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Foreword

This is an eminently readable, unique book. There are many books about Ramanu-
jan: numerous biographies, studies of his mathematics and its influence, even a psy-
choanalytic study. This, however, is the first to provide what might be termed as a
perspective overview.

This book is a collection of essays written by Krishna Alladi over more than two
decades. Most of the essays originally appeared in The Hindu, one of India’s leading
newspapers. Each was written with the intent of providing a new way of thinking
about Ramanujan.

Several of the articles are book reviews. Each of the books in question illumi-
nates one aspect of Ramanujan, from his personal biography to his Lost Notebook.
Included among the reviews is one devoted to the stage play, Partition. Each review
gives a fair and often enthusiastic evaluation of the work in question. Alladi does
note inaccuracies when they occur. For example, Partition suggests that Ramanujan
was obsessed with Fermat’s Last Theorem. As Alladi points out, this is far from the
truth.

The aforementioned correction leads to another group of articles in the book
which contrast Ramanujan with some other important mathematicians (including
Fermat). These articles are really the heart of the book and are especially illumi-
nating. They run from Galois (who died young like Ramanujan) to C. Jacobi (the
pioneer of elliptic functions, a favorite topic of Ramanujan) to the little known
L.J. Rogers (a Ramanujan contemporary of very similar talents). Alladi, who has
worked in several areas of number theory and analysis, and who, as the editor of the
Ramanujan Journal, is uniquely qualified to write these historical sketches which
provide an unusual and compelling view of Ramanujan.

The remaining essays provide additional ways of looking at Ramanujan and his
influence. These range from discussions of the prestigious SASTRA Ramanujan
Prize to specific accounts of how current research has been based on foundations
laid by Ramanujan.

This is a great book to “dip into.” While the theme is clear and coherent, each
article can be read separately. Each is designed for a wide readership and can be
read with enjoyment and understanding by nonmathematicians. Each article will
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viii Foreword

give you a new look at Ramanujan. More generally you will come away with an
enhanced appreciation of human greatness as expressed in the life and work of this
Indian genius.

University Park, PA, USA George E. Andrews
Member: National Academy of Sciences, USA
Past President: American Mathematical Society



Preface

Srinivasa Ramanujan is one of the greatest mathematicians in history. What makes
Ramanujan unique is the spectacular and surprising aspect of almost every one of his
discoveries and the manner in which he arrived at his results. Ramanujan’s life story
is awe inspiring, and he has the adulation the world over not just of professional
mathematicians but of students and lay persons as well. Indeed, one of the best ways
to attract bright young students to mathematics is to expose them to the enchanting
world of Ramanujan’s mathematics.

The Ramanujan Centennial in December 1987 was an occasion when mathe-
maticians around the world gathered in India to pay homage to this singular genius.
It was an appropriate time to discuss the significance of his contributions and to
consider the ways in which his work would have impact on future research. The Ra-
manujan Centennial had a major influence on my academic life in ways more than
one. I organized an international conference at Anna University in Madras during
December 19-21, 1987, and spoke on my work on Probabilistic Number Theory,
a subject whose origins can be traced to a fundamental paper that Ramanujan wrote
with Hardy in 1917. But my attention was drawn to various aspects of Ramanu-
jan’s mathematics that directly emanate from his notebooks. In particular, in 1987,
I decided to change the focus of my research from classical analytic number theory
to the theory of partitions and g-hypergeometric series. I also decided that starting
from the Ramanujan Centennial, I would write articles about Ramanujan of general
interest and publish them regularly in newspapers and magazines in order to reach
a wide audience. I used to lecture regularly about number theory in general and Ra-
manujan’s mathematics in particular in high schools in Madras, but by writing these
popular articles, I felt I could reach an even wider audience. This book contains the
collection of all such articles I wrote since the Ramanujan Centennial in 1987.

In order to properly understand the significance of Ramanujan’s work or to get
an idea of the place he occupies in the world of mathematics, we need to compare
his life and work with those of other mathematical luminaries whose life and con-
tributions have things in common with Ramanujan. Thus after writing the opening
article “Ramanujan—an estimation” in 1987 for the Centennial, and following it
with an article “Ramanujan—the second century” in which I discuss briefly the im-
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< Preface

pact that various aspects of his research will have in the following decades, I wrote
a series of articles on the lives and works of mathematical giants who had strong
links with Ramanujan. This is the first group of articles in this book, and they all
appeared in “The Hindu” India’s National Newspaper, as birthday tributes to Ra-
manujan annually in December. I felt that these articles would not only be useful to
inform the lay public about the many great mathematicians in history and the impact
of their contributions, but that one could appreciate Ramanujan better by studying
him in comparison with other eminent mathematicians. The Hindu sometimes mod-
ified the titles of my articles, as well as the text in some places. The articles are
published here with their original titles I had and with my original text in full. I will
now briefly describe why I chose to write about certain mathematicians.

G.H. Hardy, Ramanujan’s mentor, has said that for sheer manipulative ability,
Ramanujan can be compared with Euler and Jacobi. Also there is much in common
regarding the kind of mathematics Euler, Jacobi, and Ramanujan worked on. Thus
the separate articles on Euler and Jacobi not only describe their lives and achieve-
ments, but also compare their mathematical methods and results with those of Ra-
manujan.

In Hardy’s own words, the British mathematician L.J. Rogers was not unlike
Ramanujan both in talent and in the kind of infinite series identities he investigated.
Indeed Rogers had proved (what is now termed as) the Rogers—Ramanujan identities
about 15 years before Ramanujan discovered them. And Ramanujan’s rediscovery
of Roger’s work was actually responsible for Rogers’ belated recognition by the
British mathematical community. Thus the opening article on mathematicians is the
one on Rogers.

Major P.A. MacMahon, Hardy’s mathematical assistant, studied the Rogers—
Ramanujan identities combinatorially. He was the one who verified the celebrated
Hardy—Ramanujan formula for the partition function. MacMahon was stationed
briefly in Madras, India, while serving in the British army. In view of these strong
links with Ramanujan, an article on MacMahon is included.

The theory of partitions can be broadly classified into four eras: (i) the era of Eu-
ler, the founder, (ii) the era of Sylvester, who improved significantly on the results of
Euler by using combinatorial methods, (iii) the era of Ramanujan who transformed
the subject gloriously, and (iv) the modern era. So I felt that an article on Sylvester
would be most appropriate.

G.H. Hardy said that the real tragedy with Ramanujan’s life was not his early
death at the age of 32, but that during his most formative years, Ramanujan was
sidetracked due to lack of formal training. Hardy noted that the best mathematics
is done at a young age. He cited Evariste Galois and Neils Henryk Abel as math-
ematicians who died very young but had made monumental contributions. Thus in
two separate articles, the lives and works of Abel and Galois are discussed. The
article comparing Abel and Ramanujan was written shortly after the Abel Prize in
mathematics was launched by the Norwegian Academy of Science and Letters.

The proof of Fermat’s Last Theorem in 1994 created a sensation the world over
since it settled a three hundred year old conjecture. I noted that there were some links
between Ramanujan and Fermat, and so in early 1995, I wrote an article comparing
Fermat and Ramanujan.
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The passing away of Paul Erdos in 1996 marked the end of a great era. Erdos
was the most prolific mathematician in history and influenced the academic lives
of many including me. His path-breaking work on probabilistic number theory was
inspired by the seminal 1917 paper of Hardy and Ramanujan. Thus the December
1996 article is a memorial tribute to both Erdoés and Ramanujan.

No account of Ramanujan is complete without a discussion of his mentor
G.H. Hardy, and so an article on Hardy is included in this series. Hardy’s famous
collaborator J.E. Littlewood studied Ramanujan’s two letters of 1913 along with
Hardy. It was Littlewood who said that every number is a personal friend of Ra-
manujan! Thus an article on Littlewood follows the article on Hardy.

The great German algebraist Issai Schur had independently proved the Rogers—
Ramanujan identities and saw partition theoretic extensions of them. These identi-
ties are sometimes called the Rogers—Ramanujan—Schur identities. Thus my penul-
timate article on mathematicians is on Schur.

Robert Rankin, the Scottish mathematician, was one who knew Hardy, and lived
in our time as well. He died just a few years ago. It was he who collected all
the papers in G.N. Watson’s office (after Watson’s death) and sent them to the
Wren Library in Trinity College, Cambridge, for preservation. Unknowingly, the
last manuscript of Ramanujan (which Watson was studying) was in this collection,
and so was placed in the Watson estate at the Wren Library and forgotten. This is
what George Andrews unearthed as the Lost Notebook in 1976. Thus the final article
on mathematicians is on Rankin.

Naturally, from time to time, in addition to writing about mathematicians, I wrote
about certain aspects of Ramanujan’s mathematics. These also appeared in The
Hindu and form the second group of articles in this book.

Ramanujan’s spectacular series for 7 are among those used in present day com-
puter calculations of the digits of ; the first article in the second group is on the
history of 7 and on Ramanujan’s work on this fundamental mathematical constant.

Some of Ramanujan’s most significant contributions are in the theory of par-
titions, an area he gloriously transformed with his magic touch. The article “Ra-
manujan and partitions” discusses some of his most startling results and their far
reaching impact.

In 2005, Manjul Bhargava and Jonathan Hanke solved a fundamental problem on
universal quadratic forms that was raised by Ramanujan. Bhargava presented this
solution as the Ramanujan Commemoration Lecture at a conference in SASTRA
University in 2005 that I helped organize, the conference at which he and Kan-
nan Soundararajan were awarded the First SASTRA Ramanujan Prizes. So I sent
a report to The Hindu about this conference and on the solution of this problem of
Ramanujan. This is the final article in the second group in this book.

Periodically I was asked to review various books on Ramanujan. The first was an
invitation to review “The Lost Notebook and Unpublished Papers” of Ramanujan
published by Narosa that was released on Ramanujan’s 100th birthday, December
22, 1987, by India’s Prime Minister Rajiv Gandhi and handed over to Professor
George Andrews, who unearthed Ramanujan’s Lost Notebook at the Wren Library
in Cambridge and who wrote a charming introduction to the Narosa publication;
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my review of this book appeared in The Hindu in January 1988. Next was a review
of Robert Kanigel’s famous biography of Ramanujan entitled “The man who knew
infinity”’; my review appeared in The American Scientist in 1992. Finally I was
invited by the American Mathematical Monthly to review the two prize winning
books by Bruce Berndt and Robert Rankin entitled “Ramanujan—Iletters and com-
mentary” and “Ramanujan—essays and surveys”. All these reviews are the in third
group of articles in this book. In this third group, I have included a short review of
“Partitions—a play on Ramanujan” that I wrote for The Hindu in May 2003; I had
the pleasure of seeing this play along with George Andrews at the Aurora Theatre
in Berkeley. I was so impressed with the play, that I immediately sent a review to
The Hindu.

Finally, during the Ramanujan Centennial, I decided that I should create some-
thing which will not only be a permanent memorial to Ramanujan but also continue
to develop his mathematical contributions in the context of current research. Thus I
decided to launch The Ramanujan Journal that is devoted to all areas of mathemat-
ics influenced by Ramanujan. My proposal to launch this journal received support
from eminent mathematicians worldwide many of whom either served, or are now
serving, on the editorial board. The actual process of launching a journal takes time.
The first issue of this journal came out in 1997. This journal, which was originally
launched by Kluwer and now published by Springer, has established itself as one
of the major journals. My service to the profession as editor of The Ramanujan
Journal naturally led me to be invited by SASTRA University in Kumbakonam,
Ramanujan’s hometown, to organize their annual conferences relating to Ramanu-
jan’s mathematics starting in 2003. Two years later, at my suggestion, SASTRA
University generously launched the SASTRA Ramanujan Prize, an annual prize of
$10,000 given to very young mathematicians for outstanding contributions to areas
influenced by Ramanujan. This prize is now recognized as one of the top mathemat-
ical prizes in the world. The final group of articles concern my efforts regarding the
Ramanujan Journal, the SASTRA conferences, and the SASTRA Ramanujan Prize.

Now that we are celebrating Ramanujan’s 125th birthday in December 2012,
we are reflecting on the progress achieved since the Centennial. The time seems
appropriate to assemble these articles to provide an idea of the place Ramanujan
occupies in the world of mathematics.

Before writing these articles, I used to send drafts of each of them to the Trinity
of Ramanujan’s Mathematics, Professors George Andrews (Penn State University),
Richard Askey (University of Wisconsin), and Bruce Berndt (University of Illinois,
Urbana) for their comments. I benefited immensely from their criticism and sug-
gestions. In particular, I have had long discussions with Professor George Andrews
about the themes and contents of these articles. I am grateful that this towering figure
in the world of Ramanujan’s mathematics has written a foreword to this book.

I am most grateful to Mr. N. Ram, Editor-in-Chief of The Hindu, and Mr. N. Ravi,
Editor of The Hindu, for generously allocating space in their leading newspaper
and publishing these articles annually since 1987. I am thankful to The Hindu, The
American Mathematical Monthly, The Focus Magazine, and the American Scientist
for giving permission to reproduce these articles in this book. The reader has to note
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that these articles appeared at different points in time and in different venues, and
so there will be overlap when these are read collectively in this book. But then each
article is self-contained, and can be read independently of the others.

When I decided to take to a research career in mathematics in 1975, it was my
father Professor Alladi Ramakrishnan who told me that in addition to doing re-
search, I should be active in communicating mathematics to school students and
to the general public. Thus it was with his encouragement and advice that I wrote
these articles. Had he been alive today, he would have been so happy to see this book
published. Equally happy to see these articles collectively published are my mother
Mrs. Lalitha Ramakrishnan and my wife Mathura, and I appreciate their constant
support of all my efforts.

Finally I thank Elizabeth Loew, Thomas Hempfling and Shamim Ahmad of
Springer for their interest in publishing this collection of articles for the 125th birth
anniversary celebrations of Srinivasa Ramanujan, and Donatas Akmanavicius for
help with the production of this book.

Gainesville, FL, USA Krishnaswami Alladi
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Chapter 1
Ramanujan: An Estimation

Ancient India has a rich mathematical tradition. The Hindus understood the role of
zero within the algebraic framework of numbers. This led them to the decimal sys-
tem which was transmitted to Europe by the Arabs. As in other civilisations, astron-
omy provided the Indians a motivation for mathematical exploration. In studying
the duration of the eclipses, Aryabhatta, Bhaskara and Bhahmagupta systematically
investigated a class of equations in number theory. In the post-Newtonian era, al-
though great strides were made in Europe, for various reasons, nothing of scientific
significance emanated from India. With the emergence of Ramanujan during the be-
ginning of this century, this long period of hibernation came to an end, and Indian
mathematical research was rejuvenated mainly in the realms of analysis and number
theory.

Ramanujan is admired, and rightly so, for having achieved so much in such a
short lifetime that was filled with the impediments of poverty. But examples abound
of persons who did outstanding work under the most formidable circumstances.
What makes Ramanujan unique is that in spite of the trammels of superstition and
orthodox traditions that surrounded him, his untutored genius produced mathemat-
ics of the very highest quality.

Contempt expressed by peers strikes a more cruel blow than poverty. When Eu-
clidean geometry was considered to be the only sensible geometry, a young Hun-
garian Bolyai ventured dangerously against established beliefs and sent his work on
non-Euclidean geometry to Gauss, the unquestioned leader of mathematics during
the early eighteenth century. After a prolonged silence, Gauss replied that he too had
made similar attempts but had given them up because they were of no consequence.
Bolyai succumed to the severity of the verdict and did not live to see the day when
Einstein utilised non-Euclidean geometry in the theory of relativity. On the contrary,
Ramanujan was lucky to be recognised by the British mathematician Hardy.

This article appeared in the center page of The Hindu, India’s National Newspaper, on 19
December 1987, for the Ramanujan Centenary. The article was accompanied by a short note by
Hindu Reporter M. Prakash which appeared as a boxed inset.
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