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HISTORICAL NOTES

B.G. TiLAK AND ANCIENT INDIAN ASTTRONOMY — A REAPPRAISAL¥

B.G. Tilak wrote three books on ancient Indian astronomy. These
are: Orion (1893), Note on the Interpretation of Vedanga Jyotisa (1914), and
Arctic Home of the Vedas (1925). Along with S.B. Dixit’s Bharatiya Jyotish
Shastracha Itihas published in 1934, they form the starting point of the
author’s researches in this field. This paper gives a summary of the results
that have a bearing on Tilak’s original works.

1. Vedic Chronology

Tilak’s first book Orion deals with Vedic chronology. He has divided
the Vedic period into four parts, viz. Aditi period, Orion period, Krttika
period and Vedariga Jyotisa period. Tilak believed that there were two year
beginnings. According to him, sacrificial year began at winter solstice (22
Dec. in Gregorion Calendar) and civil year began at vernal equinox (21
March). That is why he has named the first three periods according to the
solar naksatra at vernal equinox, viz. Punarvasu (Aditi), Mrgasirsa (Orion)
and Krttika. But Vedanga Jyotisa calendar begins with winter solstice. So
also the Gavamayanam sacrifice, which served as a calendar in the earliest
times, started at winter solstice. We believe that this was the practice through-
out the Vedic period. So we define the period on the basis of the shift of
winter solstice among the solar nakgatras by about one naksatra in 950
years due to the phenomenon of ayanacalana (precession of equinoxes). We
have divided the whole Vedic period into 7 Eras instead of Tilak’s four'?.
The first three Eras make use of Rtusamvatsara i.e. the year of seasons. They
are discussed in section 2. The later four Eras are based on luni-solar calendars.
They are discussed in section 2.4-2.7.
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In this paper we will denote Suklapratipada to Paurpima by S1 to S15
and kysna pratipada to Amavasya by K1 to K14 and K30, respectively.

2. Rtusamvatsara Eras

2.1. Asvini-Pugya Era: We have shown®* that in the earliest Vedic
calendar the year started at winter solstice heralded by the heliacal rising of
Asvini naksatra around 7000 BC. That is why prataryavana Asvinikumars,
the deities of Asvini nakgatra, are said to come to sacrifice at dawn and
rejuvinate the sun after winter solstice. It was a rtusamvatsara, i.e. year of
seasons, controlled by Gavamayana sacrifice of 360 days divided into two
satras: Uttarayana (22 Dec to 21 June) and Dakgindyana (22 June to 21
Dec). Each satra consisted of 6 months of 30 days each and each month was
further divided into 5 salahas of 6 days each. This division was suggested
by observation that a lunar month contains roughly 30 days and a year
contains roughly 12 lunar months. Gavamayanam was followed by 5 days
of Pravargya and Upasad (Diksd) ceremonies to complete the year of seasons
before starting the next Gavamayanam sacrifice. Recitation of Asvini
Sastra during Pravargya ceremony again points to the heliacal rising of
Asévini naksatra. At a somewhat later time, Sunahsepa legend indicates that
Rohita introduced the six year yuga in which 6 Gavamayanam sacrifices of
360 days were followed by an adhikamasa of 30 days. He calls this Asvini
-Pugya Era during which the year began on Siddhantic Vaisakha S1 and the
Sun would have been in Pugya naksatra at vernal equinox.

2.2. Revati-Punarvasu (Aditi) Era: The next stage occurred around
6000 BC when the winter solstice coincided with Caitri Paurnima with the
sun in Revati nakgatra. That was the time when Caitri Paurnima became the
mouth of the year. This prompted the priests to observe and identify the 28
nakgsatras on the path of the moon, known as Varuna’s path i.e. the ecliptic.
Further, performance of Darsa and Purnamdsa yagtis on the new moon and
full days showed that the lunar month contains roughly 29 days. So
Gavamayanam sacrifice was replaced by Utsarjinamayanam sacrifice of
Taittiriya samhitd. It consisted of 12 lunar months covering 354 days. This
was achieved by deleting the last day of certain salahas as Utsarjit days.
This sacrifice was followed by 11 atiratra days to complete the year of
seasons. That is why they are called the children of the seasons. It was at this
time when the concepts of Devayana (the northern half of the ecliptic) and
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Yamayana or Pitrayana (the southern half of the ecliptic) came into vogue.
As Devayana started with Sun in Punarvasu naksatra at vernal equinox,
Aditi, the mother of Gods, was made the deity of Punarvasu naksatra. That
is why Tilak called it Aditi period as he gave more importance to vernal
equinox than winter solstice.

2.3. Agastya-Ramayana Era: After another 1000 years i.e. by 5000
BC the winter solstice would have shifted to Uttara Bhadrapada naksatra
and vernal equinox to Ardra. At that time the year would have started on
Caitra S1. We have called this Agastya-Ramayana Era due to following
reason:’

Agastya is the star Canopus in the southern hemisphere only 14
degrees away from the ecliptic pole. So its declination varies between 52°
and 80° south due to the phenomenon of precession of equinoxes. Assuming
that for the star to be visible for some length of time it has to come at least
5° above the horizon, calculations show that Canopus was not visible from
any part of India before 10000 BC, and this will be the case again after
11800 AD. It was visible only in the region south of the Vindhyas before
5200 BC and would do so again after 7400 AD. We conjecture that it was
around 5000 BC when according to legend Vindhya mountain prostrated
before his guru Agastya i.e. Agastya crossed that mountain and saw the star
named after him. Agastya is said to have given the gift of Tamil language
and Cauvery river, which means he discovered the ancient Tamil civilization
in the Cauvery basin, which is contemporary with the Sanskrit civilization
of Indo-Gangetic plain. In other words he was the first national integrator
who fused the two ancient civilizations into the mighty Hindu civilization.
As Agastya is contemporary of Rama this time of 5000 BC would also be
the time of Ramdyapa. At that time the year beginning on Caitra S1 could
have come into vogue. However it represented winter solstice and not the
vernal equnox of 285 AD used in Siddhantic period. Not realising this, some
Siddhantic astronomers put forward the theory of trepidation in which the
vernal equinox oscillates around Asvini nakgatra by 27° in a half period of
3400 years. Actually both winter solstice and vernal equinox sotate
continuously backward completing one round in 26000 years due to the
phenomenon of ayanacalana i.e. the precession of the earth’s poles around
the ecliptic poles. During this period there was confusion between the solar
and lunar calendars as the tithi of the year-beginning changed from year to
year.
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We shall now deal with the later period during which there evolved
lunar-solar calendars which ultimately led to the development of the
Siddhantic paficanga.®

2.4. Purva Bhadrapada — Mrgasirsa (Orion) Era: We now come to
the Orion period of Tilak when the vernal equinox was in MygaSirga and
winter solstice was in Purva Bhadrapada naksatra around 4000 BC. It was
the time when the year beginning was shifted to Phalguni paurpima
(Phalgun S15), according to the statements like ‘Phalguni full moon is the
mouth of the year’ and ‘this Phalguni full moon is the first night of
Samvatsara’. At this time 11 atiratra days were replaced by 12 atiratra days
by Ribhus so that one could have two adhikamdsa in 5 years. It also ensured
that the year would begin on a fixed tithi, Sukla pratipada (S1) or Krspa
pratipada (K1). An adhikamasa was introduced at the end of the 3rd and 5th
year, it was called Sansarpa. At a somewhat later time the dhikamasa was
introduced after every 30 months as in Vedarga Jyotisa. The one before
summer solstice in the 3rd year was called Malimluca and the one at the end
of the 5th year before winter solstice was called Sansarpa as before. At this
time Margasirasa month occurred in Sarad pru. As the full moons (masas)
of Sarad rtu are most beautiful it was stated that Margasirasa mdsa is the
best among all madsas.

The above change gave rise to the 5-year yuga system which replaced
the earlier 6-year yuga system. However it was realised that this procedure
introduced 15 extra tithis in 15 years. So it was decided to drop one paksa
as ksaya paksa after every 15 years giving rise to the Daksayaniya sacrificial
calendar of 30 years described in Satapatha Brahmapa. In this calendar the
months were amanta in the first 15 year and paurpimanta in the next 15
years. After some time it was found more covenient to drop a whole month
after 30 years as ksaya month thus having 11 adhika months in 30 years. The
dropped month was called Amhaspati. Introduction of ksaya month was
decided by observing the solar naksatra before the Sansarpa month at the
end of every five years as described in the next section.

2.5. Mahasivaratri-Rohini Era: Around 3000 the winter solstice
had shifted to Satabhisag naksatra and vernal equinox to Rohini, so the year
was started on Phalgupa S1. At this time Kjttikas rose exactly in the east.
We have shown’ that before Vedariga Jyotisa there were 28 nakgatras in
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which present Sravana (Aquila) was called Abhijit and present Dhanistha
(Delphinus) was called Srona (it resembles ear) or Sravistha. AlsoBeta Aquaria
was Dhanistha and Fomalhaut (Parsi Satavahesa) was Satbhisag.
Mahasivaratri festival was introduced at this time to decide when to convert
adhikamadsa into ksaya masa®. Let us see how.

Sivaratri occurs at the end of every lunar month. Its astronomical
significance is that we have the last appearance of the moon at the end of
sivaratri in the dawn of K14 as it rises before sunrise. This day’s Sun
represents Siva with the crescent moon on its head, hence the name
sivaratri. The moon reappears again on S2 after sunset in the west. Now if
we observe the naksatra of the moon on these two days it is obvious that
the intermediate naksatra would be the solar naksatra on amavasya day.
This is a good way to know the solar naksatra as nakgsatras are not visible
in the day.

Once we know the significance of ordianry sivaratri it becomes
clear that Mahasivaratri would be the longest sivaratri of winter solstice.
At present Mahasivaratri occurs on February 26 on an average. In those
days it would have occurred around December 22. This shift of 66 days
gives an era around 2750 BC which coincides with the Indus valley
civilization. The Mahasivaratri festival would have been introduced in that
epoch for determining the solar naksatra before Sansarpa adhikamasa at the
end of 5th year. If it came out to be Satabhisag then one would convert the
adhikamdsa into a ksaya mdsa. That is why we have called this
Mahasivaratri-Rohini Era as Rohini was the solar naksatra at vernal equinox.

The naksatras of the four cardinal points of this period are depicted
on Mohenjodaro Seal M420.® The central figure of this seal is the Prajapati-
Brahma and it is surrounded by four animals representing four zodiacal
constellations. They are: vernal equinox at Rohini in Vigabha represented by
He-Buffalo instead of bull; Summer solstice at Leo in Simha represented by
a tiger instead of lion; autumnal eqinox at Jyesta in Vysacika (Tilak’s Vysakapi)
represented by elephant as it looks like Gagesa with elephant trunk; and
winter solstice at Satabhisag represented by one horned Rhino for the single
bright star Fomalhaut.

2.6. Magha-Krttika Era: We then come to the next period around
2300 BC when the vernal equinox was in Krttika and winter solstice coincided
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with Magha Paurgima (Magha S15). This was the period during which the
list of 28 naksatras was started from Krttika, and Kyttika to Svati formed
Devayana whilg Visakha to Bharagi formed Yamayana.

2.7. Vedanga Jyotisa Era: Finally we come to Veddriga Jyotisa
period of 1400 BC when the year started on Magha S1 with winter solstice
marked by the Sun in present Dhapista, and vernal equinox Sun in
Bharani. Abhijit naksatra was dropped at this time as it was realised that the
sickled lunar month had roughly 27'/; days. We shall discuss the Vedarga
Jyotisa calendar in detajl in the next section.

Vedanga Jyotisa type calendar was used by the Jain astronomers of
500 BC when winter solstice had shifted to present Sravana. There was a
break in tradition after this due to Babylonian and Greek influences. The
most marked difference was the replacement of winter solstice by the fixed
vérnal equinox of 285 AD as the beginning of the year. This made the
calendar sidereal i.e. naksatra based, instead of season based. So it is being
divorced from seasons by about 1 day in 72 years. And now after 1700 years
the year does not begin on vernal equinox day but 24 days later.

The following Table shows our Vedic chronolgy at a glance.

Vedic Chronology

Era Epoch Winter Year Vernal
BC Solstice Beginning Equinox
Asvini 7000 Asvini Vaisakha S1 Pusya
Aditi 6000 Revati Caitra S15 Punarvasu
Agastya 5000 U. Bhadra. Caitra S1 Ardra
Orion 4000 P. Bhadra * Phalgupa S15 Mrgasirsa
Rohini 3000 Satabhisag Phalguna S1 Rohini
Krttika 2300 Old Dhanistha Magha S15 Krttika
Vedariga 1400 New Dhanistha Magha S1 Bharani

3. Vedanga Jyotisa Calendar

We now discuss the queéstion of correcting the Vedariga Jyotigsa
calendar raised by Tilak in his second book. We show that the solution is
provided in the text of Vedarga Jyotisa itself'.



HISTORICAL NOTES: B.G. TILAK & ANCIENT INDIAN ASTRONOMY 229

Vedanga Jyotisa was formulated by sage Lagadha when winter solstice
position of the Sun was in Dhanigtha naksatra (Beta Delphini) around 1400
BC. It replaced the earlier basically observational procedure of making a
calendar by a mathematical device which is apparently the first and oldest
scheme of its kind in the world. It involves the use of round numbers for
describing the positions and motions of the Sun and Moon in the first
approximation and gives rules for correcting them for better accuracy. The
most authentic ahd exhaustive exposition of Vedarga Jyotisa is that of
Kuppanna Sastry.

3.1. Nominal calendar: According to Yajurjyotisa verses 28 to 31
one yuga contains 5 years, each containing 366 days, 6 rfus, 2 ayanas and
12 solar months of 30% days. Further, the yuga contains 1830 savana (civic)
days, 1835 sidereal days, 1768 moon rises, 1809 lunar naksatras, 135 solar
naksatras, 134 ayanas of the Moon corresponding to 67 sidereal lunar months,
124 parvas, 61 savana months of 30 days each and 62 synodic lunar months
containing 1860 fithis. As there are 1860 fithis and 1830 days one has to
drop 30 tithis as ksaya tithis in one yuga.

These specifications were used for defining the. units of angle and
time. Each naksatra was divided into 124 bhangah so that the whole circle
contained 27x124 = 3348 bhangas. As the Sun covers this angular distance
in 372 tithis, it moves through 9 bhangsas in one tithi. For the moon’s
motion the day is divided into 603 kalds so that the moon requires 610
kalds to move through one naksatra. The day is also divided into 30
muhiirtas like 30 tithis in a month and also in 124 divasansas like 124
parvas in a yuga. The division in divsansas is useful in deciding the position
of ksaya tithi.

It is normally stated that one drops a tithi after every 61 fithis. But
Vedarga Jyotisa prescribes a-different method of dropping a tithi by making
some months end on 29th day by reducing one salaha of the month from 6
to 5 days. Kuppanna Sastry has referred to Yajurjyotisa verse 12 which
requires that a parva fithi (paurpima or amavasya) is to be dropped if the
parva lasts for less than one pada (31 divasangas) of a day i.e. if it ends
before noon. And in that case the Darsa or Purpamdsa yagti is to be performed
on the next pratipada. On applying this rule we find that one has to drop 14
amavasyas and 16 paurnimasa making a total of 30 ksaya fithis as required.
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3.2. Defects and corrections: The nominal definition of 5-year yuga
involves two aproximations made for easy calculation: (i) 62 synodic lunar
months contain close to 1831 days and not 1830; (ii) 1860 tithis in 5 years
amount to 372 tithis per year. But actually they are close to 371 tithis in one
year. So we have 5 extra tithis in one yuga. We have shown that Lagadha
has provided rules for correcting these defects'® without which the whole
scheme would become useless in a short period of time. The required
correction are prescribed in Rgjyotisa verse 12 which is the same as
Yajurjyotisa verse 27. It runs as follows:

traymso bhaseso divasamsa bhaga
Scaturdasascapyaniya bhinnam|

bhardhe 'dhike capi gate paromso
dvavuttame navakairaveddyam||

This verse is not properly interpreted by most expositors including
Kuppanna Sastry. According to us the first half states that a difference of
1/3 bhangas in angle and 1 divasanga in time arises at each caturdagi. Here
caturdagi is figuratively taken as the end of the parva, because paurnimas
and amavasyas might be ksaya tithis occasionally. As there are 124 parvas
in a yuga we get a total of 124 divasansas or one day during the yuga as
required. Further on, applying the rule of Yajurjyotiga verse 12 as before we
find that we have to drop 15 amavasyas and 14 paurnimas as ksaya tithis.
The total dropped tithis now become 29 which makes 1860 fithis in 1831
days as required.

The second half of the verse specifies that in the case of navakas, i.e.
bhangas 1/3 bhanga also arises at 10 bhavdhas (i.e. ayanas) and at the end
of the yuga. So the total difference in a yuga becomes 1/3 (124+10+1) = 1/
3 x 135 = 45 bhangsas. So if the sun starts at bhansa of Dhanistha at the
beginning of the first yuga, it will be at 45 bhansas of Dhanistha at the
begining of the second yuga, and 90 bhangas of Dhanistha at the beginning
of the third yuga and 135-124 = 11 bhangsas of Satabhisag at the beginning
of the 4th yuga. Now 135 bhangas is the distance travelled by the Sun in one
paksa of 15 tithis. So the Sun should have arrived at the starting point one
paksa before the end of the 15th year. So one has to drop one paksa of the
adhikamasa at the end of 15th year as a ksaya paksa. And this has to be
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repeated after every 15 years. In other words we have to modify the 5-year
yuga calendar and convert it into the 30-year Daksaniya Sacrificial calendar
discussed earlier.

It may be mentioned here that it was found that threeDaksayaniya
sacrificial cycles fell short of 90 years by about 5 days as the year contains
close to 371.05 fithis instead of 371 tithis. So it was decided to add one
normal S-year yuga of 1831 days after the third cycle to bring the calendar
" into unison with the seasons. This is the basis of the 95 year Agnicayana
vidhi of Satapatha Brahmana.

4. Original Home of the Vedic People

Tilak’s third book takes recourse to the hypothesis of Aryan influx
into India from outside on the basis of affinities between Indian and European
languages. Tilak places their original home in the Arctic region. While there
is no mention of an original home of the vedic people in the Vedic literature,
new archeological, tectonic and linguistic investigations as well satellite
imagery would rather make Indus-Saraswati region of India itself their original
home. We find that a proper understanding of the earliest Vedic calendar
which fits with the Indian monsoon climate, supports this conclusion.

4.1. Seasons: We have described the earliest Vedic calendar of Asvini
Era in another paper®. That Asvini calendar had three seasons of four months
each starting from winter solstice viz. Agni rtu, Sarya rtu and Candrama
rtu. The first Agni rtu covered roughly the period from 22 December to 21
April. As it coincided with the cold season (Sisir and Vasant of later period)
in northwest India, when one needs Agni (representative of Indra on earth)
for comfort, it is called Agni rtu. The next four months covering roughly 22
April to 21 August in Gregorian calendar is called S#rya rtu. This is so
because we experience the power of the Sun (representative of Indra in the
sky) in this period, first in the form of intense heat during Grsma rtu and
then in the form of abundant rains in Varsa pru. The last four months of
Sarad and Hemanta ptus covering the priod 23 August to 21 December make
up Candrama rtu after Soma (representative of Indra in antariksa). This is
so because we have the most beautiful full moons in these months. Our
present division of the year into hot (March to June), rainy (July to September)
and cold (October to December) seasons is on the same lines.
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Now, if we look at the climates of various regions of the earth we
find three main categories. In the equatorial belt we have only one hot and
humid season throughout the year. In the polar regions there are only two
seasons: summer and winter. And in the temperate zones we find four seasons:
spring, summer, autumns and winter. It is only in the lands of monsoon
climate like India and Mexico, that we experience three seasons of hot, rainy
and cold weather, which are further subdivided into 6 seasons. Since we are
dealing with Indian literature it is obvious that the people who wrote that
literature must have lived in India. They were not alien invaders.

4.2. Months: The first five months of the Asvini calendar: Arun (22
Dec. to 20 Jan.), Arunaraja (21 Jan. to 20 Feb.), Pupdarik (21 Feb. to 21
Mar.), Visvajit (22 Mar. to 21 Apr) and Abhijit (22 Apr. to 22 May) indicate
the increasing power of the Sun. Then follow appropriate Indian seasonal
names Ardra (humid, 23 May to 21 Jun), Pinnawan (wet, 23 June to 23
Jul.), Unnavan (sprouting, 24 Jul to 22 Aug), Rasavan (juicy, 23 Aug to 22
Sep.), Iravan (fruity, 23 Sep to 23 Oct.), Sarvausadha (abundant vegetation,
24 Oct. to 21 Nov.) and Sambhara (prosperity, from 22 Nov. to 21 Dec.).
This again show that Vedic people were residents of India.

4.3 Asvini Sastra: We have noted earlier that Asvini Sastra was
recited during the Pravargya eeremony before the commencement of
Gavamayanam sacrifice. Tilak had argued that it took long time for its
recitation and it talked of 30 dawns. On this basis he concluded that it
indicated a dawn of 30 days that is found in the arctic region which must
be the original home of the Aryans. But we have pointed out? that the first
five verses of Asvini Sastra speak of 5 dawns separately; while the sixth
verse speaks of 30 dawns in groups of six. We interpret it as indication of
the earlier practice of introducing 5 extra days at the end of Gavamayanam
sacrific of 360 days, and the later practice of introducing an adhikamasa of
30 days after 6 Gavamayanam sacrifice. And the long night is the night of
winter solstice.

4.4. Names of directions: At the beginning of Gavamayanam sacrifice
in December the prevailing winds in the Punjab - Rajasthan region, which
forms the cradle of Vedic civilization, come from north-west, hence that
direction is called Vayavya, and the flames of the sacrificial fire were swept
to south-east. So that direction is called Agneya. Nirruti, the calamity of
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thunder and lightening comes from south-west, hence the name Nairatya for
that direction. Finally Himalayas, the abode of Isan (Siva) in north-east, so
the name Isana for that direction.

AN O

~

So India is the original home of the Aryans.
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