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Abstract

The history of Mathematics has often been narrated through a Eurocentric lens, overshadowing
the profound contributions of Indian mathematicians. This article seeks to address this oversight
by exploring the evolution of Indian Mathematics acrossa different historical periods, from the
Vedic era to the Classical period. It delves into the mathematical advancements of ancient India,
where concepts like zero, the decimal system, and geometric principles emerged alongside
religious texts. The article highlights significant contributions during the Pre-Middle and Classical
periods, focusing on luminaries such as Aryabhata, Bhaskara I, Varahamihira, Brahmagupta, and
Bhaskaracharya II. Their work in arithmetic, algebra, trigonometry, and geometry laid the
foundation for modern mathematical thought. By presenting key formulas and theories developed
by these scholars, the article underscores the global impact of Indian Mathematics and its enduring
legacy in the field.
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I ntroduction

The term "Mathematics" originates from the Greek word "Mathematica," initially used broadly to
denote any subject of study. Over time, it became associated specifically with arithmetic and
geometry, notably by the Pythagoreans. While the notion of Mathematics as a discipline is often
linked to Classical Greece, its roots extend much further back to ancient civilizations like Egypt and
Babylonia. Mathematics, broadly defined as the study of quantitative and spatial concepts, has been
present throughout human history, reflecting a universal desire to understand the natural world. Its
origins lie in practical challenges like counting and recording numbers, a process that evolved
gradually over millennia. Despite the elusive nature of its early development, Mathematics has been
an integral part of human experience since ancient times (Burton, 2011 & Katz, 2009).

Mathematics, often regarded as the universal language of science and the cornerstone of technological
advancement, has a rich and diverse history that stretches back millennia. While modern Mathematical
concepts are often attributed to European scholars of the Renaissance and Enlightenment eras, the roots
of Mathematical thought run far deeper, reaching into the annals of ancient civilizations. The evolution
of Mathematics is a testament to humanity's intellectual curiosity and problem-solving ingenuity.
Across millennia, various civilizations have contributed to the development of Mathematical thought,
each leaving a distinctive imprint on the ever-expanding tapestry of Mathematical knowledge. In this
article, we embark on a chronological exploration of Mathematical development in ancient
civilizations—Egypt, Mesopotamia, Greece, India, before reflecting on the contemporary
manifestations of their Mathematical legacies in the modern world (William, 1939).

Ancient civilizations have left a profound mark on the development of Mathematics, with Egypt,
Mesopotamia, Greece, and India standing out for their remarkable contributions. Each of these
civilizations exhibited a high level of sophistication in various Mathematical concepts, often driven
by practical applications and problem-solving needs. The history of Indian Mathematics is a testament
to the ingenuity and intellectual prowess of its scholars. From the conceptualization of zero to the
formulation of sophisticated algebraic and geometric principles, Indian Mathematicians have left an
indelible mark on the global Mathematical landscape (Boyer, 2011& Merzbach, 2011).
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Literature Review

The literature on Indian Mathematics is extensive, yet much of it remains underrepresented in
mainstream historical narratives dominated by Western perspectives. This literature review
synthesizes key studies and scholarly works that have explored the contributions of Indian
mathematicians, focusing on different periods from the Vedic era to the Classical period.

Early studies on Indian Mathematics often trace its origins to the Vedic period, around 3000 B.C.,
where mathematical concepts were intricately linked with religious practices and texts like the Vedas
and Vedangas. Scholars such as Pingree (1970) have emphasized the role of Vedic rituals in the
development of early geometric principles, notably through the Sulbasutras, which provided
geometric rules for altar construction. These texts reveal the ancient Indians' advanced understanding
of shapes, measurements, and the early approximation of © ((Kapoor, 2012 & Katz, 2009).

Egyptian Mathematics, rooted in surveying and practical requirements like land taxation and
construction, showcased proficiency in arithmetic, algebra, and geometry. Despite the absence of
formal proofs, Egyptian Mathematicians excelled in real-world problem-solving, utilizing a decimal
numeral system and unit fractions extensively (Burton, 2011).

Mesopotamian Mathematics, centered in the fertile lands between the Tigris and Euphrates rivers,
introduced the sexagesimal system and cuneiform-inscribed clay tablets. This civilization
demonstrated prowess in arithmetic operations, algebraic equations, and geometric principles, laying
the groundwork for advancements in astronomy, commerce, and other fields (Katz, 2009).

Sumerian and Babylonian Mathematics furthered ancient Mathematical knowledge with innovations
in arithmetic, algebra, and geometry. Despite the lack of symbolic notation, these Mathematicians
employed algorithms and approximation techniques to solve Mathematical problems, leaving a
lasting legacy in human understanding (Benesch, 1992).

Greek Mathematics, from the era of Pythagoras to the flourishing of the Alexandrian schools, laid the
foundation for many modern Mathematical concepts and methods. Mathematicians like Archimedes,
Euclid, and Apollonius made significant contributions during this period, though much of their work
was lost in the Middle Ages (Africa, 1968).

Ancient Indian Mathematicians such as Aryabhata and Brahmagupta revolutionized algebra,
trigonometry, and number theory. Their innovations, including the concept of zero and positional
notation systems, have profoundly influenced modern Mathematical notation and computational
methods (Bag, 1979).

Across these civilizations, Mathematical advancements were driven by practical needs, cultural
developments, and intellectual curiosity. From land measurement to astronomical observations,
Mathematics played a vital role in various aspects of daily life and societal progress (Boyer, 2011&
Merzbach, 2011).

Despite the loss of many ancient texts, archaeological discoveries continue to provide insights into
the Mathematical achievements of these civilizations. The enduring legacy of ancient Mathematics
underscores its significance in shaping the course of human history and the development of modern
Mathematical theory and practice (Katz, 1998).

The Pre-Middle period (1000 B.C. - 500 B.C.) has been documented by researchers like Datta and
Singh (1935), who highlight the significant contributions of Jain and Buddhist scholars in the realms
of arithmetic and algebra. The Bakshali manuscript, unearthed in the 19th century and analyzed by
Hayashi (1995), offers insights into the sophisticated mathematical techniques used during this
period, including early forms of algebraic notation and trigonometry (Datta, 1938).

The Classical period (400 A.D. - 1200 A.D.) is often regarded as the golden age of Indian
Mathematics, a view supported by numerous studies. Pingree's extensive work (1981) on Aryabhata,
often considered the father of Indian Mathematics, explores his seminal text, the Aryabhatiya, which
introduced groundbreaking ideas in arithmetic, algebra, and trigonometry. Aryabhata's approximation
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of m and his methods for solving indeterminate equations have been widely recognized for their
influence on subsequent mathematical developments, both in India and the broader Islamic world
(Katz, 2009).

Further studies by Sarma (1991) and Srinivasiengar (1967) have examined the works of Bhaskara I
and Brahmagupta, particularly their contributions to trigonometry and algebra. Bhaskara I's accurate
determination of sine values and Brahmagupta's formulation of zero as a number with its own
properties marked significant milestones in the history of mathematics. Brahmagupta's
Brahmasphutasiddhanta is frequently cited for its advanced treatment of cyclic quadrilaterals and
quadratic equations (Srinivasiengar, 1967).

Recent scholarship has increasingly focused on Bhaskaracharya II, whose Sddhanta Sromani is a
comprehensive treatise that encapsulates the pinnacle of mathematical knowledge during the
Classical period.

Despite these contributions, the global recognition of Indian Mathematics has been relatively limited,
a gap that recent works aim to address. Joseph (1991) and Plofker (2009) have made significant strides
in bringing Indian mathematical achievements to the forefront of global mathematical history,
challenging the Eurocentric narratives that have long dominated the field.

This literature review demonstrates that the contributions of Indian mathematicians are not only
significant in their own right but also foundational to the development of global mathematical
knowledge. By synthesizing these works, this article aims to contribute to a more balanced and
inclusive understanding of the history of Mathematics (Joseph, 1957& Plofker, 2009).

Statement of the Problem

Despite the profound contributions of ancient civilizations to the development of Mathematics, there
remains a need to comprehensively examine and contextualize their achievements within the broader
framework of human intellectual history. Moreover, the enduring legacy of ancient Mathematics and
its relevance to modern Mathematical education and research warrant closer scrutiny and analysis.
By elucidating the key Mathematical concepts, methodologies, and contributions of ancient
civilizations, this article seeks to address these gaps in scholarship and provide a nuanced
understanding of the historical roots of Mathematics.

Resear ch Objectives

The primary objectives of this research are:
To explore the chronological development of Mathematics in ancient civilizations, with a focus on
Egypt, Mesopotamia, Greece, and India.

To assess the contemporary relevance of ancient Mathematics and its influence on modern
Mathematical thought and education.

M ethodology

This research employs a historical and comparative approach to analyze the Mathematical
achievements of ancient civilizations. Primary sources, including historical texts, archaeological
artifacts, and Mathematical treatises, are consulted to reconstruct the Mathematical practices and
theories of each civilization. Secondary sources, such as scholarly articles and monographs, are
utilized to provide additional context and analysis. By synthesizing insights from diverse sources, this
research aims to present a comprehensive and nuanced portrayal of ancient Mathematics.

Results

The research highlights the significant contributions of ancient civilizations to the development of
Mathematics. From the birth of arithmetic in ancient Egypt to the geometric insights of Greek
Mathematicians, each civilization made unique and enduring contributions to Mathematical thought.
The study also underscores the contemporary relevance of ancient mathematics, with many
foundational concepts and methodologies continuing to shape modern Mathematical theory and
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practice. By understanding the historical roots of Mathematics, we gain deeper insights into the
intellectual heritage of humanity and the universal nature of Mathematical inquiry.

Ancient Egyptian Mathematics
The preserved Mathematical texts mainly date back to the Middle Kingdom (2040-1794 BC),
offering only a indication into their Mathematical knowledge (Imnausen, 2007).

While lacking in theoretical exploration, Egyptian Mathematics excelled in practical applications,
using brute force and trial-and-error methods akin to modern supercomputers, demonstrating their
enduring relevance in problem-solving methodologies. Some examples are listed below.

Numeral System

The ancient Egyptians used a decimal numeral system, represented using hieroglyphs or hieratic
script. The numbers 1 to 9 were depicted with simple strokes, while larger numbers were represented
by combining these symbols. Symbols for larger numbers like 10, 100, and 1000 had their own
hieroglyphs.

Unit Fractions

Ancient Egyptians used unit fractions extensively, with special notation for fractions like 1/2, 1/3,
and 2/3.0ther fractions were expressed as sums of unit fractions, facilitated by tables found in
Mathematical texts.

Arithmetic
Multiplication: Ancient Egyptians employed methods like repeated doubling for multiplication.

Division: Division involved finding multiples of the divisor until reaching the dividend.

Algebra
Linear Equations (Aha Problems): These involved finding unknown quantities given certain
conditions.

Quadratic Equations: Ancient Egyptians were among the first to develop and solve second-degree
equations.

Geometry
Calculation of Areas and Volumes: Ancient Egyptians demonstrated proficiency in calculating areas
and volumes of various shapes.

Geometric Progressions: Knowledge of geometric progressions is evident from their Mathematical
sources.

The M esopotamian M athematics

The Mathematical legacy of Mesopotamia profoundly influences modern Mathematics through
foundational concepts and methodologies. Specific contributions include (Aaboe, 1964).

Sexagesimal System
The Sumerians and Babylonians used a numerical system based on 60 as the base. This system

facilitated calculations, with each place value representing a power of 60. For instance, they expressed
numbers like 70 as 60 + 10, and 125 as 120 + 5.

Pythagorean Equation

The Babylonians had knowledge of the Pythagorean theorem, which states that in a right-angled
triangle, the square of the length of the hypotenuse (the side opposite the right angle) is equal to the
sum of the squares of the other two sides. They utilized this relationship in various practical
applications, although they lacked symbolic notation for it (Katz, 2009).
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Algebraic Equations

Babylonian Mathematicians solved algebraic equations using step-by-step algorithms, rather than
symbolic notation. For example, they developed methods for solving quadratic equations, often
representing them in tables and employing approximation techniques for solutions.

Trigonometric Tables

The Babylonians constructed trigonometric tables that used exact ratios rather than angles. These
tables contained numerical relationships between the sides of right-angled triangles, aiding in
calculations related to construction and astronomy.

Measurement Formulas: Babylonians had formulas for measuring volumes and areas. For instance,
they approximated the value of pi () as 3.125 and used formulas to calculate the circumference and
area of circles, as well as the volumes of cylinders and other geometric shapes (Neugebauer, 1969 &
Robson, 2008).

Greek mathematics

The ideas of early Greek Mathematicians like Theaetetus, Eudoxus, and Archytas influenced Plato,
even though there's no proof Plato did his own math. Not many original writings from ancient
Mathematicians survive, so historians use later notes and bits to understand early math, especially
before 430 BC (Lloyd, 1973). Some contribution includes:

| onian School

Thales, the founding figure of this school (c. 640-550 BC), made significant contributions in geometry
and astronomy. He famously predicted a solar eclipse in 585 BC and formulated geometric
propositions, including the theorem that the angle subtended by a diameter of a circle at any point on
the circumference is a right angle. Thales' student, Anaximander (611-545 BC), continued his work
and introduced the gnomon, a vertical stick used as a sundial with geometric insights (Heath, 1956).

Pythagor ean School

Pythagoras (born around 570 BC) emphasized Mathematics as the key to understanding the cosmos.
His discoveries spanned the theory of numbers, where he explored the relationship between musical
harmony and simple fractional properties of musical intervals. Pythagoras also initiated the study of
triangular numbers, represented by the formula

n(n+1)

th =

Theorem: c’- a2+ b2, where c represents the hypotenuse of a right triangle, and a and b are the
other two sides.

, and made significant advances in geometry, particularly with the Pythagorean

The discovery of irrational numbers by Pythagoras challenged the notion that geometric figures could
be understood solely in terms of integers or their ratios, leading to profound philosophical and
Mathematical implications. The Pythagorean School's rigorous deductive methods in Mathematics
and systematic study of number theory laid the foundation for future Mathematical inquiry (Heath,
1981).

Athenian School

During this period, a significant Mathematical challenge arose, particularly highlighted by Eudoxus,
concerning irrational numbers. The concept of irrational numbers, understood as certain lengths that
were not comparable in terms of ratios, posed a fundamental problem. Attempts to compare two
lengths, represented by x and y, by finding a common length ¢ such that x=mc and

y= nc for some whole numbers m and n, failed for certain pairs of lines with specific lengths. For
example, the comparison between x=1 and y=2 illustrated this difficulty, as demonstrated by
Pythagoras (Heath, 1956).
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1st Alexandrian School (300-30 BC):

The 1st Alexandrian school, flourishing from approximately 300 to 200 BC, boasted distinguished
scholars like Euclid, Archimedes, and Apollonius, who trained numerous students at the renowned
library in Alexandria. Founded by Ptolemy, a former general of Alexander the Great, the library
became the world's first university, accumulating a vast collection of manuscripts and attracting the
finest scholars of the time (Euclid, 2008).

Euclid (c. 330-270 BC):

Euclid wrote a very important book called the "Elements." It talked about a lot of math stuff and how
to prove things carefully. His ideas were used for more than 2000 years! He covered many topics like
shapes, numbers, and proportions. Euclid's way of proving things was very smart, and he showed
how to do it for simple and hard Math problems. He also wrote about things like "Platonic Solids"
and how to find areas of shapes. Even though some of his other books are lost, Euclid's ideas
influenced many people, including Newton and Einstein. Beyond the "Elements," Euclid's
contributions extended to other fields, such as optics, where he provided early insights into
perspective. While some of his major works, like a treatise on conics, are lost, his influence persisted
through the centuries, shaping the development of Mathematics and philosophy.

Euclid's methodology influenced thinkers across centuries, from Newton's geometric proofs in the
"Principia" to the emergence of non-Euclidean geometry in the 19th century. His legacy continues to
resonate in modern physics, exemplified by Einstein's General Theory of Relativity, which unified
non-Euclidean spacetime with gravitational theory (Baber, 1996 & Heath, 1956).

Archimedes (287-212 BC),

Archimedes (287-212 BC), a native of Syracuse and son of Phidias, was renowned for his ingenious
inventions and contributions to Mathematics and physics.

His inventions, including the lever, compound pulley, catapult, and use of parabolic mirrors, were
instrumental in both practical and theoretical domains.

His legacy includes significant works in Mathematics and physics, covering statics, geometry,
hydrostatics, and Mathematical physics. Notably, his investigations into the "method of exhaustion"
laid the groundwork for calculus, while his contributions to Mathematical physics introduced
quantitative methods to analyze physical phenomena (Netz & Noel, 2007).

2nd Alexandrian School (300 AD)

During the 2nd Alexandrian School, notable Mathematicians like Pappus and Diophantus continued
the development of Mathematics, particularly in geometry and number theory. Pappus made
significant contributions to geometry, while Diophantus focused on understanding the abstract
properties of numbers, a precursor to algebra (Heath, 1921 & Joseph, 1957).

Indian M athematics:

For centuries, the narrative of Mathematical history has been dominated by Eurocentric perspectives,
overshadowing the profound contributions of Indian Mathematicians.

Key periods include:

Ancient Period

Indian Mathematics originated around 3000 B.C. during the Vedic era, where it was intertwined with
religious texts like the Vedas and Vedangas. These texts introduced numeral systems, arithmetic, and
the concept of zero, and embedded Mathematical ideas within their spiritual context. Notable
achievements include a deep understanding of geometric principles, such as various shapes, area
measurements, and early attempts to reconcile different geometric forms. The texts also anticipated
concepts similar to the Pythagorean theorem and provided early estimations of © (pi) in the Shatapata
Brahmana (Cordrey, 1939 & Hayashi, 2005).
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Pre-Middle Period

During the Pre-Middle Period (1000-500 B.C.), Indian Mathematics advanced significantly in
geometry and algebra. The Sulbasutras, including the Baudhayana Sulbasutras, provided geometric
rules for altar construction and introduced an early form of the Pythagorean theorem, with
Baudhayana also approximating 7 in circular contexts. Jain and Buddhist scholars contributed to
mathematical knowledge by discussing concepts such as infinity and arithmetic, with Jain texts like
the Surya Pragyapti covering number theory and geometry, and Buddhist literature classifying math
into simple and advanced categories. The Bakshali manuscript, discovered in the 19th century,
revealed sophisticated arithmetic and algebra techniques. Texts like the Vaychali Ganit and Surya
Siddhanta from this period also made significant contributions to trigonometry and numeral notation
(Bag, 1979 & Datta, 1938).

Classical Period

The Classical Period (400-1200 A.D.) is celebrated as a golden age of Indian Mathematics.
Aryabhata, a pivotal figure of this era, made groundbreaking contributions through his seminal work,
the "Aryabhatiya," written in 499 A.D. at the age of 23. This treatise, consisting of 119 verses with
33 dedicated to mathematical principles, revolutionized mathematical astronomy and laid the
foundation for future developments (Aaboe, 1964 & Datta, 1938).

Aryabhata's contributions included

e Arithmetic: Introduction of methods for inversion, and various arithmetic operators
including cube and cube roots, as well as functions such as squaring and square rooting.

e Algebra: Formulas for summing series, rules for arithmetic progressions, and
advancements leading to quadratic equations.

e Trigonometry: Provision of sine tables and exploration of spherical trigonometry.
o Geometry: Analysis of triangle areas, principles of similarity, and volume calculations.

Aryabhata's innovative use of "word numerals" and "alphabet numerals" in his work demonstrated
a unique approach to mathematical expression. His notable achievements include an
approximation of  as 3.1416 and an accurate estimate of the Earth's circumference at 25,835
miles. Aryabhata's "Aryabhatiya" also addressed indeterminate equations, such as

ax - by = c, establishing methods that laid the groundwork for future algebraic developments. His
work was influential beyond his lifetime, with translations into Arabic by Abul al-Ahwazi before
1000 A.D., which spread Indian mathematical techniques to the Arab world and stimulated further
advancements. Aryabhata's contributions continued to inspire mathematicians in India and
globally, affirming his place as a major figure in mathematical history. He passed away in 550
A.D., leaving a legacy of profound impact and brilliance (Ascher, 2004, & Bag, 1979).

Bhaskara | built upon Aryabhata's work, contributing significantly to trigonometry, including an
accurate calculation of «t's irrationality and a formula for sine with 99% precision. He also advanced
the study of indeterminate equations and explored new geometric concepts, such as quadrilaterals
with unequal sides (Singh, 2004).

Varahamihira (505-587 A.D.) enhanced the Ujjain school's reputation, developing trigonometric
formulas, refining Aryabhata's sine tables, and deriving Pascal's triangle from binomial coefficients.
Though his direct mathematical contributions were modest, his work significantly influenced
mathematical knowledge (Pingree, 1970 — 1994).

Brahmagupta (598 A.D.) was a key figure in ancient Indian mathematics and astronomy, introducing
zero as a number and laying the groundwork for the decimal system. His work in algebra included
solutions for linear and quadratic equations and indeterminate equations, while his geometric
theorems had practical applications. His astronomical treatises improved methods for calculating
celestial positions and refining calendar systems (Gupta, 1969).
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Mahaviracharya, a 9™-century Jain mathematician, expanded on Brahmagupta's work with his
treatise "Ganitasar Sangraha," which covered arithmetic, algebra, and geometry, and detailed
operations with fractions and quadratic equations.

Aryabhata II, from the late 10th century, contributed to algebra with his work "Mahasiddhanta,"
presenting rules for solving specific equations and furthering algebraic theory (Singh, 2004).

Sripati, an 11%-century Indian mathematician and follower of Lalla, made notable contributions to

algebra with his identity (x +y)?=x*+ X (X - y) + (x - y) 2 This theorem highlighted his deep
understanding of algebraic concepts and facilitated further developments in mathematical reasoning
and manipulation (Bag, 1979).

Bhaskaracharya II, born in 1114 A.D., is celebrated as one of the greatest Hindu mathematicians. His
seminal work, Sddhanta Sromani, is divided into four sections: Lilavati (arithmetic), Bijaganita
(algebra), Goladhyaya (spherical geometry), and Grahaganita (planctary mathematics). Lilavati
covers arithmetic, algebra, geometry, and trigonometry in 13 chapters, showcasing his deep
mathematical insights. Bijaganita delves into positive and negative numbers, surds, and indeterminate
equations, demonstrating his mastery of mathematical abstraction. Bhaskaracharya II also advanced
trigonometry, calculus, and astronomical calculations, significantly impacting the history of
mathematics both in India and globally (Bag, 1979).

Discussion and Analysis

The development of mathematics in ancient India represents a rich tapestry of intellectual progress,
intertwined with cultural and scientific advancements. From its origins in the Vedic era through to
the Classical Period and beyond, Indian mathematics has made profound contributions to the field.

Early Developments

The Vedic period (circa 3000 B.C.) laid the foundational principles of Indian mathematics, with texts
such as the Vedas and Vedangas introducing early numeral systems and arithmetic concepts. These
religious texts, while primarily spiritual, demonstrated an advanced understanding of geometry and
numerical relationships. They included methods for constructing geometric shapes, estimating values
like mt, and addressing problems like squaring the circle. This early integration of mathematics with
spiritual practices indicates a sophisticated level of mathematical thought that existed alongside
religious and philosophical inquiry.

Progress During the Pre-Middle Period

Between 1000 B.C. and 500 B.C., Indian mathematics saw significant advancements, particularly in
geometry and algebra. The Sulbasutras, used for constructing ritual altars, reflected early applications
of geometric principles, including forms of the Pythagorean theorem and m approximations. Jain and
Buddhist scholars contributed to mathematical knowledge by exploring concepts like infinity and
developing arithmetic and number theory. The Bakshali manuscript, discovered much later, revealed
sophisticated arithmetic and algebra techniques, indicating the depth of mathematical inquiry during
this period.

Classical Period Innovations

The Classical Period (400 A.D. to 1200 A.D.) is often considered the golden age of Indian
mathematics. Aryabhata (born 476 A.D.) made groundbreaking contributions with his treatise
Aryabhatiya, which covered arithmetic, algebra, trigonometry, and spherical geometry. His methods
for solving indeterminate equations and approximating m as 3.1416 were particularly notable.
Aryabhata's work, which also included an accurate estimate of the Earth's circumference, laid
important groundwork for future mathematical developments.

Following Aryabhata, Bhaskara I and Varahamihira further advanced mathematical knowledge.
Bhaskara I refined trigonometric calculations and explored novel geometric concepts, while
Varahamihira improved trigonometric tables and developed early versions of Pascal's triangle. Their
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contributions, while sometimes incremental, played a crucial role in the mathematical progression of
the time.

Brahmagupta (born 598 A.D.) emerged as a pivotal figure in this era, making significant strides in
numerical systems, algebra, and geometry. His introduction of zero as a number and his work on
algebraic equations and cyclic quadrilaterals represented major advancements. Brahmagupta's
influence extended through his astronomical treatises, which improved methods for celestial
calculations and calendar systems.

Later Developments

The 9" and 10" centuries saw further developments with scholars like Mahaviracharya, Aryabhata
I1, and Sripati. Mahaviracharya's Ganitasar Sangraha built upon earlier work in arithmetic, algebra,
and geometry, while Aryabhata II's Mahasiddhanta expanded algebraic techniques. Sripati’s identity
in algebra illustrated the ongoing refinement of mathematical theories.

Here are some important formulas from Indian Mathematicians presented in Mathematical notation:

1. Brahmagupta's Formulafor Cyclic Quadrilaterals:
Approximate Area: = /(s —a)(s —b)(s — ¢)(s — d)

a+b+c+d
2

o Exact Area: = (t—a) (t-b) (t—c) (t—d), where t =
2. Brahmagupta's Theorem on Triangles:
e Base Division: AF = FD
3. Bhaskaracharyall's Quadratic Equation Solution:
o General Quadratic Equation: ax*>+bx +¢ =0

—-b+vb2—4ac
2a

4. Bhaskaracharyall's Cyclic Equation Solution:

e Solutions: x =

 Cyclic Equation: x>+ y?= 72
o Pythagorean Triplets: a = mx, b =m + mx, where m = %
5. Sripati'sldentity:
x+yy =x*+x(x-y)+(x-y)
6. Aryabhatall's Equation Solution:

e Linear Equation: by =ax + ¢

Solution: y =axb+ =

7. Sridhara'sRulesfor Extracting Roots:
Square Root: vVx =+ +a
« Cube Root: x = +3/a

8. Sridhara’'sMethodsfor Summation:
e Arithmetic Series: Sn = g (a+1)

ar -1

r—1

e QGeometric Series: Sn =
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9. Mahaviracharya's Formulafor Permutation and Combination:

n!

* nCT :r!(n—r)!

(Joseph, 2000, Kapoor, 212 & Plofker, 2009).

Conclusion

The evolution of Indian mathematics demonstrates a remarkable continuity of intellectual
development, reflecting both the depth and breadth of mathematical inquiry across centuries. From
early geometric insights in the Vedic era to advanced algebraic techniques in the Classical Period,
Indian scholars made lasting contributions that influenced subsequent mathematical traditions
globally. The integration of mathematical knowledge with astronomical and philosophical inquiries
underscores the multifaceted nature of ancient Indian scholarship. Through their innovative
approaches and foundational discoveries, these mathematicians not only advanced their own fields
but also left a legacy that continues to inspire modern mathematical thought.

References
Aaboe, A. (1964). Episodes from the Early History of Mathematics (vol. 13). Random House.
Africa, T. W. (1968). Science and the Sate in Greece and Rome. Wiley.
Ascher, M. (2004). Mathematics Elsewhere: An Exploration of Ideas Across Cultures. Princeton
University Press.
Baber, Z. (1996). The Science of Empire: Scientific Knowledges, Civilization, and Colonial Rule in
India. SUNY Press
Bag, A. K. (1979). Mathematics in Ancient and Medieval India (1% ed.). Chaukhambha
Orientalia.
Benesch, W. (1992). Comparative Logics and the Comparative Study of Civilizations,
Comparative Civilizations Review, 27(Fall), 88-105.
Boyer, C. B., & Merzbach, U. C. (2011). A History of Mathematics (3rd ed.). John Wiley & Sons.
Burton, D. (2011), The History of Mathematics: An Introduction (7th ed.). McGraw-Hill.
Cordrey, W. (1939). Ancient Mathematics and the Development of Primitive Culture.
Mathematics Teacher 32, 51-60.
Datta, B. (1938). History of Hindu Mathematics: A Source Book (Vol. 1). Asia Publishing House.
Euclid. (2008). The Elements. Wildside Press LLC.
Gupta, R.C. (1969). Second Order Interpolation in Indian Mathematics up to the Fifteenth Century.
Ind. J. of Hist. of Sc, 4, 92-94.
Hayashi, T. (2005). Indian Mathematics. In J. Dauben, & C. Scriba (Eds.), Writing the History of
Mathematics: Its Historical Development (pp. 384-403). Birkhauser.
Heath, T. L. (1921). A History of Greek Mathematics: From Thales to Euclid (Vol. 1). Oxford
University Press.
Heath, T. L. (1956). The Thirteen Books of Euclid's Elements (Vol. 1). Dover Publications.
Heath, T. L. (1981). A History of Greek Mathematics: From Thales to Euclid. Dover
Publications.
Imhausen, A. (2007). Ancient Egyptian Mathematics: New Perspective on Old Sources.
Mathematical Intelligencer 28, 19-27.
Joseph E. H. (1957). The History of Mathematics, Philosophical Library Incorporated.
Joseph, G. G. (2000). The Crest of the Peacock: Non-European Roots of Mathematics. Princeton
University Press.
Kapoor, S. (2012). Indian Mathematics: Engaging with the World from Ancient to Modern Times.
Pearson Education India.
Katz, V. ]. (2009). A History of Mathematics. Anintroduction. Pearson Education, Inc., Boston, MA,
3rd edition.



102 | Research Journal of Padmakanya Multiple Campus Vol. 3, No. 1

Katz, V. J. (1998). A History of Mathematics: An Introduction (2nd ed.). Addison-Wesley.
Lloyd, G. E. R. (1973). Greek Science After Aristotle. London: Chatto and Windus.
Netz, R., & Noel, W. (2007). The Archimedes Codex: How a Medieval Prayer Book Is Revealing the
True Genius of Antiquity's Greatest Scientist. Da Capo Press.
Neugebauer, O. (1969). The Exact Sciencesin Antiquity. Dover Publications.
Pingree, D. E. (1970-1994). A census of the exact sciencesin Sanskrit (Vols. 1-5). Philadelphia, PA:
American Philosophical Society.
Plofker, K. (2009). Mathematics in India. Princeton University Press.
Robson, E. (2008). Mathematicsin Ancient Irag: A Social History. Princeton University Press.
Singh, A. N. (2004). Bhaskaracharya: The Great Mathematician of Ancient India. Pustak Mahal.
Srinivasiengar, C.N. (1967). The History of Ancient Indian Mathematics. World Press, Calcutta.
Reprint: 1988.
William, C. (1939). Mathematics: A Historical Perspective. Journal of Mathematical History,
4(2), 87-102.



