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Abstract

Introduction

The am of this rgort is to give a brief overview of the workings of the Indian solar
and lunisolar cdendars, and to highlight the differences between the two methods of
messuring the solar year from a fixed point on the ediptic. the tropical (sayana)
system and the Sidereal (nirayana) sysem. In addition, | will dso give an introduction
of the two wdl-known adronomicd tredtises, the Surya Sddhanta and the
Adgronomicd Ephemeris, from which mogs cdendar-mekes obtain dl agtronomicd
daa | will dso explan and highlight the underlying differences between the two
trestises in detail. Findly, this report ams to introduce computer codes written to
produce true longitude vaues of the Sun and the Moon, caculaed based on moden
methods. They are modified from the computer codes origindly written by Nachum
Dershowitz and Edward M. Reingold in Lisp, but conveted to Mahemaica by
Robert C. McNally. Ther cdculations are based on old Siddhantic methods.

TheIndian solar calendars and lunisolar calendars

The regiond Indian solar cdendars are generdly grouped under four schools, known
as the Bengal, Orissa, Tamil and Malayali School, and they are made to gpproximate
the Sdered or nirayana year. The nirayana year is the time taken for the Sun to return
to the same fixed point on the ediptic which is directly opposte to a bright sar cdled
Chitra. The longitude of Chitra from this point is 180°. In order to assgn a firm
podtion to this initid point for asronomicd purposes this fixed initid point is taken
to be the March equinox point of 285 A.D.. In other words, the sarting point of the



nirayana year coincided with the March equinox in the year 285 A.D.. This occurred
on March 20, 285 AD. a aound 22 53 hrs, I.ST... The cdestid longitude of Chitra
from the Mach equinox then was aound 179°59'52°, which for dl cdendricd

cdculationsistaken to be 180°.

The nirayana year comprises 12 sola months and they are directly linked with the 12
ras divisons A ras is defined to be a divison tha covers 30° of arc on the ediptic.
The first ras Mesha rad) darts from the same point that Sarts the nirayana year. The
entrance of the Sun into the rass is known as samkranti. A solar month is defined to
be the time interval between two successve samkrantis Most Indian solar caendars
dat with Mesha rad and end with Mina ras. However, samkranti can occur & any
time of the day and hence it is not advisable to dart a sola month & the concerned
samkranti. Instead, the beginning of a solar month is chosen to be from a sunrise? thet

isclose to its concerned samkranti.

The basc unit of the Indian lunisolar cdendar is the lunar month, which is the time
interva  dther from one new moon to the next or one full moon to the next. The
lunisolar calendar based two successve new moons is cdled the amanta calendar.
The lunisolar cdendar based on two successve full moons is cdled the purnimanta
lunisolar cdendar. The lunar year condging of 12 lunar months is shorter than the
lar nirayana year, and hence legp months have to be added occasondly so tha the
cdendar gpproximates the nirayana year. Such legp or intercdary months are cdled
adhika months, and the occurrence of adhika months cannot be determined by
aithmeticd rules as in the Gregorian cdendar. In addition, some lunar months in the
amanta lunisolar caendar can have skipped days or repeated days, which makes the
numbering of daysin the month dightly more complicated than usud.

The Surya Sddhanta and the Astronomical Ephemeris
The Indian solar and lunisolar cdendars are based on common cdendricd principles
found mainly in an andient and well-known astronomica treatise caled the Surya

! Indian Standard Time. Ahead of Universal Time (U.T.) , or Greenwich mean time, by 5 h 30 min.
2 The Hindu solar day starts with sunrise.



Sddhanta. The Surya Siddhanta is the firs Indian astronomica tregtise where rules
were laid down to determine the true motions of the luminaries, which conforms to
their actud pogtions in the sky. However, having written a around 400 A.D. when
postional astronomy was not as advanced as now, adronomicd vaues and true
pogtions obtained by the sddhantic methods are not very accurate. For example, the
modern mean length of the Sdered year is about 365.2564 days, but the siddhantic
length of the sSdered year is 365.258756 days, longer than the correct mean length by
about 3 minutes 27 ssconds.

In contragt, the Astronomical Ephemeris is an astronomicad trestise that contains
accurate and modern adronomicd information, caculated usng advanced and more
sophisticated methods.

Computer codes based on ephemeric rules

The computer codes written by Dershowitz and Reingold are based on old sddhantic
methods, and hence it has caused their outputs to be different from those obtained if
modern ephemeric methods were to be used. Ther computer codes will be modified
in this report udng ephemeric rules, to obtan outputs that will more accuratey
determine present-day longitude vaues and other important astronomica  informeation.
To distinguish between their codes and mine, | will place an extra ‘€, abbreviated for
‘ephemeric’, infront of al codes written by them. The following are some examples

HinduSidereal Y ear eHinduSidereal Y ear
HinduSolar L ongitude eHinduSolar L ongitude
HinduL unar L ongitude eHinduL unarLongitude

In addition, we introduce computer codes like ToFixed[date], JDSart,
JDFromMoment[ToFixed[date]] and HinduEpoch to fadlitate understanding of the
way the various computer agorithms are written.

The solar longitude measures the podtion of the Sun with respect to a reference point
on the ediptic from wtich al measurements are to be taken. For cdendars following
the tropicd year, it will be March equinox point, which will undergo precesson. The



Indian cdendar approximates the Sdered year. Hence, they have a different point of
reference from which Hindu solar longitude is to be measured. This point is the point
on the ediptic when the March eguinox occurred on March 20, 285 A.D. Our am is
to cdculale moden day Hindu solar longitude based on moden day solar longitude
values.
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We wat to cdculae the Hindu solar longitude a time x; as folows gven in
amplified form

eHinduSolar L ongitude[X4]
=ZW - YX-2Y
= SolarL ongitude{x;] - SolarLongitude[xy] — PrecessionDistance

of which we proceed to caculate the modern Hindu lunar longitudes in the same way.
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