bengal

2. Sri Ullash Narayan Behara, DRDO,Chandigarh, Punjab

3. Dr. Mata PrasadJaiswal, Uttar Pradesh

4. Dr. Satyabachi Sar, Kolkata, West Bengal.

There were several student speakers from different colleges and schools

form Agartala also in the conference.

We invited moreInvited speakers from the reputed organizations from

different parts of India, but they could not come due to lack of travel support.

The Conference was inaugurated by Prof. A. Saha, Ex VC, Tripura Central

University and Vice-Chairman, Higher Education, Govt. of Tripura.

There were Prof. M.K.Sing, VC(acting) of Tripura University (Central) and

Prof. S. Poddar, VC, MBBUniversity, Tripura graced the occasionas Guest of

Honor.

In the inaugural address byHonorable Prof. A. Saha, Ex VC, of Tripura

University, who talked about the importance of the Vedic Mathematics in every

aspect of daily life and urged that its promotion is necessary for the benefit of

the society. This conference is a step ahead in this direction and wished that

there will be fruitful discussions and suggestion in the two days among the

participants.
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ACHIEVEMENTS OF THE SOCIETY

Since its inception, the members of the Tripura Mathematical Society

motivated young talents of the North-East region, inparticularfrom Tripura, for

perusing different activities in mathematics and its applications. We invited

also reputed and renowned Mathematicians from the country and abroad as

speakers in several occasion.

THE BENEFICIARIES

This National Conference invited reputed and renowned Mathematicians

from the country for participation. As a result of which the students, young and

enthusiastic researchers from the North-East region, in particular Tripura will

get an exposure from them. During the conference they will get chance to interact

with them, so that they will know not only about the thrust area of research but

also about the scope and future prospect of mathematical science research in

our country and abroad. This will help in motivating the young minds to build

their future. They can avail the opportunities available in foreign Universities

and Institutions.

EXPECTED OUT PUT

It is expected that the exposure to the national community will have greater

impact in the future of the young of the North East region and the country as a

whole. After the conference, when they return back to their respectiveplaces,

they will be in regular touch with each other. Some of them will get a chance to

have collaborate research work.

It is planned to bring out the talks and the papers presented in the

conference in the form of a Proceeding. One of the school student participants

asked, “Why Vedic Mathematics has not been included in the school syllabus?”

In an answer to this question, it was replied that Government at the National

level is thinking about such provision in future.This tells about the interest and

impact about the theme of the Conference among the young generation of our

country.

RECOMMENDATIONS.

The Valedictory function was organized on December 29, 2019 at 4.00 PM.In the

valedictory function, the participants expressed their great satisfaction by

attending such conference. At the end in the organizing committee meeting

including the Invited speakers, it was decided that at frequent interval such type

of Conferences (National or International) should be organized by the Tripura

Mathematical Society. This will bring the mathematicians of Tripura,particularly

the younger generation to the international and national level. They will get
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exposure to the national/international community also.In this all participants were

received Certificates from organizers.

Some of the photographs are attached here:

Group Photo of

the Participants

Part of the Participants

At the Dias on

Inaugural Session
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DIFFERENT COMMITTEES OF THE

NATIONAL CONFERENCE

ON VEDIC MATHEMATICS including

ANCIENT INDIAN MATHEMATICS (upto1200 AD)

December 28 - 29, 2019

GENERAL CHAIR Dr. Premtosh Mujumdar

President, Tripura Mathematical Society

CONFERENCE CHAIR Prof. Rabi Nanda Bhaumik

Rtd. Professor of Mathematics, TU

Ex-President, Tripura Mathematical Societ

ORGANIZING SECRETARY Dr.Jaydip Bhattacharya

General Secretary, Tripura Mathematical Society

JOINT ORGANIZING SECRETARY Mr.Prasenjit Roy, Dr.Subrata Bhowmik

FINANCE CHAIR Dr. Runu Dhar

ARRANGEMENT Sri Gautam Das, Sri Anjan Biswas, Sri Abhijit Paul

Sri Manimoy Pal

Inaugaration and Reception Dr.Shouvik Bhattacharya, Smt. Madhumita Chaudhury

Dr.Asish Bhattacharya, Dr.Subhendu Banik

Smt. Nirupama Pal

REGISTRATION Smt. Nilima Chakraborty, Smt. Swapna Das

Smt Lipika Saha, Dr. Jhilly Choudhury

Smt. Sipra Roy

PUBLICITY Sri Snehanshu Chakraborty, Sri Manoj Debnath

NATIONAL ADVISORY COMMITTEE

Prof. Ramesh Ch. Pandey, V.C., L BLRS.Skt. Vidyapith, New Delhi

Dr.Amartya Kr. Datta, ISI, Kolkata, Sri V. G. Unkalkar, Bangalore,

Sri Man Kr. Chakraborty, Kerala, Prof. Tarini kr. Datta, Rtd, Gauhati Univ., Assam

Prof. Partha Sarathi Mukhopadhyaya, Kolkata, W.B.,Dr. S. Sar, Kolkata, WB

Dr. M.P. Jaiswal, UP, Prof. Sitanath Dey, Kolkata,WB,

Prof. A. Mukherjee, Tripura University

Prof. B. C. Tripathy, Tripura University

LOCAL  ADVISORRY  COMMITTEE
Dr. S. Bhattacharya (Halder), VP, TMS

Dr.Debashish Bhattacharya,NIT,Agartala

Dr.Uttam Bera, NIT, Agartala

Dr. Baby Bhattacharya,NIT, Agartala

Dr.Shyamal Debnath, Tripura University
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ARTICLES OF

MATHEMATICAL

INTEREST
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THE GREAT BERNOULLI FAMILY

Dr. Premtosh Majumder

President

Tripura Mathematical Society

Ex. Controller of Examinations,

Tripura University

The first known member of the Bernoulli family was Leon Bernoulli. He was

a doctor in Antwerp which at that time was a part of Spanish Netherlands in the

early part of sixteenth century. His son Jacob migrated to Frankfurt, Germany in

1570 to escape from the Spanish persecution of the protestants. Jeacob’s grandson,

a spice trader also named Jacob moved to the free city of Basel, Switzerland in

1620 and was granted citizenship in 1622. Their family till now is not mathematics

oriented, rather engaged in spice business. His son Nikolaus (or Nicolaus 1623-

1708). Leon’s great-great-grand son had four sons among of which Johann and

Hieronymus became the progenitors of the greater and lesser branches of the family

respectively. Two of them became the most influential mathematics experts in the

academic community but hostile to each other. It is to be mentioned that many

members of the Bernoulli family were bearing the same name.

Sons of Nikolaus were as follows :

1. The first son Jacob Bernoulli, also known as James (or Jacques) was born

on Dec. 17, 1654. He was a great mathematician after whom Bernoulli numbers

are named. He was the author of a text book named Ars Conjectandi on early

probability theory. He was one of the earliest to realize how powerful as an instrument

of analysis was the infinitesimal calculus and he applied it to several problems in

his works.

Jacob Bernoulli’s book “The Art of Conjecture” was published posthumously

in 1713, consolidated existing knowledge on probability theory and expected values

as well as adding personal contributions such as his theory of permutations and

combinations, Bernoulli trials, Bernoulli distribution and some important elements

of number theory, such as Bernoulli numbers sequence. He also published papers

on transcendental curves and became the first person to develop techniques for

solving separable differential equations – the set of non linear not solvable differential

equations now named after him. He discovered polar co-ordinates – a method of

describing the location of points in space using angles and distances. He was the

first to use the word ‘integral’ to refer to the area under a curve.
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Jacob Bernoulli also calculated the approximate value of the irrational number

‘e’ while exploring the compound interest on loans. If compounded at 100% interest

annually, I dollar becomes 2 dollars after one year; when compounded semiannually

it produces 2.25 dollars, compounded quarterly 2.44 dollars, monthly 2.61 dollars,

weekly 2.69 dollars, daily 2.71 dollars etc. If it were to be  compounded continuously

then One dollar would tend towards a value 2.7182818…. dollars after a year, a

value which become known as ‘e’. Algebraically it is the value of the series …
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In 1655 John Wallis (1616-1703) used the symbol ‘� ’ to represent infinity in

his Arithmetica Infiniforum. But this was not used further until 1713 when James

Bernoulli used it in his Ars Conjectandi. This sign was sometimes used by the

Romans to denote the number 1000 and it has been conjectured that in later period

led to its being applied to represent any large number.

2. The second son Nicolaus Bernoulli (1662 – 1716) was a painter and a municipal

councillor of special dignity of Basel. He did not study mathematics like his other

two brothers Jacob and Johann.

3. Johann Bernoulli was born at Bale on August 7, 1767 and died there on January

1, 1748. He is also known as Jean. He was a mathematician who adopted infinite

simal calculus at its early stage. He did not do very well in the spice business. At the

age of sixteen he entered the university of Bale and studied medicine. He requested

his elder brother Jacob to teach him mathematics. After two years under the

successful guidance and tutelage Johann become his equal. At first Jacob had no

problem in teaching his younger brother Johann. As time went on, the Bernoulli

blood began to boil. Johann’s ego was getting larger for which he began to boast of

his works and at the same time he belittled his elder brother Jacob. As a result the

elder brother was so anger  he made crude comments about Johann’s abilities.

Jacob referred to him as a student repeating what the teacher taught him in other

words a parrot. Jacob and Johann went back and forth with comments in the

academic community which developed a notorious reputation of their family

togetherness.

Despite family problems, Johann was an excellent mathematician. He was

however the most successful teacher of his age and had the faculty of inspiring his

pupils with almost as passionate to zeal for mathematics as he felt himself. The

general adoption on the continent of the differential rather than the fluxional notation

was largely due to his influence. He used calculus to solve problems on the laws of

gravitation which Newton failed to solve. By using different techniques he made

many discoveries in calculus.
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In 1695 Jacob was on the chair of mathematics in the university of Bale. Johann

wanted that chair for himself but he was offered a chair in Holland. He promised not

to come back to Bale. About 1705 Johann’s father-in-law was in the dying condition.

He expressed his last desire to see his daughter and grand children for the last

time. So Johann decided to return to Bale. While travelling towards Bale Johann did

not know that his elder brother Jacob died of tuberculosis. Once he realized of his

brothers death, Johann took the chair of his elder brother.

Johann received a taste of his own medicine though when his student

Guillaume de l’Hospital published a book in his own name consisting almost entirely

of Johann’s lectures, including his now famous rule about 0 �  0, a problem which

had dogged mathematicians since Brahmagupta’s (598-670) initial work on the rules

for dealing with zero back in the seventh century. This showed that 0 �  0 does not

equal zero, does not equal 1, does not equal infinity and is not even undefined but is

indeterminate, meaning it could be equal to any number. The rule is still usually

known as I’Hospital’s rule and not Bernoulli’s rule.

Despite their competitive and combating personal relationship both the brothers

Jacob and Johann had a clear aptitude for mathematics at a very high level and

constantly challenged and inspired each other. They established an early

correspondence with Gottfried Wilhelm Leibnitz (June 21, 1646 – Nov. 14, 1716)

and were among the first mathematicians to not only study and understand

infinitesimal calculus but to apply it to various problems. They became instrumental

in disseminating the newly discovered knowledge of calculus and helping to make

it the cornerstones of mathematics it has become to-day.

But they were more than just disciples of Leibnitz and they made their own

important contributions also. One well known and typical problem of the day to

which they applied themselves was that of designing a sloping ramp which would

allow a ball to roll from the top to the bottom in the fastest possible time. Johann

Bernoulli demonstrated through calculus that neither a straight line nor a curved

ramp with a very steep curved ramp known as brachistochrone curve, a kind of

upsidedown cycloid, similar to the path followed by a point on a moving bicycle is

the curve of quickest descent. This application was an example of calculus of

variations, a gerneralisation of infinitesimal calculus that the Bernoulli brothers

developed together and has since proved useful in fields as diverse as engineering,

financial investment, architecture and construction and even space travel.Johann

also derived the equation of catenary curve such as that formed by a chain hanging

between two posts, a problem presented to him by his elder brother Jacob.

In the interval between 1677 and 1704, the Leibnitzian calculus had been

developed into an instrument of real power and easy applicability on the continent
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largely through the efforts of Jacob and Johann Bernoulli’s while in England owing

to Newton’s reluctance to share his mathematical discoveries freely the calculus

was still a relatively untried curiosity.

4. Hieronymus Bernoulli (1669 – 1760) : Much is not known about him. It is

speculated that he was engaged in looking after the spice business of the family

instead of practicing mathematics.

In addition to Jacob and Johann the Bernoulli family of mathematicians is

generally taken to include (i) Nicolaus I Bernoulli (1687 – 1759), son of Nicolaus

was a Mathematician who worked on curves, differential equation and probability

theory. He was the originator of St. Petersburg Paradox.

(ii) Nicolaus II Bernoulli (1695 – 1726) was the son of Johann. He lived for a very

short period. He could not show his brillince. (iii) Daniel Bernoulli, son of Johann

was born on 7th Feb., 1700 and died on 17th March, 1787 in Bale. Johann was

determined to make Daniel a merchant. He tried to Convince Daniel that there is no

money in mathematics. Daniel was a natural philosopher who applied mathematics

in his works. Like a Bernoulli, Daniel did not want to study business of course

Johann’s stubbornness made Daniel to study medicine and he applied mathematical

physics to it for which he received a medical doctorate. He also developed the

theory of hydrodynamies. He analysed the flow of water from a hole in a container.

He developed Bernoulli equation which defines a relation between pressure and

density of a fluid at a point. He was the first person to realize the concept of expected

utility of resolving the St. Petersburg paradox. Daniel travelled to Danzig, Humburg,

Holland and Paris. He worked mostly in venice and St. Petersburg. He requested

his father Johann to come home. But his father denied. Instead he sent his best

student Leonhard Euler (1707-1783) to work with him. Euler was contemporary to

Daniel and became a very good friend. Euler is regarded as one of the best

mathematicians of all times. Daniel and Eular worked together in St. Petersburg on

the vibration and frequency of sounds by using musical instruments. In 1734 Daniel

returned to Bale and entered a contest in Paris Academy for his ideas on astronomy.

His father, Johann also entered at the same time and they jointly won the Grand

Prize. Johann’s ego could not stand being pronounced as an equal to his son. So

he banned Daniel from his house. Johann went still further. He stole one of Daniel’s

papers and submitted the same in his name. At one point Johann published a book,

based on Daniel’s work even changing the date to make it look as though his book

had been published before his son’s. Daniel’s earliest mathematical work was the

“Exercitations” published in 1724 which contains the solution of the differential

equations proposed by Riccali. Two years later, he pointed out for the first time the

frequent desirability of resolving a compound motion into motions of translation and
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motions of rotation. His chief work is his “Hydrodynamica” published in 1738; it

resembles Lagranges’ Macanique Analytique in being arranged so that all the results

are consequences of energy. This was followed by the memoirs of Euler and

Maclaurin, a prize was awarded by the French Academy; these three memoirs

contain all that was done, on this subject between the publication of Newton’s

principia and the investigations of Laplace. Danial also wrote a large number of

papers on various mechanical questions especially on problems connected with

vibrating strings and the solution given by Taylor and D’Alembert. He is the earliest

writer who attempted to formulate a kinetic theory of gases and he applied the idea

to explain the law associated with names of Boyle and Mariotte.

Several more later prominent scholars from Bernoulli family are also

descendent from the family include the following :

1. Johann Jacob Bernoulli (1831 – 1913) was an art historian and archaelolgist.

He was noted for his Romische Ikonographic 1882 onwards on Roman imperial

portraits.

2. Elisabeth Bernoulli (1873 – 1935) was a strong supporter of women’s voting

right. She was a campaigner against alcoholism.

3. Hans Bernoulli (1876 – 1959) was an architect and designer of the Bernoulli

hauser in Zurich.

The surname survives in Switzerland with ten entries in the whitepages for

the city of Basel as of 2018.

Probably the most striking case history is that of the Bernoulli family which is

three generation produced eight mathematicians, several of them outstanding who

inturn produced a swarm of descendents about half of whom were gifted above the

average and nearly all of whom, down to the present day, have been superior human

beings. No fewer than 120 of the descendants of the mathematical Bernoulli’s have

been traced geneologically and of this considerable posterity the majority achieved

distinction - sometimes amounting to eminence in the law, scholarship, science,

literature, the learned professions, administration and the arts. None were failures.

The most significant thing about a majority of the mathematical numbers of this

family in the second and third generations, is that they did not deliberately choose

mathematics as a profession but drifted to it out of very strong attraction. As the

Bernoulli family played a leading part in developing the calculus and its applications

in the seventeenth and eighteenth centuries, they must be given more than a passing

mention in even the briefest amount of the evolution of modern mathematics. The

Bernoulli family is unique of its kind. The world of mathematics will be emensly

benefited and developed by the emergence of such families.
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On St. Petersburg Paradox :

A statement which is apparently self contradictory but is at bottom true is

called a parax. Some examples of paradoxes are D’Alembert paradox in

hydrodynamics, Russell, cantor, Burali-forti Paradoxe, in set theory.

Since its inception probability theory has provided key insight for those

interested in quantifying risk. It has allowed statisticians, actuaries and others to

collect statistics in the real world and then make useful inferences regarding the

underlying distribution being sampled. The St. Petersburg Paradox in a famous

probability paradox discussed in a series of letters in 1713 by Nicolaus Bernoulli. It

is related to the game of gambling. In it the gambler flips a coin until he receives his

first tail or head as the case may be. The distribution of how many flips it will take

follows a geometric distribution with probability one half. The paradox is created

due to the fact that the person offering this game to the gambler will have to pay out

two dollars for the first flip and then twice as much for each successive flip required.

By multiplying every outcome by its corresponding probability the expected value is

F
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KJ�

F
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KJ� J �

= 1 + 1 + 1 + ...... = �
The paradox arises from the discrepency between the expected value often

thought of  as the fair value for a game in probability theory and the one experienced

in practice. Clearly this game is not worth an infinite amount to the gambler since

he is unlikely to receive more than a modest gain and certainly a finite one. Many

researchers modelled the sample distribution of St. Petersburg Paradox mean. The

researchers are dealing with the problem from different angles of view.
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THREE WOMEN CREATE HISTORY IN MATHEMATICS

Rabi Nanda Bhaumik

Emeritus Fellow (UGC)

Rtd. Professor of Mathematics, Tripura University

President, Fuzzy and Rough Sets Association

Ex-President, Tripura Mathematical Society

rabi.nanda.bhaumik@gmail.com

INTRODUCTION

   e know that there is no Nobel Prize in mathematics. But for decades,

the most prestigious awards in mathematicsare the Fields Medals, and Abel

Prize.

John Charles Fields of Canada, proceeded with the planningthe award

of medal in Mathematics, but died in 1932. Just before his death, he made a

will funding an amount for the medal.First the medal was awarded in 1936, it

was reintroduced in 1950 for those who are 40 or younger and has been awarded

every four years. Maryam Mirzakhani was the only woman to receive a FIELDS

MEDAL in 2014.

The ABEL PRIZE recognizes contributions to the field of mathematics

that are of extraordinary depth and influence. It is presented annually in Oslo by

the Norwegian Academy of Science and Letters. Karen Keskulla Uhlenbeck

is the first woman awarded the Abel prize in 2019.

The SHANTI SWARUP BHATNAGAR PRIZE is announced every year

on 26 September to celebrate the Council of Scientific and Industrial Research’s

Foundation Day. This prize is given out to recognize a handful of scientists and

researchers across many disciplines for having made outstanding contributions

to science and technology in India. Dr. Neena Gupta of ISI, Kolkata, has

createdhistory by becoming youngest recipient of the Shanti Swarup Bhatnagar

Award in Mathematical Sciences, the Highest Honour in Indiain 2019..

His Majesty King Harald V awarded the Abel Prize for 2019 to Karen

Keskulla Uhlenbeck, the laureate at the award ceremony in Oslo on the 21st of

May 2019, for her pioneering achievements in geometric partial differential
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equations, gauge theory and integrable systems,

and for the fundamental impact of her work on

analysis, geometry and mathematical physics.

The recognition of Uhlenbeck’s achievements

should have been far greater, for her work has

led to some of the most important advances in

mathematics in the last 40 years.”

Today, Uhlenbeckis Senior Research Scholar

at Princeton University as well as Visiting Associate at the Institute for

Advanced Study (IAS). She is one of the founders of the Park City Mathematics

Institute at IAS, which aims to train young researchers and promote mutual

understanding of the interests and challenges in mathematics.  

As a child, she

loved reading and dreamed

of becoming a

scientist.She is alsothe co-

founder of the I n s t i t u t e ’ s

Women and Mathematics

p r o g r a m ( W A M ) ,

created in 1993 to

recruit and empower women to lead in mathematics research at all stages of

their  academic careers.

“Karen Uhlenbeck receives the Abel Prize 2019 for her fundamental work

in geometric analysis and gauge theory, which has dramatically changed the

mathematical landscape. Her theories have revolutionized our understanding

of minimal surfaces, suchas those formed by soap bubbles, and more general

minimization problems in higher dimensions.” – Hans Munthe-Kaas, Chair of

the Abel Committee.

She is also the co-founder of the Institute’s Women and Mathematics

program (WAM), created in 1993 to recruit and empower women to lead in

mathematics research at all stages of their academic careers.As Dr. Uhlenbeck,

she was a role model for women who followed her in mathematics.

Filling the analyst’s toolbox : Uhlenbeck developed tools and methods

in global analysis, which are now in the toolbox of every geometer and analyst.

Her work also lays the foundation for contemporary geometric models in

mathematics and physics.

The woman behind the numbers

“The recognition of Uhlenbeck’

sachievements should have been far

greater, for her work has led to some of

the most important advances in

mathematics in the last 40 years.” – Jim

Al-Khalili, Royal Society Fellow.
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Karen Keskulla Uhlenbeck has become the first woman to be awarded
the Abel Prize, one of the world’s most prestigious international mathematics
awards.The jury cited Keskulla Uhlenbeck’s ‘fundamental work in geometric
analysis and gauge theory which has dramatically changed the mathematical
landscape’. Dr. Uhlenbeck helped pioneer geometric analysis, developing
techniques now commonly used by many mathematicians.

Karen Uhlenbeck published many of her major papers in her late 30s and
received a MacArthur Fellowship in 1983.  In 1983, at 41, she received
broader recognition with a MacArthur Fellowship, which comes with a bundle
of money- $204,000

ABEL PRIZE

The Abel Prize, named after the Norwegian mathematician Niels Hendrik
Abel, is set up in 2003. Since 2003, it has been given out annually to highlight
important advances in mathematics. The previous 19 laureates — in three years,
the prize was split between two mathematicians.

In spite of his short life (aged 26 years), he made significant contributions

to a variety of mathematical fields.The prize,seen by many as the Nobel Prize

in mathematics, was first awarded in 2003 to honor the 19th-century Norwegian

mathematician Niels Henrik Abel.It has been awarded to 19 laureates till now.

The Abel Prize recognizes contributions to the field of mathematics that are of
extraordinary depth and influence. It is presented annually in Oslo by His Majesty
King Harald V, and is administered by the Norwegian Academy of Science
and Letters on behalf of the Norwegian Ministry of Education and Research.

The prize  award was worth 6 illionm Norwegian kroner ($704,000).

Some of Abel’s Work

Abel equation, Abel function, Abel’s identity, Abel’s

inequa -lity; Abel’s test, Abel’s theorem, Abel transform, Abel

trans- formation, Abel’s binomial theorem, Abelian category

,Abel- ian variety, Abelian extension, Abelian group, Abel’s

irreducibility theorem, Abel–Jacobi map, Abel–Plana formula,

Abel–Ruffini theorem, Abelian means,Abel’s summation

formula, Abelian and tauberian theorems’ Abelian variety,

Dual abelian variety.
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The Norwegian Academy of Science and Letters announced it has
awarded this year’s Abel Prize — to Karen Uhlenbeck, an emeritus professor
at the University of Texas at Austin. The award cites “the fundamental impact of
her work on analysis, geometry and mathematical physics.”

“She did things nobody thought about doing,and after she laid the foundations
of a branch of mathematics” said Sun-Yung Alice Chang, a five-member prize
committee.

Dr. Uhlenbeck described the complex shapes of soap films not in a bubble
bath but in abstract, high-dimensional curved spaces. In later work, she helped
put a rigorous mathematical underpinning to techniques widely used by
physicists in quantum field theory to describe fundamental interactions between
particles and forces.

In her early work, Dr. Uhlenbeck essentially figured out the shape of soap
films in higher-dimensional curved spaces. This is an example of what
mathematicians call optimization problems, which are often very difficult and
can have zero solutions, one solution or many solutions.

“You can ask a question of when you have a soap bubble in this n-dimensional
space,” she said. “You don’t know ahead of time what the shapes of those
minimal soap bubbles are going to be.”

With soap films and bubbles - two-dimensional surfaces in a three-
dimensional space - the problem starts to get more complicated.

To minimize the forces of surface tension, a bubble forms in the shape
with the least amount of area to wrap around a given volume-a sphere. When
two or more bubbles touch each other or when a soap film forms inside of a
twisted metal loop, the shapes become more complicated but still contort to
take up the smallest amount of area.Inhigher dimensions, the theory becomes
dramatically harder, and standard techniques just don’t work.

2. Maryam Mirzakhani, only woman to receive a FIELDS

MEDAL in 2014.

Maryam Mirzakhani,an Iranian Mathematics professor at Stanford

University in California, was named the first female winner of the Fields Medal.

A woman has won the world’s most prestigious mathematics prize for the first

time since the award was established nearly 80 years.
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Most of the problems Mirzakhani works on involve
geometric structures on surfaces and their deformations.
She has a particular interest in hyperbolic planes, which
can look like the edges of curly kale leaves, but may be

easier to crochet than explain. According to a citation

released by the International Mathematical Union,

Mirzakhani won the prize for her “outstanding contributions

to the dynamics and geometry of Riemann surfaces and

their moduli spaces”.

The following fourMathematicians(one Indian origin) were awardedFIELDS
MEDAL in 2004

1. Maryam Mirzakhani

2.Hairer won for his “outstanding contributions to the theory of stochastic partial

differential equations”.

3. Avila was honoured for his “profound contributions to dynamical systems”.

4. Manjul Bhargava won for “developing powerful new methods in the geometry
of numbers”, including elliptic curves used in cryptography.

Born and raised in Iran, Mirzakhani completed a PhD at Harvard in 2004. Her
path into mathematics was not a given, though. As a child, her passion was not
for numbers, but literature. Her school in Tehran was near a street full of
bookshops and because browsing was not allowed, she ended up buying a lot
of random books. “I dreamed of becoming a writer,” she said in an interview for

the Clay Mathematics Institute (CMI) in 2008.”I never thought I would pursue

mathematics before my last year in high school.”

It was Mirzakhani’s brother who first piqued her interest in science. He used to

come home from school and talk over what he had learned. He told her the

story of the German mathematician, Carl Friedrich Gauss, who displayed his

precocious skills as a schoolboy when he worked out in seconds how to sum

all the numbers from 1 to 100. (The answer is 5,050 and the trick is to look at

pairs that add up to 101.) “That was the first time I enjoyed a beautiful solution,

though I couldn’t find it myself,” she said.
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The seed that had been sown began to germinate, with help from her school

principal, a strong-willed woman who made every effort to ensure her students

had the same opportunities as the boys. As a teenager, Mirzakhani took part in

international Mathematical Olympiads and won gold medals in 1994 and in

1995. In the first, in Hong Kong, she dropped a single point. At the latter, in

Toronto, she finished with a perfect score.

FIELDS MEDAL

John Charles Fields,of Canada,

proceeded with the planningthe

award of medal in Mathematics, but

fell ill in May of 1932 and died in

August. Just before his death, he

made his will funding an amount of

$47,000 for the medal.First awarded

in 1936, the medal was reintroduced

in 1950 and has been awarded every

four years since.

The prize, worth 15,000 Canadian dollars (£8,000), is awarded to
exceptional talents under the age of 40 once every four years by the International
Mathematical Union. Between two and four prizes are announced each time.

There have been 55 Fields medallists since the prize was first awarded
in 1936, including this year’s winners.

To the Mathematical community of qualified minds, she has a breathtaking
scope, is technically superb and boldly ambitious. She describes the language
of Mathematics as full of “beauty and elegance”.

Mirzhakhani, 37, was among a number of women tipped for the prize in recent

years and her success won immediate praise from fellow mathematicians.

Later, as a student at Sharif University, she befriended inspiring mathematicians

and found that the more time she spent on the subject, the more excited she

became. Then, at Harvard, she began to work with another Fields medalist, Curt

McMullen, and became fascinated with how he made mathematics so simple

and elegant.

Fields Medal
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Most of the problems Mirzakhani works on involve geometric structures

on surfaces and their deformations. She has a particular interest in hyperbolic

planes, which can look like the edges of curly kale leaves, but may be easier to

crochet than explain. According to a citation released by the International

Mathematical Union, Mirzakhani won the prize for her “outstanding contributions

to the dynamics and geometry of Riemann surfaces and their moduli spaces”.

 “I can see that without being excited, mathematics can look pointless and cold.

The beauty of mathematics only shows itself to more patient followers,”-  she

said.

“I hope that this award will inspire lots more girls and young women, in this

country and around the world, to believe in their own abilities and aim to be the

Fields medalists of the future.”

Fields medallist, who will surely be the first of many, will put to bed many

myths about women and mathematics, and encourage more young women to

think of mathematical research as a possible career”.

Although women have contributed to mathematics at the highest level for a long

time, this fact has not been visible to the general public.

3. Neena Gupta,Youngest Women Mathematician Creates

History in India

Dr Neena Gupta ,of ISI, Kolkata has createdhistoryby becomingyoungest

recipient of the prestigious SHANTI SWARUP BHATNAGAR AWARD in

Mathematical Sciences, the Highest Honour in India,  at the age of 35 for having

solved a 70-year-old mathematics puzzle called the Zariski Cancellation Problem.

 She is  the third womanin Mathematics to win the honour till date.

”Maths is for somebody who can solve the

problems on their own. The pleasure which I

get in solving problems in mathematics is

much more thanany award,”

– Dr. Neena Gupta.

Neena Gupta
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She expressed gratitude to her mother Gyanlata Gupta who taught her
Mathematics till Class X. Dr. Gupta said that she never secured full marks but
she loved mathematics and to spend hours solving problems. Dr. Gupta did
her schooling from Khalsa Model Senior Secondary School, Dunlop, Kolkata.
She graduated with honours in Mathematics from Bethune College, Kolkata, in
2006.

She did her P.G.  in Mathematics from ISI in 2008 and subsequently did
her Ph.D. degree in 2011 with algebraic geometry as her specialization, under
the guidance of Prof. Amartya Kumar Datta, ISI, Kolkata. She also thanked her
husband who is from IISc., Bangalore, for understanding her relationships with
Mathematics.

Dr. Neena Gupta also received the following prizes:

1. Birla Science Prize in Mathematics (2017),

2. The Ramanujan Prize from the University of Madras (2014)

3. Saraswathi Cowsik Medal in 2013, awarded by TIFR Alumini Association

4. Indian National Science Academy–Young Scientist Award in 2014 for her

work on the Zariski Cancellation Problem, soon after she first published her

research paper on it in 2014.

The Zariski Cancellation Problem is a 70-year-old algebraic problem.

In recent years, Dr Gupta has provided solutions to two open problems in

mathematics – one, posed by Oscar Zariski (1899-1986), one of the founders

of modern Algebraic Geometry. Gupta describes these open mathematical

conjectures as problems which can be easily explained to mathematicians but

are very difficult to solve. The ‘Zariski Cancellation Problem’, which has earned

Gupta the SSB AWARD, has intrigued mathematicians around the globe

ever since a version of it was proposed by O Zariski in 1949.

Dr. Gupta’s field of research is Commutative Algebra and Affine Algebraic

Geometry. Commutative algebra, apart from being a beautiful subject, provides

a base over which a vast body of pure mathematics develops, Algebraic

Geometry being one of the primary ones.
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This particular problem had remained open for about 70 years, before

Dr. Gupta finally provided a complete solution to it in

positive characteristic, in 2014.

The Shanti Swarup Bhatnagar Prize is announced

every year on 26 September to celebrate the Council

of Scientific and Industrial Research’s(CSIR) Foundation Day. This prize is

given out to recognize a handful of scientists and researchers across many

disciplines for having made outstanding contributions to science and technology

in India. The awards are given out across seven categories, and include a

citation, a commemorative plaque, a cash prize of Rs 5 lakh, and additionally,

an endowment of  15,000 per month up to the age of 65 years.

Who is Shanti Swarup Bhatnagar?

Dr Shanti Swarup Bhatnagar was the Founder Director and the first

Director-General of CSIR and is considered to be “the Father of research

laboratoriesin India. He gotthis moniker for having established twelve nationally-

recognized laboratories over the course of his lifetime.

The Shanti Swarup Bhatnagar Award for Science and Technology is an

award in India for the following seven disciplines, namely:

1. Biological Sciences

2. Chemical Sciences

3. Earth, AtmosphereOcean and Planetary Sciences

4. Engineering Sciences

5. Mathematical Sciences

6. Medical Sciences

7. Physical Sciences.

Each discipline may have multiple winners (maximum 2 individuals if required).

SHANTI SWARUP BHATNAGAR AWARD
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The prize recognizes outstanding Indian work  in science and technology.

It is the most coveted award in multidisciplinary science in India. The award is

named after the founder Director of the CSIR, Shanti Swarup Bhatnagar. It is

awarded since 1958. Any citizen of India engaged in research in any field of

science and technology up to the age of 45 years is eligible for the prize.

Names of candidates are proposed by a member of the governing body

of CSIR, Vice-Chancellors of universities or institutes of national importance,

and deans of different faculties of science and former awardees. Selection is

made by the Advisory Committee constituted each year and necessarily

consists of at least six experts including at least one former Bhatnagar Awardee

in the respective discipline. If two nominees are unanimously recommended in

the same field because of equal merit, both are awarded.

Till 2019, there have been 547 Bhatnagar awardees, out of which, only

17 are women.  “There needs to be social awareness so that people start

sending their girl child for higher education,”

References : Different News papers and websites.
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KERALA SCHOOL OF MATHEMATICS,

JYESTHADEVA AND YUKTI-BHASA
    Satyabachi Sar

        Retired Head of the Department of Mathematics,

M. B. B. College, Agartala

        Formerly Professor of Mathematics,

Techno India College of Technology, Kolkata

       Formerly Guest Faculty,

Department of Mathematics, Tripura University

I.   ndia has a glorious past and great heritage in the field of mathematics.

It is one of a few civilizations where mathematics flourished even in very early

stage of civilization. The whole world owes to India for its invaluable works in

mathematics in many fields at different periods of time. Indian mathematics as

a whole may roughly be divided into a few periods such as

         (i)   Pre-Vedic period (before 1900 B. C.)

          (ii)  Vedic period (1900 B. C. – 800 B. C.),

          (iii)  Period of Sulva sutras (800 B. C. – 200 B. C.)

          (iv) Period of Jaina Mathematics (500B.C.–400 A. D.)

          (v)  Classical period (400 A.D.–1200A.D.).

         (vi) Medieval period (1200 A.D. – 1800 A.D.)

         (vii) Modern period (1800 A.D. and onward)

             We are concerned here with Kerala School of Mathematics which

belonged to medieval period. Jyesthadeva was an eminent mathematician in

this period and Yukti-bhasa was his immortal work.

             It is a matter of great regret that some Western historians of mathematics

are reluctant to give proper credit to the mathematicians belonging to Kerala

School of Mathematics and to their splendid discovery, especially in the field of

infinitesimal calculus. Boyer writes in the book ‘A History of Mathematics’,

‘Bhaskara is the last significant medieval mathematician from India’. Eves, Kline,

Kaye, Arka Somayaji, too, made similar remark stating that no progress was

virtually made in India after Bhaskara II (1115 – 1185). On the contrary, G. G.

Joseph believes that the mathematics produced by Kerala School was neither
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trivial nor elementary in any sense. He further says, ‘The beginning of modern

mathematics is usually seen as a European achievement but discoveries in

medieval India between fourteen century and sixteen century have been ignored

or forgotten’. Indeed, ‘From early times there had been  in Kerala, substantial

academic activities, as evidenced by centres of learning, reference to scholars,

and profuse writing produced and preserved in the form of manuscripts. It is

worth noting that apart from the religious and scholarly outlook of the elite society,

the factors which additionally facilitated scholars to pursue their studies in peace

and tranquility included the geographical situation of the narrow strip of land

that formed Kerala, as sequestered between the Arabian Sea and the Sahya

range of mountains, at the extreme south of India, unaffected by foreign invasions

and political turmoil that disturbed other parts of India’.

Also, D.T. Whiteside of Cambridge, the editor of sixth volume of

mathematical papers of Sir Isaac Newton (1642–1727) (in Vol. II, p.237, footnote

122) admits the priority of works of the Kerala School to works of Newton. J.

Hofmann of Germany and A.P. Yushkewitch of the then USSR are also two

historians of mathematics who have acknowledged the credit of works of the

Kerala School. M.S. Rangachari rightly remarked, ‘The seeds of modern

mathematical analysis were sown in our soil at least two to three centuries

earlier to the ideas of the subject in the Western world’. According to C. S.

Seshadri , ‘It is remarkable that the work of Kerala School of mathematics during

14th–16th centuries already anticipates the development of infinitesimal calculus,

achieved independently by Leibniz and Newton in 17th century’.

The Kerala School of mathematics flourished from fourteen century to

eighteenth century. But it has been an unwritten story of achievement without

the effort of C.M. Whish.  Only of late, it has come to light that the Kerala School

of Mathematics discovered some very important results in calculus much earlier

than the discoveries as credited in the names of the Western mathematicians.

In 1832, a British civil servant C.M. Whish read a paper to a joint meeting of

Madras Literary Society and the Royal Asiatic Society. This paper appeared in

1834 in Transaction of Royal Asiatic Society of Great Britain and Ireland under

the heading ‘On the Hindu Quadrature of the Circle, and the infinite Series of

the proportion of the circumference to the diameters exhibited in the four sastras,

the Tantra Sangraham, Yucti Bhasa, Canara Padhati, and Sadratnamala’.

[Interested readers can go through the full content of Whish’s memoir, which is
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available in ‘Appendix’ of Ref. [2] (pp. 195 – 211)]. Whish pointed out that Hindus

had known ideas attributed to Newton and other European mathematicians

much earlier. According to him the Kerala mathematicians had ‘laid the

foundation for a complete system of fluxions’ and these works abounded ‘with

fluxional forms and series to be found in no work of foreign countries’. About a

century later his article came to the notice of C.T. Rajagopal and his associates.

In a series of articles they highlighted the works of mathematicians of the Kerala

School. This encouraged scholars and researchers for further investigation and

helped people to know about wonderful discoveries of scholars of Kerala School

of Mathematics.

Kerala School of Mathematics was pioneered by Madhava of

Sangamagrama (c. 1340–1425). He was considered to be the founder of

Kerala School of Mathematics.  Other notable scholars were Narayana Pandit

(c.1340 – 1400); Paramesvara (c.1370–1460) , Damodara (c.1400 – 1500) ,

Nilakantha Somayaji (c.1444–1545) , Jyesthadeva (c. 1500–1600), Chitrabhanu

(c.1475– 1550) , Sankara Variar (c. 1500–1560 ), Achyuta Pisarati (c.1550 –

1621) , Narayana Bhattathiri (c.1559 – 1645),  Putumana Somayaji (c.1660-

1740) and Sankara Barman(1774–1839).

The mathematical works of importance of the Kerala School includes

‘Golavada’,‘Madhyamanayanapra-kara’, ‘Lagnaprakarana’, ‘Venvaroh’,

‘Sphutacandrapti’, ‘Aganitagrahachara’  of Madhava , ‘Tantra Sangraha’ (c.1500)

and ‘Aryabhateeya bhasya’ of  Nilakantha, ‘Yukti-bhasa’ (c. 1530) of

Jyesthadeva, ‘Kriyakramakari’, (c.1535), which is a commentary on Lilavati of

Bhaskara II ,and ‘Yuktidipika’, which is a commentary of Tantra Ssangraha of

Sankara Variar, ‘Karana Paddhati’ of  Putuman Somayaji, and ‘Sadratnamala’

of Sankara Barman.

The significant discoveries of the Kerala School include the power series

for tan”1x, power series for ð, a number of rational approximations to ð, power

series for sine and cosine, approximation of sine and cosine functions, besides

extension of earlier works, especially of Aryabhata (476–550) and Bhaskara II

(1114–1185). It is worthy to mention here the celebrated remark of G.G. Joseph:

‘In Kerala the period between fourteenth and sixteenth centuries marked a high

point in the indigenous development of astronomy and mathematics’.

II.         Jyethadeva was a pupil of Damodara. He was a younger

contemporary of Nilakantha Somayaji. Achyuta Pisharati was a pupil of
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Jyecmhadeva. He was a Nambuthri belonging to the Parangngottu family.

Parangngottu, the family house of Jyecmhadeva, still exists in the vicinity of

Trikkandiyur and Alathiyur. The Yukti-bhasa is a major treaties written by

Jyesthadeva.  It is composed in the Malayalam, the spoken language of

Kerala. This is in contrast to the centuries-old Indian tradition of composing

scholarly works in the Sanskrit . Moreover, the work is not in verse but is in

prose, again in contrast to the prevailing style of writing.  It is self-contained

and provides reasons and justifications for all results cited.

The power series of tan–1 x is given by

                         tan–1x = x – x3/3 + x5/5 – x7/7+ …………...  (1)

One may note that this series is called as ‘Gregory series’ after the name of

James Gregory (1638–1675) who derived it in 1667.  But it should have been

termed ‘Madhava series’, as the original discoverer is Madhava. It is to be

further noted that   Jyesthadeva stated that the relevant series was discovered

by Madhava.  It is equivalent to (1). In Yukti-bhasa his description is ‘a remarkable

passage describing it’. When the relevant verse given by Madhava, as described

by Jyesthadeva, is translated into English, it may be stated as follows:

          ‘The product of given sine and radius divided by the cosine is the first

result. From the first (and then the second, third,  …. etc.) results, obtain

(successively) a sequence of results by taking the square of the sine as the

multiplier and square of the cosine as the divisor. Divide (the above results) in

order by the odd numbers 1, 3, 5, ….. etc. to get the (full sequence of ) terms.

From the sum of the odd terms, subtract the sum of the even terms. (The result)

becomes the arc. In this connection, it is laid down that the (sine) of the arc of

(that of) its compliment, whichever is smaller, should be taken here (as the ‘given

sine’); otherwise, the terms obtained by the (above) repeated process will not

tend to a vanishing magnitude.’

When it is expressed in mathematical notation, we   get

   r� = r(r sin�)/1.(r cos�) – r(r sin�)3/3.(r cos�)3 + r(r sin�)5/5.(r cos�)5 –  ….      (2)

which on simplification reduces to

� = tan� – tan3
� + tan 5� – tan7

� + ………………  (3)

 and writing tan� = x in (3) we get (1).

III.        Ganita – Yukti –Bhasa (Rationales in Mathematical Astronomy), popularly

known as  Yukti-bhasa, was composed intentionally as a manual of proofs. The

very purpose of writing the book was to record in full detail the rationale of the

various results of mathematics and astronomy discovered by the scholars of

Kerala School of Mathematics, especially by Madhava and Nilakantha. An
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English translation of Yukti-bhasa by late K.V. Sarma has been published in

two volumes. Each volume contains English translation along with explanatory

notes of each chapter. The first volume contains mathematics, consisting of

seven chapters and the second volume contains astronomy, consisting of eight

chapters.

           It is a highly instructive treatise which elucidates lucidly the rationale of

mathematics and astronomy as it was understood and explained in South India

during the middle ages. Its author Jyesthadeva has couched the work in

Malayalam, the language of Kerala and which of importance that the work has

been popular in the land for four hundred years. There are at least two unique

aspects of Yukti-bhasa. ‘First unlike the usual texts in mathematics and

astronomy which are written in Sanskrit, Yukti-bhasa is written in the local

language Malayalam, besides, it is  in the form of an expository text which

includes detailed explanations and proofs of various results’.

          In Astronomy Kerala School followed the school of Aryabhata (476 – 550)

and in Astrology the school of Varahamihira (c. early sixth century). From seventh

century onwards, Kerala has remained the follower of Aryabhatan school of

Astronomy. The discipline flourished under royal patronage and assiduously

followed by the Namputiri Brahmins of Kerala.

           Among the texts of Kerala Yukti- bhasa is certainly an important work. Its

main aim is to present the rationale of the theories involved in the constants

and computations occurring in Tantra Sangraha. And we know that Tantra

Sangraha is an important work of Nilakantha Somayaji.

           It has been mentioned earlier that Yukti- bhasa consists of two parts:

Mathematics and Astronomy. Let us now first see what are the main subjects of

Part I (Mathematics). These are as follows:

I. Parikarma (Logistics)

II. Dasaprasna (Ten problems involving logistics)

III. Bhinnaganita (Fractions)

IV. Trirasika (Rue of three)

V. Kuttakara (Pulverisation)

VI. Paridhi-vyasa (Relation between circumference and diameter)

VII. Jyanayana (derivation of R sine)
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            To understand the importance and impact of Yukti-bhasa we are going

to add only a few words about one chapter (Chapter VI) of the above mentioned

subjects. In this chapter we find several formulas for determining the

circumference of a circle of a given diameter. Here we find different summations

of the series and demonstration of the derivation of those series. It is of great

interest that C. T. Rajagopal and his associates have worked out , in terms of

modern mathematics, the series and different formulae enunciated in Yukti-

bhasa and shown that ‘these are much prior to the discoveries made more

than a century later by the Western scientists, James Gregory (1671), G. W.

Leibnitz (1673) and Isaac Newton (1670)’.

          Further to have some flavour of mathematical part of Yukti-bhasa we

reproduce some portion from chapter II (ten problems involving logistics) below:

          Let a and b be two numbers, and, for convenience, let us assume that a � b.

            Let p = a + b, q = a – b, r = a.b, s = a2 + b2, t = a2 –b2. Given any two of the

five quantities p, q, r, s, t how to find a and b?

  Problem 1: If p, q are given, find a, b.

                [Ans. a = (p + q) / 2, b = ( p – q) / 2 ]

 Problem 2: If p, s are given, find a, b.

                [Ans. First we find q as  (p2 – 4r), since

p2 – 4r = ( a + b)2  – 4 ab = (a – b)2. Then result follows from the answer of

Problem 1.]

 Problem 7: If q, t are given find a, b.

[Ans. We find p in terms of q, t as follows and find a, b in terms of p, q then;

     t / q =  ( a2 –b2)/ (a – b) = ( a + b) =p ]

Problem 8: If r, s are given find a, b.

     [ Ans. We first calculate q in terms of r and s and then find p in terms of q and

r by proceeding as before. We note that

(s – 2r) = a – b = q  and  (q2 + 2r) = a + b = p]

         Now let us state the subjects as given in Part II (Astronomy).These are as

follows:

VIII. Grahagati ( Planetary motion), Bhagola (Sphere of zodiac), Madhyagraha

(Mean Planets),Surjasputa (True Sun), Grahasputa (True Planets)

 IX. Bhu- Vayu-Bhagola (spheres of Earth, Atmosphere and Asterisms),

                               Ayanacalana (Precission of the equinoxes)

X. Pancadasaprasna (Fifteen problems relating to spherical triangles)
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XI. Dig-jnana(Orientation), Chayaganita (Shadow computations), Lagna

(Rising point of Ecliptic),Nati-Lambana (Parallaxes of Latitude and  Longitude)

XII. Grahana (Eclipse)

XIII. Vyatipata

XIV. Visible correction of Planets

XV. Moon’s cusp and Phases of the Moon

          It is to be remembered that the mathematical and astronomical rationale

presented in Yukti-bhasa relate to several aspects, to wit, concepts, theories,

constants, computations, demonstration by diagrammatic representation and

like. ‘The treatment is logical, going step by step, first presenting the fundamental

and gradually building up argument. It is, if one might say so, ‘intimate’ in that it

inculcates the steps as a teacher does to a student. The work aims at

understanding and conviction by the reader’.

          The author in Yukti-bhasa (YB), though admits in the opening sentence

that he follows Tantra Sangraha (TS), YB is a quite a different type of work.

‘Rather than being a commentary (vyakhya or bhasya) it is a stand-alone

exposition of the material covered in TS, segregating (unlike TS itself) the

mathematics in the first part and its use in the construction of an accurate

planetary model in the second’. YB is distinctive in other ways too. ‘ At a time

when all scientific texts were composed in Sanskrit, often in terse verse, it is

written in Malayalam prose which is anything but terse, it is self-contained, and

it provides reasoned justifications for all results cited’.

P. P. Divakaran’s remark about YB is quite noteworthy. He says,

Jyesthadeva wrote what can accurately be called the first textbook of Calculus,

Yukti-bhasa. ‘It is a comprehensive accounts, in its last two chapters, of the

fundamental principles of integral and differential calculus (in that natural order

in the Kerala approach to calculus), as well as the relationship between them,

and their study of trigonometric functions’.
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CONTRIBUTIONS OF S. RAMANUJAN AND

D.R. KARPREKAR TO NUMBER THEORY
M.P. Jaiswal

Retd. Principal, Women’s college, Agartala

Vill. Dihbaragaon, PO- Girdbaragaon,

Dist- Bhadohi, UP – 221314

E Mail: drmataprasadj@gmail.com

 n this article in brief we give contributions of Srinivas Ramanujan and D.R.

Karprekar of India towards number theory.

Srinivas Ramanujan: He was born on Dec. 22, 1987 at Eurode and died April

26, 1920 at Chetpot in Madras Presidency in Tamil Nadu, He was FRS at the age of

31 years ( 2nd in India).

Ramanujan Number: Once Prof. G.H. HARDY came to see Ramanujan in  a

taxi which had the number 1729. On hearing of that number Ramanujan said , it is

the smallest number expressible as the sum of two cubes in two different ways:

1729 = 13 + 123 = 93 + 103.

His notebooks contain examples of three fourth powers in two different ways 9

ex. 24 + 44 + 74 = 34 + 64 + 64   = 2673 ;   14 + 84 + 124  + 324 + 644  = 24 + 394 + 444

+ 464 + 524  =  654   ;  1584 + 594 = 1344  +1334  =  635318657.

Highly composite numbers: A prime number has only two divisors viz. itself

and unity. For examples: 2, 3, 5, 7, 11, …..are prime numbers. A natural number n,

which has at least one divisor between 1 and n, is called a composite number. For

example 4, 6, 8, 9, 10, …… A highly composite  (h.c.) number N is a natural number

which  has more divisors than any number less than N. For example :

2,4,6, 12, 24, 36, 48, 60, 120 , 180, 240, 360, 720, 840, 1260….are h.c.

numbers.

1920, the year in which Ramanujan breathed his last, is not a h.c. number.

Thus h.c. numbers escaped the blame of the creation becoming the death-trap to

the creater.

1920 is known as associated number.

The 103rd highly composite number given by Ramanujan, is 6, 746, 328, 388,

800. This number has 13 digits and its prime factorization is 26.34.52.72.11.13.17.19.23

Theorem: If N=  is a highly composite number then

a
1
�a

2
��……….. � a

p
. and a

p
 = 1 except for N = 4 and 36. It is to be noted that 4 = 22

and 36 = 22.32.

Theorem: There are an infinite number of highly composite numbers.
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The distributions of both prime numbers and highly composite numbers are

highly erratic.

Partition of integers: A partition of integer n is a division of n into any number

of positive integral parts. P(n) is the number of partitions of n, where n is an integer,

P(n) is called the partition function of n.For  examples: 4 = 3 + 1= 2 + 2= 2 + 1+ 1=

1+ 1+ 1+ 1. So, p(4) = 5.

The following table provides the value of p(n), for n = 1, 2,3, ….., 20.

n 1   2     3       4         5    6       7         8   9   10

P(n) 1   2     3       5         7   11     15        22   30   42

n 11  12    13      14       15   16      17      18   19   20

P(n) 56  77   101     135     176  231     297     385 490  627

Remark: He could write values of  ,  to any number of decimal places. He

was also interested in magic squares. He gave the formula to prepare 3 x 3, 4 x 4,

5 x 5 ,……….magic squares. The numbers should be in arithmetic progression. In

the magic square, each row sum = each column sum = each diagonal sum.

Dattatreya Ramchandra Kaprekar (1905–1986) was an Indian recreational

mathematician who described several classes of natural numbers including

the Kaprekar, Harshad and Self numbers and discovered the Kaprekar constant,

named after him. Despite having no formal postgraduate training and working as a

schoolteacher, he published extensively and became well known in recreational

mathematics circles

Kaprekar constant [: In 1949, Kaprekar discovered an interesting property of

the number 6174, which was subsequently named the Kaprekar constant. He

showed that 6174 is reached in the limit as one repeatedly subtracts the highest

and lowest numbers that can be constructed from a set of four digits that are not all

identical. Thus, starting with 1234, we have: 4321 “ 1234 = 3087, then  8730 “ 0378

= 8352, and 8532 “ 2358 = 6174.

Repeating from this point onward leaves the same number (7641 “ 1467 =

6174). In general, when the operation converges it does so in at most seven iterations.

A similar constant for 3 digits is 495. However, in base 10 a single such constant

only exists for numbers of 3 or 4 digits; for other digit lengths or bases other than

10, the Kaprekar’s routine algorithm described above may in general terminate in

multiple different constants or repeated cycles, depending on the starting value.

Kaprekar number[: A Kaprekar number is a positive integer with the property

that if it is squared, then its representation can be partitioned into two positive integer
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parts whose sum is equal to the original number (e.g. 45, since 452=2025, and

20+25=45, ) However, note the restriction that the two numbers are positive; for

example, 100 is not a Kaprekar number even though 1002=10000, and 100+00 =

100. This operation, of taking the rightmost digits of a square, and adding it to the

integer formed by the leftmost digits, is known as the Kaprekar operation.

Some examples of Kaprekar numbers:

       Number Square Decomposition

703 7032 = 494209 494+ 209= 703

2728 2728² = 7441984 744+1984 = 2728  etc.

Devlali or Self number :In 1963, Kaprekar defined the property which has

come to be known as self numbers, which are integers that cannot be generated

by taking some other number and adding its own digits to it. For example, 21 is not

a self number, since it can be generated from 15: 15 + 1 + 5 = 21. But 20 is a self

number, since it cannot be generated from any other integer. He also gave a test for

verifying this property in any number. These are sometimes referred to as Devlali

numbers (after the town where he lived); though this appears to have been his

preferred designation, the term self number is more widespread. Sometimes these

are also designated Colombian numbers after a later designation.

Harshad number : Kaprekar also described the Harshad numbers which he

named harshad, meaning “giving joy” (Sanskrit harsha, joy +da taddhita

pratyaya, causative); these are defined by the property that they are divisible by the

sum of their digits. Thus 12, which is divisible by 1 + 2 = 3, is a Harshad number.

These were later also called Niven numbers after 1977 lecture on these by the

Canadian mathematician Ivan M. Niven. Numbers which are Harshad in all bases

(only 1, 2, 4, and 6) are called all-Harshad numbers. Much work has been done on

Harshad numbers, and their distribution, frequency, etc. are a matter of considerable

interest in number theory today.

Demlo number  :Kaprekar also studied the Demlo numbers, named after a

train station 30 miles from Bombay on the then G. I. P. Railway where he had the

idea of studying them.. The best known of these are the Wonderful Demlo numbers

1, 121, 12321, 1234321…, which are the squares of the repunits 1, 11, 111,1111 ….
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RESULT OF APTITUDE TEST - 2019 (FOR CLASS V)

Examination Held : 05.01.2020 Publication of Result 12.03.2020
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RESULT OF APTITUDE TEST - 2019 (FOR CLASS V)

Examination Held : 05.01.2020 Publication of Result 12.03.2020
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RESULT OF PRASHNA MANCHA - 2019 (FOR CLASS VI)

Held on 22.12.2019
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SPEECH COMPETITIO (FOR CLASS - VII) - 2019

Held on 22.12.2019

INTER SCHOOL QUIZ COMPETITION - 2019

Held on 22.12.2019
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Sadar Sub-Divisional Level Result of

JUNIOR MATHEMATICAL OLYMPIAD - 2019
(for Class VIII)

Held on 02.02.2020 Result Published on 17.02.2020
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State Level Result of

JUNIOR MATHEMATICAL OLYMPIAD - 2019
(for Class VIII)

Held on 02.02.2020 Result Published on 12.02.2020

TOP THIRTY POSITION HOLDERS IN TRIPURA STATE
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RESULT OF MATHEMATICAL OLYMPIAD - 2019
(For Class IX & X)

Examination Held on 05.01.2020 Published on Result :12.03.2020
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RESULT OF MATHEMATICAL OLYMPIAD - 2019
(For Class IX & X)

Examination Held on 05.01.2020 Published on Result :12.03.2020
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REGIONAL MATHEMATICAL OLYMPIAD - 2019
Region - Tripura

RESULTS
(30 students (Class 8-11 any) + 5 Girls’ quota + 6 class XII Students)
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LIST OF LIFE MEMBERS 2019-2020
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REGIONAL MATHEMATICAL OLYMPIAD - 2019

Problems and Solutions
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SOLUTIONS TO INMO - 2020 PROBLEMS
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ANNUAL REPORT : SESSION 2018-2019
[To be presented at the 40th Annual General Meeting of

Tripura Mathematical Society on 2nd June, 2019 at the auditorium of

Sukanta Academy, Agartala, Tripura.]

Hon’ble President, Vice President and Members of TMS, I extend my hearty

and pleasant welcome to all who are present in the business session of AGM

2019 and wish Subha Naba Barsha to all our members. At this auspicious

occasion I also remember the dignitaries whose endless effort and contribution

in the field of Mathematics as well as in the proliferation and achievements of

TMS demands special mention.

Before detailing the activities of the Executive Committee 2018-2019, I

would like to mention the salient features of the proceedings of the 39th Annual

General Meeting.

39th General Body Meeting: The 39th AGM was held on 29th April 2018

at the Matangini Pritilata Sabhagriha of Women’s College, Agartala , Tripura.

In the prize distribution ceremony of morning session, Prof Arunoday Saha,

Ex Vice-Chancellor, Tripura University (A Central University), Suryamaninagar,

Sri Bhabatosh Datta, Senior Scientific Officer, TSCST and Mrs Manidipa

Debbarma, Principal, Women’s College were present respectively as the chief

Guest, Special Guest and  Guest of Honour . Dr. Sharmistha Bhattacharya

Halder, Vice President, Acting President of TMS, chaired the Session. The

details of activities of TMS during the session 2017-2018 have been furnished

in the Bulletin of Tripura Mathematical Society Vol No 38.

The Business session of AGM 2018 was started with the discussion on

the Agenda points duly announced by Dr Sharmistha Bhattacharya Halder, Vice

President, Acting President of TMS, who graced the Chair in the Business

Session where all the Unit Secretaries , Treasurer and General Secretary placed

their reports and were all accepted . After announcement of the dissolution of

the Executive Committee of TMS of the session 2017-2018 by the President of

TMS, a new Executive committee of TMS was formed and Unit secretaries

were elected by the members present in the Business session of AGM 2018.

Names of the Executive Committee members and Unit Secretaries for the year

2018-19 are published in the Bulletin of TMS, Vol 39.

Now I am presenting before the house, the activities of the TMS under the

Executive Committee for 2018-2019.

1. Meeting of the Executive Committee: During the session 2018-2019,

12 (twelve) meetings of the Executive Committee/Extended Executive

Committee were held.
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2. Organization of Examinations/ Quiz Contests: The Society

organized Mathematical Olympiad and Aptitude Test both on 9th September

2018. Inter School Quiz Contest on Mathematics 2018 was also conducted

successfully. Preliminary round at sub divisional level was held on 11th August

2018 and then the State level 2nd (Semi final) Round was held on 21st

December 2018. The final was held on 22nd December 2018. Satisfactory

number of candidates for those examinations was noticed. The details of the

results regarding these examinations conducted and quiz contests organized

have been furnished in the Bulletin TMS Vol 39. So repetitions of those things

have been avoided here for the paucity of time.

3. Mathematics Day Celebration: Like every year TMS observed the

Birth Anniversary of Srinivas Ramanujan as Mathematics Day in collaboration

with the Tripura State Council for Science and Technology, Govt of Tripura on

22nd December 2018. The Programme was organized at the Campus Hall of

N. S. Vidyaniketan, Agartala, Tripura. Details of the Programme and the results

of Prasna Mancha organized on that occasion are given in the Bulletin (Vol

39) of TMS. It may be mentioned that the top Fifteen Rank holders (Agartala

Municipal Area) of the JMO conducted by TMS and TSCST were presented

prizes on that occasion.

4. Organization of Regional Mathematical Olympiad (RMO) and

Indian National Mathematical Olympiad (INMO): These two Examinations

were conducted on 07th Oct, 2018 and 20th January 2019 respectively. Dr S

Bhattacharya (Halder) was the convener of the organizing committee of the

said examination. The detail result of the RMO may be seen in the Bulletin

(Vol 39).

5. Organization of the Junior Mathematical Olympiad (JMO) for the

Students of Class VIII: Junior Mathematical Olympiad (JMO) was jointly

organized by TMS and TSCST on 11th Nov, 2018 in all sub-divisions, Nagar

Panchayets, AMC Area. The sub-divisional results were declared on 10th

December 2018 and the State level results on 5th Jan, 2019. The details of the

results are available in the Bulletin, TMS Vol 39.

6. Awards: Apart from the awards of TMS, successful students are also

able to get the following awards:

i) Madhab Lal Chatterjee Memorial Silver Medal and Kunjabasini Memorial

Scholarship (for the highest scorer in the Aptitude Test) and Dipak Sarkar

Memorial Encouragement Scholarship (for 2nd & 3rd position  in the Aptitude

Test).

ii) Radha Ranjan Deb Choudhury Memorial Silver Medal (for JMO topper)

iii) Satyabrata Memorial Scholarship (for 1st, 2nd and 3rd position in MO)

iv) Jaydeep Bhattacharjee Memorial Scholarship ( for 1st position in RMO)
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v) Chandraprava Memorial Running Trophy (for the Champion Team of

Inter School Quiz Contest at Madhyamik level)

vi) Keshab Chandra Saha Memorial Silver Medal and Pradip Datta

Memorial & Krishna Sushama Scholarship (for the highest marks in Mathematics

in Madhyamik under TBSE)

vii) Bankim Chandra Memorial and Pradip Datta memorial Scholarship

(for the highest marks in mathematics in H.S (+2) Exam under TBSE).

viii) Ramesh Chandra Das Memorial Silver Medal (for the highest scorer

in B.Sc Mathematics Honours).

7. Membership: TMS has enrolled 16 new Life Members in this session,

totalling to 479 Life Members.

8. Acheivements:

Organisation of Seminar: (i) Tripura Mathematical Society organised a

one day Seminar on Methods of Teaching Mathematics for Elementary to

Madhyamik level Teachers and Students in Amarpur Sub-division at Amarpur

Class-XII School on 2nd August, 2018. Dr. Premtosh Majumder, President, TMS

and Member Haridhan Debnath & Pabitra Roy were present there. TMS also

organised one day program on the topic of Development of Geometry in

Birendranagar H. S. School, Jirania, West Tripura. Dr. Premtosh Majumder,

President, TMS and Member Haridhan Debnath & Lipika Saha were present

in that programme.

(ii) Tripura Mathematical Society with the help of Directorate of School

Education organized a Two Day workshop on Mathematics at Chandrai para

Class XII School BRC Hall under Dhalai District for Madhyamik Level Teachers

on 14.12.2018 & 15.12.2018. Dr Premtosh Majumder, president, TMS; Mr

Prasenjit Roy, General secretary, TMS; Dr Manimoy Pal, Member TMS; Prof B.

C. Tripathy, Editor in Chief of  Journal, TMS & Dr Subrata Bhowmik, Editor of

Bulletin, TMS delivered lectures in that workshop.

(iii) TMS also organised a one day programme at Kamalpur Class XII

School on the topic of Teaching of Mathematics on 23rd Feb, 2019. Dr. Premtosh

Majumder, President, TMS was present in that programme.

9. Publication: I am happy to announce that the 39th volume of the

Bulletin of TMS of the session 2018 – 2019 & 20th Volume of Journal of

2018 is released today the 2nd June (Morning Session), 2019.

10. Donation: (a) Dr S Bhattacharya ( Halder ) donated Rs 12,000.00 ,

Dr Souvik Bhattacharya donated Rs 10,000.00, Mr Prasenjit Roy donated Rs

2000.00 and Mr Krishnendu Das donated Rs 2000.00.

(b) I like to remember that like every year First 15 prizes for Aptitude test

is given by courtesy of M/S Parul Prakashani.
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11. Grants: (a) TSCST-Rs 47, 000.00 [JMO (State) –Rs 40,000; JMO

(Sadar) & Math Day -Rs 7000.]

(b) Dept of Atomic Energy & NBHM: Rs 70,000.00 for conducting INMO,

RMO.

Thanks:

On behalf of TMS, I convey my sincerest and heartiest thanks to all those

who have come forward with their helping hands to give impetus to the activities

of TMS in any way or other to fulfil our ultimate mission. I must mention here

modestly and gratefully that many Governmental and Non-Governmental

organizations, different Institutions, different Print and Electronic media and

many individuals have come forward whole-heartedly and spontaneously to help

the TMS in all of our occasions.

My special and sincere thanks go to all the members of the Executive

Committee, all Sub Committee members, all Unit Secretaries and other

members of the Society who have generously and successfully shouldered

different responsibilities showered on them. Without their collective and sincere

effort it would not have been possible on my part to make such diversified

programs of the society materialized.

Finally, I express my heartiest gratitude to all the members of TMS for their

intense dedication, thrust, conviction and faith conferred on me towards

performing the duty as General Secretary of TMS in a homely and successful

manner.

I am grateful to the entire respected guardians and my beloved students

who have co-operated a lot with us.

I am sure the unintentional lapses and unwanted inconveniences if any,

caused by me in my tenure shall be overlooked and forgotten by your generosity

in the mighty spirit of Team TMS.

Thanking all of you once again.

Prasenjit Roy

02/06/2018

General Secreatary,

TMS
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