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Abstract 

Ancient Indian mathematicians made pioneering contributions to mathematics that continue to influence 

modern science and engineering. Scholars such as Aryabhata, Brahmagupta, Bhaskara II, and the Kerala 

School developed concepts including zero, the decimal place-value system, algebraic methods, geometric 

principles, and trigonometric calculations, many of which remain fundamental to contemporary mathematical 

education. This paper examines the connection between ancient Indian mathematical discoveries and the 

formulas and concepts taught today, highlighting their relevance to modern engineering and scientific 

applications. By revisiting these contributions, the study seeks to promote greater awareness of India's rich 

mathematical heritage and its enduring impact on global knowledge systems. 
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1. Introduction

Ancient India made significant contributions to the 

development of mathematics, many of which 

continue to form the foundation of modern 

scientific and engineering practices. 

Mathematicians such as Aryabhata, Brahmagupta, 

Bhaskara II, and Madhava introduced pioneering 

concepts including the decimal place-value system, 

zero, algebraic methods, trigonometry, and infinite 

series. These innovations not only advanced 

mathematical knowledge in India but also 

influenced the development of mathematics across 

the world. Today, their contributions remain 

integral to mathematics education, computer 

science, engineering, and scientific research. This 

paper explores the major achievements of ancient 

Indian mathematicians and examines their 

relevance to contemporary mathematical concepts 

and engineering applications, highlighting India's 

enduring contribution to global knowledge 

systems. 

2. Historical Development of Mathematics in 

Ancient India 

The origins of Indian mathematics can be traced to 

the Vedic period (1500–500 BCE). Mathematical 

ideas were embedded in religious texts, particularly 

the Sulba Sutras, which provided geometric rules 

for constructing sacrificial altars. These texts 

demonstrated sophisticated understanding of 

geometry, measurement, and numerical 

relationships. Subsequent periods witnessed the 

emergence of dedicated mathematical treatises. 

Between the 5th and 16th centuries CE, Indian 

scholars developed advanced theories in arithmetic, 

algebra, trigonometry, and calculus-like concepts. 

Centers of learning such as Nalanda and Ujjain 

became hubs of mathematical and astronomical 
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research.  

• The evolution of Indian mathematics may 

be broadly categorized into: 

• Vedic Mathematics and Sulba Sutras 

• Classical Mathematics (Aryabhata and 

Brahmagupta) 

• Medieval Mathematics (Bhaskara II) 

• Kerala School Developments 

• Each phase contributed significantly to the 

global mathematical tradition. 

 

 
Figure 1 Timeline of Ancient Indian 

Mathematicians 

 

3. Literature Review 

Recent scholarship has increasingly emphasized 

the global significance of classical Indian 

mathematical traditions, shifting away from 

historically Eurocentric narratives to map a more 

inclusive lineage of scientific progress. 

Foundational treatises from the Vedic period 

through the medieval era—such as the Sulba 

Sutras, Aryabhata’s Aryabhatiya, and 

Brahmagupta's Brahmasphutasiddhanta—are no 

longer viewed[1] merely as isolated cultural or 

religious artifacts, but as sophisticated repositories 

of algorithmic thinking. Landmark studies by Datta 

and Singh provided the early structural translations 

of these Sanskrit mathematical principles, 

establishing that systematic arithmetic 

operations[2], negative numbers, and integer 

equations were highly formalized in India centuries 

before their European adoption. This historical 

foundation is further contextualized by Plofker, 

whose comprehensive transmission analyses trace 

how Indian algorithms[3] like the Kuttaka traveled 

westward through the Islamic world via scholars 

like Al-Khwarizmi, directly priming the global 

mathematical standard and subsequent 

computational revolutions.  In the contemporary 

academic landscape, there is a growing impetus 

within ethnomathematics and policy frameworks—

such as the modern Indian Knowledge Systems 

(IKS) initiative—to integrate these indigenous 

methodologies into engineering and higher 

education curricula. Scholars like Dhiman and 

Chauhan argue that analyzing these culturally 

rooted techniques strengthens[4] conceptual clarity 

and provides students with a holistic view of 

mathematics as a cumulative global endeavor. 

Rather than treating ancient math as obsolete, 

recent reviews analyze the strong algorithmic 

efficiency inherent in these historical methods. For 

instance, Shah untangles Pingala’s Chandasastrā to 

demonstrate how its combinatoric framework 

explicitly prefigures modern binary-to-decimal 

notation, bit-shifting[5], and logic-gate 

arrangements. Similarly, the analytical series by 

Dutta illuminates how Aryabhata’s Kuttaka 

(pulverization) algorithm and Brahmagupta’s 

Samasabhavana (composition lemma) operate as 

highly optimized methods for solving complex 

indeterminate equations, outperforming standard 

trial-and-error paradigms[6].  Beyond purely 

pedagogical interest, cutting-edge engineering 
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research has begun mapping these ancient 

frameworks directly to modern computational, 

structural, and digital applications. In 

cybersecurity, Aryabhata’s sequential division 

method is recognized as mathematically identical 

to the Extended Euclidean Algorithm used to 

compute modular multiplicative inverses in RSA 

Cryptography[7]. In mechanical and aerospace 

engineering, Srinivas highlights how 

Brahmagupta's geometric area formulations and 

quadratic interpolation principles closely parallel 

the geometric modeling and stress analysis 

techniques deployed in modern Finite Element 

Analysis (FEA) grid generation. Furthermore, 

Joseph and Almeida's seminal work on the Kerala 

School of Mathematics demonstrates that 

Madhava’s infinite power series expansions for 

trigonometric functions anticipated Western 

calculus by more than two centuries. Today, as 

modern digital signal processing (DSP) and 

computational engines truncate these exact infinite 

wave-approximating series to execute Fast Fourier 

Transforms (FFT) and compress data, the enduring 

technological utility of ancient Indian innovations 

becomes undeniably manifest[8]. 

4. Major Contributions of Ancient Indian 

Mathematiciens 

4.1.Baudhayana and the Sulba Sutras (c. 800 

BCE) 

The Sulba Sutras contain some of the earliest 

known geometric principles in India. Baudhayana 

stated a theorem equivalent to the Pythagorean 

Theorem centuries before it became widely known 

in Europe[9]. 

4.1.1. Original Sanskrit Verse 

दीर्घचतुरस्रस्याक्ष्णया रजु्ुः  पार्श्घमानी ततयघग्मानी च 

यतृ्पथगू्भते कुरुतस्तदुभयं करोतत। 

4.1.2. Meaning 

"The diagonal of a rectangle produces the areas 

produced separately by its length and breadth." 

Mathematical Interpretation 

a² + b² = c² 

4.1.3. Source 

4.1.4. Baudhayana Sulba Sutra, Chapter 1, 

Verse 12 

4.2.Aryabhata (476–550 CE) 

Aryabhata is widely recognized as one of India's 

greatest mathematicians and astronomers. His 

seminal work, Aryabhatiya, introduced numerous 

mathematical innovations. 

4.2.1. Major Contributions 

• Accurate approximation of π (Pi) as 3.1416. 

• Development of sine (jya) tables. 

• Methods for solving linear indeterminate 

equations. 

• Mathematical calculations related to 

planetary motion and eclipses. 

• 4.2.1 Approximation of π 

• Aryabhata provided an approximation: π ≈ 

3.1416 

• This value was remarkably accurate for its 

time and remains close to the modern value 

of 3.14159265. 

4.2.2. Original Sanskrit Verse on π 

चतुरतिकं शतमष्टगुणं द्वाषतष्टस्तथा सहस्राणाम्। 

अयुतद्वयतिष्कम्भस्यासन्नो िृत्तपररणाहुः ॥ 

4.2.3. Meaning 

"Add four to one hundred, multiply by eight, and 

then add sixty-two thousand. This gives the 

approximate circumference of a circle whose 

diameter is twenty thousand." 

Mathematical Interpretation 

π ≈ 62832/20000 = 3.1416 

4.2.4. Source 

Aryabhatiya, Ganitapada, Verse 10 

4.3.Trigonometric Functions 

Aryabhata developed sine tables and introduced 

concepts that became fundamental to trigonometry. 

Modern engineering disciplines continue to use 

sine, cosine, and tangent functions in structural 

analysis, signal processing, and communication 

systems. 

4.3.1. Astronomical Calculations 

He applied mathematical methods to calculate 

planetary motions and eclipses, demonstrating the 

practical integration of mathematics and 

astronomy. 

about:blank


 

 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2026.0363 

e ISSN: 2584-2854 

Volume: 04 Issue: 07  

July 2026 

Page No: 2536 - 2543 

 

 

   

                        IRJAEM 2539 

 

4.3.2. Brahmagupta (598–668 CE) 

Brahmagupta's work marked a turning point in 

algebra and arithmetic. Brahmagupta was the first 

mathematician to establish systematic rules for zero 

and negative numbers. 

4.3.3. Major Contributions 

• Rules for arithmetic operations with zero. 

• Systematic treatment of negative numbers. 

• Solutions of quadratic equations. 

• Formula for the area of a cyclic 

quadrilateral. 

4.3.4. Ancient Source 

Brahmasphutasiddhanta (628 CE) 

4.3.5. Original Sanskrit Statement 

 

               शूनं्य शूने्यन युतं शून्यम्। 

 

4.3.6. Meaning 

"Zero added to zero is zero." 

4.3.7. Additional Rules 

• Positive + Zero = Positive 

• Negative + Zero = Negative 

• Number × Zero = Zero 

4.3.8. Source 

Brahmasphutasiddhanta, Chapter 18 

 

4.4.Key Contributions 

4.4.1. Rules for Zero 

Brahmagupta formalized arithmetic operations 

involving zero: 

• a + 0 = a 

• a − 0 = a 

• a × 0 = 0 

These rules laid the foundation for modern 

arithmetic and computer science. 

4.4.2. Negative Numbers 

He established systematic operations involving 

positive and negative numbers, comparing them to 

assets and debts. 

4.4.3. Quadratic Equations 

Brahmagupta developed methods for solving 

quadratic equations of the form: 

ax² + bx = c 

These methods continue to be taught in secondary 

and higher mathematics. 

4.4.4. Brahmagupta's Formula 

For a cyclic quadrilateral: 

Area = √ [(s−a)(s−b)(s−c)(s−d)] 

Where 

s = (a+b+c+d)/2 

This formula remains important in geometry and 

engineering design calculations. 

4.5.Bhaskara II (1114–1185 CE) 

Bhaskara II's masterpiece, Siddhanta Shiromani, 

represented the culmination of classical Indian 

mathematics. His writings demonstrate advanced 

understanding of algebra, geometry, and concepts 

related to calculus. 

4.5.1. Major Contributions 

• Early concepts of differentiation. 

• Solutions to indeterminate equations. 

• Development of the Chakravala method. 

• Advanced algebraic techniques. 

4.5.2. Ancient Sources 

Siddhanta Shiromani (1150 CE) 

• The text consists of four parts: 

• Lilavati (Arithmetic) 

• Bijaganita (Algebra) 

• Grahaganita (Astronomy) 

• Goladhyaya (Spherical Astronomy) 

4.5.3. Original Sanskrit Verse 

क्षणे क्षणे यत् पररितघनं तत् तत्क्षणगतत:। 

4.5.4. Meaning 

"The rate of change at any instant determines the 

motion at that instant." 

4.5.5. Interpretation 

This reflects an early understanding of 

instantaneous rate of change, a fundamental 

concept in differential calculus. 

4.5.6. Source 

Siddhanta Shiromani – Grahaganita 

4.6.Key Contributions 

4.6.1. Differential Concepts 

Bhaskara discussed concepts analogous to 

derivatives while studying planetary motion. His 

work anticipated later developments in calculus. 

4.6.2. Algebraic Innovations 
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He provided advanced solutions for indeterminate 

equations and algebraic expressions. 

4.6.3. Chakravala Method 

The Chakravala method offered efficient solutions 

to equations similar to Pell's equation: 

X² − Ny² = 1 

This algorithm is considered one of the finest 

achievements in pre-modern mathematics 

4.6.4. Kerala School of Mathematics (14th–

16th Century) 

The Kerala School, led by Madhava of 

Sangamagrama, achieved breakthroughs 

resembling early calculus. 

Madhava pioneered infinite series expansions 

centuries before Newton and Leibniz.as shown in 

Table 1 Comparative Analysis of Ancient Indian 

Mathematics and Modern Engineering 

Applications. 

Infinite Series for π 

π = 4(1 − 1/3 + 1/5 − 1/7 + 1/9 − ...) 

4.6.5. Major Contributions 

• Infinite series expansions for sine and 

cosine. 

• Infinite series for arctangent. 

• Highly accurate approximation of π. 

• Concepts of convergence and error 

estimation. 

4.6.6. Ancient Sources 

• Yuktibhasa 

• Tantrasangraha 

• Karanapaddhati 

• (These works were written by Madhava and 

his followers in the Kerala School 

tradition.) 

4.7.Key Contributions 

4.7.1. Infinite Series 

• Madhava derived infinite series 

expansions for: 

• Sine function 

• Cosine function 

• Arctangent function 

4.7.2. Approximation of π 

The Kerala School developed highly accurate 

values of π using infinite series techniques. 

4.7.3. Foundations of Calculus 

Their work on limits, convergence, and infinite 

series anticipated ideas later formalized in 

European calculus. 

 

Table 1 Comparative Analysis of Ancient 

Indian Mathematics and Modern 

Engineering Applications 

Ancient 

Scholar 

Mathemat

ical 

Contributi

on 

Modern 

Formula/C

oncept 

Engineeri

ng 

Applicati

on 

Baudhay

ana 

Geometri

c 

constructi

ons and 

right-

angle 

theorem 

a² + b² = c² Civil 

Engineeri

ng, 

Architect

ure 

Aryabha

ta 

Sine 

function 

and 

trigonome

tric tables 

sin θ, cos θ Aerospac

e 

Engineeri

ng, Signal 

Processin

g 

Aryabha

ta 

Approxim

ation of π 

π = 

3.14159265 

Mechanic

al Design, 

CAD 

Systems 

Brahmag

upta 

Rules of 

zero and 

negative 

numbers 

Integer 

Arithmetic 

Computer 

Science 

Brahmag

upta 

Quadratic 

equations 

ax² + bx + 

c = 0 

Structural 

Analysis 

Brahmag

upta 

Cyclic 

quadrilate

ral 

formula 

Area = 

√[(s-a)(s-

b)(s-c)(s-

d)] 

Geometri

c 

Modeling 

Bhaskar

a II 

Differenti

al 

concepts 

dy/dx Mechanic

al 

Systems 

about:blank


 

 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2026.0363 

e ISSN: 2584-2854 

Volume: 04 Issue: 07  

July 2026 

Page No: 2536 - 2543 

 

 

   

                        IRJAEM 2541 

 

Bhaskar

a II 

Chakraval

a Method 

Number 

Theory 

Algorithms 

Cryptogra

phy 

Madhav

a 

Infinite 

Series 

Taylor-

Type 

Expansions 

Numerica

l Analysis 

Kerala 

School 

Converge

nce 

Techniqu

es 

Series 

Approxima

tion 

Methods 

Computat

ional 

Engineeri

ng 

 

5. Ancient Indian Mathematics and Modern 

Educational Curriculum 

Many mathematical concepts taught globally today 

can be traced to ancient Indian discoveries as 

shown in Table 2 Modern Topic. 

 

Table 2 Modern Topic 

Modern Topic 
Ancient Indian 

Contribution 

Number System 
Decimal Place-Value 

System 

Arithmetic Concept of Zero 

Algebra 
Brahmagupta's 

Equations 

Geometry 
Sulba Sutra 

Constructions 

Trigonometry 
Aryabhata's Sine 

Tables 

Calculus 
Kerala School Infinite 

Series 

Number Theory Chakravala Method 

 

These concepts form the backbone of 

contemporary mathematics education from primary 

school to advanced university programs. 

6. Ancient Foundations to Modern Formulas 

Ancient Indian mathematical innovations continue 

to support numerous technological applications. 

6.1.Pingala’s Chandasastrā and Modern 

Binary Computing 

Long before Leibniz formalized binary arithmetic, 

the scholar Pingala (c. 450–200 BCE) developed a 

system for classifying Vedic meters using a 

combinatoric binary framework.  

• Ancient Formula: Pingala utilized two 

syllable types: Laghu (light, value 0) 

and Guru (heavy, value 1). He 

formulated systematic algorithms for 

generating combinations (Prastara), 

converting binary combinations to 

decimal indices (Nasta), and vice versa 

(Uddista). 

• Modern Equivalents: This mapping 

directly prefigures modern binary 

number systems, bit-shifting, and logic-

gate arrangements in electrical 

engineering. 

• Meru Prastara: Pingala's combinatorial 

representations laid the groundwork for 

what is globally taught as Pascal's 

Triangle, which is used in modern 

probability, error-correcting codes, and 

combinatorics. 

6.2.Aryabhata’s Kuttaka Algorithm and 

Modern Cryptography 

In 499 CE, Aryabhata introduced the Kuttaka 

("Pulverization") method in his treatise, the 

Aryabhatiya. 

• Ancient Formula: The algorithm 

systematically reduces linear indeterminate 

equations of the form: 

• ay - bx = c 

• Where a, b, and c are integers, by breaking 

them down through sequential division 

steps  

• Modern Equivalents: The Kuttaka method 

is mathematically identical to the Extended 

Euclidean Algorithm for finding modular 

inverses. 

• RSA Cryptography: In modern 

cybersecurity, calculating the modular 

multiplicative inverse is the core operation 
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for generating public and private keys in the 

RSA Cryptography algorithm. 

6.3.Brahmagupta's Matrix Foundations and 

Quad-Mesh Engineering 

Brahmagupta (628 CE) formalized rules for 

computing with zero and negative numbers, 

alongside developing the Bhavana (composition) 

rule to solve complex quadratic indeterminate 

equations (x^2 - Dy^2 = 1). 

• Ancient Formula: His geometric work 

yielded Brahmagupta’s Formula for the 

area of a cyclic quadrilateral 

• A = √ {(s-a) (s-b) (s-c) (s-d)}   

• Where s is the semi perimeter. 

• Modern Equivalents: * Finite Element 

Analysis (FEA): Structural and aerospace 

engineers rely on Brahmagupta’s formulas 

and its extensions to compute surface areas 

and internal stresses of quadrilateral 

elements during mesh generation for stress 

analysis in structural engineering. 

o The Madhava Series and Digital 

Signal Processing (DSP) 

• The Kerala School of Mathematics, 

founded by Madhava of Sangamagrama 

(14th century), developed infinite series 

expansions for trigonometric functions long 

before Newton and Leibniz.  

• Ancient Formula: Madhava derived the 

power series for tan(x), sin(x), and cos(x), 

historically referred to as the Madhava-

Leibniz and Madhava-Newton series: 

• Sin(x) = x - {x^3}/ {3!} + {x^5}/ {5!} - 

…… 

• Modern Equivalents: * Taylor Series 

Approximations: These infinite series form 

the basis of modern numerical computing. 

• DSP and Communication: Modern digital 

devices compute sine and cosine waves 

using truncated versions of these series to 

power Fourier Transforms (FFT), which are 

critical for compressing audio, routing 

cellular signals, and graphics processing. 

7. Transmission Of Indian Mathematicscto 

the World 

Indian mathematical knowledge spread through 

trade, scholarship, and translation movements. 

Arabic scholars translated Indian mathematical 

texts, introducing them to the Islamic world. 

Subsequently, these ideas entered Europe and 

contributed significantly to the Scientific 

Revolution. The Hindu-Arabic numeral system 

eventually became the global standard due to its 

efficiency and computational advantages. The 

adoption of zero and place-value notation 

transformed commerce, science, engineering, and 

education worldwide. 

7.1.Influence on Islamic Mathematics 

Between the eighth and twelfth centuries, Indian 

mathematical texts were translated into Arabic 

under the Abbasid Caliphate. Works derived from 

Brahmagupta's mathematical treatises introduced 

Indian numerals, algebraic methods, and 

astronomical calculations into the Islamic world. 

Scholars such as Al-Khwarizmi adopted and 

expanded these concepts, leading to the 

development of algebra and computational 

mathematics. 

7.2.Influence on Europe 

Through Arabic translations and trade networks, 

Indian mathematical ideas reached Europe during 

the medieval period. The Hindu-Arabic numeral 

system gradually replaced Roman numerals 

because of its computational efficiency. The 

introduction of zero and positional notation 

revolutionized commerce, navigation, accounting, 

engineering, and scientific research. 

7.3.Contemporary Significance 

Today, virtually every computational device relies 

upon positional notation and zero. The 

mathematical principles developed in ancient India 

continue to support technologies ranging from 

smartphones and artificial intelligence systems to 

satellite communications and space exploration. 

8. Challenges In Recognizing Ancient 

Contributions 

Fragmentation and Loss of Historical Sources 

Many ancient mathematical texts were lost due to 

about:blank


 

 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2026.0363 

e ISSN: 2584-2854 

Volume: 04 Issue: 07  

July 2026 

Page No: 2536 - 2543 

 

 

   

                        IRJAEM 2543 

 

deterioration, invasions, and the destruction of 

learning centers, leaving only fragmented records 

and later commentaries. 

• Language and Interpretation Barriers 

• Most works were written in Sanskrit and 

expressed through sutras or verses, making 

accurate translation and interpretation 

challenging. 

• Eurocentric Historical Narratives 

• Traditional histories of mathematics have 

often emphasized Greek and European 

achievements, leading to the under 

representation of Indian contributions. 

• Challenges of Attribution and Knowledge 

Transmission 

• Mathematical ideas were transmitted 

through scholarly traditions and cultural 

exchanges, making it difficult to identify 

original contributors and trace intellectual 

origins. 

• Limited Archaeological and Documentary 

Evidence 

• The lack of systematic documentation, 

precise dating, and authorship records 

complicates the reconstruction of 

mathematical developments. 

• Modern Skepticism and Historical 

Verification 

• Scholars must distinguish genuine 

achievements from unsupported claims 

through evidence-based historical analysis. 

Need for Interdisciplinary Research 

• A comprehensive understanding of ancient 

Indian mathematics requires collaboration 

among historians, mathematicians, 

linguists, archaeologists, and philosophy. 

Conclusion 

The history of mathematics demonstrates that 

scientific progress is a cumulative and global 

endeavor. Ancient Indian mathematicians 

developed sophisticated mathematical concepts 

that continue to underpin contemporary education, 

engineering, computing, and scientific research. 

From the invention of zero and the decimal place-

value system to advancements in trigonometry and 

infinite series, Indian scholars established 

intellectual foundations that remain essential in 

modern technological society. Recognizing these 

contributions not only enriches our understanding 

of mathematical history but also promotes a more 

inclusive perspective on the development of global 

scientific knowledge. Future scholarship should 

continue exploring the relevance of ancient 

mathematical traditions in addressing modern 

technological challenges and educational needs. 
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