Course 7: Introduction to Indian Astronomy

SEMESTER 1
1. Preliminaries

e Sky viewed as the inside of a hemisphere. Cardinal directions, zenith, horizon, pole star at any
location. Daily motion of celestial objects (Sun, Moon, planets, stars) and diurnal circles.
Motion in the stellar background. Ecliptic. Basic time units: Day, Month and Year. Celestial
coordinates and elementary spherical trigonometry. Cosine and Sine formulae. Horizontal
(z,A), Equatorial (8, a and H), and Ecliptic (A, B) systems.
cos z = sin ¢ sin & + cos @ cosd cos H, and other relations. Planetary positions.

2. Developments from the Vedic period up to the Siddhantic period

o Vedic Astronomy: Astronomical concepts in Vedic literature regarding Sun, Moon, Stars, Earth.
Months, seasons, year. 27 naksatras. Ecliptic and ayana. Planets, Comets etc. Pole star in an
earlier era. Naksatra division of the ecliptic and motion of the Sun along it in Vedanga Jyotisa
(VJ) and other texts. VJ calendar. VJ computations. Duration of a day. Better value for an year
in Vedic literature.

o Siddhantic astronomy: Earlier Siddhantas and Paidicasiddhantika. Introduction of
trigonometry, Indian jyd—astronomy. Aryabhativa . Mahdyuga. (Kalpa etc., and also smaller
units of time can be introduced at this stage). Revolution numbers of planets. 4hargana and
Mean longitudes, Examples. Obtaining the true longitudes by applying corrections to mean
longitudes.

e Epicycle models: Manda correction (Equation of centre) in detail. Its significance. Latitude of
Moon.

e Sighra correction to planets and its significance: Essential features only with the aid of diagrams
and final formulae. Latitudes of planets.

Precession of equinoxes— Nirayana and Sayana longitudes.
e Nature and organisation of texts. Sutra (algorithmic) format. Siddhanta, Tantra, Karana and
Vikya texts. Saranis or Tables.
3. Indian Calendar
e Paiicanga. Adhikamasas. Solar and Luni-Solar systems.
4. Solar and Lunar Eclipses
e Angular diameters of the Sun, Moon and Earth’s shadow. Possibility of eclipses. Finding the
middle of an eclipse by iteration. Amount of obscuration at any time.
5. Triprasna Topics (Diurnal problems)
Description of the celestial spheres and various circles. Similarity to modern description. Determination of
the East-West directions. Derivation of the expression for the declination in terms of the longitude.
Shadow of a gnomon. Equinoctial day when the locus of the tip of the shadow is a straight line. Finding
the latitude. Mid-day shadow. Finding the declination. Relation between the time and the shadow at an
arbitrary instant (no derivation).

SEMESTER I1I
1. Planetary longitudes and latitudes and Nilakantha Somayaj1’s revised planetary model
e True longitudes of planets: Manda and Sighra corrections in detail. Geometrical description.
Comparison with Kepler’s model. Latitudes of planets.
e Nilakantha Somayaji’s revision of the planetary model: Nilakantha’s analysis of the motion of
the interior planets (Mercury and Venus). His geometrical model which is geometrically similar
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to the Tycho Brahe model (planets moving around the Sun which itself orbits the Earth), but
computationally approximates the Kepler model.

Rates of motion of planets

e Idea of derivative in finding the Mandagatiphala (manda-correction to the mean rate of
motion). The correct formula due to Nilakantha. True rates of motion of planets: Correct
expression due to Bhaskara. Application to calculate retrograde motion of planets.

Triprasna topics

e Latitudinal triangles (of Bhaskara) and applications. Agrajya or the distance between rising-
setting line and the east-west line. Correction to the east-west line due to change in Sun’s
declination. Zenith distance in terms of the declination, hour angle and latitude (cos z = sin ¢ sin
d + cos ¢ cos & cos H). Derivation of this formula as in Siddhantasiromani. Relation among
Sankutala (Sankvagra), Bhuja, Agrajya and its applications.

Rising times of Rasis and finding Lagna

e Relation between the right ascension and longitude and rising times of rasis at the equator.
Rising times at an arbitrary latitude. Finding the Lagna at any instant after Sunrise
(approximate).

Eclipse calculations

e Details of calculations of the middle of a lunar eclipse and half-durations iteratively, using
the correct expression for the rate of motion of the Moon. Parallax and the calculation of the
middle of a solar eclipse.

. The Vakya system

e Longitude of the Sun from the ‘subtractive minutes’ at any time (‘Bhiipajiia etc. vakyas). Vakyas
for zodiacal transit times (‘Srirgunamitra’ etc.). Longitude of the Moon using the
Candravakyas (‘girnasreyah’ etc). More accurate values due to Madhava.

7. Astronomical Instruments
e Gnomon . Cakra and Dhanur yantras for measuring the zenith distance of the Sun.
Approximate and exact times from a ‘yasti’. Phalakayantra to measure the hour angle.
Equatorial sundial to measure time. Clepsydra for measuring time. Celestial globe and
Armillary sphere for explaining celestial coordinates and various circles.
8. Indian Astronomy in the 18™ and 19™ centiries
e Astronomical endeavours of Savai Jayasimha. Samrat-yantra and other instruments in the
observatories of Jayasimha. European observers on the simplicity and accuracy of Indian
eclipse computations. The work of Sankaravarman and Candrasekhara Samanta. Efforts to
update the Indian calendar.
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