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Abstract

The bright southern star Canopus is known as Agastya in India. The first rise of this star is
observed with religious fervour in many parts of the country. Legends say that the Vedic sage Agastya
crossed the Vindhya Mountains to go south and eventually remained as the southern star known by his
name. This star would not have been clearly visible before 3100 BC in the northern parts of India. The
star exhibits all the four visibility phenomena namely, heliacal rise, cosmic setting, acronychal rise and
heliacal setting. Hence statements about its heliacal visibility and setting in the Par asaratantra as quoted
by Varahamihiraand his commentator are of seminal importance as anchor pointsof early Hindu astronomy
and ancient Indian chronology. This paper analysesthevisibility information given by Parasarain relation
to his six season solar zodiac preserved in Utpala’'s commentary. It is demonstrated that the observations
were redlistic for 1350-1130 BC, which is also the estimated date of the ancient Indian astronomer

Parasara.

K ey words: Agastya, Canopus, Hasta, Heliacal Rise, Kuruksetra, Maitrayani-Aranyaka, Parasara,
Puskara, Rohini, Solar Zodiac, Taittirtya-Aranyaka, Vedic Period

1. INTRODUCTION

The bright southern star Canopus of
magnitude -0.7 was known to Hindu astronomers
since ancient times as Agastya. Thisnameisalso
the name of a venerated sage who migrated to
South Indiain prehistoric timesfrom the northern
parts of the country. Itiseasy to seethat similar to
the seven stars of U. Major being identified with
seven reputed sages of the Vedic period (Saptarsi),
star Canopus has been named after Agastya an
ancient seer of cultural and historical importance.
Agastya' s name appears four timesin the Rgveda
(1.170.3,1.179.6, V111.5.26, X .60.6) but we cannot
be sure whether he wasthe onewho traveled south.
However, we can infer that naming the southern
star as Agastya should have happened after the
time of theRgvedic Agastya. It may be noted here

that all Indians owing allegianceto the Vedastrace
their canonica genealogy to the Seven Sages of
the Rgveda and Agastya the Eighth'.

The Taittiriya-Aranyaka, animportant text
belonging to the Krsna-Yajurveda, specifically
states that the Seven Sages and Agastya are
stationed with the stars>. We have no idea when
this recognition happened, but this Vedic text
clearly correlates the constellation of the Seven
Sages or Saptarsi (U. Major) with Agastya
(Canopus). Thistext al so knowsthe situation near
the north celestial pole as being demarcated by
the constellation Sisumara (Draco) consisting of
fourteen stars with Abhaya-Dhruva (Thuban) at
the tail end on the North Pole. The epoch of
Dhruva being the Pole Star has been previously
discussed at length by the present writer and

*Jain University, Bangal ore-K anakapura Road, Jakkasandra562112; Email: RN.lyengar @jai nuniversity.ac.in,aareni @yahoo.com



224

shown to be 3200-2400 BC:3. Thus the first
recognition of the southern star and its
identification with Agastya seems to have
happened ¢ 2800 BC. It isinteresting to note here
that many of the legends connected with Agastya
are about balancing the earth and rectification of
the North-South direction. A popular astral legend
appearing in the Mahabharata is about King
Nahusa seated in a palanquin being carried in the
heavens by the Seven Sages and Agastya, on their
shoulders, when Agastya was kicked by Nahusa
for being too slow*. Agastya in anger curses the
heavenly King Nahusato lose hisexalted position
to become an ordinary ajagara (python or huge
serpent; literally goat-swallower). Thislegend is
most likely an allegory for precession being felt
in the form of the Sisumara (Draco) constellation
losing its prime northern celestial position, along
with star Agastya coming into prominence as a
new bright star in the south. It may be noted here
that the Mahabharata also explicitly refers to
movement of the Pole Star Dhruva asabad omen®.

While the Saptarsi constellation (U.
Major) was circumpolar for peoplein North India
inVedic times, Agastya must have been visiblein
the southern sky rising to low altitudes every year
but only during certain months, initially for afew
days, but extending for longer periods as time
progressed. Thereisno rigorous study onthistopic
except for a broad visibility calculation carried
out by Abhyankar®. His inference is that Agastya
as a new star could not have been easily visible
for observers in the Kuruksetra-Delhi region
before 3100 BC. Further north at Jammu, first
recognition of thisnew star in the southern horizon
would have been possible around 1400 BC. Rise
of Agastyaisobserved asareligiousevent in many
parts of India even to this day. Some of the
traditional almanacs provide the dates of first
morning rise and last evening set of Canopus, for
conducting prescribed rituals in the yearly
calendar. Hence the first recognition of Canopus
inthe southern skiesas observed from the northern
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parts of the country is a signature of seminal
importance in delineating ancient Indian
chronology and history of Hindu astronomy.

Almost all the Siddhantic astronomy texts
discuss the conditions required for the first
visibility of star Agastya towards the end of the
rainy season. However, Siddhantic period texts
started developing from the beginning of the
Common Era separated from Vedic times by two
to three thousand years. Hence to understand the
impetusfor Siddhantic textsto select computation
of heliacal rise of Canopus as important we have
tolook for more ancient evidencesfor observation
of Agastya. Fortunately, Varahamihira(VM) inhis
Brhat Samhita (BS) and Utpala (Bhattotpal @) the
commentator of BS have preserved parts of
Parasaratantra (PT) whose author should have
preceded VM by more than a millennium. In a
previous publication some interesting aspects of
the astronomy of Parasara including planet and
comet visibility have been highlighted’. In the
present paper it isshown that Parasarahad evolved
a six season solar zodiacal scheme dateable to
1350-1130BC, closely coinciding with the winter
sol stice stationed at the beginning of the Dhanistha
star division as in the Vedariga Jyotisa (VJ) of
Lagadha®. Parasara had also stated the heliacal
rise and heliacal set of Agastya in relation to his
solar scheme. This is demonstrated to be a
remarkable piece of observational astronomy
belonging to the above period in the second
millennium BC.

In thisconnection it may be mentioned that
tradition recognizes eighteen siddhantasincluding
a text known as Parasarasiddhanta®. However,
VM does not cite such a siddhanta text but cites
Parasarain several places as an ancient authority
and specifically names Parasaratantra as an
ancient work in his Brhat Samhita®. Manuscript
catalogueslist thetitle Parasarasiddhanta, but no
such text is yet published in print form. The
manuscript available in the Bhandarkar Oriental
Research Institute, Pune consists of only the first
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two chapters and is evidently incomplete™. This
text, like other siddhantas, starts with the
definition of along period called Kalpa and states
planetary periodsasintegral number of revolutions
in a Kalpa. But such concepts are not present in
the tantra text of Parasaraquoted by VM and his
commentator Utpala. More details about the
Parasaratantra are availablein abook of the same
name compiled by the present writer, with
reconstructed text, transation and notes'?. The
Parasarasiddhanta text might have been
influenced by the corresponding earlier tantratext,
but this question remains open for future studies.

2. UTPALA’S PARASARATANTRA TEXT

The first chapter of BS is titled
Upanayanadhyaya or Introduction; where in
(1.11) VM refersto non-specific ancient questions,
cross questions and stories about creation of
planets (graha) but brushes them aside as not
useful. However, commenting on thisverse Utpala
guotes PT presenting the conversation between
Parasaraand his students. Thisincludes creation,
legends about Sun, Rahu, the five planets and
Agastya, but strangely silent about Moon. The
text is too lengthy to be quoted here but the
clubbing of Agastya along with the other visibly
moving celestial objects is interesting. Utpala
quotesPT;

atha bhagavantam amitayasasam
par asaram kausiko’ bhyuvacal bhagavan
yamyayam disi jyotismadgraharipam
uditam alaksyate naksatragraha-
margavyutkrantacaritam na vedmi| kim
tat kimartham va pracim disam apahaya
daksinena pravrtkalantoditam sara-
tkalantoditam va katipayahany adrsyam
bhavati| tanno bhagavan vaktumarhasi||
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Then, Kausika asked Parasara. Sir, in the
southern direction a bright planet-like
object is seen. | do not know this object
which moves not along the naksatra-
planetary path (ecliptic). Why this object
leaving the East rises in the South at the
end of the rainy season or at the end of
the autumn to be seen for a few days?
Please explain this.

(PT. 1)

Parasara in answer to this question
explainsthe celestial object asstar Agastya, further
enlarging on the legend of the migration of sage
Agastyato south crossing the VindhyaMountains.
Here the question is as important as the answer
for understanding the early stages of Hindu
astronomy. Sage Agastya was too important
because of his Vedic background and it is likely
the first observers in India initially took the
eponymous star to be like a planet. This appears
natural considering the fact, that for a casual
observer, Canopuswould have beenvisiblein the
early morning sky for a few days in a year and
again appearing after several months in the
evening sky for a few more days, mimicking
planetslike Venusthe visibility numbers of which
arecorrectly preserved in PT. Inreality, thiscould
not have been the case sincefor adiligent observer
Canopus remained visible sometime all through
the night between itsfirst and last visibility.

Thevisibility part of Agastya as per PTis
given by Utpala in Chapter 12 of BS titled
Agastyacarah (Movement of Canopus). Inverse
BS(12.14) VM explainsthat the visibility depends
on thelocation of the observer and that one should
predict the first visibility based on calculations.
He further states that at Ujjain, where he lived,
Agastya rose when Sun was at 23° of sign Leo
(Smha Rasi). Inthe same chapter in verse (12.21)
VM refers to some portents and to the statement
that Agastya rises when Sun isin Hasta and sets
with Sun in Rohini™. Commenting on this verse
Utpala explains that the word kila is a reference
totheinherited tradition (agama) and even though
as per calculations the traditional rise and set
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conditions are not correct VM states them as seen
by him in ancient texts. The ancient author
guoted is Parasara;

hastasthe savitaryudeti rohinrsamsthe
pravisati| athasya trividhacarodayakal o
drsrah| asvayugbahul asrami-
paficadasyoh kartikastamyam val|
(Agastya) rises when Sun is
stationed in Hasta; setswhen (Sun)
isin Rohini. Three types of rising
times are seen for Agastya; the
eighth (tithi) or thefifteenth (tithi)
of the bright fortnight in the month
of Asvayujaor theeighth (tithi) of
the Kartika month.

(PT. 2)

The second sentence above states three
lunar positions for first visibility. The month
Asvayuja and Kartika being lunar, the
corresponding visibility tithi mentioned are not
helpful in the absence of evidence on how
intercalation was carried out to synchronize the
lunar and the solar years. Hence based on lunar
reckoning one can only say that thefirst visibility
of Canopus was towards the end of the rainy
season. However the first sentence is remarkable
since it specifies Sun’s position among the
naksatras for first and last visibility. This gives
the observational conditions for the rise and set
of Canopus during the time of Parasara or the
epoch of the ancient treatise Parasaratantra that
was available to VM as a reference text.

Utpala in Chapter 1 of BS says the
discourse by Parasarawas at Puskara-sthana, but
the text further quoted by him refers to the
Himalayas. Thus we do not know from where
exactly the ancient observations were done.
Puskara (26.5N 74.55E) is in Ragasthan with
average elevation of 500 m. Inthe Himalayas, the
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place famous as Pardasara-asrama is Gaganani
(30.92N 78.67E) a mountainous region with
elevation around 2700 m. To make the text clear
it would be useful to have the dates of rise and set
over a long period as applicable to locations in
north India. Here we take Kuruksetra (30N
76.75E) and Puskara as typical to start with. The
visibility results are shown in Table 1 using the
astronomical software PLSV 3.1
(www.alcyone.de), which is based on the Bright
Star Catalogue of the Astronomical Data Center,
NASA, USA (http://heasarc.gsfc.nasa.gov/
W3Browse/star-catal og/bsc5p.html). If we take
about four degrees altitude as necessary for
recognizing anew celestial visitor in the southern
horizon, Agastya should have been visible early
in the morning to viewers in Kuruksetra from
around 2900 BC, in the month of October. The
peculiarity of star Agastya, for an ancient observer
was in its early morning rise on the southern
horizon and incremental rise to relatively low
altitudes before becoming invisible. Oncetherise
of the star was observed at aparticul ar time, further
daily rise would recede at the rate of four minutes
per day. From rise above the horizon to set the
time interval required for star Agastya would be
4-5 hours. Hence as the local rise time recedes
from early morning to midnight the star would be
setting just before sun rise known in modern
astronomy as cosmic setting. After this morning
set, the star would be still visible but only in the
night. A casual observer might missit till the star
rises again in the evening (acronychal rise) in the
month of March for a few days, before going
below the horizon (last visibility). At Puskarathe
rise would be earlier than at Kuruksetra and also
the early morning visibility would be for alonger
period. Only by constant night-time observation
Parasara and his students could have come to the
conclusion that it was the same celestial object
seen apparently twicein ayear, oncerising before
sunrise in autumn and once more setting after
sunset as stated in (PT.2) above.
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Table 1. Visibility dates of Canopus at critical altitude of 4°
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Year Morning before sunrise Evening after sunset
Kuruksetra Puskar a Kuruksetra Puskara
-3000 Invisible 14.9-31.10 Invisible 21.2-12.4
-2900 6.10-10.10 139-1.11 15.3-20.3 20.2-12.4
-2800 2.10-13.10 12.9-1.11 11.3-23.3 19.2-12.4
-2700 30.9-15.10 12.9-1.11 8.3-25.3 18.2-12.4
-2600 28.9-16.10 11.9-2.11 6.3-26.3 17.2-134
-2500 26.9-17.10 10.9-2.11 4.3-27.3 17.2-134
-2000 20.9-21.10 6.9-3.11 27.2-31.3 13.2-14.4
-1500 16.9-23.10 39411 22.2-14 9.2-14.4
-1000 12.9-24.10 31.8-4.11 18.2-2.4 7.2-14.4

With the help of Table 1 we can see why
Kausika, astudent of Parasara, says that Agastya
becomes invisible within a few days (katipaya
ahanyadrsyam bhavati). In the year -2700 it
would have been visible, early in the morning, at
Kuruksetraonly for 15 days, andin later centuries
for a month gradually increasing to a month and
half. (If the critical altitude for visibility were to
be reduced to 2°, Agastya as a new bright star
would have been visibleat Kuruksetrafor thevery
first timein history in the year 3900 BC from 8"
October to 14" October for about 30 minutes
before local sunrise). Again when Kausika says
that it is seen at the end of rains or at the end of
autumn the reference might have been to differing
opinions in the early observational history of
Agastya. As one goes to higher latitudes the year
of first visibility gets further delayed. Canopus
would have been sighted clearly from Gaganani
only by 1800 BC where as peopleat Puskaracould
have easily seen Agastya as early as 3000 BC and
also for longer periods than at Kuruksetra. Some
seem to have recognized the star in October-
November while others were seeing it much
before.

3. VISIBILITY OF STAR AGASTYA

We have seen above that the question in
(PT.1) reflects wide spread legendary traditions

which were perhaps realistic for different places
indifferent times. Thelunar month rise statements
could not have helped in observing Vedic rites
correctly, till the solar-naksatra position was
firmed up by Parasara. The condition givenisthat
Sun should beinHastafor first visibility. Similarly
for last visibility Sunisstated to bein Rohinz. How
tointerpret this?While, for defining lunar months
position of the Full Moon with particular stars has
been used in ancient texts, here PT is giving the
position of Sun with respect to stars which would
not be visible if they were to be too close to Sun.
Hence the statement has to be taken in the sense
of the division of the ecliptic denoted as Hasta
and Rohini. This is how VM and Utpala
understood Parasara. In this case PT means that
the rise of Agastya (Canopus) on the southern
horizon was coeval with the visibility of Hasta
(Corvi) in the eastern sky, when Sun was still
below the horizon. The same explanation would
apply to thelast visibility of Agastya after sun set
when Rohini (Aldebaran) would be still visible
but behind Sun. This brings up a new question
about how PT divided and named the ecliptic in
terms of the 27 star divisions. Fortunately thisis
preserved in Utpala’'s commentary on BS Chapter
3caled Adityacaraintheform of the solar season-
naksatra-zodiac scheme of Parasara (for more
details see Ref: 12).
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4. Six DivisioN SoLAR ZoDIAC OF PARASARA

g TR

yaduktam par asaratantrel|
sravisthadyat pausnardhantam caratah
sisirah| vasantah  pausnardhat
rohinyantam| saumyadyat sarpardham
grismah| pravrt sarpardhat hastantam|
citradyat indrardham sarat| hemanto
jyesthardhat vai snavantam| iti ||
Assaid in the Parasaratantra:

When sun moves from the beginning of
Sravistha to the middle of Revati it is
Sisira. From the middle of Revati to the
end of Rohint is Vasantha. From the
beginning of Mrgasira to the middle of
aslesa is Grisma. From the middle of
aslesa to the end of Hastais Varsa. From
the beginning of Citra to the middle of
Jyestha is Sarat. From the middle of
Jyestha totheend of Sravanais Hemanta.

(PT.3)

Sravistha same as Dhanisrha, as an
isolated star isusually identified with B-Delphini.
The statement implies thisto be the turning point
of sun towards north and hence the winter solstice
position. Thistext was used by British indologists
William Jones, Davisand Wilford in the eighteenth
century to date Parasarato 1180-1390 BC™, In
the above statement even though season (rtu)
names are mentioned, this scheme is not about
the weather. The boundaries of the felt seasons,
asiswell known, cannot be accurately fixed since,
the changes are gradual and subject to many other
vagaries. Hence, the above is an astronomical
schemefor linking passage of time on earth to the
apparent movement of Sun among the stars. But
this model could have originated only out of
observation of the said stars rising sometime in
the felt seasons. It is obvious from the text,
corroborated also by VJ that the winter solstice
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was when Sun was at the first point of star
Dhanistha. But from where to where on the
ecliptic the stretch was called by the same name
to mark its beginning? There is no direct answer
for this except by taking recourse to other
statements of PT where naksatras which are
identifiable without ambiguity as visible
individual stars are available. PT is clear about
Six seasons making a solar year with each season
comprising of four-and-haf naksatra divisions.
This division of the continuous time-space into
discrete parts with an isolated point (visible star)
representing a part or division has Vedic
philosophical background. To analyze the PT
zodiac abrief discussion on the older Maitrayani
aranyaka (or Maitri Upanisad; MAU) text that
posits Time as Brahman ishelpful. In thistext the
concept of continuous Time, discretization of civil
time in terms of year, half-year, months and
recognition of the passage of thisby meansof stars
rising with Sun is well stated. The important
portion of the text and translation follows.

...... Sizryo yonih kalasya tasyaitadrizpam
yannimesadi  kalat  sambhrtam
dvadasatmakam vatsaram |
etasyagneyamardhamardham varupam |
maghadyam sravisthardhamagneyam

kramenotkramena sarpadyam
sravistardhantam  saumyam |
taraikaikatmano navamsakam
sacarakavidham sauksmyatvat

etatpramarnamanenaiva pramiyate hi

[MAU 6.14]

...... Sun is the birth place of Time. The
form of Time is the year, consisting of
twelve (months), made up of nimesa and
other measures. Of the year one half is
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agneya and the other half varuna. The
agneya half begins with the asterism of
Magha, and ends with the half of
Sravistha; this being Sun’s southern
travel. That which is saumya, in the
reverse order, is from aslesa, to the half-
end of Sravistha; this is the northern
course. And then, thereis (themonth), one
by one, belonging to the year, each
consisting of nine-amsa (2v¥4) of
asterisms, each determined by the Sun
moving (with the asterisms). Because
Timeistoo subtle (for sensory perception)
this progress of the Sun is its evidence
(or proof), and by it alone is Time
cognized....

(MAU 6.14)

Here only the Sun and three naksatrasare
mentioned for our understanding of the months
and the year. The two half of the year refer to the
northern and the southern movement of the Sun
as seen from earth. The northward movement
started when sun was at the midpoint of the star
division Sravistha (or Dhanistha). The other part
of theyear isstated inreverse order asfrom Aslesa
to midpoint of Sravistha. This means that the
summer solstice was when Sun was with star
Magha at the beginning of its division. The end
point of Aslesawould be same asthe starting point
of Magha. Hence sarpadyam sravisthardhantam
inreverse order isfrom midpoint of Dhanistha to
end of Aslesa, which is the northern sojourn of
Sun. Thisis the explanation of the commentator
Ramatirtha’ also. Thetrandation of Max Mueller,
in essence, isnot different®. Here the star Magha
iswell recognized as Regulus, but doubts may be
raised about the other two stars and the division
there of. Neverthelessit can be seen that between
MAU and PT the winter solstice is said to have
moved half-naksatra distance. In modern
terminology this would be equal to precession of
equinoxesby 6°40°. Evenif onewereto arguethat
the star Dhanistha of the siddhanta period should
not beimposed on the Vedic period, precession of
6°40" amounts to a time difference of 480 years
between PT (3) and MAU (6.14). Thisof courseis
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only a relative chronology but there is no
ambiguity in this number. An important
terminology of MAU is the word ardhantam,
meaning the end-of-the-half. This technical word
clearly refers to the middle but when Sun’s
movement is considered the text emphasi zes that
it is the end of the second quarter of a naksatra
interval. Thus besides individua visible stars at
unequal distances, as indicators of moon’s
position, the concept of star divisions using some
support points was in vogue during Vedic times,
which was inherited by PT.

Themain objection of someindologistsfor
dating VJ and hence PT to ¢ 1400 BC has been
the assumption involved in taking the statement
of Varahamihira, who lived in the 6" century, on
face value that once upon a time winter solstice
was at the first point of star Dhanistha. This
objection is partly valid as far as Dhanistha is
concerned. This constellation is made up of five
(or four) stars and there is no unbroken
identification of the constituent stars starting from
the Vedic to the siddhanta to the present period.
However the same is not true about Krittika,
Rohint, Magha, Citra, Visakha and Jyestha. These
six starshave stood thetest of timeand arealways
identifiable with their modern equivalents;
Pleiades, Aldebaran, Regulus, Spica, a-Libraand
Antares. Here Pleiades like Krttika is a group of
Six stars but its spread is not too wide and hence
can be safely represented by n-Tauri or Alcyone.
Rohini as agroup hasfive stars but identification
of its prominent star with Aldebaran is
unambiguous. Arcturus has always been identified
with Svati but being too closeto Spicaor Citra it
causes some confusion when equal star divisions
are considered. In MAU the named star is Magha
and this should have been within the star division
of the same name during the ancient epoch when
the summer solstice was noted with the visibility
of this star, most probably in the early morning
sky, since MAU mentions that Sun moves with
the stars. This constrains the longitude of the
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visible star Magha to have been in the range of
90° to 103°20°. Modern astronomy indicates that
thelongitude of Regulusvariedinthe aboverange
during 2340 BC to 1370 BC. Thisresult naturally
gives an upper and lower bound date for the solar
ayana-naksatra-zodiac picture of MAU (6.14). It
IS interesting to note here that in the
Atharvanaveda also ayana is associated with the
star Magha'°.

The concept of seasons determining the
year is available in several Vedic texts. For
example the Satapatha-Brahamana states: only
by rtu year is possible to be established®. There
aretextsindicating theyear to havefivertu, which
were probably weather indicators. In some places
thereismention of even seven rtuin ayear, which
referstotheintercalary year?. But astheyear had
only two ayanas, due to symmetry six rtu, three
for each ayana, evolved as the standard. Now, it
IS easy to note that Parasarain PT extends these
older concepts and gives position of afew more
identifiable stars for the six rtus. The naksatra-
rtu (star-season) statement of PT can be better
expressed as a table of solar zodiac with 2%
naksatra divisons per month. The enumeration
startsfrom thefirst point of Dhanistha evenif the
precise identity of the star of that name can be
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treated as unknown. We however know that it
should have stretched for awidth of 13° 20, which
was true for the other 26 stars also.

In Table 2 the terminology used in PT for
the beginning, middle and end of the star divisions
is shown in italics. Since PT mentions only the
seasons this table is an expansion to include the
months and the remaining stars also. As in the
previous discussion with MAU if we look for the
six identifiable stars we find that PT specifically
names Rohint, Citra and Jyestha and their
corresponding divisions. Sincethe sequence of the
naksatra names has remained unchanged over
several millennia, it is easy to recognize the
positions of Krttika, Magha and Visakha also. It
followsthat for the epoch of PT the equinox should
have been at the %4 point of the Bharani-division.
From this one can find the divisional position of
the selected six single stars in the solar zodiac
scheme of PT. Based on this information the
possible epoch for these stars to be in their
prescribed divisions has been determined and
shown in Table 3.

The period range shown in Table 3
demonstratesthat the PT solar zodiac should have
been conceptualized in 1350-1130 BC.

Table 2. Solar Season zodiac of Parasara (*Vernal Equinox or 0° Longitude, The width of the associated divisions are

shown in degrees and minutes)

Month Naksatra Division Season
1 Dhanisthadyat (13°20) Satabhisak (13°20") P. Bhadrava (3°20") Sisira
2 %P, Bhadra (10°) U. Bhadra (13°20") Revatyardhantam (6°40")

3 Revatyardhat (6°40") Asvini (13°20") Bharani¥z* (10°) Vasanta
4 *¥Bharani (3°20') Krittika (13°20") Rohinyantam (13°20")

5 Mrgasiradyat (13°20") Ardra (13°20") Punarvasu¥a (3°20")

6 Punarvasu¥4(10°) Pusya (13°20") Aslesardhantam (6°40") Grigma
7 Aslesardhat (6°40") Magha (13°20") P.Phalguni¥ (10°) Varsi

8 ¥PPhaguni (3°20") U. Phalguni (13°20") Hastantam (13°20") :

9 Citradyat (13°20") Svati (13°20") Visakha¥s (3°20") ,

10 Y isakha (10°) Anuradha (13°20") Jyesthardhantam (6°40) Sarat
11 Jye_s_t_hardhat (6°40) Mﬁl_ﬁ (13°20") P. Asadha%a (10°) Hemanta
12 ¥aP. Asadha (3°20") U. Asadha (13°20") Sravanantam (13°20")
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Table 3. Six Prominent |dentifiable Stars of PT

Singleidentifiable Naksatra Division Valid Period
Naksatra of PT Longitude RangeBC
Krttika (m-Tauri) 3°20'- 16°40° 2090-1130
Rohint (Aldebaran) 16°40'-30°00 1830-870
Magha (Regulus)  96°40’-110°00 1850-880
Citra (Spica) 150°00-163°20"  1890-930
Visakha (o-Libra)  176°40°-190°00"  1500-550
Jyestha (Antares)  203°20°-216°40°  1350-400

Winter Solstice as the starting point is
explainable because the stationary point of Sun
in the sky can be experienced and al so recognized
by orientation of normal shadows on ground. As
in al observations, there would be errors in the
naksatra stretches which have to be taken as
estimated boundaries. Originally the rising stars
should have helped people to indicate the felt
seasons corroborated by weather conditions. But
PT in course of time formalized this knowledge
asatheoretical basisfor dividing the year into six
equal parts with Sun making one full tropical
cycle. Nonetheless PT could have arrived at its
zodiac only intermsof at least afew isolated stars,
among the 27 naksatras available from the Vedic
tradition. It may be emphasized here that even
though the well known 27 naksatras were at
unequal distances, PT created an equal division
of two month long seasons with four-and-half
naksatra spans. With just the cryptic statement
kalaksetrayoh samyam, which roughly means
‘time and space are congruent’; PT mapped the
year of six equal seasons of time expended by
humans on earth to six equal spaces of 4% stars
each, on the celestial path along which Sun
traversed from winter solstice to winter solstice.
It was one more step from here to arrive at the 12
equal divisions of the year and the twelve equal
sky parts for Sun travelling through 27 equal star
divisions. This was the natural basis for the later
twelve Rasi division of the zodiac, but PT in the
available quotations by later authors does not
mention such anomenclature, nor doesit explicitly
describe solar months. Parasara definitely knew
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the solar tropical zodiac with itsfirst point being
the imaginary winter solstice colure in the sky.
But there is no reference to any angular measure
in the available text attributed to him.

5. AUsPICIOUSNESS OF TIME

At this stage one may question how PT
could have arrived at the names of the equal
division naksatras for demarcating seasons. The
answer is contained in the MAU model where
measure of time is declared as Sun following the
naksatras. It is the early morning rise of the
naksatras that was observed. Some prominent
stars, even before PT, should have been connected
with the natural seasonsin popular perception. The
nearly equal 13-16 day interval between
subsequent rises of some known starswould have
giventheideaof equal solar naksatra spanssimilar
to the lunar naksatras on subsequent nights. To
make these points clear in Table 4 the six
previously identified naksatras and their first
visibility pattern for the period 1400-950 BC is
shown for the location of Puskara. In all the six
casestheindividua star wasintheseason division
assigned to it by PT. All the six stars would have
been visible in the eastern sky roughly an hour
before local sunrise. The visibility dates between
the two consecutive stars Krttika and Rohint differ
by about 15 days as expected. The differences
between the dates of rise of other starsalso fairly
match with their position in the scheme of PT.

The above points have been over looked
by main stream academic indologists who have
routinely assumed naksatras to be the so called
lunar mansions meant only for reckoning lunar
months by observing the position of moon in the
nights. While it is a fact that the Rgveda clearly
implies that month and further the year was
measured by the moon, this does not mean over
some three thousand years Vedic people had not
observed that Sun’s position aso can be specified
with respect to the naksatras. Concrete evidence
for using early morning rise of naksatras for
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ritualistic purpose is available in the Taittiriya
Brahamana. Theoriginal hymnand itsexplanation
as per the Vedic tradition preserved in the
commentary of Bhatta Bhaskara (10" Century AD)
are reproduced below?.

yatpunpyam naksattram
tadbarkurvitopavyusam | yada vai sirya
udeti | atha naksattramnaiti | yavati tatra
siiryo gacchet | yatra jaghanyam pasyet |
tavati kurvita yatkarr syat | punyaha eva
kurute ||

[Tai. Bra. 1.5.2]

One has to confirm a naksatra which he
prefersfor some auspiciouswork. He has
to mark also in the sky ‘this space is for
thisnaksatra’. Thishasto be done before
sunrise, nearer to day break. When Sun
comes up, that auspicious star will not be
seen. Hence that particular space in the
sky wherein the star remains till visible
hasto be confirmed. Or knowing this part
of the sky marks may be done. The rite
hasto be completed before the timetaken
by Sun to cover that space.

The word bar refers to fixing or
confirmation. Thiscould al so mean making amark
by some meansfor the position of the desired star.
Usasisthetwilight period. But upavyusamiswhen
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thesky isstill illuminated for the star to bevisible.
Thelower point or mark denoted asjaghanyam is
such that the person is confident of the visibility
interval of thestar. Oneisasked to view thedesired
naksatrawhenitisvisiblein the eastern sky before
sun rise and also to mark or make sure of a point
below. This point at a lower atitude is such that
as Sun reaches this point the star vanishes from
sight. The dictum of the Vedic text is to observe
the rise of adesired star among the twenty seven
recognized naksatras early in the morning and to
have an estimation of the time taken for Sun to
make the selected asterism invisible. The work
donein such aperiodisdeemed to have been done
at an appropriate time without any doubt about
the auspiciousness of thetime. Quiteinterestingly
this belief in the auspiciousness of time, an hour-
and-half before sunrise continues to this day in
many partsof India. Thispracticeof early morning
observation, in the absence of any other time
measuring instruments, would have made the
visible naksatras as supports for getting a sense
of elapsed time. Thecommentary of Sayanacarya
(14" Century AD) on the above text issimilar in
its emphasis on early morning observation of the
rise of the naksatras®®. The above practice, in
course of time, would have demonstrated to the
observers that a particular naksatra appears for
thefirst timeinayear in the east before sunrise to
be followed by the next naksatra in the sequence
after 13-14 days.

Table 3 and Table 4 demonstrate that if all
the six prominent stars should have been visible
and stationed within their eponymous divisions
the possible epoch has to be accepted as 1350-
1130 BC. Thisresult naturally brackets the most
probable date of Parasara’s solar zodiac scheme.

6. RisE oF AGASTYA AND SUN IN
Hasta-Division

The background for PT specifying that
Agastya rises when Sun is in Hasta is made
reasonably clear by the season zodiac discussed
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above. As per PT season Varsa ends at the last
point of Hasta division which is same as the
beginning of season Sarat. Agastya rosewhen Sun
was in this Hasta-naksatra division. Quite
obvioudly thelunar month tithi positionsof (PT.2)
would have been too approximateto timetherise
of Agastya correctly for observing prescribed
Vedic rites. This should have been a strong
motivation for PT to continuously observe Agastya
and arriveat itsnovel solar zodiac scheme of equa
rtu divisions of 4% naksatra lengths. However,
like with the six individual stars being heliacally
visible sometime during the notional astronomical
seasons, Agastya should have risen when
constellation Hasta was visible in the eastern sky,
such that Sun was still below the horizon. This
point needs some further discussion with respect
to the place of observation. As we have seen
previously, PT has connections with the Krsna-
Yaj urveda textsthat prescribe observation of early
morning rise of stars. Hence Kuruksetra as a
reference place for PT appears reasonable. To be
on the safer side we include Puskaraand Gagnani
also as possible alternatesfor further analysis. As
a preliminary interpretation of (PT. 2) the early
morning sky picture at Kurksetra on 21
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September of year -1300 when Agastya would be
visible on the southern horizon is shown in Fig.1
using the Stellarium software
(www.stellarium.org). It can be observed that sun
was still 10° below the horizon and the
constellation Hastawould beclearly visiblein the
eastern sky. The predominant star y-Corvi was
more than 8° above the horizon at Kuruksetra.
Hence for the epoch of PT a relation between
Hasta and Agastya was natural. Within a few
minutesit would be day light and the star becomes
invisible. Thus any naked eye observer would
remember the position of Sun asthat patch below
or very near to the constellation Hasta.

On similar lines the evening sky view for
Puskara on 16" April -1200 is shown in Fig.2.
Canopuswas approaching itslast visibility which
was on 24"April. Star Rohini would have been
visible in the western sky very near its last
visibility. Again it may be noted that the setting
of Canopuswas coeval withthewestern visibility
of Aldebaran. Like with its rise, the setting of
Agastya got observationally associated with Sun
being near to Rohini. The above two sky pictures
indicate the reason for Parasarato bring in solar
naksatradivisionsof (PT.3) instatingthevisibility

Table4. First Visibility of six prominent stars (critical atitude = 4°) at Puskara, during 1400-950 BC. Results are from the
PLV S software with separate provision of arcus visionis for each star depending on its magnitude

Support Naksatra Sar F.V Sun at Sunrise Sarrise rtu
Sar Division position Date F.V. L.T L.T.

Long. Long. Long.
Krttika 3°20°-16°40 120951’-19°03 125-155  37042-43° 29 5.51-546 4.44-4.39 Vasanta
(n-Tauri)
Rohini 16°40’-30°00 22°36"-28°48 275-30.5  51°58-57°46 5.39-5.37 4.45-440 Vasanta
(Aldebaran)
Magha 96°40°-110°00"  102°54’-109°04’ 6.8-10.8 120°12°-126°57°  5.47-5.49 4.49-451 Varsa
(Regulus)
Citra 150°00-163°20°  156°44’-162°56" 28.9-2.10  172°52- 179°34’ 6.18-6.22 5.27-5.29 Sarat
(Spica)
Visakha 176°40'-190°00°  177°59-184°10' 25.10-28.10 193°07-199°49  6.35-6.37 5.16-5.20 Sarat
(a-Libra)
Jyestha 203°20'-216°40"  202°38’-208°50° 13.11-16.11 219°38-225°18'  6.48-6.51 5.54-6.00 Sarat-
(Antares) Hemanta
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condition for Agastya. It is equally well possible
theimportance of thevisibility and set of Agastya
provided the motivation for devel oping the season
solar zodiac.

Theabove analysishelpsoneto get abetter
understanding asto how ancient should have been
the tradition of PT during the time of VM. The
difference in the epochs of VM and Parasara can
be visualized by the simulation of the early
morning rise of Agastya at Ujjain shownin Fig.3
for 530 AD. The constellation of Hasta was well
below the horizon and naturally PT statement
would have been taken as incorrect by VM and
by his commentator Utpala. The star that was
rising at the eastern horizon at Ujjain can beeasily
identified as Regulus. As per BS, Sun was 7°
behind the beginning of sign Virgo. That is Sun
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wasin Smha Rasi, at longitude 143° and thiswas
quite accurate for the eraof VM as per thetwelve
Rasi zodiac taking the equinox to coincide with
the first point of star Asvini. The amount of
precession between the epoch of PT and that of
BS would be 23°20” which number was first
computed by William Jones correctly though not
with reference to rise of star Agastya.

The above discussion helps us to
understand that the phrase hastasthe savitari in
(PT. 2) should not be taken in its literal sense as
Sun staying at/in/near star Hasta. It is the star
division of that name as defined by the season
zodiac of (PT. 3) in which Sun is said to be
stationed. Thisdoesnot mean that the starsy-Corvi
(Gienah) and Aldebaran should not have been
visible within a few days interval. It is the near

Fig. 1. Early morning sky pictureat Kuruksetrafor 21% September -1300 with Agastyain the southern sky and constellation

Hasta (Corvi) rising in the eastern sky.
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Fig. 2. Evening sky picture at Puskarafor 16" April -1200 with Agastyain the southern sky near itslast visibility for the
year. Rohini was visible in the vicinity of the date in the western sky after sun set.

simultaneity of thefirst visibility (udaya) and last
visibility (pravesa, pravasa, asta) of Agastyawith
the respective morning rise and evening set of the
above two naksatras that has lead to the concept
of referring to Sun being in those star divisions.

7. FIRsT AND LAsT VisiBiLITY DATES

To complete the analysis of Parasara’s
observations on Agastya one more step is
remaining. Thisis to acquire the visibility dates
and longitude of Sun for the epoch of PT. The
software PLV S comes in handy for this purpose.
This has provision of varying arcus visionis that
is the minimum vertical separation needed
between sun and achosen star for visibility of the
star on the same horizon. The software also has
option for changing thecritical atitudeof visibility
of astar to account for atmospheric perturbations
at the horizon. But this parameter is unknown for

ancient star observations. We can however reason
out that for the naked eyevisibility of star Agastya,
emerging from below the horizon for thefirst time
near the end of therainy season, on ayet unknown
date, some altitude would have been essential. On
the other hand once it was visible in the evening
sky nearer to the spring equinox the observer had
to only follow it and hence could see it vanish
amost at zero altitude. Dates of first and last
visibility of Agastya at three different locations
for two atitude values are shown in Table 5 and
Table 6.

These tables provide a further rational
basisfor understanding the statements of PT. The
Hasta-division in the scheme of PT extended from
136°40’ to 150°00'. As per thefirst visibility shown
in Table 5 for altitude values of (0°- 4°) Agastya
would have been visible at Puskarawhen Sunwas
in the Hasta-division. For other places aso this
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Fig. 3. First Visihility of Agastya (Canopus) at Ujjain on 15" August 530 AD. Constellation Hasta was well below the
horizon. Star Magha (c-L eonis) was above the horizon.

would bevalidif thedltitudefor observing Agastya
wereto be reduced to zero degree which, however
does not appear to be redlitic.

The Rohini-division of Parasra’s zodiac
was from 16°40" to 30°00’. Again the condition of
Suninthe Rohini-division getssatisfied at Puskara
for atitude of visibility between 0°and 4°. But at
the other two places the condition is not
satisfactory. We have previously noted that for last
visibility zero altitude may be sufficient. Under
this argument at Kuruksetra, Sun in Rohini-
division would be acceptable but the observation
year slidestowards ¢ 950 BC. These results point
in the direction of Puskara as the place of
composition of PT where, Parasaraissaid to have
held his discourse.

8. CoNcLusioN

The efforts of Parasara culminated in
proposing azodiac with six equal seasons, which

were not strictly experiential based on weather,
but each of four-and-half naksatra length along
the ecliptic harmonizing with the heliacal visibility
of some of the prominent naksatras and the
southern star Agastya. Fixing the solstice point
precisely might not have been possible, but this
as the starting point was the best naked eye
observational option. Some of the Vedic naksatras
could not have been observed before sunrise in
their assigned periods simply because they were
at unequal distances. But taking an astronomical
definition of six equal divisions of the year, each
comprising of 4% naksatras, at least some of the
stars handed down by the Vedic tradition could
be seen in the putative seasons. The solar season
scheme of (PT.3) represents a scientific
development of considerable significance in the
history of Hindu astronomy. The six division rtu
zodiac evolved as an improvement over the older
two division ayana zodiac of MAU. Vrddhagarga
seems to have changed the notation of six-rtu to
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Table 5. First visibility condition for Agastya (Canopus) in the period 1400-950 BC
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4° 3.9-1.9 147°49'-148°36

Star Agastya Puskar Kuruksetra Gaganani
26°30’N76°33'E 30°N76°45'E 30°55’N 78°40°E

Critical altitude F.V.Date Sun'sLongitude FV.Date  Sun’'sLongitude FV.Date Sun’sLongitude

0° 23.8-22.8 136°55-138°44" 1.9-30.8 145°50'-146°37 4.9-2.9 148°48'-149°35’

15.9-129  159°47’-159°31

19.9-16.9 163°48’-163°30

Table 6. Last visibility condition for Agastya (Canopus) in the period 1400-950 BC

Sar Agastya Puskar Kuruksetra Gaganani
26°30’N76°33'E 30°N76°45'E 30°55'N 78°40°'E
Critical dtitude L.V.Date Sun'sLongitude L.V.Date Sun’sLongitude L.V. Date Sun’'sLongitude
0° 25.4-25.4  22°06'-25°01 16.4-16.4  13°30'-16°24’ 13.4-14.4  10°37’-14°2%
4° 14.4-14.4  11°35'-14°29 14-24 359°07’-2°57 28.3-29.3  355°15'-3°59

six-rasi, where the word rasi meant a group of
4%, naksatras. This we see clearly in the
commentary of Somakaraon thefifth verse of the
\edafigajyotisa, where Garga is quoted®

naksatranam sarvasam sadrasitanam
adih sravistha |

This essentially means that the beginning
of the six rasis (groups) of the 27 stars was taken
from Sravistha, which was the winter solstice
indicator in the PT and in the Vedafgajyotisa.
Vrddhagarga-samhita under variant names is
available in the manuscript libraries. Two such
manuscripts®™ % have been verified by the present
writer for the correctness of the above statement.

The later twelve rasi solar zodiac must
have been a natural development of the above
model. The concept of the equinoctial-day with
day and night being equal would have been
certainly available to PT, but thisis not strongly
reflected in the available text portions. It is
surmised that the idea of the ecliptic and the
celestial equator intersecting at the equinoctia
point had to wait for some more years so that the
zero point of the Vedic solar zodiac could be
shifted from the winter solstice to the spring
equinox, for which progress of Indian astronomy
Parasara had laid the foundation.

The date of ¢ 1400 BC proposed
previously asthe starting period of the PT tradition
isstill valid as per the analysis of the position of
six prominent visible stars in the scheme of
Parasara. The Parasaratantra solar naksatra
division statements on the heliacal rise and set of
Agastya were correct for the epoch of 1350-1130
BC and the observations were most probably
carried out in the Puskara-Kuruksetra region.
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