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ABSTRACT 

Brahmagupta (598-668 CE), an eminent Indian mathematician and astronomer, made significant contributions 

to mathematics, particularly in algebra, arithmetic, geometry, and trigonometry. His work, notably the 

Brahmasphutasiddhanta, introduced early formulations of sine and cosine functions, explored relationships 

within right triangles, and provided a formula for the area of cyclic quadrilaterals. Brahmagupta's contributions 

significantly influenced later mathematics in India and the Islamic world, shaping the development of algebra 

and geometry and leaving a lasting legacy. 
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Introduction- Brahmagupta, an eminent Indian mathematician and astronomer who lived from 598 to 668 CE, 

made significant contributions to various fields of mathematics, including algebra, arithmetic, and geometry. 

His work laid the groundwork for future developments in these areas and introduced concepts that are still 

relevant today. Among his many contributions, Brahmagupta's advancements in trigonometry stand out as 

particularly noteworthy. This article provides a comprehensive overview of Brahmagupta's trigonometric 

contributions, exploring their significance and impact on mathematics. 

Historical Context- Brahmagupta was born in Bhinmal, present-day Rajasthan, during a period often referred 

to as the "Golden Age" of Indian mathematics. His most famous work, the Brahmasphutasiddhanta (The 

Opening of the Universe), is a treatise that encompasses a wide range of mathematical and astronomical topics. 

In this work, Brahmagupta presented rules for arithmetic operations involving zero and negative numbers, 

solved quadratic equations, and explored geometric principles.His contributions to trigonometry are 

particularly significant because they represent some of the earliest systematic approaches to the subject. While 

trigonometry had been studied by earlier civilizations, such as the Greeks and Babylonians, Brahmagupta's 

work helped to formalize and expand upon these earlier ideas within the context of Indian mathematics. 

Trigonometric Contributions 

Sine and Cosine Functions- Brahmagupta's trigonometric contributions include early formulations of sine and 

cosine functions. He introduced methods for calculating these values based on geometrical principles. Although 

he did not have a formal notation for sine and cosine as we understand them today, his work laid the 

foundation for their later development.In Brahmasphutasiddhanta, Brahmagupta provided rules for computing 

the lengths of sides in right triangles using relationships that would eventually lead to the sine and cosine 
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functions. He utilized geometric constructions to derive these relationships, demonstrating an understanding of 

angles and their corresponding ratios. 

The Right Triangle- One of Brahmagupta's notable contributions to trigonometry involves his exploration of 

right triangles. He established relationships between the sides of a right triangle and the angles formed by those 

sides. His work included methods for calculating the lengths of sides based on given angles or vice 

versa.Brahmagupta’s approach was practical; he emphasized applications of his findings in real-world scenarios 

such as land measurement and construction. By providing formulas that could be used in practical situations, 

he made significant strides in applying trigonometric concepts to everyday problems. 

The Cyclic Quadrilateral- Brahmagupta is perhaps best known for his formula for the area of cyclic 

quadrilaterals—four-sided figures whose vertices lie on a single circle. This formula is now referred to as 

Brahmagupta's formula:𝐴=(𝑠−𝑎)(𝑠−𝑏)(𝑠−𝑐)(𝑠−𝑑)A=(s−a)(s−b)(s−c)(s−d)where 𝐴A is the area of the cyclic 

quadrilateral, 𝑠s is the semi-perimeter given by 𝑠=𝑎+𝑏+𝑐+𝑑                 2s = a+b+c+d, and 𝑎,𝑏,𝑐,𝑑 are the lengths 

of the sides. This formula not only illustrates Brahmagupta's understanding of geometric properties but also 

connects to trigonometric principles through its reliance on angles within cyclic figures. The relationship 

between angles and areas in cyclic quadrilaterals can be further explored through trigonometric identities. 

Trigonometric Identities- While Brahmagupta did not explicitly formulate trigonometric identities as we know 

them today, his work hinted at relationships between various angles and their corresponding side lengths. His 

explorations into triangles laid groundwork that would eventually lead to more formalized trigonometric 

identities developed by later mathematicians.For instance, Brahmagupta’s work with triangles involved 

recognizing relationships among angles that would later be expressed through sine and cosine laws. This 

connection between geometry and trigonometry highlights his forward-thinking approach to mathematical 

concepts. 

Impact on Later Mathematics- Brahmagupta's contributions significantly influenced subsequent developments 

in mathematics, particularly in India and later in Islamic mathematics. His works were translated into Arabic 

during the medieval period, where they played a crucial role in shaping mathematical thought in the Islamic 

world. 

 

Influence on Islamic Mathematicians- The translation of Brahmasphutasiddhanta into Arabic introduced 

Brahmagupta’s ideas to Islamic scholars who further developed them. Mathematicians such as Al-Khwarizmi 

built upon Brahmagupta’s methods for solving quadratic equations and exploring geometric properties. The 

synthesis of Indian and Islamic mathematical traditions led to advancements in algebra and geometry that 

would eventually influence European mathematics during the Renaissance. 

Legacy in Indian Mathematics- In India, Brahmagupta’s work continued to inspire mathematicians long after 

his time. His emphasis on practical applications of mathematics resonated with later scholars who sought to 

apply mathematical concepts to real-world problems. The principles he established regarding zero and negative 

numbers were foundational for future developments in arithmetic and algebra.His exploration of cyclic 

quadrilaterals also paved the way for further studies into polygons and their properties. Subsequent 

mathematicians expanded upon his findings, leading to a richer understanding of geometry that included more 

complex shapes and their relationships. 

Conclusion- Brahmagupta's contributions to trigonometry represent a significant chapter in the history of 

mathematics. His innovative approaches to calculating side lengths in triangles, exploring cyclic quadrilaterals, 

and establishing early formulations related to sine and cosine laid essential groundwork for future 

developments in both Indian and global mathematics.The impact of his work extends beyond mere calculations; 

it reflects a holistic understanding of how geometry relates to trigonometry—a relationship that continues to 
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be explored by mathematicians today. As we reflect on Brahmagupta's legacy, we recognize him not only as a 

mathematician but also as a pioneer whose ideas helped shape the mathematical landscape for centuries to 

come. 

Share. 
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