Viksit India

2023 | Volume: 01 | Issue: 03

A study on Indian Mathematicians and their Contributions in the Development of Mathematics

Gaurav Varshney

Department of Mathematics, Sri Dev Suman Uttarakhand University, Pandit Lalit Mohan Sharma Campus, Rishikesh, Dehradun,
Uttarakhand

Article Info Abstract

Received: June 8, 2023
Revised: June 25, 2023
Published: December 31, 2023
Editor: Prof. Manjit Bansal

*Corresponding author
Email:
gauravdips@gmail.com
9917290065

Open Access
DOI:

This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
License
(http://creativecommons.org/licens
es/by/4.0/), which permits
unrestricted use, distribution, and
reproduction in any medium,
provided the original work is
properly cited.

ISSN: 2278-1757 | VOLUME: 01 | ISSUE: 03

VIKSIT

INDIA

Echos of ftam agigy

https://vi.rase.co.in/
ISSN: 2278-1757
Copyright © DHE

Indian mathematicians have made significant contributions to the development of mathematics
over thousands of years. From ancient Vedic texts to the groundbreaking works of medieval
scholars, Indian mathematics has left an indelible mark on the discipline's evolution. In this paper
Indian Mathematicians and their contributions in the development of Mathematics are discussed.
This study explores key aspects of Indian mathematicians' impact on the world, including the
introduction of the decimal numeral system and the concept of zero, the pioneering use of infinite
series, and advancements in algebra and trigonometry. The transmission of Indian mathematical
knowledge to other cultures and its lasting influence on global mathematics are also discussed.
The enduring legacy of Indian mathematicians continues to inspire and enrich the field,
demonstrating the universal power of mathematical ideas and the boundless potential of human
intellectual inquiry.

Keywords: Indian Mathematicians, Decimal numeral system, Zero, Trigonometry, Development
of Mathematics.

Introduction

The history of mathematics is a tapestry woven with the genius of countless individuals who
have shaped the field through their profound insights and groundbreaking discoveries. Among
the many civilizations that have left an indelible mark on the development of mathematics,
ancient India stands as a cradle of remarkable mathematical achievements. From ancient times to
the modern era, Indian mathematicians have contributed significantly to various branches of
mathematics, leaving an enduring legacy that continues to inspire scholars and mathematicians
worldwide.

Indian mathematics, a treasure trove of knowledge, dates back to antiquity when scholars
explored the intricacies of numbers, geometry, and astronomical phenomena. Some of the earliest
mathematical works can be traced to the Vedic texts and the Sulba Sutras, where mathematical
principles were applied to rituals and construction practices. However, it was during the classical
period that Indian mathematics flourished, producing visionary mathematicians who made
groundbreaking discoveries far ahead of their time (Tularam et. al. 2012 [20], Smadja, 2016
[18], Ramakalyani, 2019 [16]).

One of the most influential and profound contributions of ancient Indian mathematicians was the
introduction of the decimal place-value system and the concept of “zero." The Indian numeral
system, known as the Hindu-Arabic numeral system, revolutionized the way numbers were
represented and computed, laying the foundation for modern arithmetic and algebra. This
innovation provided an efficient method for performing complex calculations, spurring
advancements in various mathematical disciplines (Natraj 2009 [12], Pande 2010 [13]).

The Kerala school of mathematics, which thrived during the medieval period, stands as a
testament to the rich mathematical heritage of India. This school of thought, centered in the
southern state of Kerala, produced a lineage of exceptional mathematicians who made pioneering
contributions to calculus and infinite series. Their profound understanding of trigonometry and
its applications laid the groundwork for future developments in calculus, inspiring
mathematicians like Isaac Newton and Gottfried Leibniz (Almeida & Joseph, 2004 [1]).

Moreover, Indian mathematicians were pioneers in the study of algebraic equations and their
solutions. They developed algorithms for solving quadratic, cubic, and higher-order polynomial
equations, providing a solid framework for algebraic manipulation that would influence the
mathematical world for centuries to come (Atzema, 2015 [2], Basar et. al. 2021 [3], Tularam,
2010 [19], Das, 2019 [5]).

Perhaps one of the most celebrated figures in Indian mathematics is Srinivasa Ramanujan, a self-
taught prodigy whose brilliance surpassed the boundaries of human comprehension. Ramanujan's
incomprehensible theorems and equations left the most eminent mathematicians of his time in
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awe and disbelief. His contributions to number theory,
infinite series, and continued fractions continue to be
subjects of intense  research and inspiration
for mathematicians today (Murty & Murty, 2013 [11]).

As we move into the modern era, Indian mathematicians
have continued to make significant strides in various
branches of the discipline. From statistics to theoretical
physics, Indian mathematicians have earned recognition for
their exceptional work and innovative ideas (Basar et. al.
2021 [3], Dutta, 2002 [9], Tularam, 2010 [19]).

In this paper, we delve into the lives and works of some of
the most influential Indian mathematicians throughout
history. We explore their achievements in areas such as
algebra, geometry, trigonometry, calculus, and number
theory, providing insights into the impact of
their contributions on the global mathematical landscape.
Moreover, we examine how their ideas have influenced
modern mathematics and inspired further research in
different parts of the world.

By shedding light on the exceptional contributions of Indian
mathematicians, this paper seeks to celebrate the rich legacy
of Indian mathematics and its profound influence on the
development of this remarkable discipline. Their
mathematical prowess continues to serve as a beacon of
inspiration for mathematicians, students, and enthusiasts
alike, propelling us to explore the uncharted realms of this
captivating field and unravel the mysteries of numbers that
govern our world.
Indian Mathematicians:

e Aryabhata (476-550 CE)
Aryabhata was an ancient Indian mathematician and
astronomer. He wrote the “Aryabhatiya,” a seminal work in
Indian mathematics, which covered arithmetic, algebra,
trigonometry, and the computation of planetary positions.
Aryabhata is known for proposing the concept of the
number “zero™ and the decimal place-value system.

Aryabhata stands as a pivotal figure in the history of
mathematics. Born in 476 CE in Kusumapura (present-day
Patna, Bihar, India), Aryabhata's groundbreaking works
have left an indelible mark on the fields of astronomy and
mathematics. His seminal contributions, especially in the
realm of trigonometry and number systems, laid the
foundation for subsequent advancements in Indian
mathematics and influenced mathematical thought globally
(Sahu, 2021 [17]).

Aryabhata's most significant work is the "Aryabhatiya,"
composed in 499 CE when he was just 23 years old. This
treatise, written in Sanskrit, consists of 121 verses that cover
a wide range of mathematical and astronomical concepts.
The "Aryabhatiya” is divided into four chapters: Ganita
(Mathematics), Kala (Time), Gola (Sphere), and
Grahaganita (Mathematics of the Planets).

Number System and Zero

One of Aryabhata's most revolutionary contributions was the
introduction of the decimal place-value system. In the
"Aryabhatiya,” he described a system that used numerical
symbols to represent values, with the position of the
symbols determining their place value. This system evolved
into the Hindu-Arabic numeral system, which is now
universally used in mathematics.

Indian Mathematicians' Contributions

Moreover, Aryabhata provided a concise explanation of the
concept of "zero” (shunya) in the "Aryabhatiya." He
recognized zero as a numerical symbol and demonstrated its
significance in calculations, thus advancing the art of
computation and laying the groundwork for algebraic
operations.

Trigonometry

Aryabhata made significant strides in trigonometry and its
applications. He introduced the trigonometric functions of
sine (jya), cosine (kojya), and versine (ukramajya).
Aryabhata's  trigonometric  tables enabled accurate
calculations of various astronomical phenomena, such as the
positions of planets and eclipses.

Earth's Rotation

In the "Aryabhatiya,” Aryabhata proposed a heliocentric
model of the solar system, suggesting that the Earth rotates
on its axis while the stars and planets orbit the Sun. This
revolutionary idea was centuries ahead of its time and laid
the foundation for later developments in astronomy.

Value of & (pi)

Aryabhata's approximate value of m (pi) was remarkably
accurate. He approximated = to four decimal places, 3.1416,
which was significantly closer to the modern value than
previous estimates.

Aryabhata's contributions to mathematics and astronomy
were groundbreaking and far-reaching. His works not only
revolutionized Indian mathematics but also influenced
mathematical thought in the Arab world and Europe,
contributing to the advancement of the field on a global
scale. Aryabhata’s legacy as a mathematician and
astronomer continues to inspire scholars and students to this
day, highlighting the timeless significance of his ideas and
the profound impact he had on the development of
mathematics and astronomy.

2.2 Brahmagupta (598-668 CE)

Brahmagupta was another ancient Indian mathematician and
astronomer. He wrote the "Brahmasphutasiddhanta,” which
addressed various mathematical concepts, including
arithmetic, algebra, and geometry. Brahmagupta made
significant contributions to solving indeterminate equations
and introduced rules for dealing with negative numbers
(Bhattacharyya, 2009 [4]).

Brahmagupta, an ancient Indian mathematician and
astronomer, occupies a prominent place in the history of
mathematics during the classical period. Born in 598 CE in
Bhinmal (present-day Rajasthan, India), Brahmagupta made
significant strides in various branches of mathematics,
particularly algebra and astronomy. His works, which were
composed in Sanskrit, continue to be celebrated for their
profound insights and revolutionary ideas that laid the
groundwork for subsequent developments in Indian and
global mathematics.

Brahmasphutasiddhanta

Brahmagupta's most famous work is the
"Brahmasphutasiddhanta,” completed in 628 CE when he
was 30 years old. This treatise, divided into 25 chapters,
covers a wide range of mathematical and astronomical
topics. The "Brahmasphutasiddhanta” was a compilation of
knowledge from earlier works, including the "Aryabhatiya"
of Aryabhata.

Algebraic Contributions

One of Brahmagupta's most significant contributions was his
development of algebraic concepts. He is credited with
formalizing the rules for solving indeterminate equations
and quadratic equations. Brahmagupta's methods for solving
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these equations laid the foundation for later developments in
algebra, particularly in Diophantine equations.

Furthermore, Brahmagupta introduced the concept of "zero
pairs," a fundamental concept in algebraic equations. He
explained how when two equal quantities are added to or
subtracted from zero, the result remains unchanged.
Negative Numbers

Brahmagupta was among the first mathematicians to explore
and formalize the rules for arithmetic operations with
negative numbers. He discussed operations involving
positive and negative numbers, including the product of
negative numbers and the division of negative numbers.
Geometry and Trigonometry

In the "Brahmasphutasiddhanta,” Brahmagupta discussed
geometric concepts, including the properties of triangles,
quadrilaterals, and circles. He made advancements in the
study of cyclic quadrilaterals and provided solutions for
various geometrical problems.

Brahmagupta also worked on trigonometry and studied the
relationships between trigonometric ratios. His work laid the
groundwork for future developments in trigonometry.
Astronomy

Brahmagupta made significant contributions to astronomy,
particularly in the field of planetary motion. He proposed a
geocentric model of the solar system, where the planets
move in elliptical orbits, with varying speeds along their
paths.

Brahmagupta's contributions to mathematics and astronomy
were revolutionary and had a lasting impact on the
development of these fields. His work in algebra, negative
numbers, and trigonometry laid the foundation for
subsequent advancements in mathematics, both in India and
globally. Brahmagupta's profound insights and innovative
ideas continue to inspire mathematicians and astronomers,
underscoring his enduring legacy as a pioneer in ancient
Indian mathematics and astronomy.

2.3 Bhaskara | (600-680 CE):

Bhaskara | was an early Indian mathematician who wrote
the “Mahabhaskariya,” a work on mathematics and
astronomy. His contributions include solutions to quadratic
and indeterminate equations, as well as the concept of a
positive and negative number having zero as its absolute
value.

Bhaskara 1, also known as Bhaskaracharya 1, was an
eminent mathematician and astronomer from ancient India.
Born around 600 CE in the region of present-day
Maharashtra, India, Bhaskara | made significant
contributions to various branches of mathematics and
astronomy. His works, written in Sanskrit, have been
instrumental in shaping the course of Indian mathematics
during the classical period.

Bhaskara I's mathematical achievements were diverse and
noteworthy. He made significant contributions to the study
of arithmetic, algebra, and geometry. His works, though not
extant in their original form, are known through references
and citations in later texts (Ram, 2019 [15]).

Algebra and Indeterminate Equations:

Bhaskara | is credited with advancing the field of algebra,
particularly in solving indeterminate equations. He provided
solutions to indeterminate equations of the form ax + by = ¢

and ax - by = ¢, where a, b, and c are known integers. His
methods for solving these equations laid the foundation for
further developments in algebraic techniques.

Geometric Theorems

Bhaskara | also worked on geometric theorems and
contributed to the understanding of triangles, quadrilaterals,
and circles. He is known for providing solutions to various
geometrical problems, which were valuable in practical
applications.

Astronomy and Calendrical Studies

As an astronomer, Bhaskara | made significant strides in the
study of planetary motion and celestial phenomena. His
works included observations and calculations related to
eclipses, solar and lunar positions, and the motion of
heavenly bodies. He also contributed to the development of
calendars and the calculation of time (Kolachana

et. al. 2019 [10]).

Astronomical Instruments

Bhaskara | is believed to have devised various astronomical
instruments to aid in celestial observations. These
instruments would have been crucial in conducting accurate
astronomical observations and calculations.

Bhaskara I's contributions to mathematics and astronomy
were substantial and laid the groundwork for future
developments in Indian mathematics. His works influenced
subsequent mathematicians and astronomers, and his
insights were incorporated into later texts.

Bhaskara |, a distinguished mathematician and astronomer,
played a vital role in the advancement of mathematics and
astronomy during ancient India's classical period. His
contributions to algebra, geometry, and astronomy were
instrumental in shaping the course of Indian mathematics
and paved the way for future developments. Although many
of his original works are not extant, references and citations
in later texts attest to the profound impact of his ideas on the
mathematical and astronomical traditions of ancient India.
Bhaskara I's legacy as a pioneering figure in the history of
Indian mathematics continues to inspire scholars and
mathematicians to explore the rich heritage of ancient Indian
knowledge.

2.4 Bhaskara 11 (1114-1185 CE)

Also known as Bhaskaracharya or Bhaskara Il, he was a
prominent mathematician and astronomer during the
medieval period. His most famous work is the "Lilavati," a
book that covers a wide range of mathematical topics,
including arithmetic, algebra, geometry, and trigonometry.
Bhaskara Il made notable contributions to the study of
quadratic equations and introduced the concept of
differentials.

Bhaskara Il was an eminent Indian mathematician and
astronomer who lived during the medieval period. Born in
1114 CE in Bijapur (present-day Karnataka, India),
Bhaskara 1l made groundbreaking contributions to various
branches of mathematics and astronomy. His works, written
in Sanskrit, are considered among the most significant
achievements in Indian mathematics, and his insights
continue to inspire mathematicians and astronomers
worldwide.

Bhaskara Il was born into a family of scholars and received
an extensive education in mathematics, astronomy, and
other sciences. He studied under the guidance of his father,
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Mahesvara, a renowned mathematician and astronomer, who
instilled in him a deep passion for these disciplines.
Bhaskara IlI's most famous work is the "Lilavati," a
comprehensive treatise on mathematics. The "Lilavati" is
divided into thirteen chapters and covers a wide range of
mathematical topics, including arithmetic, algebra,
geometry, and trigonometry.

Algebra and Indeterminate Equations

In the "Lilavati," Bhaskara Il further advanced the study of
algebra, especially in the context of solving indeterminate
equations. He provided solutions to various types of
indeterminate equations, including those involving squares
and cubes, and explored the concept of negative roots.
Arithmetic

The "Lilavati" contains numerous problems and examples
related to arithmetic. Bhaskara Il's approach to arithmetic
was both practical and theoretical, covering topics such as
fractions, ratios, progressions, and computational methods.
He also introduced innovative techniques for mental
calculations and clever tricks to solve complex problems.
Geometry and Trigonometry

In the "Lilavati," Bhaskara Il delved into the properties of
geometric figures such as triangles, quadrilaterals, and
circles. He presented various geometric theorems and
provided elegant proofs for them. Additionally, Bhaskara |1
made significant advancements in trigonometry, expanding
on the work of his predecessors and introducing new
trigonometric identities and formulas.

Mathematical Astronomy

Bhaskara 1l was a prolific astronomer, and his works in
mathematical astronomy are equally noteworthy. He wrote
the "Siddhanta Shiromani," which is divided into four parts:
Lilavati (arithmetic), Baijayanti (algebra), Goladhyaya
(spherical astronomy), and Grahaganita (planetary models).
In "Goladhyaya,” Bhaskara Il presented a sophisticated
model of the solar system, describing planetary motion and
their periods. He proposed a geocentric model of the
universe and explored various astronomical phenomena,
such as planetary conjunctions and eclipses.

Contribution to Trigonometry and Sines

Bhaskara 1l made significant contributions to the study of
trigonometry and introduced the concept of "versines," now
known as "versine" in modern trigonometry. He provided
detailed tables for trigonometric values, including sine and
versine functions.

Calculus

While Bhaskara Il did not formalize calculus as we know it
today, some of his methods and techniques show a close
resemblance to the principles of differential calculus. His
work in infinite series and his method of finding slopes of
curves reflect the early stages of calculus.

Bhaskara 1, a brilliant mathematician and astronomer of
medieval India, left an enduring legacy through his
remarkable works, "Lilavati" and "Siddhanta Shiromani."
His contributions to algebra, geometry, trigonometry, and
mathematical astronomy have had a profound impact on the
development of mathematics, both in India and worldwide.
Bhaskara I1's insights and innovative methods continue to be
studied and admired by mathematicians, serving as a
testament to his genius and his invaluable contributions to
the rich heritage of Indian mathematics.

2.5 Madhava of Sangamagrama (c. 1350-1425 CE)
Madhava was a brilliant mathematician and astronomer
from Kerala. He is often credited with founding the Kerala
school of astronomy and mathematics. Madhava and his

Indian Mathematicians' Contributions

followers made significant advances in the study of infinite
series and

trigonometry, including the discovery of the infinite series
representation of trigonometric functions like sine and
cosine (Divakaran, 2018 [8]). Madhava of Sangamagrama
was an exceptional mathematician and astronomer who
lived during the late medieval period in southern India. Born
around 1350 CE in the town of Sangamagrama (present-day
Irinjalakuda, Kerala, India), Madhava is widely regarded as
the founder of the Kerala school of mathematics. His
pioneering work on infinite series and the study of
trigonometric  functions  significantly influenced the
development of calculus and laid the foundation for future
mathematical discoveries.

Founding the Kerala School of Mathematics:

Madhava is credited with founding the Kerala school of
mathematics, a renowned centre of mathematical
scholarship in medieval India. Under his leadership, the
Kerala school flourished and produced a lineage of brilliant
mathematicians who made significant contributions to
various branches of mathematics and astronomy.

Infinite Series and Calculus:

Madhava’s most  significant and  groundbreaking
contributions were in the study of infinite series, laying the
groundwork for later developments in calculus. He devised
methods for calculating the values of various trigonometric
functions using infinite series expansions.

Madhava discovered the power series expansions for
trigonometric functions such as sine, cosine, tangent, and
arctangent. For instance, he derived the infinite series
expansion for the sine function, now known as the
Madhava-Gregory series: sin(x) = x - (x"3)/3! + (x"5)/5! -
(XNDIT+

This series represented an entirely new approach to
trigonometry and paved the way for modern calculus.

n (Pi) and the Value of Trigonometric Functions:
Madhava also calculated the value of & (pi) with impressive
accuracy. He obtained the value of 7 to an astonishing 11
decimal places, a considerable improvement over previous
approximation.

Furthermore, Madhava's work enabled him to calculate the
values of trigonometric functions with increasing precision,
thus enhancing the accuracy of astronomical calculations.
Calculating Planetary Positions

As an accomplished astronomer, Madhava's mathematical
advancements were applied to astronomical observations
and predictions. He used his trigonometric series to calculate
planetary positions and the occurrence of eclipses with
remarkable accuracy.

Legacy and Influence

Madhava's contributions to mathematics and infinite series
had a profound impact not only on Indian mathematics but
also on the global mathematical community. His work
influenced later European mathematicians like James
Gregory and Isaac Newton, who made significant strides in
the development of calculus.

Madhava of Sangamagrama, the founding figure of the
Kerala school of mathematics, remains an essential figure in
the history of mathematics and the development of calculus.
His pioneering work on infinite series and the precise
calculation of trigonometric functions laid the foundation for
future mathematical discoveries. Madhava's legacy
continues to inspire mathematicians worldwide, showcasing
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the profound impact that scholars from medieval India had
on the advancement of mathematics and the enduring value
of their contributions to the discipline.

2.6 Nilakantha Somayaji (1444-1544 CE):

Nilakantha, also known as Achyuta Pisharati, was a
prominent mathematician and astronomer of the Kerala
school. He expanded on Madhava's work and made further
advancements in the study of infinite series, including the
discovery of the series expansion for 7 (pi).

Born in 1444 CE in Trikkantiyur (present-day Kerala,
India), Nilakantha was a key figure in the Kerala school of
mathematics, renowned for his significant contributions to
various branches of mathematics and astronomy. His
pioneering work in infinite series and calculus, along with
his contributions to astronomy, earned him a lasting place in
the annals of mathematical history (Rajasekhar & Jose, 2019

[14]).

He received a comprehensive education in these disciplines,
likely from his family members and through studies of
classical Indian texts and Arab and Persian works.

Founding the Kerala School of Astronomy and
Mathematics

Nilakantha played a crucial role in advancing the Kerala
school of astronomy and mathematics, which had been
initiated by earlier mathematicians like Madhava of
Sangamagrama. He furthered the traditions of the school and
contributed to its reputation as a centre of mathematical
excellence.

Calculus and Infinite Series

One of Nilakantha's most significant contributions was his
pioneering work on infinite series. He developed the concept
of the infinite series representation for trigonometric
functions like sine, cosine, and arctangent. Nilakantha is
credited with discovering the series expansion for m (pi),
which he calculated to an impressive 17 decimal places:
n=3.14159265358979323...

Nilakantha's series expansion for m, now known as the
"Nilakantha Madhava series,” was a remarkable
achievement that surpassed the accuracy of previous
approximations (Divakaran, 2010 [11], [12]).

Parametric Solutions and Indeterminate Equations:
Nilakantha further advanced the study of indeterminate
equations and provided parametric solutions for various
types of indeterminate equations. His innovative methods
for solving complex equations laid the groundwork for
further developments in algebra.

Contributions to Astronomy

Nilakantha's mathematical insights were applied to
astronomical observations and calculations. He made
significant advancements in predicting celestial events such
as eclipses and the positions of planets.

Sidereal Year and Seasons

Nilakantha calculated the sidereal year—the time taken by
the Earth to complete one orbit around the Sun—with
remarkable accuracy. His determination of the sidereal year
contributed to more precise calendar systems and seasonal
predictions.

Nilakantha Somayaji's contributions to mathematics and
astronomy were highly influential and paved the way for
future advancements in these fields. His work in infinite
series and calculus had a profound impact on the

development of mathematical analysis and contributed to the
global understanding of trigonometry and numerical
approximations.

Nilakantha Somayaji, a celebrated mathematician and
astronomer of medieval India, left an indelible mark on the
history of mathematics. His pioneering contributions to
infinite series and calculus, along with his insights into
indeterminate equations and astronomy, demonstrate his
exceptional mathematical prowess. Nilakantha's legacy
continues to inspire mathematicians and astronomers,
highlighting the significance of the Kerala school of
mathematics and the enduring value of ancient Indian
mathematical knowledge. His groundbreaking ideas and
innovative methods stand as a testament to the intellectual
brilliance and enduring impact of scholars from medieval
India.

2.7 Srinivasa Ramanujan (1887-1920)

One of the most renowned Indian mathematicians of modern
times, Ramanujan made substantial contributions to number
theory, infinite series, continued fractions, and elliptic
functions. Despite his lack of formal training, Ramanujan's
work had a profound impact on mathematics, and he made
collaborations with several eminent mathematicians in
Europe, including G.H. Hardy.

Srinivasa Ramanujan was an extraordinary Indian
mathematician whose innate talent and exceptional
contributions  continue to captivate and inspire
mathematicians worldwide. Born on December 22, 1887, in
Erode, Tamil Nadu, India, Ramanujan’s brilliance in
mathematics emerged at an early age. His life was marked
by a remarkable journey from humble beginnings to
international recognition for his groundbreaking work in
number theory, analysis, and continued fractions.

Ramanujan displayed a prodigious aptitude for mathematics
from a young age, teaching himself advanced mathematical
concepts and solving complex problems without formal
training.

Correspondence with G.H. Hardy

In 1913, Ramanujan's mathematical talents came to the
attention of British mathematician G.H. Hardy. Recognizing
Ramanujan's exceptional abilities, Hardy invited him to
study at the University of Cambridge in England.
Ramanujan left India in 1914 to collaborate with Hardy, and
his journey to the pinnacle of mathematics began.
Contributions to Number Theory

Ramanujan's most significant contributions were in the field
of number theory. He developed numerous groundbreaking
results related to partition theory, the theory of partitions of
integers, and the partition function. His work on the partition
function, represented by the function p(n), was particularly
notable, leading to profound insights into the distribution of
partitions of integers.

Ramanujan's discoveries in number theory included elegant
results on the properties of prime numbers, congruences, and
divisibility properties. His groundbreaking work provided
new directions and avenues for research in number theory,
leading to subsequent developments in the field.

Continued Fractions and Modular Forms

Ramanujan made significant contributions to the theory of
continued fractions, where he derived beautiful and intricate
formulas for approximating transcendental numbers. His
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work on continued fractions extended the understanding of
mathematical constants like 7 (pi) and e.

He also made pioneering contributions to the theory of
modular forms, exploring the properties of elliptic functions
and their significance in number theory. His "mock theta
functions" opened up new avenues for research in the field
of modular forms.

Ramanujan's Lost Notebook

In 1976, the discovery of a "lost notebook" containing
Ramanujan's unpublished work caused a sensation in the
mathematical community. The notebook contained a wealth
of remarkable theorems and results, many of which have
since been explored and verified by mathematicians. This
treasure trove of mathematical discoveries further solidified
Ramanujan's reputation as one of the greatest
mathematicians of all time.

Ramanujan's untimely death at the age of 32 in 1920 was a
profound loss to the mathematical world. Despite his brief
life, his contributions have had an enduring impact on
mathematics. His work has paved the way for significant
advancements in various mathematical disciplines, inspiring
generations of mathematicians to tackle challenging
problems and explore the beauty of numbers.

Ramanujan's legacy is celebrated through numerous
mathematical theorems, equations, and identities named in
his honour. The "Ramanujan theta functions,” “Ramanujan
primes,” and "Ramanujan's sum™ are just a few examples of
his mathematical immortalization.

Srinivasa Ramanujan's genius and remarkable contributions
to mathematics have left an indelible mark on the field. His
insatiable curiosity, intuitive insights, and passion for
mathematical exploration earned him a place among the
greatest mathematicians in history. Ramanujan's life and
work continue to serve as an inspiration, reminding us of the
boundless potential of the human mind and the enduring
power of mathematics to reveal the hidden wonders of the
universe.

2.8 Narayana Pandit (c. 14th-15th century)

An Indian mathematician known for his work "Ganita
Kaumudi," which covers various topics in arithmetic and
algebra.

Narayana Pandit was an esteemed mathematician and
scholar who lived during the 14th and 15th centuries in
India. Born in the region of Kerala, his precise dates of birth
and death are not known. Narayana Pandit is celebrated for
his remarkable contributions to mathematics, particularly in
the field of algebra. His works, written in Sanskrit, continue
to be revered for their profound insights and advancements
in algebraic techniques during the medieval period.

Narayana Pandit likely received a rigorous education in
mathematics and the sciences, likely at educational
institutions within the cultural and intellectual hubs of
medieval India. His mathematical expertise and prowess
soon gained recognition, leading him to contribute to the
flourishing tradition of Indian mathematics.

"Ganita Kaumudi - Contributions to Algebra

Narayana Pandit's most notable work is "Ganita Kaumudi,"
a treatise on mathematics and algebra. Composed in
Sanskrit, "Ganita Kaumudi" is an extensive text that delves

Indian Mathematicians' Contributions

into various branches of mathematics, focusing particularly
on algebraic concepts and their practical applications.

In "Ganita Kaumudi,” Narayana Pandit introduced and
developed novel algebraic techniques for solving
indeterminate equations, especially those of the second
degree. He devised methods to handle problems that
required finding square roots and cube roots, demonstrating
a deep understanding of algebraic manipulations.

Solution of Quadratic Equations

One of Narayana Pandit's significant contributions was his
systematic and innovative approach to solving quadratic
equations. He presented methods for finding both rational
and irrational solutions to quadratic equations, which was a
remarkable achievement during his time.

Narayana Pandit's methods for solving quadratic equations,
as outlined in “Ganita Kaumudi," provided a foundation for
future developments in algebra and contributed to the
advancement of mathematics in medieval India.

Bhavana Prakasha and Trigonometry

Narayana Pandit also made contributions to trigonometry. In
his work "Bhavana Prakasha," he discussed trigonometric
concepts, including the sine and cosine functions. While his
work on trigonometry was not as extensive as his
contributions to algebra, it showcased his versatility and
expertise in various branches of mathematics.

Narayana Pandit's works, particularly "Ganita Kaumudi,"
have had a lasting impact on the development of algebra and
mathematics in India. His insights and innovative algebraic
techniques set the stage for further advancements in the
field.

While his work might not have received the same level of
attention as some of his contemporaries, his contributions to
Indian mathematics remain highly regarded among scholars
and mathematicians. Narayana Pandit's legacy endures as a
testament to the rich heritage of Indian mathematics and its
profound contributions to the global development of
mathematical knowledge.

Narayana Pandit, an esteemed mathematician of the 14th
and 15th centuries, left a significant mark on the field of
mathematics through his groundbreaking work in algebra.
His treatise "Ganita Kaumudi" showcased his deep
understanding of algebraic techniques and their practical
applications. Narayana Pandit's contributions to solving
quadratic equations and his insights into trigonometry
demonstrate his profound knowledge and versatility as a
mathematician. His legacy continues to inspire scholars and
mathematicians worldwide, underscoring the enduring
impact of medieval Indian mathematicians on the
advancement of mathematical knowledge and the rich
heritage of Indian mathematics.

2.9 C.R. Rao (1920-2021)

C.R. Rao was a renowned statistician who made significant
contributions to the field of statistics and multivariate
analysis. He was one of the pioneers in the development of
the theory of linear models.

Calyampudi Radhakrishna Rao, commonly known as C.R.
Rao, was a pioneering Indian-American statistician and
mathematician. Born on September 10, 1920, in Hadagali,
India, Rao made exceptional contributions to the fields of
statistics, ~ mathematics, and  econometrics.  His
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groundbreaking work and influential research have left an
indelible mark on the theory and practice of statistics,
earning him numerous prestigious awards and recognition as
one of the greatest statisticians of the 20th century.

C.R. Rao demonstrated an early interest in mathematics and
statistics, and his academic journey took him to prominent
institutions such as Andhra University, Indian Statistical
Institute (ISI), and Cambridge University. Under the
guidance of the renowned statistician R.A. Fisher, Rao
developed a strong foundation in statistical theory and
methodology.

Contributions to Statistics

Rao's most significant contributions were in the field of
statistics. He made pioneering advancements in various
areas, including multivariate analysis, experimental design,
and estimation theory. His work on sufficiency, efficiency,
and minimum variance unbiased estimation revolutionized
statistical inference.

Rao's research on the theory of estimation led to the
development of the Cramer-Rao bound, a fundamental result
in statistical theory that places a lower bound on the
variance of any unbiased estimator. His work in multivariate
analysis and matrix algebra laid the foundation for modern
statistical techniques and their applications in diverse fields.
Rao-Blackwell Theorem

C.R. Rao is also known for his contributions to the Rao-
Blackwell theorem, which is a fundamental result in
statistics that improves the efficiency of an estimator by
using a suitable conditional expectation.

Factorial Experiments and Experimental Design

Rao played a crucial role in advancing the theory and
practice of experimental design. His work on factorial
experiments and fractional factorial designs provided
practical methods for optimizing resources and improving
the efficiency of experiments.

Econometrics and Time Series Analysis

Rao made significant contributions to the field of
econometrics, focusing on time series analysis and its
applications in economics and finance. His research in this
area laid the groundwork for the analysis of economic data
and forecasting models.

Teaching and Mentoring

Throughout his career, Rao was a dedicated teacher and
mentor, inspiring countless statisticians and researchers
worldwide. He held faculty positions at institutions such as
ISI, Indian Institute of Technology (IIT) Delhi, and the
University of Pittsburgh, where he fostered a new generation
of statisticians and scholars.

Awards and Recognition

C.R. Rao received numerous awards and honors throughout
his lifetime. He was elected as a Fellow of the Royal Society
of London, a Fellow of the American Statistical Association,
and a Member of the National Academy of Sciences in the
United States. He was also the recipient of the Padma
Bhushan and Padma Vibhushan, two of India’s highest
civilian awards.

C.R. Rao's profound impact on statistics and mathematics
has left an enduring legacy that continues to shape the field.
His innovative contributions to statistical theory,
experimental design, and econometrics have transformed the
way data is analysed and interpreted. A true luminary in the
world of statistics, Rao's intellectual curiosity and

groundbreaking research have inspired generations of
statisticians and mathematicians, and his work continues to
be celebrated and applied across various disciplines. C.R.
Rao's contributions serve as a testament to the power of
mathematical thinking and its ability to unlock the mysteries
of the natural world.

2.10 Harish-Chandra (1923-1983)

Harish-Chandra was a mathematician known for his work in
representation theory, especially for contributions to
harmonic analysis on Lie groups and representation theory
of semi simple Lie algebras.

Harish-Chandra, whose full name was Harish-Chandra
Mehrotra, was a brilliant Indian mathematician and physicist
renowned for his groundbreaking work in representation
theory, Lie algebras, and harmonic analysis. Born on
October 11, 1923, in Kanpur, India, Harish-Chandra's
contributions had a profound impact on the fields of
mathematics and theoretical physics. His name is now
synonymous with the highest level of excellence in
mathematical research.

Harish-Chandra displayed extraordinary mathematical talent
from a young age. He completed his undergraduate studies
at the University of Allahabad and then pursued graduate
studies at the University of Cambridge. During his time at
Cambridge, he interacted with eminent mathematicians and
physicists, including Paul Dirac and Hermann Weyl, who
greatly influenced his research interests.

Representation Theory of Semi simple Lie Algebras
Harish-Chandra's  most  significant and  enduring
contributions were in the representation theory of semi
simple Lie algebras and Lie groups. His work focused on the
study of the representation theory of the Lie algebras
associated with complex semi simple Lie groups.

He introduced the concept of Harish-Chandra modules,
which provided a foundation for the study of unitary
representations of semi simple Lie groups. His pioneering
work in this area culminated in the formulation of the
Harish-Chandra Planchered theorem, a fundamental result
connecting representation theory and harmonic analysis.

The Planchered Formula

Harish-Chandra's Planchered formula is one of the most
celebrated results in harmonic analysis and representation
theory. It establishes a correspondence between irreducible
unitary representations of a semi simple Lie group and
certain functions on the corresponding Lie algebra. This
formula is a cornerstone of modern representation theory
and has far-reaching implications in diverse areas of
mathematics and theoretical physics.

Contributions to Number Theory

Apart from his work in representation theory, Harish-
Chandra also made contributions to number theory. He
studied the Ramanujan conjecture and the Langlands
program, making significant advancements in the
understanding of the automorphic representations and L-
functions associated with number fields.

Honors and Recognition

Harish-Chandra's brilliance and profound contributions were
widely recognized during his lifetime. He was elected a
Fellow of the Royal Society of London and received
numerous awards, including the Padma Bhushan, India's
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third-highest civilian award. Additionally, he was a member
of the American Academy of Arts and Sciences.

Harish-Chandra's work continues to be foundational in
representation theory, harmonic analysis, and other branches
of mathematics and theoretical physics. His insights have
inspired generations of mathematicians, and the Harish-
Chandra Research Institute (HCRI) in Allahabad, India, is
named in his honour.

Harish-Chandra's exceptional talent and groundbreaking
research in representation theory and Lie algebras have left
an enduring legacy in mathematics and theoretical physics.
His contributions to representation theory, particularly the
Planchered formula, are celebrated as some of the most
profound results in modern mathematics. His dedication to
mathematical excellence and his role as a mentor has
inspired countless mathematicians and continue to influence
ongoing research in representation theory and related fields.
Harish-Chandra’'s work exemplifies the power of abstract
thinking and mathematical insight, showcasing the
extraordinary potential of the human mind to unlock the
secrets of the universe through rigorous mathematical
reasoning.

The impact of Indian Mathematics on the world

The impact of Indian mathematics on the world has been
profound and far reaching, with several significant
contributions that have shaped the development of global
mathematics. Indian mathematicians made groundbreaking
discoveries and introduced fundamental concepts that have
had a lasting influence on various branches of mathematics,
as well as on the scientific and technological advancements
of different civilizations.

The introduction of zero had a profound impact on
mathematical thinking, as it provided a powerful tool for
calculations and laid the foundation for the development of
modern algebra, calculus, and higher mathematics. The
concept of zero was transmitted to the Islamic world, and
Persian mathematicians such as Al-Khwarizmi and Al-
Khazini further promoted its use. From the Arab world, the
concept of zero spread to Europe, becoming an integral part
of modern mathematics.

The systematic development of algebraic techniques and the
study of trigonometry in India provided a solid foundation
for later mathematicians, including those in the Arab world
and Europe.

Indian astronomers and mathematicians made significant
contributions to astronomical calculations and the
development of accurate calendars. Aryabhata, for example,
calculated the length of the solar year and provided formulas
for the positions of the planets. Brahmagupta's work on
planetary motion and celestial phenomena furthered the
accuracy of astronomical calculations. The knowledge of
Indian astronomy and mathematics was transmitted to the
Arab world, where scholars like Al

Biruni were influenced by Indian astronomy.

Indian mathematical knowledge spread through trade,
cultural interactions, and the exchange of scholarly works.
The Silk Road and maritime trade routes facilitated the
transmission of Indian mathematics to the Arab world,
Central Asia, China, and Southeast Asia.

Indian Mathematicians' Contributions

The impact of Indian mathematics on the world has been
profound and transformative. The introduction of the
decimal numeral system, the concept of zero, and
advancements in algebra, trigonometry, and astronomy laid
the groundwork for modern mathematics and scientific
thinking. Indian mathematical knowledge travelled across
continents, influencing scholars and civilizations from the
Arab world to Europe and beyond. The enduring legacy of
Indian mathematics continues to be celebrated as a testament
to the intellectual achievements and global influence of
ancient Indian scholars.

Conclusion

Indian mathematicians have played a crucial role in shaping
the course of mathematical history. Their contributions have
been revolutionary, laying the foundation for modern
mathematical thinking and the advancement of various
branches of the discipline. The decimal numeral system,
zero as a placeholder and number, infinite series, and
profound insights in algebra and trigonometry are just a few
examples of their lasting legacy.

Indian mathematics has not only influenced the development
of other mathematical traditions, such as in the Arab world
and Europe, but it has also had a significant impact on
science, technology, and everyday life. The enduring
influence of Indian mathematicians stands as a testament to
the timeless significance of them intellectual achievements
and their unparalleled ability to unlock the mysteries of the
universe through rigorous mathematical reasoning.

As we continue to explore and expand the frontiers of
knowledge, the contributions of Indian mathematicians will
remain a source of inspiration and admiration, reminding us
of the universal power of human curiosity and ingenuity in
unravelling the wonders of mathematics. Their legacy
continues to enrich the global mathematical community,
guiding future generations in their pursuit of understanding
and appreciating the beauty and intricacy of numbers,
equations, and the world of mathematical ideas.
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