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Development of Indian Mathematics 

(1200 BCE–2000 CE) 

 

Introduction 

The development of Indian mathematics from approximately 1200 BCE to 2000 CE is a remarkable story 

of intellectual curiosity, practical problem-solving, and theoretical innovation. Indian mathematicians 

made significant contributions to arithmetic, geometry, algebra, number theory, trigonometry, 

combinatorics, infinite series, and the theory of numbers. Their work influenced the development of 

mathematics in other parts of the world, particularly through the transmission of the decimal place-value 

system and Hindu-Arabic numerals. 

The history of Indian mathematics began with the numerical ideas and geometric constructions associated 

with the Vedas and the Śulba Sūtras. It advanced through the work of Aryabhata, Brahmagupta, Bhaskara 

I and Bhaskara II, and reached new heights in the Kerala school of mathematics. In modern times, 

Srinivasa Ramanujan and Subbayya Sivasankaranarayana Pillai made internationally significant 

contributions to number theory and related fields. 

 

1. From the Vedas to Aryabhata 

The earliest roots of Indian mathematics can be traced to the Vedic period, conventionally associated with 

texts composed over many centuries beginning in the second millennium BCE. Although the Vedas were 

primarily religious and philosophical texts, they contain numerical classifications, counting practices, and 

references to large numbers. Mathematical knowledge was also essential for constructing altars, observing 

astronomical phenomena, arranging ritual calendars, and measuring time. 

The Śulba Sūtras, composed over a broad period during the first millennium BCE, contain some of the 

earliest surviving systematic mathematical instructions from India. They describe geometrical procedures 

for constructing ritual altars of specified shapes and areas. Their rules include techniques for transforming 

one geometrical figure into another while preserving area. 

By the early centuries CE, Indian mathematics had developed beyond ritual geometry into arithmetic, 

algebraic procedures, and mathematical astronomy. A major landmark was the work of Aryabhata, whose 

Aryabhatiya, composed in 499 CE, presented systematic mathematical and astronomical knowledge. His 

work included methods of calculation, geometrical results, trigonometric tables, and procedures for 

solving indeterminate equations. 
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2. Vedic Ritual Geometry 

Vedic ritual geometry arose largely from the need to construct sacrificial altars of prescribed dimensions 

and shapes. These constructions required accurate measurement, geometric transformations, and 

numerical calculations. 

The Śulba Sūtras, particularly those associated with Baudhayana, Apastamba, Manava, and Katyayana, 

provide instructions for laying out squares, rectangles, circles, and other figures using ropes. The word 

śulba is associated with a cord or measuring rope, reflecting the practical nature of these geometric 

methods. 

Important features of Vedic ritual geometry include: 

 Construction of geometrical figures: Rules were given for making squares, rectangles, circles, and 

altar shapes. 

 Area transformations: Procedures were developed to construct a square equal in area to a 

rectangle or to transform one figure into another. 

 Diagonal relationships: The texts contain statements equivalent to the Pythagorean theorem. 

 Approximation: Geometric procedures sometimes required numerical approximations, including 

approximations related to square roots. 

The Baudhayana Śulba Sūtra gives a rule equivalent to the relationship between the diagonal and the sides 

of a rectangle:  d = √{a2 + b2} 

It also gives an approximation to √2 as √2 ≈ 1 + 1/3 + 1/(3.4)  - 1/(3.4.34) + . . . . 

This approximation is remarkably accurate. The Śulba Sūtras demonstrate that Indian mathematicians 

developed sophisticated geometrical techniques in connection with practical and religious requirements 

long before the classical age of Indian mathematical astronomy. 

 

3. Problems from the Śulba Sūtras 

The mathematical problems in the Śulba Sūtras were closely related to the construction and 

transformation of ritual altars. They required solutions to geometrical problems involving lengths, areas, 

diagonals, and proportions. 

One important problem was the construction of a square equal in area to a given rectangle. Another 

involved constructing a square with an area equal to that of a given circle, or a circle equal in area to a 

given square.  

Other problems included: 

1. Constructing a square with twice the area of a given square. 

2. Dividing a line into prescribed proportions. 

3. Constructing rectangular and square altars of equal area. 
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4. Approximating the diagonal of a square using rational numbers. 

5. Transforming a square into a circle, and vice versa, through approximate constructions. 

These problems reveal the connection between mathematical reasoning and practical construction. They 

also show that ancient Indian geometry involved more than measurement: it included general procedures 

that could be applied to different cases. 

4. Hindu-Arabic Numerals and the Decimal Place-Value System 

 

 

 

One of India's most influential mathematical achievements was the development of the decimal place-

value numeral system, including the use of zero as a number and as a placeholder. The numerals 

commonly used around the world today are called Hindu-Arabic numerals because the system developed 

in India and was transmitted to Europe through Arabic-speaking scholars. 

In a place-value system, the value of a digit depends on its position. For example, in the number 555, the 

three instances of 5 represent five hundreds, five tens, and five units. This makes it possible to represent 

very large numbers with a small set of symbols and to perform arithmetic systematically. 

Indian numeral traditions evolved over time. Early Indian inscriptions used Brahmi numerals, while later 

mathematical texts show the development of decimal place-value notation. The Bakhshali manuscript, 

whose dating is complex and debated, contains a dot used as a placeholder in certain numerical contexts. 

By the time of Brahmagupta in the seventh century, zero was treated explicitly in arithmetic rules. 
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Indian numerals were transmitted to the Islamic world through scholarly exchange. The mathematician al-

Khwarizmi wrote about Indian calculation methods in the ninth century, helping to spread them. Through 

translations and later European adoption, the system became the foundation of modern arithmetic. 

The importance of this development cannot be overstated. Place value and zero made written calculation 

more efficient and helped facilitate advances in commerce, astronomy, algebra, and science. 

 

5. Aryabhata’s Geometry and Trigonometry 

Aryabhata (476–c. 550 CE) was one of the greatest mathematicians and astronomers of ancient India. His 

principal work, the Aryabhatiya, was composed in 499 CE. It covered arithmetic, algebraic methods, 

geometry, trigonometry, and astronomy. 

Geometry 

Aryabhata presented rules for calculating areas and volumes. Among the geometrical relationships 

attributed to his mathematical tradition are procedures for finding the area of a triangle and the volume of 

a solid. His work also included rules involving arithmetic progressions and the summation of numerical 

sequences. 

His treatment of geometry was closely connected with astronomical calculations, where accurate 

measurements of angles, distances, and circular motion were essential. 

Trigonometry 

Aryabhata made a major contribution to trigonometry by presenting a table of sines. Indian 

mathematicians used the jya function, corresponding to the sine of an angle in modern terminology. This 

differed from the Greek use of chords and became an important foundation for later developments in 

Indian and Islamic astronomy. 

Aryabhata divided a quarter-circle into 24 equal intervals and gave sine values at those intervals. His sine 

table was particularly useful for computing planetary positions and eclipses. 

He also gave a famous approximation to π, expressed in the Aryabhatiya through a rule equivalent to 

3.1416. This is an excellent approximation for the period. 

Aryabhata's work illustrates the close relationship between theoretical mathematics and astronomy. His 

numerical methods and trigonometric techniques influenced generations of Indian scholars. 

 

6. The Kuttaka Method 

The Kuttaka, meaning “pulveriser” or “that which breaks into pieces,” was an important Indian method 

for solving certain indeterminate equations. It is particularly associated with Aryabhata's mathematical 

tradition. 

The method was used to solve equations of the form  ax + by = c. 
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where integer solutions were required, especially when finding a number that satisfies two divisibility or 

remainder conditions. 

For example, one might seek a number that leaves a remainder of 2 when divided by 5 and a remainder of 

3 when divided by 7. This can be written as  

x ≡ 2 (mod 5)    and   x ≡ 3 (mod 7) 

The smallest positive solution is x = 17, because 17 leaves the required remainders. 

The Kuttaka method used repeated division and reduction, closely related in spirit to the Euclidean 

algorithm. Rather than relying on modern modular-arithmetic notation, Indian mathematicians developed 

practical computational procedures for finding integer solutions. 

The method was important in astronomy because astronomical calculations frequently required integers 

satisfying several conditions at once. It represents a significant achievement in the history of number 

theory and algebra. 

 

7. Brahmagupta’s Geometry, Number Theory, and Algebra 

Brahmagupta (c. 598–668 CE) was one of the most influential Indian mathematicians. His principal work, 

the Brahmasphutasiddhanta, was composed in 628 CE. It covered arithmetic, algebra, geometry, and 

astronomy. 

Arithmetic and zero 

Brahmagupta gave systematic rules for calculations involving positive numbers, negative numbers, and 

zero. He described positive quantities as fortunes and negative quantities as debts. His rules included 

addition and subtraction involving zero and multiplication involving positive and negative numbers. 

His treatment of division by zero was not fully correct by modern standards, but his work was a major 

step toward a systematic arithmetic of zero and negative numbers. 

Algebra 

Brahmagupta developed methods for solving quadratic equations and indeterminate equations. He worked 

with equations involving unknown quantities and described procedures for manipulating them. 

He also gave rules for solving certain types of equations involving squares and differences of squares. His 

work on indeterminate equations became an important foundation for later Indian algebra. 

Geometry 

One of Brahmagupta's best-known results concerns a cyclic quadrilateral—a quadrilateral whose four 

vertices lie on a circle. If the side lengths are a, b, c, d, and the semiperimeter is 

  S =  {a + b + c + d}/2,  then its area is   A = √{(s-a)(s-b)(s-c)(s-d)}.  

This is known as Brahmagupta's formula. It generalises Heron's formula for the area of a triangle. 
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Brahmagupta also studied the properties of cyclic quadrilaterals and developed mathematical methods 

relevant to astronomy. His work was translated and transmitted beyond India, influencing mathematical 

learning in the Islamic world. 

8. The Story of Zero 

The history of zero is one of the most important chapters in Indian mathematics. Zero developed through 

two related ideas: a placeholder in positional notation and a number that could participate in arithmetic. 

In a decimal place-value system, zero indicates the absence of a quantity in a particular position. For 

example, in 205, it shows that there are no tens. Without such a placeholder, the notation would be much 

less convenient. 

Over time, zero also became an object of mathematical calculation. Indian scholars helped establish its 

role in arithmetic. Brahmagupta gave rules for calculations involving zero in the seventh century, 

including: 

 A number plus zero remains unchanged. 

 A number minus zero remains unchanged. 

 Zero minus a positive number gives a negative number. 

 The product of zero and a number is zero. 

Brahmagupta's rules for division involving zero were incomplete by modern standards; division by zero is 

undefined in ordinary arithmetic. 

The Indian conception of zero was transmitted through Arabic-language scholarship and ultimately 

became central to modern mathematics. Zero made place-value notation efficient, supported increasingly 

sophisticated algebra, and became indispensable to calculus, computing, and scientific measurement. 

Its history was gradual rather than the invention of a single person at a single moment. Indian 

mathematicians played a decisive role in transforming zero into a systematic component of numerical 

calculation. 

 

9. Bhaskara’s Algebra 

The name Bhaskara is associated with two important Indian mathematicians: Bhaskara I (seventh century) 

and Bhaskara II, also known as Bhaskaracharya (1114–c. 1185). 

Bhaskara I wrote a commentary on Aryabhata's work and gave a notable rational approximation for the 

sine function. His scholarship helped preserve and explain earlier Indian mathematical astronomy. 

Bhaskara II produced two famous works, the Lilavati and the Bijaganita. The Lilavati deals largely with 

arithmetic and practical problems, while the Bijaganita focuses on algebra. 

Bhaskara II's algebra included methods for solving linear and quadratic equations, working with negative 

quantities and zero, and solving indeterminate equations. He also developed methods related to the 
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chakravala procedure, an iterative technique for solving certain equations of the form x2 – Ny2 = 1 now 

known as Pell-type equations. 

The chakravala method uses successive approximations and carefully chosen integers to find solutions. Its 

efficiency is striking, especially considering the period in which it was developed. 

Bhaskara II also discussed mathematical infinity in connection with division by zero, though his ideas 

should be understood in their historical context rather than as a complete modern theory of infinity. 

His books are notable for combining mathematical sophistication with memorable problems expressed in 

verse. They were influential in Indian mathematical education for centuries. 

 

10. Combinatorics and Geometry in Indian Mathematics 

Indian mathematicians made significant contributions to combinatorics—the study of arrangements, 

selections, and patterns—and to geometrical calculation. 

Combinatorics and prosody 

The study of Sanskrit poetry provided an important setting for combinatorial ideas. Poets arranged 

syllables according to patterns of long and short sounds, and scholars developed methods for counting 

possible arrangements. 

Pingala, traditionally dated to the early centuries BCE, discussed patterns of short and long syllables in 

his work on prosody, the Chandahshastra. The system associated with his work includes procedures that 

can be interpreted as binary enumeration and the systematic listing of combinations. 

For example, a verse of three syllables, each of which may be short or long, has 23 = 8 

possible patterns. The general number of patterns for n syllables is 2n, provided each syllable has two 

possible forms. 

Later scholars developed further combinatorial ideas. Virahanka, Gopala, and Hemachandra studied 

sequences connected with the arrangements of short and long syllables. Hemachandra's recurrence is 

closely related to the Fibonacci sequence: an = an-1 + an-2 

This sequence counts the ways of arranging syllabic patterns under specified length conditions. 

The meru-prastara 

Indian prosody also developed the meru-prastara, a triangular arrangement of numbers corresponding to 

what is now called Pascal's triangle. It gives binomial coefficients and can be used to count combinations. 

The triangular arrangement has entries formed by adding the two numbers immediately above each 

interior entry. These coefficients are important in expansions such as (a + b)n. 

Although the historical terminology and applications differed from modern combinatorics, these works 

demonstrate a sustained interest in systematic enumeration. 

Geometry 
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Indian geometry evolved from the practical constructions of the Śulba Sūtras to the geometrical rules used 

in mathematical astronomy. Brahmagupta's work on cyclic quadrilaterals, Aryabhata's geometrical 

calculations, and Bhaskara II's treatments of geometrical problems show how geometric knowledge was 

incorporated into wider mathematical practice. 

The history of Indian geometry is therefore not limited to one school or period. It encompasses 

construction techniques, numerical approximations, mensuration, and the geometry needed for 

astronomical models. 

11. Madhava of Sangamagrama and the Kerala School 

Madhava of Sangamagrama (c. 1340–1425) was a pioneering mathematician and astronomer associated 

with the Kerala school of mathematics. This school, active in southwestern India, developed sophisticated 

techniques involving infinite series, trigonometry, and astronomical computation. 

Madhava is particularly associated with infinite series for trigonometric functions and for π. These 

methods anticipated important ideas later central to calculus, although the Kerala mathematicians worked 

within their own historical and mathematical framework. 

Infinite series for π 

A series associated with Madhava is π/4  = 1 – 1/3  + 1/5  - 1/7 + 1/9 - … 

This is the Gregory–Leibniz series in modern terminology. Madhava and the Kerala school are credited 

with developing series methods of this kind centuries before they became prominent in European 

mathematics. The series converges slowly, so practical calculations require correction terms or 

acceleration methods. 

Madhava is also associated with more efficient series for π, including correction terms that greatly 

improve numerical accuracy. 

Trigonometric series 

The Kerala school developed series expansions for sine, cosine, and related trigonometric quantities. In 

modern notation, the sine expansion is     sin x = x – x3/3! + x5/5! - …… 

and the cosine expansion is cos x = 1 – x2/2! + x4/4! - …… 

These expressions are now understood as power series. The historical work of Madhava and later Kerala 

scholars included methods that closely correspond to such expansions and used them to calculate 

astronomical quantities. 

Madhava's contributions are significant because they demonstrate that advanced infinite-series techniques 

were developed in India well before the establishment of calculus in seventeenth-century Europe. The 

precise routes by which these results may have travelled beyond Kerala remain a subject of historical 

investigation. 
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12. Srinivasa Ramanujan 

Srinivasa Ramanujan (1887–1920) was one of the most extraordinary mathematicians of modern India. 

Born in Erode and raised in Tamil Nadu, he developed a remarkable mathematical intuition largely 

through independent study. Despite limited formal training in advanced mathematics during his early 

years, he produced numerous original results in number theory, infinite series, continued fractions, and 

mathematical analysis. 

In 1913, Ramanujan sent a letter containing mathematical results to the British mathematician G. H. 

Hardy. Recognising his exceptional ability, Hardy helped arrange for Ramanujan to work at the 

University of Cambridge. 

Number theory and partitions 

Ramanujan made major contributions to the theory of partitions. A partition of a positive integer is a way 

of expressing it as a sum of positive integers without regard to the order of the terms. For example, the 

number 4 has five partitions: 4 = 4, 4 = 3 + 1, 4 = 2 + 2, 4 = 2 + 1 + 1, and  

4 = 1 + 1 + 1 + 1 

The partition function p(n) counts the partitions of  an integer n. Ramanujan discovered remarkable 

congruence properties, including  

p (5n + 4) ≡ 0 (mod 5),    p (7n + 5) ≡ 0 (mod 7),  p (11n + 6) ≡ 0 (mod 11) 

These results revealed deep patterns in number theory and led to extensive later research. 

Infinite series and continued fractions 

Ramanujan found extraordinary identities involving infinite series and continued fractions. Some of his 

formulas for 1/π converge very rapidly, making them valuable for high-precision computation. 

He also studied highly composite numbers, modular equations, elliptic functions, and properties of prime 

numbers. His notebooks contained a vast collection of identities, many of which required substantial work 

by later mathematicians to prove and understand. 

The number 1729 

Ramanujan is famously associated with the number 1729. It is the smallest positive integer expressible as 

the sum of two positive cubes in two different ways: 

 1729 =13 + 123 = 93+ 103. 

The story reflects his extraordinary ability to recognize numerical patterns, but his lasting importance 

rests on the depth and originality of his mathematical research. 

Ramanujan died in 1920 at the age of 32. Despite his short life, his work continues to influence number 

theory, combinatorics, analysis, and mathematical physics. 

 

13. Subbayya Sivasankaranarayana Pillai 
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Subbayya Sivasankaranarayana Pillai (1901–1950), commonly known as S. S. Pillai, was a distinguished 

Indian mathematician who made important contributions to number theory, especially the study of 

Diophantine equations and the distribution of integers with particular properties. 

Pillai worked in a period when Indian mathematics was becoming increasingly connected with 

international research institutions and modern mathematical communities. His research focused on precise 

problems in the theory of numbers. 

Pillai's equation and related problems 

Pillai is particularly associated with problems concerning differences between perfect powers. A perfect 

power is an integer that can be written as am , where a and m are positive integers and m > 1. 

A well-known problem in this area asks how often two perfect powers can differ by a fixed integer. Pillai 

studied equations of the form   xm - yn = c, 

where  x, y, m, n, and c are integers subject to suitable restrictions. The general problem is difficult 

because it involves the interaction of exponential growth and integer solutions. 

The equation   xm - yn = 1  is a particularly famous case of this kind of problem. Pillai's research helped 

develop the theory of exponential Diophantine equations, an area that continues to attract number 

theorists. 

His legacy 

Pillai's mathematical work is important for its rigorous approach to problems that had attracted 

mathematicians for centuries. His career also illustrates the growing international standing of Indian 

mathematicians in the twentieth century. 

Pillai died in 1950 while travelling to the International Congress of Mathematicians in the United States. 

His death was a great loss to the mathematical community, but his name remains associated with enduring 

questions in number theory. 

 

14. The Broader Influence of Indian Mathematics 

Indian mathematics developed through a continuous interaction between practical needs, philosophical 

inquiry, astronomy, language, and abstract reasoning. Its influence extended far beyond the Indian 

subcontinent. 

The decimal place-value system and zero were among the most consequential contributions. Through 

translations and scholarly exchange, Indian arithmetic became known to mathematicians in the Islamic 

world and later in Europe. The resulting numeral system became the standard notation for modern 

arithmetic. 

Indian algebra also influenced the wider history of mathematics. The Kuttaka method, Brahmagupta's 

rules, and Bhaskara II's work on indeterminate equations demonstrate sophisticated approaches to 
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numerical problems. Indian trigonometry and astronomical computation contributed to the broader 

international development of mathematical astronomy. 

The Kerala school is particularly important in the history of infinite series. Its work shows that 

mathematicians in India developed advanced techniques for approximating π and calculating 

trigonometric quantities well before the European development of calculus. 

In modern times, Ramanujan and Pillai demonstrated the continued strength of Indian mathematics, 

especially in number theory. Their work shows how India's mathematical tradition became part of 

international research in modern pure mathematics. 

15. Chronological Summary 

Period 
Mathematician or 

tradition 
Major contributions 

c. 1200–500 BCE 

and later 

Vedic tradition and Śulba 

Sūtras 

Ritual geometry, measurement, diagonal rules, 

approximations 

Early centuries BCE 
Pingala and Indian 

prosody 
Combinatorial enumeration and patterns of syllables 

5th century CE Aryabhata 
Trigonometry, sine tables, approximation to π, 

Kuttaka 

7th century CE Brahmagupta 
Arithmetic with zero and negative numbers, algebra, 

cyclic quadrilaterals 

7th century CE Bhaskara I Commentary on Aryabhata, sine approximation 

12th century CE Bhaskara II Algebra, Lilavati, Bijaganita, chakravala method 

14th–16th centuries 

CE 

Madhava and the Kerala 

school 
Infinite series, trigonometry, approximation of π 

19th–20th centuries 

CE 
Srinivasa Ramanujan 

Partitions, infinite series, continued fractions, number 

theory 

20th century CE S. S. Pillai 
Diophantine equations and differences between 

perfect powers 

Conclusion 

The development of Indian mathematics from 1200 BCE to 2000 CE represents one of the great 

intellectual achievements in world history. Beginning with the geometrical requirements of Vedic rituals, 

Indian mathematical thought progressed toward sophisticated systems of arithmetic, algebra, 

trigonometry, combinatorics, and number theory. 
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The Śulba Sūtras preserved remarkable geometrical knowledge. Aryabhata advanced mathematical 

astronomy and trigonometry, while Brahmagupta developed influential rules for arithmetic, algebra, and 

geometry. Bhaskara II further enriched algebraic methods, and Madhava and the Kerala school made 

important advances in infinite series. In modern times, Ramanujan and S. S. Pillai established enduring 

reputations through their original research in number theory. 

Perhaps the most influential achievement was the development of the decimal place-value system with 

zero, which transformed calculation and eventually became fundamental to mathematics worldwide. 

Taken together, these contributions show that Indian mathematics was not merely a collection of isolated 

discoveries; it was a dynamic tradition that evolved over centuries, responded to practical and theoretical 

challenges, and contributed substantially to the foundations of modern mathematics. 
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