Ancient astronomy Part 5: Indian astronomy: of advanced mathematics, elephants, heliocentric thinking, and massive sundials
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    Sundial- Jaipur observatory

       Indian eclipse calculations

Recorded Indian astronomy dates back to the 2nd millennium BCE. The earliest texts including references to astronomy in India were religious writings, an association common to many cultures which perceived a direct link between events in the heavens and their effect on people. In these texts, the most informative source being the Sanskrit sacred books called the Vedas, astronomical detail was used as the basis for purposes like deciding the time of religious rituals.  Early writings also included speculation about the origin and the configuration of the universe. Not surprisingly, these reflected local circumstances.  In India, Earth was considered to be a shell supported by elephants (who represented strength), and were, themselves, supported by a tortoise (representing infinite slowness). 

Texts also record more prosaic detail which was used to develop star catalogues, as well as calendars for use in religious as well as more general contexts. The ancient Indians used a sidereal system for their astronomical calculations.  This uses the stars as a fixed background and times how long it takes an object to make a full orbit relative to them.  A year consisted of 360 days, divided into twelve equal parts of 30 days each.  Texts dating back to the first millennium BCE show that mathematical and astronomical instruments were used to calculate the length of days and nights, times of sunrise and sunset, and general measurements of time.  Indian astronomers also identified constellations, whose visibility at different times of the year was linked with certain sacrifices.  Eclipses were also recorded and their causes explained.  

Unlike some other ancient cultures, Indian astronomy continued well into the modern era.  By the first century CE, it had become more scientific, possibly as a result of coming into contact with Mesopotamian and Greek astronomy.  Indian astronomers recognised that the stars were the same as the Sun, only much further away. Their description of the night being filled by thousands of suns suggests a solar focus which extended to a belief that the Sun was the centre of the universe, a heliocentric view only adopted in Western astronomy many centuries later.  

Texts written more recently, in the 5th–7th centuries CE, assigned the start of each day to midnight, identified that Earth rotates on its own axis (thus explaining the apparent westward motion of the stars across the night sky), and state that reflected light is the source of the shining of the Moon.  In these early centuries of the Common Era, Indian mathematics was possibly the most advanced in the world and astronomers used this knowledge to their advantage. This enabled them to calculate eclipse events, write equations of parallax, and confirm earlier estimates of Earth’s circumference.  Astronomers were also able to establish tables of the times of rising and setting of planets, conjunctions among planes and stars, and the phases of the Moon. The idea of gravity, a special force which keeps objects stuck to the Earth and may also hold heavenly bodies in place was also postulated in the 6th century CE, over a millennium before Newton.

Some texts from this time were translated into Arabic in Baghdad in the 6th century CE and had a powerful influence on Islamic mathematics and astronomy. Several texts from this era were also translated into Latin in the 13th century, profoundly influencing European thinking. Indian astronomy also reached China with the expansion of Buddhism in the first centuries CE, the communication continuing for several centuries. During the 15th and 16th centuries CE, some Indian astronomers independently developed concepts concurrently being or subsequently worked on in Europe by people like Copernicus, Kepler and Brahe, including heliocentric models.  

A unique development in India was the construction of several huge masonry observatories during the 18th century by Maharajah Suwai Jai Singh, a keen amateur astronomer, who managed this feat during a time of local wars and foreign invasions.  Of the five built, only the one at Jaipur is still operational.  The observatories were built on a massive scale, with large instruments which were able to perform a number of functions with great accuracy.  These included a sundial which could be used to estimate local time, locate the Pole star and measure the declination of celestial objects (all important in helping determine important dates for religious and other events).   Others were used to measure the altitude and azimuth (the direction to an object measured in degrees) of stars, planets, etc, while yet another could be used to measure Earth latitudes.  The huge cost of constructing and staffing these observatories illustrates the importance of the study of the skies in Indian culture.

The end of a pure Indian astronomical tradition was marked by the arrival of the British East India Company in the 18th century when the start of European imperialism meant that the Hindu and Islamic traditions were slowly displaced by European astronomy.  
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