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FOREWORD

Srinivasa Ramanujan is undoubtedly a prodigious mathematician who has blazed a meteoric trail in the mathematical firmament during a short life span of 32 years, 4 months and 4 days. Most approrpriately the Prime Minister of India has declared this year as the 2012 Year of Mathematics in honour of this mathematical genius, whose 125th anniversary is being celebrated the world-over.

Many biographies have been written and perhaps the first one of these is by Dr. S. R. Ranganathan – the distinguished Librarian of the University of Madras, who was entrusted with the original Notebooks of Ramanujan by Prof. G.H. Hardy, with the statement that Ramanujan ‘is your countryman’ and the Notebooks therefore ‘belong to your country’. Dr. Ranganathan not only wrote a book: “Ramanujan: the man and the mathematician” (Asia Pub. House, 1967) but also had a role to play in the preservation of the Notebooks of Ramanujan, when he called on Pundit Jawaharlal Nehru along with Dr. K.S. Krishnan (a neighbour of Nehru in Allahabad) and Dr. Homi J. Bhabha, by getting a facsimile edition of the Notebooks brought out by the Tata Institute of Fundamanetal Research.

Dr. K. Srinivasa Rao is known to me from 1970s when he made frequent visits to Bombay as a user of the CDC 3600-160A computer at the Tata Institute of Fundamental Research. I have been a witness to his enthusiasm and passion for whatever he takes up, be it research work or popularization through his writings and lectures. I am happy that I had a role to play in inducing him to set up the PIE Pavilion at the 86th Indian Science Congress Exhibition in 1999, in Chennai, which has since become a permanent Ramanujan Gallery at the Periyar Science and Technology Centre and recently enlarged into a full-fledged Ramanujan Mathematics Museum. I had the pleasure and privilege of encouraging him to produce two CD ROMs on the Life and Work of Ramanujan, in 2005, at the conclusion of 2 and ½ year of efforts with his design of the contents and their production was by the National Multimedia Resource Center, Pune, with financial support from the Department of Science and Technology and their dissemination entrusted to Vigyan Prasar.

Srinivasa Rao wrote his first book on Ramanujan in 1998, which was revised in 2004. He has translated the book in Tamil written by T. V. Rangaswamy (‘Ragami’) entitled “Ganithamedhai Ramanujan” into English in 2008. In this the 125th Year of Ramanujan’s birth, I am happy that he is coming out with a shorter student edition of the life and work of Ramanujan which I hope will become popular as a first introduction to the life and work of Ramanujan. I am happy to recommend this book strongly to students of mathematics and the general public.

– Dr. V.S. Ramamurthy

Bangalore, Aug.201 Director,

National Inst. for Advamced Study.
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CHAPTER 1

Ramanujan was born to Komalathammal, at her parental home in Erode, on a Thursday, December 22, 1887. K. Srinivasa Iyengar, his father, was a clerk, ‘gumastha’ , to a cloth merchant, in Kumbakonam.
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Saint Ramanuja worshipped in the Vaishnavite temples. (1017 – 1137 A.D. believed to have lived for 120 years).

The Vaishnavite saint Ramanujachariar was born on a Thursday and the name Ramanujan was the obvious choice because he was also born on a Thursday. A South Indian naming convention is to have the name of the father as an initial for all his children. The full name of the first son born to K. Srinivasa Iyengar and Komalathammal was Srinivasa Ramanujan and S. Ramanujan, was used in all his publications in the national and international journals of repute.
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A plaque which adorns most temples and homes of the followers of Vaishnava philosophy depicts, Garuda (Eagle), Chakra (wheel), Thengalai (caste) mark, Conch and Hanuman.

The traditional ‘akshrabhyasam’ -- teaching of the 3 R’s (Reading, wRiting and aRithmatic) -- for Ramanujan, was done on the Vijayadasami day, October 1, 1892, a Saturday, at Kanchipuram, a South Indian Temple City, about two hours by road from the city of Madras (Chennai).
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Goddess Namagiri of Namakkal

[image: ]

Mother Komalathammal (There is no photograph of the father, Kuppuswamy Srinivasa Iyengar)
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Kanchipuram Temple
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Ramanujan’s residence, (Ramanujan’s Aksharabhyas) Sarangapani Sannidhi Street, Kumbakonam)
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Family tree of Srinivasa Ramanujan. Note that the three births and deaths during Ramanujan’s childhood would have contributed to a traumatic period for the entire family and financially difficult for the parents, in particular.

During his school days, he impressed his classmates, senior students and teachers with his extraordinary intuition and astounding proficiency in several branches of mathematics – viz. arithmetic, algebra, geometry, number theory and trigonometry. In later years, a friend of his, K. S. Viswanatha Sastri, recounted the following incident: In an arithmetic class on division, the teacher said that if three bananas were given to three students each would get one banana. The teacher generalized this idea to say that n divided by n is equal to 1. Ramanujan is said to have raised the question: “Sir, if no banana is distributed to no student, will everyone still get a banana ?”
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Town High School, Kumbakonam, whose centenary was celebrated on September 20, 1964.

This authentic anecdote is one which reveals that Ramanujan was precocious and he perhaps wanted the teacher to state that:

n ¸ n = 1, for n > 0.

Another classmate, K.S. Viswanatha Sastri, a lawyer, who took private tuition from Ramanujan, recalled in his article, “Reminiscences of my esteemed teacher” (in ‘Ramanujan: Letters and Reminiscences’, edited by P.K. Srinivasan, The Muthialpet High School, Number Friends Society, Old Boys’ Committee, Madras - 1, 1968), that:

“The one notable feature about Ramanujan was that for him pursuit of mathematics was a pursuit after God. He very often used to say that in mathematics alone, one can have a concrete realization of God. ‘0 ÷ 0’ he used to ask ‘what is its value ?’ His answer was ‘It may be anything. The zero of the numerator may be several times the zero of the denominator and vice versa. The value cannot be determined.’ In the same way, 2n —1 will denote the primordial God and several identities. When n is zero the expression denotes zero, there is nothing; when n is 1, the expression denoted unity, the Infinite God; when n is 2, the expression denoted the Trinity; when n is 3, the expression denotes 7, the Saptha Rishis and so on . Another peculiarity with him was that he was extremely supple and quick in the multiplication of figures.”
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K.S. Viswanatha Sastri had tuition in mathematics from Ramanujan.
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S. Thirunaranan Younger brother of Ramanujan.
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Smt. Rukminiammal friend of mother Komalathammal.

Ramanujan would go to the residence of this student in Soliappa Mudali Street, every morning, and received about Rs. 7 per month as tuition fee. In his article about his tutor, he wrote:

“He was not like any ordinary tutor going step-by-step but being precocious, he would carry me off to the regions of Calculus and show me the dizzy heights to which his mind flew. …

“He was well known among the student population, was ever resorted to by them during the examination period. He would be instructing the students on the sand of the Cauvery in solving problems likely to appear in the examination. …

“Ramanujan had a peculiar gift of foretelling. Whenever we asked him about the possibility of a thing coming about, he would patiently hear our narration and say the answer the next day or so. He could tell us as to what would happen after dreaming of it and interpreting his dream. His interpretations mostly, proved true.”

Everyday, Kamalathammal would go to the Sarangapani Temple and take part in the group singing of ‘Naalaayira DIvayaprabandham’, in a group led by Srimathi Rukmini Ammal. Komalathammal could recite 1000 of this 4000 verse treatise, composed by the 12 Azhwars, in praise of Lord Maha Vishnu.

Ramanujan was in the Form IV and because of his reputation, a Form VI student wanted the following question to be asked of Ramanujan, to whom neither square roots nor simultaneous equations were taught or introduced by his mathematics teachers (as these concepts were a part of Form VI syllabus), to test his precocity and to prove that Ramanujan was precocious and was very good in mathematics !

This test, in the form of a question, was posed by a Form V senior school student, C.V. Rajagopalachari to Ramanujan:

“If Öx + y = 7 and x + Öy = 11, what are x and y ?”

Ramanujan’s immediate reply that: x = 9 and y = 4, won for him a life-long friend, who, in later years, took Ramanujan, his junior classmate and friend, to meet the Collector of Nellore, Dewan Bahadur Ramachandra Rao.

Ganapathy Subbier, the senior mathematics teacher of the school was entrusted with the responsibility of providing for the whole school conflict-free time tables. The school had about 1400 students, with an average of about 35-40 students per class. The teacher had such confidence in Ramanujan’s ability that he entrusted Ramanujan with the task of preparing the time tables for the entire school.

One may conjecture that this is possibly the time when Ramanujan started writing down diligently mathematical results as Entries in his Notebooks. For, he first chapter of his first Notebook, the only chapter in his two Notebooks which has a title, ‘Magic Squares’. This chapter stands apart from the quality of the rest of the Notebooks,

since the topic of magic squares belongs to the realm of recreational mathematics. Ramanujan won prizes in his second, fourth and sixth Forms for proficiency in Mathematics and English, ‘as a reward of merit and an incentive for further improvement’.
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Special prize for proficiency in mathematics awarded to Ramanujan (1903).

All other chapters in his Notebooks have no titles and contain theorems in mathematics for which generations of mathematicians have tried, and are continuing to try to provide a proof, for each one of the 3254 Entries made by Ramanujan.

[image: ]

[image: ]

Sri Sarangapani Temple, Kumbakonam (photo of the Raja Gopuram by author, 2002).

[image: ]

The house where Ramanujan lived, after it was acquired and renovated by SASTRA University, was dedicated to the Nation as a Museum, by Dr. A.P.J. Abdul Kalam, the President of India, in the year 2002.

Below, a recent photograph of the Town High School, Kumbakonam.
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The Porter Hall, Kumbakonam, where Ramanujan received his public recognition.
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Sarangapani Temple, Kumbakonam and the Mahamagam tank.


CHAPTER 2
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Special prize for proficiency in mathematics awarded to Ramanujan (1903).

All other chapters in his Notebooks have no titles and contain theorems in mathematics for which generations of mathematicians have tried, and are continuing to try to provide a proof, for each one of the 3254 Entries made by Ramanujan.
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The books received by Ramanujan for proficiency in English and Mathematics, included, S.L. Loney’s ‘Trigono-metry’. Surprisingly, the Poetical works of William Wordsworth was given to him as a prize for his proficiency in mathematics, unlike the noteworthy efforts of the teacher of Gauss who secured a book of mathematics (from Berlin) to give it as a gift to his talented student.

To augment the family’s income, Komalathammal took in a couple of students from Tirunelveli and Tiruchirapalli as boarders. Noticing the precocious nature of Ramanujan, who would reveal his insights to these senior students in casual conversations and even provide them newer, unconventional, simpler proofs for their collegiate mathematics theorems. When they told their college professors about these proofs, the teachers evoked genuine surprise and appreciation of the extraordinary talent of Ramanujan. The students in turn, gave Ramanujan an elementary introduction to the mathematics they were learning at that time.

It is through these friends studying in the Government (Arts) College, Kumbakonam that Ramanujan obtained a copy of George Shoobridge Carr’s: “A Synopsis of Elementary Results, a book on Pure Mathematics”.
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Cover page of the “Synopsis”, by George Shoobridge Carr (1837 - 1914).

G.H. Hardy, in his ‘Ramanujan: Twelve Lectures suggested by his life and work’, says about Carr, a former scholar of Gonville and Caius College, Cambridge: “Carr himself was a private coach in London, who came to Cambridge as an undergraduate when he was nearly forty, and was 12th Senior Optime in the Mathematics Tripos of 1880 (the same year in which he published the first volume of his book).

This book contained propositions, formulae and methods of analysis with abridged proofs published in 1886. It has been reprinted in recent times.
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A sample page (p.46) from G.S. Carr’s “Synopsis”.

This book has become famous due to Ramanujan and has been reprinted by the American Mathematical Society, thanks to the efforts of Bruce C. Berndt, University of Illinois, Champagne-Urbana, USA, in 1999, who wrote about Carr and his ‘Synopsis’ that:

“He is now completely forgotten, even in his own College, except in so far as Ramanujan has kept his name alive. … Carr’s book covers roughly the subjects of Schedule A of the present Tripos (as these subjects were understood in Cambridge in 1880), and is effectively a ‘Synopsis’ it professes to be. It contains the enunciations of 6165 theorems, systematically and quite scientifically arranged, with proofs which are often little more than cross-references and are decidedly the least interesting part of the book.

“All this is exaggerated in the famous Notebooks of Ramanujan (which contain no proofs at all), and any student of the Notebooks can see that Ramanujan’s ideal of presentation has been copied from Carr’s [Synopsis]”.

Professor Richard A. Askey (Madison, Wisconsin, USA) has pointed out (in a private communication to the author) the fact that in Carr’s Synopsis, formulae in each Chapter are numbered continuously, but the numbering in each Chapter itself starts with 100, 200, etc., discontinuously. Numbers are thus skipped in intermediate places, as well as in certain Chapters, and it is conjectured that this was done perhaps with a view to the possibility of adding new material in approximately the right places in future editions of the book. In all about 1300 numbers are skipped and so, though the last entry bears the number 6165, which Hardy presumed represented the number given by Carr to the last formula as 6165 represented the total number of formulae in the ‘Synopsis’.

Note: The importance and influence of the Synopsis on the life and work of Ramanujan has been realized by Ramanujan mathematics specialists, George E. Andrews, Richard A. Askey and Bruce C. Berndt, and their efforts have resulted in this book being reprinted and published in this century.

An actual count of the same was done by Professor Richard A. Askey of the University of Wisconsin, Madison, USA, a renowned specialist in the area of “Special Functions and Orthogonal Polynomials”, who has recorded that the actual number of formulas in Carr’s ‘Synopsis’ is actually 4865.
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Richard A. Askey, expert in ‘Orthogonal Polynomials and Special Functions’, renowned for the Askey – Wilson Orthogonal Polynomial scheme. Askey raised funds for a bust of Ramanujan sculpted by Paul Granlund.

An actual count of the same was done by Professor Richard A. Askey of the University of Wisconsin, Madison, USA, a renowned specialist in the area of “Special Functions and Orthogonal Polynomials”, who has recorded that the actual number of formulas in Carr’s ‘Synopsis’ is actually 4865.

Carr’s ‘Synopsis’ contains formulae in algebra, analytical geometry, calculus and trigonometry and without proofs. This book is similar to the later day, more recent, compilations like that of, say, “Tables of Integrals, Series, and Products”, by I.S. Gradshteyn and I.M. Ryzik, Fifth edition, Academic Press, (New York, 1994). The fact that Ramanujan also noted down results without proofs in his Notebooks has therefore led to the conclusion that the style of recording his Entries in his Notebooks followed by Ramanujan is due to Carr’s. There is also the opinion that Carr’s ‘Synopsis’ would not have become renowned to the extent of being reprinted in recent times, at the turn of this century but for Ramanujan.

Professor P.V. Seshu Aiyar and Mr. R. Ramachandra Rao, in their biographical article, in the Collected Papers of Ramanujan, state that: “It was this book which awakened his genius. He set himself to establish the formulae given therein. As he was without the aid of other books, each solution was a piece of research as far as he was concerned”.

It is the considered opinion of many that in proving one formula, Ramanujan discovered many others, and thus he laid for himself a foundation for higher mathematics.

During the years 1904 and 1907, Ramanujan started noting the formulae down in his Notebooks. The fact that there were no proofs provided by Carr in his Synopsis turned out to be a boon to Ramanujan who set out on his own mathematical voyage of adventure by proving each one of them for his own pleasure of understanding.

It is the considered opinion of the mathematician E.H. Neville -- who came to teach B.Sc.(Hons.) course at the University of Madras, in 1913 and was commissioned by Hardy with the task of meeting and checking out the credentials of Ramanujan and his Notebooks – that “in proving one formula, he [Ramanujan] discovered many others, and began to compile a note-book” to record his results.

Ramanujan thus laid for himself a concrete foundation for higher mathematics. This was perhaps during the period 1904 to 1910 that he started the habit of noting his formulas in his Notebooks. The first public recognition of the extraordinary mathematical prowess of Ramanujan came when he was awarded the Sri K. Ranganatha Rao special prize at the annual prize distribution ceremony of the Town High School, in 1904, for his proficiency in Mathematics.
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S. Narayana Iyer, M.A., Treasurer, Madras Port Trust.
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Dewan Bahadur R. Ramachandra Rao, M.A., Collector of Nellore.
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The Attendance certificate issued to Ramanujan by the University of Madras.

Ramanujan appeared for the “Junior Subrahmanyam Scholarship” examination, in 1904 but for low marks secured in English, he did not get the scholarship. Later encouraged by Professor P.V. Seshu Iyer, he appeared for the examination again and was successful in passing the competitive examination in Mathematics and English composition. This enabled him to secure the Scholarship.

In those days, the University offered a two-year Intermediate course, called the First Examination in Arts, F.A. class during which the students had to study English, Sanskrit, Mathematics, Physiology and History of Rome and Greece.

An anecdote related to his school days is about a class in which a bull-frog was being dissected in a Biology class, which was repulsive to him as he was a strict vegetarian. As a consequence he neglected his study of this subject and Ramanujan is supposed to have returned an answer script with: “Sir, this is the undigested portion of the digestion class”.

Needless to say, while this reveals also a sense of humour which he had, it resulted in his failure in the subject. It is said that often he would score a centum in mathematics exams. Unfortunately, he did not pass in English and hence was not promoted to the senior F.A. class in January 1905.

This resulted in the loss of his scholarship. His mother who played a dominant role throughout his life, tried to persuade the Principal of the Government Arts College, to take note of her son’s extraordinary mathematical ability and appealed for the continuance of the scholarship, but to no avail. This resulted in a depression, and he left his house without informing any one and it is said that he went on a short visit to Visakhaptnam in search of mathematics tuitions.

A year later, in 1906, he joined the Pachchiyappa’s College with the intention of writing the University Examinations again, but fell ill and hence returned to Kumbakonam.

In 1907, he appeared for the F.A. degree examinations as a private candidate but again did not pass. This marked an end to his formal education. It is in 1907, that the ‘Analytical Club’ was founded by V. Ramaswamy Iyer. Though he never taught in any institution, when he sent a mathematics paper to England for its publication, the reply came to him with ‘Professor’ prefixed to his name. He was addressed as a Professor from then on by everyone. He founded the Indian Mathematical Society in April 1907 with Pune as its Head Quarters. The Society started its activities under the name Analytic Club and the name was soon changed to Indian Mathematical Club. “After the adoption of a new constitution in 1910, the society acquired its present name, namely, the Indian Mathematical Society. The first president of the Society was B. Hanumantha Rao”.

Ramanujan went to his mathematics teachers with a number of original and ingenious results in finite and infinite series. Professor P.V. Seshu Iyer who was his lecturer of mathematics at Government Arts College in Kumbakonam. He was transferred to Presidency College, Madras, which enabled Ramanujan, living in Triplicane to go to meet him when he required some help and encouragement.

Years of Adversity

Hardy has stated
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