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The Man Who Knew Infinity: The Enduring
Genius of Srinivasa Ramanujan

The story of mathematics is filled with towering figures—Euler,
Gauss, Newton, and Riemann—who built the foundations of modern
science through rigorous training and institutional support. Yet,
amidst these giants stands a singular figure whose journey was
unlike any other. Born into poverty in colonial India with little formal
education, Srinivasa Ramanujan and his contribution to
mathematics represent one of the most romantic and profound
stories in the history of human thought. Ramanujan did not just solve
problems; he seemed to pluck theorems from a hidden universe,
writing down results that were decades ahead of their time. His life,
though tragically short, reshaped number theory, analysis, and
mathematical physics, leaving a legacy that continues to inspire and
confound mathematicians today.

The Unlikely Beginning: From Kumbakonam to
Cambridge

Born on December 22, 1887, in Erode, Tamil Nadu, Srinivasa
Ramanujan displayed an early, almost obsessive fascination with
numbers. By the age of ten, he had mastered advanced trigonometry

on his own, and he soon stumbled upon a book that would change his
life: A Synopsis of Elementary Results in Pure and Applied
Mathematics by G. S. Carr. This book, a collection of thousands of
theorems without detailed proofs, became Ramanujan’s primary
teacher. He devoured it, not merely memorizing results but
extending them, filling notebooks with his own wild conjectures.
Despite failing his college exams due to his single-minded focus on
mathematics, Ramanujan never wavered. His hunger for recognition
led him to write letters to prominent mathematicians in England.
Most ignored him, but one did not: the eminent Cambridge
mathematician G. H. Hardy.

Hardy famously described Ramanujan’s letter as containing
theorems that “defeated me completely; | had never seen anything
in the least like them before.” Recognizing a genius of the highest
order, Hardy arranged for Ramanujan to journey to Cambridge in
1914. This was a monumental decision for a devout Brahmin who had
never left his home country. At Cambridge, the collaboration
between the intuitive, untrained genius and the rigorous, analytical
Hardy produced some of the most significant mathematical results of
the early 20th century.
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Core Contributions: The Enduring Legacy of
Ramanujan's Work

To understand Srinivasa Ramanujan and his contribution to
mathematics, one must look beyond specific formulas and
appreciate his unique approach. He operated on intuition, claiming
that the Hindu goddess Namagiri would whisper equations to him in
his dreams. While romantic, this statement reflects the reality that
his mind could leap over logical steps, arriving at conclusions that
seemed impossible to derive. His work can be broadly categorized
into four major areas.

1. Extraordinary Contributions to Number Theory

Number theory was Ramanujan’s first love, and it is here that his
impact is most deeply felt. He made monumental strides in the study
of partition numbers—the number of ways a positive integer can
be written as a sum of smaller positive integers. For example, the
number 4 has 5 partitions (4, 3+1, 2+2, 2+1+1, 1+1+1+1). As
numbers grow, partitions explode in complexity. Ramanujan, working
with Hardy, developed the Hardy-Ramanujan asymptotic
formula, a groundbreaking method that could accurately
approximate the number of partitions for very large numbers. This
work was not just a calculation; it required the invention of entirely
new mathematical techniques, the "circle method," which remains a
powerful tool in analytic number theory today.

Furthermore, Ramanujan discovered surprising congruences for
partitions, such as the fact that the number of partitions of a number
ending in 4 or 9 is always divisible by 5. These "Ramanujan

congruences" hinted at deep, hidden structures in the theory of
numbers that mathematicians are still exploring with modern tools
like modular forms.

2. The Land of Infinite Series and Continued Fractions

Ramanujan possessed an uncanny ability to manipulate infinite
series and continued fractions. He produced hundreds of identities
that equated complex infinite sums to simple constants like pi. One
of his most famous results, now known as the Ramanujan-Sato
series, converges to pi at an astonishingly rapid rate. Each new term
in these series adds many digits of accuracy, making them incredibly
efficient for calculating pi to trillions of digits. Indeed, many of the
algorithms used in modern computers to compute pi are based on
Ramanujan's work.

His work on continued fractions, expressions of the form a + 1/(b
+ 1/(c + 1/(d...))), was equally profound. He discovered elegant
relationships between these fractions and special functions,
particularly in the analysis of the Rogers-Ramanujan identities, which
he rediscovered independently. These identities, connecting
partitions and infinite products, are considered some of the most
beautiful and mysterious formulas in all of mathematics.

3. The Theta Functions and Mock Theta Functions

Perhaps his most mysterious legacy is found in his work on theta
functions, which are essential tools in the study of modular forms,
algebraic geometry, and even string theory. Ramanujan made deep
contributions to their theory. However, the real enigma lay in what
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he called mock theta functions. In his last letter to Hardy, written
from his deathbed in 1918, Ramanujan described seventeen strange
functions that behaved like theta functions but did not fit the existing
theory. For 80 years, these mock theta functions puzzled
mathematicians. They were finally understood in the early 21st
century by Sander Zwegers and Ken Ono, who showed that they are
part of a new class of objects called "mock modular forms." This
discovery, rooted in Ramanujan's brilliant intuition, opened up a
whole new field of mathematics with applications to black hole
physics and string theory.

4. The Ramanujan Conjecture

While much of his work was empirical, Ramanujan also made
theoretical conjectures of staggering depth. The Ramanujan
conjecture, concerning the size of the coefficients of the tau
function (a type of modular form), is a prime example. It asserts that
the coefficients grow in a specific, bounded way. This conjecture not
only fueled the development of modern algebraic number theory but
also inspired the development of the Langlands program, one of the
most ambitious and unifying frameworks in mathematics, which aims
to build a "grand unified theory" of mathematics.

The Hardy-Ramanujan Collaboration: A Study in
Contrasts

The partnership between Ramanujan and G. H. Hardy is a legendary
chapter in the history of science. Hardy was a rigid, logical purist who
believed in rigorous proof. Ramanujan was a soft, emotional, and
deeply religious man who trusted his intuition. Their collaboration

was a perfect match. Hardy provided the rigorous scaffolding that
Ramanujan's raw ideas needed, while Ramanujan supplied an
endless stream of results that left Hardy in awe. The famous
anecdote of the taxicab number 1729 perfectly captures their
relationship. When Hardy visited the ailing Ramanujan in the
hospital, he commented that the number of his taxi, 1729, was
“rather a dull one." Ramanujan immediately replied, "No, it is a very
interesting number; it is the smallest number expressible as the sum
of two cubes in two different ways" (1729 = 173 + 1273 = 973 +
1073). This story illustrates Ramanujan's instinctive, deep
connection with the personalities of numbers.

The Lost Notebook and Modern Discoveries

After Ramanujan's untimely death at the age of 32 in 1920, his
widow returned to India with his notebooks. For decades,
mathematicians pored over these pages, which contained thousands
of theorems without proofs. While many results were published, a
mysterious "lost notebook" was discovered in 1976 by George
Andrews in the Wren Library at Cambridge. This box of loose papers
contained the final, feverish work of Ramanujan's last year, including
his mock theta functions. The process of deciphering and proving the
results in this notebook is still ongoing, and it continues to produce
new mathematics. Mathematicians like Bruce Berndt, Ken Ono, and
Manjul Bhargava have spent decades verifying and extending
Ramanujan's work, often finding that his hints, written in his unique
notation, are the seeds of entire modern theories.
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Why Ramanujan Matters Today: Applications and
Inspiration

It is easy to view Ramanujan's work as abstract and theoretical, but
his contributions have found surprising applications. His work on
modular forms and the Ramanujan conjecture is foundational to
modern cryptography and the theory of error-correcting codes used
in everything from smartphones to satellite communications. His
series for pi is used in high-performance computing. Most recently,
his mock theta functions have been used by physicists to understand
the entropy of black holes and the behavior of quantum gravity.
Beyond these practical uses, Srinivasa Ramanujan and his
contribution to mathematics serve as a powerful testament to the
human spirit. He proved that genius can arise from the most unlikely
circumstances and that the pursuit of knowledge can transcend
poverty, culture, and geography. He popularized mathematics for a
global audience, showing that it is not just a tool but a creative art

form.
Conclusion: The Infinite Legacy

Srinivasa Ramanujan lived a short life, but his impact on
mathematics is immeasurable. He did not just contribute to the field;
he expanded its horizons, revealing a landscape of ideas that
mathematicians are still exploring a century later. His work
seamlessly blended the intuitive and the rigorous, the simple and the
sublime. From the humble notebooks of a clerk in Madras to the
cutting-edge research of modern universities, his formulas,
conjectures, and functions have become indispensable tools.
Ramanujan remains the ultimate example of raw intellectual power,
a man who saw infinity in patterns where others saw only numbers.
His legacy is not just a list of theorems; it is an enduring invitation to
look deeper, to trust intuition, and to believe that the most profound
truths can be written down in a simple notebook, waiting for the
world to catch up.



