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Abstract

Thefixation of timefor Fire-worships and riteswas of prime importance in the Vedic traditions.
The apparent movement of the Sun, Moon, and a Zodiacal system aong the path of the Sun/Moon with
naksatras(asterismsor agroup of stars) were used to devel op areasonabl e dependabl e calendar maintaining
auniformity in observation of naksatras, from which the antiquity of these early traditions could befixed
up. TheRgvedic tradition recognized the northern and the southern (uttar ayana and daksinayana) motions
of the Sun, referred originally to six naksatras (raised to 28 or 27) including Asvint naksatra citing it
about 52 times. It recommended the beginning of the Year and a calendric system with the heliacal rising
of Asvini at the Winter solstice. When Asvini was no longer found at Winter solstice because of the anti-
clockwise motion of the zodiacal naksatras due to precision (not known at the time), the Full-moon at
Citra naksatra in opposition to the Sun at Winter solstice was taken into account as amarker for the Year-
beginning, resulting inthe counting of the lunar monthsfrom Caitraat the Winter sol sticeduring Yajurvedic
Samhita time. The same system continued during the Brahmanic tradition with the exception that it
changed the Year-beginning to the New-moon of the month of Magha (when Sun and M oon weretogether
after 15 days of Full-moon at Magha naksatra), resulting in the corroboration of the statement, ‘ Krttika
naksatra rises in the east’. The Viedarnga-jyautisa continued the same counting system from the New-
moon, assigning the beginning of Sravistha segment of the naksatras as the beginning of 5-year Yuga at
Winter solstice. The antiquity of these Rgvedic, Yajurvedic, Brahmagic and Viedariga-jyautisa traditions
may be found by comparing the old and new longitudes of naksatras and fixed at 6500 BC, 5000 BC,
2500 BC and 1000 BC respectively after corrections due to visibility error. This system of astronomical
dating, based on long uniform pattern of observations, are possible in a culture obsessed with satisfactory
domestic cultivation and regular worships. The Harappan tradition around ¢.2000 BC followed the
Yajurvedic tradition of counting of month from the Full-moon in a star in opposition, still prevaent in
some parts of North India, unlike New-moon Brahmanic system in South India. The calendric elements
werefound to beluni-solar, and in the process, thetypes of years, months, days, day-lengths, intercalation,
Seasons, naksatras & naksatra space (amsa, bhamsa), tithis, full-moon & new-moon in a Yuga, eighteen/
nineteen years' cycle for adjustment of synodic tropical year with lunar year have been explained and
discussed.

Key words: Antiquity of Rgvedic, Yajurvedic, Brahmanic, Harappan and Vedariga-jyautisa
traditions, Bhamsa, Civil year, Day- length, Eighteen years’ cycle, Fiveyears yuga, Intercalation, Javadi
system, Lunar month, Lunation, Naksatra system, New & Full-moon calculation, Sidereal year, Solar
year, Summer solstice, Tithi, Vedic calendar, Winter solstice.

1. INTRODUCTION (ecliptic/ zodiac). Babylonianlist given by Weber,

Every culture recognized aseriesof stars,  Whitney, Thibaut, Hommel varies, while thefirst
naksatras, along the path of Moon and Sun  threeauthors recognized twenty four star groups,
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thefourth gave eighteen constellationson thebasis
of the Mul-Apin series (c. 700 BC), which were
ultimately raised to thiry three star groupst or
more. Indians on the other hand first recognized
six, raised to twenty eight or twenty seven
naksatras in the Vedic traditions since antiquity.
Thetwenty-eight starswere al so known in Chinese
hsiu? and Arabic manazl® system. Whether Indian,
Chinese and the Arabic system of star groups
originated from the same source is a matter of
investigation. That the Indian naksatras*
conceived as a zodiacal framework is one of the
oldest in South Asia. Indians used the motion of
Sun and Moon along the zodiac as a workable
calendar for worship and agricultural purposes.
The Rgvedic statements (RV.X.85.2) like “ Soma
(Moon) is stationed in the vicinity of naksatras’
suggests that even in this early text the position
of Moon in the sky might have been defined by
reference to naksatras.

2. CALENDRIC FEATURES OF VEDIC
TRADITIONS AND THEIR ANTIQUITY

2.1. Rgvedic Samhita Tradition

The Rgvedic tradition recognized and
worshiped Agni (Fire) asafirst great well-wisher,

and even constructed agnicitis (Fire-altars) for
daily, monthly, seasonal and other rites invoking
wealth, solaceand happiness(RV.1.1.1;1.35.1). The
Garhapatya, one of the three primary fire-altars
for house holder, is found mentioned in several
places(RV.1.15.12; V1.15.19; X.85.27). Obvioudly,
thefixation of timefor Fire-worshipsand riteswas
of primary importance. The basic features of
Rgvedic calendrical elements include Year
(Samvatsara as seasonal based on movements of
Sun and Moon), Half-years (Uttarayana, Sun’'s
movement towards north for 6 months starting
with the Mahavrata day at Winter solstice, or
Daksinayana, Sun’s movement towards south
beginning with the Visuvrata day at Summer
solstice), Yearly period (12 solar monthsof 30 days
each, covering in 360 days or 720 day-nights),
three rtus (grouping 4 months together connected
to caturmasya festival), then raising it to 6 (rtus)
each spreading for 2 months. Intercalary or Leap
days (atiratraof 4, 5 or 6 days were also added at
theend of Samvatsara), which arerecordedinthe
Rgveda. The Rgveda has aso reference to a few
naksatras, like Asvayujau (RV.1.3.1; 111.58.1-9),
Pasya (RV.1.42.1;V1.54.2), Agha (or Magha),
Arjunt (or Phalguni) (RV.X.85.13), suggesting that
the prominent naksatras were possibly known as

1 Weber (1860 & 1862), Whitney (1872-74), Hommel (1891), Thibaut (1894) and other Assyrologists favoured the idea that

Babylonian series of normal stars encouraged the origin of Lunar zodiac. Hommel first compiled 24 star groups on the basis of
Epping’s table from the Babylonian stars, and conjectured that they might refer to 24 stations of the zodiac. Thereis of course
no proof that the series of 24 stations have ever been actually employed.Van der Waerden (1951, p.20) examined the whole
issue and found that during the Babylonian period (c.1400-1000 BC) anumber of clay tablets with planisphere divided the sky
into three zones. The inner zone was meant for northern and circumpolar asterism, the central zone for equatorial asterism, and
the outer for asterism for the south of the equator. The months were heliacal. Mul-Apin (c.700 BC) gave of course 18 constella-
tions more or less aong the ecliptic which rose to 33 or more.

Needham (1963, p.242) notes that the Chinese had made a reference to four quadrant Hsius appearing in Shang oracle bone
(24" century BC), eight Hsiusin the Shih Ching folk songs (9-8" century BC), twenty-threein Yueh Ling (Monthly Ordinances
of Chou, 850 BC) and afull list of 28 Hsius in the reign of Huai Nan Tzu (150-100 BC). According to Needham, the Chinese
Hsiu isasold asthat of the Indians.

Arabic star groups (Manazl) might haveits origin in Qu'ran. According to Weber (Indische Studien, 3, p.277), the recording
of an ancient Harranian festival which followed a 27 day Moon month and observation of the practice of visiting their holy
temple and offering food and drink to the Moon-god in the Fihrist, and the close similarity of the Arabic word, manzl (pl.monazl),
and the expression, mazzalloth by king Josias (I1, Reg. 23.5) meaning ‘zodiacal portrait’ are indicative of the Babylonian
influence on the Arabic tradition. This does not appear to be meaningful, since Hindus, Chinese and Arabs had acknowledged
28 or 27 star names while the Babylonian series gave only 33 or more.

The etymology of naksatras, according to Theodor Aufrecht (Zeit fur vergl. Sprachf., VII, pp.71-72), is nakta-tra meaning
night protector. However, term naksatras has always been used to indicate asterisms, stars or star-groups aong the Moon or
Sun’s path.
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a part of the Zodiacal system during the time of
Rgveda.

Asvayujauisreferred about fifty two times
in the Rgveda, and there are large number of
hymns in the Rgveda offered as prayers to
Asvayujau at dawn [RV.V.77.1-2; VI1.67.2;
VI1.71.1 and so on; see also Abhayankar, 1993,
pp.5-6; Bhatnagar, 2012, pp.59-62].

Heliacal rising: Rgveda refers to heliacal rising
of Asvayujau at the Winter solstice. Just to cite
one example,
ceeoanyee e pUtrascarati daksipayah /
a dyotanim vahati subhrasamosasah
stomo asvinavajigah /
RVII1.58.1
‘(Asvinayujau), the son of Daksinayana,
has entered into the Sun, then carriesthe
white dazzled day-maker Sun with it,
when the reciter of Asvayujau are getting
assembled before dawn’.
RV.I11.58.1

It refersto Asvayujau or Asvint naksatra
(B Arietis) asthe son of Daksinayana (South point
or Winter solstice) and itsheliacal rising with Sun
at dawn, an important event for the reciter who
had assembled for the observation. It is a special
type of ritual connected to ayear beginning at the
Winter solstice. The ritual was to observe the
Heliacal rising (thefirst sighting) of Asvini, when
they emerge from behind the Sun on the eastern
horizon just before Sunrise. The Asvins then
represented as the southernmost point (Winter
solstice).

Yearning for non-visibility of Asvini: The
Rgveda also records yearning by the worshippers
for the event that Asvini (Aries) isnolonger being
seen at the Winter solstice in the early morning,
or therewasno heliacal rising? Thisalso givesan
indication that the Rgvedic tradition went on for
a long period of time. A few quotes will be of
interest:

kiistho devavasvinadya divo manavasii/

tacchrravatho vrsanvasi atrirvama

vivasati //

RV.V.74.1.

‘Where in the heaven are ye today, Gods
Asvins, richin consistency? Hear this, ye
excellent bestowers; Atri invites you to
come. Where are they now? Where are
the twins, the fumed Nasatya, gods in
heaven'.

RV.V.74.1.
kuha tya kuha nu sruta divi deva nasatya
| kasmitra yatatho jane ko vam nadinam
saca ll

RVN.74.2
‘The divine Nasatya, where are they/
Where are they heard if in heaven/? To
what worshipper do you come?Who may
be associate of your praises?

RV.V.74.2.

These are some of the passages which
justifies that the Asvayujau is no longer seen at
the Winter solstice with the rise of the Sun. The
Rgvedic people did not know what had happened
and had noideathat it hasmoved up anticlockwise
due to precession of the equinoxes.

Antiquity of the Rgvedic tradition: It is now
known that the equinox has a backward motion
(precession of the equinox) at therate of 50.2 arcs
per second per year (or 1 degreein 72 years) which
results in slow increase of longitude of the stars
with time. It was not known at the time. The
Rgvedic people had no ideathat the star hasmoved
up dueto the precession of the equinoxes and not
visible because of Sunlight. That iswhy therewas
so much hue and cry. The longitude of Asvini
(Aries) as on today is about 36°. By comparing
the position of Asvini at theWinter solstice (270°)
during Rgvedic time and present time, thereisa
longitude difference of (90° + 36°), i.e. 126°, the
time difference being 126° x 72 or roughly 9000
yearsfrom the present or about 7000 years before
the beginning of Christian era. Presently, vast
amount of high precision dataon positionsof stars
and solar simulation elements have helped to
develop Sky Simulation Software by different
organizations (NASA, USA, VSOP87 of France
and others). From the Planetarium Software
(Planetarium Gold, version 2.2 and Stellarium
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12.4), itisfound that Sky Map matched very well
with the time being 19 December 7000 BC at
0735 hrs.(Bhatnagar,A.K. 2012, p.63). Allowing
afree eyeobservation error of 6° to 7° (about 500
years), thetime of Rgveda may betaken at c. 6500
BC®.

2.2. Yajurvedic Samhita tradition

The Yajurvedic tradition gave alist of 28
and 27 naksatras aong with the deities assigned
to them. The Maitrayani (11.13.20), and
Atharvaveda Samhitas (X1X.7) have maintained
the list as twenty eight (including Abhijit
naksatras), the Taittirtya Sam.(1V.4.10), Kathaka
Sam.(XXX1X,13 (of the Yajurveda Samhita
tradition) and a few later Vedic texts including
\Vedanga Jyautisa (RVJ 15; YVJ 17) gave the list
as twenty seven.This is perhaps that the Moon
appeared to complete one round among the
naksatrasin more than twenty seven days (27.32
days). Later, the naksatras Abhijit was dropped
reducing the number to 27, because it was found
that the period was more closer to 27 days. It was
also found that it fits very well with zodiac of 12
rasisinthezodiacal circumference of 360 degrees,
each rasi being 2Y4 naksatras, and covering an
ecliptic space of 13° 20’ .

Naksatra names. The 27 naksatra names are
listed with magnitudes as given in the Report of
the Calendar Reform Committee (Sahaand Lahiri,
1955) with yogatara inbold. 1. Asvini (B, YArie.),
2. Bharant (35,39,41 Arie.), 3. Krttika (n Tauri),

4. Rohini (a, 6, 8, € Tauri), 5. Mrgasiras (A, @,, 9,
Orio.), 6. Ardra (o Orio.), 7. Punarvasii (o, B
Gemi.), 8. Pusya(v, 8,y Canc.), 9. Aslesa (g, §, G,
N, €, 6 Hydr.), 10. Magha (a, m, v, &, 1, € Leon.),
11. Parvaphalguni (8, 6 Leon.), 12. Uttaraphal guni
(B, 93 Leon.), 13. Hasta (9, v, €, a, B Corv.), 14.
Citra (o Virg.), 15. Svati (a0 Boot.), 16. Visakhe
(1, v, B, a Libr.), 17. Anuradha (8, 8, © Scorp.),
18. Jyestha (a, o, T Scorp.), 19. Mala (A, v, K, 1,
0,n, &, u Scorp.), 20. Parvasada (9, € Sagitt.), 21.
Uttarasada (o, & Sagitt.), 22. Sravani (o, B, ¥
Aquil.), 23. Dhanistha (B, o, v, 5 Delphi.), 24.
Satavisaj (A Aquar.), 25. Pu.Bhadrapada (o, B
Pega.), 26. Utt.Bhadrapada (y Pega.), and 27.
Revatt ({ Pisci.).

Search for New Marker with Full-moon at a
Naksatrasin Opposition and M onth names: Due
to precession, Asvini hasgone up and the naksatra
Revati (€ Pisci.) appeared near the Winter solstice
but was not easily detected for its lower
magnitude. This created problem and asearch for
anew time-marker possibly went on. The absence
of a bright marker at the Winter solstice possibly
gave an opportunity to spot the bright star Citra
(o Virginis) on the opposite side, and it is quite
likely that the Full-moon at Citra naksatra near
the North point at the Summer solstice (Visuva)
was taken as the possible marker for starting the
year. Thisnew marker with Full-moon in opposite
star (opposition) and Sun in Winter solstice was
made a reference point, very much needed for
worship. The lunar month-names [Caitra,

> Rgvedaitself refersto Sapta-nadr (1.71.7; V1.7.6.., seven times), Sindhu-nadi and its tributaries (V.53.9; V.61.19; V11.36.6;..,

fivetimes, Satadru, Vipasa (six times), Vitasta (one time) and Saraswati (V1.61; VI1.5;.. 8 times) as the pre-eminent river of the
age flowing from mountains to the sea. Prior to techtonic movement of the Vedic people, according to Kochhar (2000, p. 121),
the perennial streams of Sutlej (hundred Paleolithic channels of Satadru) and Yamuna, both coming from Himalayas, joined
and widened the river bed to a constant width of several kilometres to meet Saraswati and made it mighty. The Saraswati is
mentioned not only as nadittama (the best of rivers) but also as devittama (best of goddesses, RV.11.41.16), which indicate that
that the region around Saraswati river was the centre of Vedic people.There is aso a reference to construction of Fire-altars
representing activities of the Vedic people (RV.111.23.4). The land between Saraswati and Drsadvati is also cited as most sacred
(brahmavarta) by alater work, Manava Dharmasastra(l1.17.19). Gupta (1996, pp.7-10), the well-known archaeol ogist believes
that Indus Valley civilizationsis Vedic civilization, and thereisonly civilizational continuity in the Indus Saraswati areafrom
5000 BC down to mature phase of Indus Valley civilization and afterwards. Lal (2002, pp.12-13) observed that, “Anin depth
study of the literary cum archaeological cum hydrological cum radio-carbon evidence duly establishes that Rgveda must
antidate ¢.2000 BC. By how many centuries, it can be anybody’s guess'.
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Vaisakha, Jyaistha, Asada, Sravana, Bhadra,
Asvina, Kartika, Agrahayani (Mrgasira), Pausa,
Magha, and Phalguna,] in all probability were
derived from the names of the prominent naksatras
(asterisms) after its conjunction with Full-moon
Is completed with the Sun at Winter Solstice.

Why and how thelunar month nameswere
restricted to only 12 is not clear? Possibly the
magnitude or brightness of the main star in the
naksatra might be the possible answer. The
parnimanta (piarpima-anta meaning, Full-moon
ending— first krsna-paksa followed by sukla-
paksa) was known from the Yajurvedic Sarnhita
time. The amanta (amavasya-anta, New-moon
ending— first bright fortnight- sukla-paksa
followed by dark fortnight, krsna-paksa) based on
lunar phaseswas |l ater known from the Brahmanic
time, possibly for different reason, to be discussed
later.

Caitra month from Winter solstice: Following
the Yayurveda Sarhita tradition, the counting of
Caitra month after the Full-moon in the Citra
naksatras in opposition and Sun at or near the
Winter solstice in the circular zodiac came into
practice. The Caitradi month-scheme came into
vogue and became popular, both as a marker and
year-beginning in the Yajurvedic time. The
following passage of the Taittiriya Samhita

WS
(270)

Fig. 1. Schematic diagram showing the time of Yajurveda
Samhita (the outer circle representsnaksatrasand theinner
circle lunar months moving in anticlockwise direction
showing Full-moon at Citra and the beginning of Caitra
month at Winter solstice). SS, WS denote summer and winter
solstices; VE & AE; vernal & autumnal egquinoxes.

indicates how the counting of Caitra-month started
at the Winter solstice after the Full-moon at Citra
naksatra (See Table1 & Fig. 1).

tasva ekaiva nirya yat sammedhye

visuvantasampadyate citrapirnamase
dikseran mukham va etat samvatsarasya

Table 1. Lunar months, Naksatrasin opposition, and Seasons during Vedic time (rough correspondence)

Lunar/ Seasonal months
(Parpimanta system)

Naksatras in opposition

Seasons (Rtus)

Caitra/ Madhu
Vaisakha/ Madhava
Jaistha /Sukra
Asada/ Suci
Sravana / Nabha
Bhadra/ Nabhasya
Asvina/Tsa
Karttika/Orja
Margasira (Agrahaya)/Saha
Pausa/ Sahasya
Magha/ Tapas
Phalguna /Tapasya

Citra (13°20'), Svati (13° 20'), Visakhe (3° 20)
Visakhe (10°), Anuradha (13° 20), Jyesmha (6° 40)
Jyestha (6° 40"), Miila (13° 20"), P. Asada (10°)

P. Asada (3° 20'), U. Asada (13° 20'), Sravana (13°20")
Dhanis (13° 20, Satabhis (13° 20"), P. Bhadra (3° 20))
P Bhadra (10°), U. Bhadra (13° 20'), Revati (6° 40)
Revati (6° 40'), Asvini (13° 20'), Bharant (10°)
Bharani (3° 20'), Krttika (13° 20"), Rohint (13° 20")
Mrgasira (13° 20'), Ardra (13° 20'), Punarv (3° 20)
Punarv (10°), Pusya (13° 20'), Aslesa (6° 40")

Aslesa (6° 40'), Magha (13° 20"), PPhalg (10°)

P Phalg (3° 20), U. Phalg (13° 20"), Hasta (13° 20)

Spring (Vasanta)
Summer (Grisma)
Rains (Varsa)
Autumn (Sarat)
Dewy (Hemanta)

Winter (Sisira)
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yaccitrapiarpamaso mukhat eva
samvatsarasya diksante tasya na ka can
nirya bhavati caturahe purastat
paurpamasai dikseran.’
Tait.SVI1.4.8.2
‘There is only one restriction that when
Citra Full-moon is seen at the Visuvan
(Summer solstice) it is the mouth of the
year (Samvatsara). They should
consecrate themselves on the Full-moon
month of Caitra, the Full-moon at Citra
is the beginning of the Year, verily they
consecrate themselves grasping the year
at the beginning with no restrictions; they
should consecrate themselves from the
four days onwards before the Full-moon’.
Tait. SVI1.4.8.2.

This testifies that the Yajurveda Samhita
tradition followed the Pirnimanta system and the
New year starts with month of Caitra at Winter
solstice with the rising of the Sun. The schematic
diagram also shows that Asvini naksatra has
moved away and phase of Revati has started. It
happened when thereis a precision of at least 14°
(1000 years) from thetime of Rgveda (c.7000 BC).
During Yajurveda (Taittirtya Samhita) time, the
system of calendar for the worship appearsto have
used Citra naksatra (o Virginis) in Full-moon
oppositeto the Sun with month of Caitra beginning
at theWinter solstice asreference point. Thedate
is verified to be 19 December 6000 BC on the
basis of Sky Map (Bhathagar, 2012,
p.65).Allowing an observation error, the date of
Yajurveda Sarmhita time may be at ¢.5500 BC.

2.3. Brahmana and Harappan Features and Times

During the Brahmanic period, the month
aswell asnaksatras get shifted in anti-clockwise
direction and raised further dueto precession, and
a New-moon takes place at the Winter solstice,
and the year-beginning started with the New-moon
at the Winter solstice during this phase. This
possibly is the beginning of both Full-moon and
New-moon reckoning of New Year among
different groups of people.

Magha Month New-moon at the Winter
solstice: By thetime of Brahmana, the New moon
of Magha (the Sun and Moon are together with
Magha naksatras in the opposite side) was taken
asthe Year-beginning when the northward journey
of the Sun began from the Winter solstice (See
Fig. 2).

sa vai maghasya amavasyayam

upavasatya udanna avartyasyan upaime

vasanti prayapiyena atiratrena.

Kaus. Br. XI1X.3

‘On the New-moon of Magha he (Sun)
rests, being about to turn northwards;
these also rest,being about to sacrifice
with the introductory atiratra....”

Kaus Br..X1X.3; tr Keith 1920.

This indicates that the year beginning at
Winter sol stice started with the New- mooninstead
of Full-moon at Magha (o Leon.). It was possible
because of the precession (anti-clockwise
movement of the zodiac naksatras not known at
the time). However, the lunar month reckoning
after Full-moon in a naksatras with the Sun in
opposition, as in the Samhita period, is still
continued. New-moon and Full-moon were just
reference points. It may be noted that the New-
moon inamonth alwaystakes place 15 daysbefore
or after the Full-moon. A few quotes from
Brahmana texts justifying the New-moon
counting and corroborating other information will
be of interest.

yo'sau vaisakhasya amavasya

tasyamadadhita Sa rohinya

sampadyata....agnyadheyaripam
tasmadamavasyayam eva agni adadhita
paurpamasyamanvar avetamavasyayam

dikseta / ]

Sat. Br.X11.1.1.7

‘He may lay down the fires on the New-
moonwhichfallsinthe (month) Vaisakha,
for that coincides with Rohini
(asterism)...... , indeed, thenew- moonis
the form of the agnyadheya, let him
thereforelay down thefiresat New-moon,
let him perform the preliminary ceremony
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at Full-moon and the initiation ceremony
at Ne\/\{-moon’.
Sat. Br.X1.1.1.7; tr Eggeling 1882.

eta ha vai pracyai diso na cyavante /
sarvani hava anyani naksatrani pracyai
disascavante tatpracyamevasyaitad
disyahitau bhavatastasmatkrttika
svadadhita //

Sat.Br.11.1.2.3.

‘And again, he (Krttika) does not move
away from eastern quarter, whilst the
other asterisms do move from eastern
quarter; thushis (twofires) are established
in the eastern quarter; for thisreason, the
firesare set up under the Krttika’.
SatBr.11.1.2.3

krttika prathamam visakhe uttaman tani
devanaksatrani | anuradha prathamam
apabharaniruttamam /tani
yamanaksatrani / yani devanaksatrani
tani daksinena pariyanti/ yani
yamanaksatrani tanyuttarena /

Tait. Br.1.5.2.

‘Krttika are the first and Visakhe is the
last, these are Devanaksatras;, Anuradha
isthefirst and Apabharani the last, these
are Yamanaksatras. The Devanaksatrass
turn from South (to North) and Yamafrom
North (to South)’.

Tait. Br.1.5.2.

The Magha New-moon (middle of the
Maghamonth) at Winter solstice wasthereference
point when itslongitude was roughly 270 degrees.
The Magha Full-moon at Magha naksatra (o
Leon.) in opposition was still the indicator of the
end of Maghamonth and the beginning of Falguna
month. The schematic representation as described
fixes the longitude of the Karttika New-moon
(middle of kartika month) to roughly asigning O
degree (seen rising exactly in the East). This
corroborates the statements that Krttika never
deviates from the east, or Krttika is the first and
Visakheisthe last (14th in opposition).These are
features of the Brahmanic period (Fig. 2). Doesit

WS
(270)

Fig. 2. Schematic diagram showing the antiquity of the
Brahmana period (outer circle represents naksatras and the
inner circle lunar months as usual moving in anticlockwise
direction with Magha New-moon at Winter solstice).

refer to a new system when Krttikadi scheme at
the vernal equinox is slowly opening up ?

Antiquity of the Brahmanic tradition: Jacobi
(1894) and Tilak (1893) have tried to ascertain
the date of the Vledas (Brahmanas) on the basis of
statementslike,’ they (Krttikas) do not move away
from eastern quarter..., seven Rsis (Saptarsi) rise
in the north, and they (Krttikas) rise in the east’.
This statement was a madein connection with the
establishment of ritual fires on the first occasion
by a house holder in the section of Agnadhana.
The new house-holder should establish the
traditional Garhapatya and Ahavaniya fireson the
day of Krttika, for the presiding deity of Krttika
isAgni, and house-holder’sfire established in the
east brings plenty. Tilak® even gave emphasisin
the Krttika Period on the basis of constellation.
Dikshit (1895) was perhaps the first one who

¢ HisVedic Chronology has divided the period into four parts,viz Aditi period (starting with naksatras Punarvasi or Aditi),Orion
period (starting with naksatras Mrgasirsa or Orion) Krttika period (starting with naksatras Krttika) and the Vedanga Jyautisa
period, the first three periods beginning with solar naksatras at Vernal equinox(21 March according to Gregorian calendar).
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strongly believed that Krttikas' rising in the east
has a close connection with the date of the
Satapatha Brahmana. Although thisissue has been
discussed by many others, it would worthwhileto
guote once again Dikshit’sactual arguments. Thus,
according to S.B.Dikshit (1896, Eng tr 1969,
pp.128-29):

‘The statement about Krttikasrisinginthe

east ismade in the present tense and they

cannot always do so because of the

precessional motion of equinoxes. In our

time we find them rising to the north of

east and they useq toriseto its south in

3100 BS (before Saka). From this it can

beinferred that the corresponding portion

in Satapatha Brahmana was written about
3100 years before the Sakaera’

Dikshit roughly places the time of
Satapatha Braghmana on the basis of Krttikadi
system to about 3000 BC’. Weber believed that
thetime of Krttika being thefirst naksatrascomes
to somewhere between 2780to 1820 BC. Sengupta
(1937, reprint ed,1986, p.56 ) suggested that the
Verna equinox near Rohini (o Tauri) and Summer
solstice at Purva Phalguni (6 Leonis) indicate a
period close to ¢.3000 BC. He further added that
the Vernal equinox at Krttika (n Tauri) and
Summer solstice at Magha (o Leonis) occurred
around 2350 BC. Filliozat (1969, p.125) adduced
evidence from the Buddhist texts, in spite of
systematic doubts by Thibaut and Whitney, and
suggested that these Buddhist references are
reminiscent of the ancient era when Krttika was
really on due east. Chakravarty (1987, pp.23-28)
accepted the time of Dikshit’s argument to 3000
BC. The major counter objection came from
Pingree (1989,p.441) who says, “parts of the
naksatras. Hasta, Visakhe and perhaps Sravana
were aso on the equator in 3000 BC and thisfact
would thereby contradict the claim in the
Satapatha Brahmana that only Krttikas never

swerve from the east add no significance, as
attributed by Dikshit”. Narahari Achar (2000, pp.
4-9) has examined Pingree's theory with actual
view of the Vedic sky generated by using the
software Sky Map version 2.2 corresponding to
thelatitude of Delhi and concluded that Dikshit's
conclusions of 3000 BC were correct. Prasanna
(2011, pp.586-89) had however emphasized onthe
basis of Kausi. Br. (X1X.3) and Satapatha
Brahmana (X1.1.1.7) that Rohini (o Tauri) marked
the Vernal equinox (00) with reference to
Mahavrata (Winter solstice) and Visuvrat
(Summer solstice) day leading to 3000 BC. It is
quite likely that Caturmasya and other seasonal
festivals were still taking place at Full-moon and
the initiation ceremony at New-moon. Allowing
an observation error, the antiquity of the
Brahmanic time may be taken as ¢.2500 BC.

Harappan Tradition and Antiquity: Four carbon
dates of Mohenjo-daro sites are available which
are in the range of 2155 BC with plus minus165
BC. The radio-carbon dates available from other
cites of Indus valley also testifies to the same
period.

That thiscivilization belong to Brahmanic
phase is corroborated by a Mohenjo-daro Seal
(M.2430) found inthe D .K. area. It recordsaFull-
moon month counting system in opposition. The
Seal isknown as’ Seven Sisters Seal’ representing
Krttika standing at the middle a ong with his other
Six sisters at the eastern side of the Seal, and its
western side shows ‘Krttika in conjunction with
Visakhe naksatras ( identified with two branches
of atree).The central place of the Seal shows a
festival in progress introducing the month of
Agrahayani or Mrgasirsa ( the shapeis‘head of a
deer with long horns or month of Agrahayant (two
months are synonymous as per Panini’s
Astadhyayri) at the end of the Full-moon night. The

" Dikshit'sobservationswerebased on Sayana'scommentary (c. 1400 AD), which states that the Krttika naksatras ‘rises
in the east’ (suddha pracyam avodyanti). Sayana's commentaries on Rgveda and Satapatha Brahmana were accepted as most
authentic and carrier of old religious traditions by almost all western scholars.
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Fig. 3. Mohenjo-daro seal (M.2430) showing the
introduction of Mrgasirsa (Agrahayant lunar month) after
the Full-moon ending.

seal justifies the fact that the pirpimanta scheme
was still current in north-western and some parts
of Rajasthan when Krttika and Visakha are in
opposition (Kritikamonth end), and the month of
Agrahayana (or Mrgasiras) isintroduced after the
Full moon (Bag, 1985, pp.102-104) (Fig. 3).

Thisisfurther strengthened by thefact that
both Brahmanic and Indusvalley culture used the
burnt bricks for various purposes and belong to
the same period. The Satapatha mythol ogies about
the drying up of of Saraswati river in the story of
VidehaMadhavaand his priest Gotama Rahugana
(Sat. Br.1.4.1.10-15) would place the text in an
age somewhat after the actual drying up of
Saraswati around 1900 BC. The hydrological
evidence that the Saraswati changed its courseis
quite suggestive that the myth was correct. A clear
reference to the origin of Saraswati in the
mountains and that ‘it was 40 days journey on
horseback from mountainsto the placewhereitis
lost in the desert (Pavic. Br. XXV.10.16).

The pizrnimanta schemeis still current in
north India. There is also adifference of opinion
among the scholarswhether amanta or piarpimanta
systemwasfollowed inthe Brahmanic period. The
Fire-altarswere a so raised both at the New- moon
and Full-moon. Thereisno doubt that [unar-month

names follows from the star names in opposition
both in the Samhita and the Brahmanic periods,
irrespective of whether it followed pirpimanta or
amanta system as a New Year-begining. The
amanta scheme is still found practiced in South
India (Andhra Pradesh, Karnataka and
Maharashtra).

Mahavedi, Solar and Civil Year: The Mahavedi
was possibly the main observation altar, having
an area larger than any other type of altars.
Towards its west side, another altar was, known
as Pracmavamsa atar (for homage to old family
members) was constructed containing the
Dar sikyapaurnamasi ki-vedi (Full-moon and New-
moon observation altar). The Mahavedi had the
shape of anisoscel estrapezium, and the Taittirrya
Samhita says,

trimsat padani pascat tirascr, bhavati

sartrimsat praci, caturvimsati parastat,

tirasci dasa dasa sampadyate/

Tait. S VI.245

‘30 padas is the western side (of the

Mahavedi) which isdrawn perpendicular

(to the praci), 36 (padas) is the pract

(east-west measure), 24 (padas) is the

eastern side, the perpendicular line

(tirascr) is accomplished by ten and ten

measure (of units)’.

Tait. S VI.2.4.5.

The measures of Mahavedi : east 30, west
24, pracr (perpendicular distance) 36 were found
in padas, as well as prakramas (1 prakrama = 2
padas) in different Samhitas (Mait.S.111.8.4;
Kath.S.XXV.3; Kapi.S.111.8.6). The same
measuresin prakramasare also givenin Satapatha
Brahmana (Sat.Br.111.5.1.2-6). and in the
Sulbasitras (Bsl.4.3; as1.5.1-5.7). On the
Mahavedi are found six perpetual fires (Sada-
fires), two other fires (Agnidhra and Marjaliya),
one Havirdhana ( for extracting the juice from
Soma plant, a great intoxicant,and for its use as
havis, as well as drinks), besides small placesto
collect rubbish (Fig.4). The lay out of Mahavedi
isgiven in many texts (Bag 1983b, p. 171).



10 INDIAN JOURNAL OF HISTORY OF SCIENCE

Fig. 4. Lay-out of Mahavedi; S - Sadas or Sadahas having
six fire- hearths, M-Mahavrata Day, V-Visuvat day, H -
Havirdhana for extracting juice of Soma plant, Ag & M-
Agnidhra & Marjaliya hearths, U-Uttara vedi); and of
Pracinavamsa (G-Garhapatya, A- ahavaniya, D-
Daksinagni and Dr- Dar sikyapaurnamasiki vedi); Area of
Mahavedi: 972 sq padas (or 2,18,700 sq ang,); Area of
Pracinavamsa: 192 sq prakramas (5760 sq ang) or 120
prakramas (3600 sq arig)

There is no doubt that It was a place of
perpetual firesand its main focuswasto maintain
oblations in Sada-fires and Havirdhana which
supplies continuous havis obtained from the
extracts of soma plantsfor thefire! The Sada-fires
were the perpetual-fires of Mahavedi, used
perhaps to count the apparent annual motion of
the Sun from south to north (6 months, i.e., from
Mahavrata day, the Winter solstice to Visuvata
day, the Summer-solstice ), again from north to
south (six months, i.e., from Visuvrata to
Mahavrata day) making acomplete year cycle. It
is quite likely that the name of Mahavedi is
someway related to daily rotation of the Sun from
East to West and its annual displacement or
declination from North to South.

Itisquitelikely that Mahavedi gotitsname
from the Mahavrata day sacrifice. Thesix circular
Sada-agnis or Sada-fires, managed by special
priests, are nothing but Sad-aha- (six-day and six-

night) fires starting on Mahavrata day sacrifice
(starting at Winter solstice) continued for amonth
(30days) ineachfire, and then proceeding towards
north reached Visuvat day (Summer solstice) after
completing worshipsin six months. The southward
journey from Visuvata day to Mahavrata day is
completed by the priests after worships of six-Sad-
fire in another six months. While completing the
sacrifices in twelve (12) months (of 360 solar
sidereal days),one month each for northern and
southern journey,using them as perpetual fires. An
intercalation of 6 days (atiratra), two (2) days
before & 3 days after Mahavrata day, one (1) day
on Visvat day were al so observed, suggesting how
the attempts were made to make a compromise
between Solar year (of 360 days) and Civil or
Seasonal year (of 366 days). In this context,
Eggeling’s summary of fire ceremonies, as given
in the Satapatha Brahmana, will be of interest.
The Circular design of these Sad-agnis may aso
betheindicator of thisannual cycle. The Taittiriya
Samhita says,

‘Those, who knowing thus perform (the

rite) of six nights, mount evidently upon

the gods. (Theright) is of six nights, the

seasons are six, the Prsthas (or Pracis)

are six, verily by the Prsthas they mount

the seasons, by the seasonsthe year, verily

in the year they find support’.

Tait. SVI1.2.1.1-2, Keith's tr

Attempt to intercalation of extra daysis
also clear inthe Vedic literature (see a so Vedariga
Yajusa- Jyotisa, 28). It appears that oblations to
fireson Mahavedi went on without any break, and
the ceremony was performed on asuitable ground
to the locality. It appears that the purpose of
Mahavedi was to keep observational data of both
Solar and Civil yearsto keep on regular agreement.
The Mahavedi has another adjoining altar known
as Pracinavamsa, considered a part of the
Mahavedi, to observe lunar phases on a regular
basis side by side with those of the solar and
seasonal or civil changes, and to advise the
community with suitable measures.
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Pracinavamsa, Darsikyapaurpamasiki-vedi,
Lunar Phases, Lunar Months and Years: The
Pracmavamsa or Pragvamsa (Rectangular altar
of area: 16 x 12 or 12 x 10 in prakramas) is
constructed traditionally towards the west side of
the Mahavedi, containing three Primary altars
(Gahapatya, Ahavaniya and Daksinavedi), and the
Dar sikyapaurnamasiki-vedi (New- & Full-moon
Observation Altar) in between the primary altars.
The construction of Dar sikya-paurnamasi ki-vedi
in the shape of an isosceles trapezium (face 48
arg., base 64 arig.,and 96 arig. with curved sides)
is not clearly defined, nor definitely understood,
even though it was considered an extremely
important service for the community. The huge
arrangements along with that of Mahavedi were
undoubtedly arranged by kings, rich community
leaders.

What is it that the Pracmavamsa (dtars
for hereditary rites), Dar sikyapaurnamasi ki-vedi
(new- & full-moon observation altar), and Primary
vedis (atarsfor health and happinessto thefamily)
are placed together? Is it the part of the routine
perpetual worships/activities, asit is done in the
present day temple! Eggeling, who has translated
Satapatha Brahmana, has given sufficient hint that
itisfor specia purposeslike observation of lunar
phaseswhich used to cater theritual, seasonal and
civil activities and for observing other lunar
phenomenon. Taking Eggeling’s hypothesis as a
correct indication, it may be said that the purpose
of Darsikya-paurnamasiki-vedi was to observe
lunar phases leading to lunar months and years
passing through various phases of moon (or tithis)
onaregular basis. It appearsthat the lunar phases
were actually counted, and the purpose of
constructing the New and Full-moon sacrifice
(Darsikyapaurnpmasiki- vedi) along with
Pracmavamsa-vedi was not only to count lunar
months and years through New-moon and Full-
moon, lunar phases (tithi) and rituals to be
performed traditionally for peace, happiness, and
atonement of sins. The Satapatha Brahmana says,

sa dgjisrmekah ya evamvidvamtrimsatam
varsapi yajate tasmadu trimsatmeva
varsani yajeta/ yaddu daksayanayajiit
syadatho api paiisadasaiva varsani
yajetatra hyeva sa sampatsampadyate dve
hi paurnmasau yajate dve amavasye atro
eva khalu sa sampadvabhati/

Sat. Br.X1.1.2.13.

‘He who, knowing this, offers (New and

Full-moon sacrifices) for thirty years,

becomes one of the race-runners, whence

one ought to offer sacrifice for not less

than thirty years. But if heisaperformer

of the Daksayana sacrifice, heneedsonly

to offer for fifteen years, for therein that

perfection is brought about, since he

performs (every month) two Full-moon

and two New-moon offerings, and thus

that perfection is indeed brought about

therein’.

Sat. Br.X1.1.2.13, Keith'str.

In this context it isimportant to note that
two types of experts for Daksayana (when Sun
moves towards south, i.e. from Summer solstice
to Winter solstice) and Uttarayana sacrifices
(when Sun moves towards north, i.e. Winter
solstice to Summer solstice) for a period of 6
months each were known. The sacrifices went on
continuously for more than 30 years.

2.4. Vedanga-jautisa Tradition

The Vedanga-jautisa of Lagadha and
Sulbasitras of Baudhayana and Apastamba are
placed in the same phase in the time scale, both
traditions occupying the position before Panini.

Time: The time of Vedarniga Jyautisa (hereafter
VJ) tradition is known for heliacal rising of
Sravistha naksatra at the Winter solstice. The
details are as follows:

prapadyete sravisthadau
candramasay udak /

sirya

sarpardhe daksinarkas tu magha
sravanayoh sadah //
VJ. 19.2.

‘When situated at the beginning of the
Sravistha segment, the Sun and Moon
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begin to move north. When they reach the

midpoint of Aslesa segment, they begin

moving south. In case of Sunthishappens

glways in the month of Magha and

Sravana respectively’.

This indicates that there is at least a
difference of one naksatra space (i.e. 13 degree
20 minuts) or about 1000 years from the
Brahmana time because of the precession of
equinoxes. Varahamihira, both in his
Pavicasiddhantika and Brhatsamhita, also noted
Winter solstice at three-fourth Uttarasada and
Summer solstice at three-fourth Punarvasu having
adifference of 1 %naksatra Spaces (23 degree 20
minutes) due to precession which fixes Viedanga
Jautisa time about 1680 years earlier from
Varahamihira's time (c. 539 AD). These facts
suggest thetime of Viedariga Jyotisa between 1400
and 1200 BC (Kuppanna Sastri,1985, p.13).
Senguptaconfirmed Lagadha stime at about 1370
BC. corroborating more or less the sametime for
Vedariga Jyautisa. Other scholars (Kak, 1993,
p.19.) has, however, referred to same date for
Vedarga Jyautisa and Srauta periods as 1400 BC.
Allowing the free eye observation error of 500
hundred years, the time of Vedariga Jyautisa be
fixed up to 1000 BC. The same date may be more
or less assigned for Srauta and Sulbasitras.

3. Yuca & TyYPES oF YEARS & OTHER UNITS

The Vedic Samhitas and Brahmanas tried
to make compromiseswith 5, 6 and 7 years' cycle
(yuga). The names of 5-year cycle—Samvatsara,
Parivatsara, ldavatsara, Anuvatsara, and
Udvatsara (Vaj SXXVI1.25; Tait SV.5.7.3-4) are
known. The reference to 6-year cycle ( Tait
Br.111.10.4) i.e. 6x360 + intercalation of 5 days
every year or 30 = 2190 days, modern value
6x365.24 = 2191 days); 7-year cycle in the
Satapatha Brahmana (1X.1.1.43,1X.3.3.18; see
also X4.3.8, X.4.3.19, X.5.4.5) with intercalation
of 35 or 36 days (7x360 + 35 = 2555 days, or
7x360 + 36 = 2556 days, the modern value
being7x365.24 = 2556.68 days) are also evident

for their synchronizing attempt with tropical or
civil year.

The traditions of Rgveda and the other
Vedas are very old which recognized also four
types of yearsviz, Solar year (of 360 daysor 12 x
30 days), Seasonal/Ritual Civil year (365 / 366
days, or 12 x 30 + 5 or 6 days intercalation),
Sidereal Lunar year (324 daysor 27 x 12 days,12
days being the successive passages of the Moon
between two naksatras, and 351 days or 27 x 13
days), and Synodic Lunar year (Lunation of 354
daysor 6 x 29 + 6 x 30, average being 12x 29.5
days).The Latyayana school of Samaveda
(Nidanasitra,V.11-12) recognized al theseyears.
The Satapatha Br (X11.3.2.5) also recognized,

1year =360 days, 1 day = 30 muhirtas, 1 muhirta
= 15 ksipras, 1 ksipra=15 etarhis, 1 etarhi = 15
idanis, 1 idani = 15 pranas.

The Vedariga Jyotisa also recognized 5
year cycle and worked out the detailed calendar
which became quite popul ar for several centuries.
It also made an impact on Tibetan and Nepalese
calendar and tranglated into Chinese. Therelevant
verses of VJ runsthus,

trisatyahnam sasarsastir abdah sar ca

rtavo’yane /

masa dvadasa siryah syuh etat

pasicagunam yugam //

VJ.11.1

‘one solar year (abda) has 366 ahanas, 6

rtus, 2 ayanas (northward and southward

course of the Sun), 12 solar months; 5

years make ayuga’.

Or, in other words, VJ has maintained the
subdivisionsof Year (Samvatsara) and Yugacycle
asfollows:

1Year =2 ayanas
=6 rtus
= 12 solar months
=366 civil (savana) days= 372tithis.

1 Yuga = 5 years
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The VJ (15.1) further says,

savanenduhitrmasanam
saikadvisaptika /

sastih

dyutrimsat savanasyardhah siryah
strnam sa paryayah /1

VJ.15.3
‘There are 60 plus one, two and seven
savana (61) months, lunar (62) months
and sidereal (67) months respectively in
ayuga; thesolar sidereal cyclehas 30 days
in amonth, 30 %2 savana days.

VJ.15.3

Or, in other words,
1 Yuga (5 yrs) = 60 solar months

= 61 savana months =1830
savana days (civil days)

= 62 synodic (lunar) months =
124 parvas =1860 tithis

= 67 sidereal months = 1835
Sidereal days.

= (5 x 27) naksatras
(L naksatras= 124 bhamsas).

Actually 62 synodic months= 62x29.53= 1830
days,
67 sidereal months= 67x27.32 = 1830 days.

Therefore, one yuga was taken as 5 x 366 days =
1830 civil days.

Babylonian and Egyptian year was of 365 days.
Pingree’s conjecture that Viedariga year issimilar,
is not correct, for there would have created
confusionsif it had 5x365= 1825 civil dayswhich
will make5 dayserror in the determination of New
and Full moon days. There was no doubt that one
yuga of 1830 civil daysof VVJ was based on strong
foundation.

Units: The Unitsasdefined with their significance
in VJ may be summarized thus:

Solar month (saura- masa): It isdefined here as
one-twelfth of ayear and isequivalent to 30 days,

Civil days (Savana dina): Civil or natural day is
from sunrise to sunrise; in a year there are two
ayanas (northward or southward), each having 183
days, total being 366 days; for the whole course,
theincrease or decreaseis 183 x 4/61 nadikas=12
nadikas or 6 muhartas (VJ.7.1 & 17.1); 1 savana
day= 30 muhartas (including day and night); day
length at equinoxes = 15 muhirtas,; shortest day
at Winter solstice =12 muhirtas; longest day at
Summer solstice = 18 muhiirtas.

Savana month: Equivalent to 30 savana days.

Synodic month (candramasa) and lunar phases:
One yuga has 62 synodic months or 1860 tithis;
in other words, 1 synodic month = 30 tithis (see
above). Therewere 30 phasesor tithisin asynodic
or lunar month; 15 following Full moon (pirnima),
presently indicated by K1, K2, K3,.....K15
(Krsna-paksa, dark fortnight), and 15 following
New moon (Amavasya) indicated by
S1,S2,S3....S15 (Sukla paksa, bright fortnight).

Lunar day (Tithi): Defined as one-thirtieth of a
synodic month(about 29.53 days|ong); further 10
ayanas cover 62 synodic months, each ayana 6
synodic months (or 12 half months) and 6 tithis;
the rule (VJ 21.1-3) says that n th equinox in a
yuga falls on 6(2n-1)half synodic months and
6(2n-1)/2 tithis.

Intercalary (Adhika) months: There are 62
synodic months, hence it is clear that there are
two intercalary months in a yuga of 5 years; i.e
after 30 months, an extra (adhika) month isadded
to complete the half- yuga.

Half synodic month (Paksas or Parvas): Each
synodic month has 2 paksasor parvas; in oneyuga
of 5 years (or in 62 synodic months), one yuga
has 62 x 2 =124 paksasor parvas(syzygies); each
paksa or parva having 15 tithis; each day is
divided into 124 parts, which again divided into 4
bhaga or pada, each pada being 31 parts.

The verse (VJ.25.1) gives a rule for
calculating parvas (or parva-rasis), which says
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that parvarasi=[(n-1) x 12+ m] 2 +1 + extra 2
(for every 60 parva gone), where n= no. of years
of the yuga referred, and m = no. of months. An
example for calculating parva-rasi before the
point of time of starting Anuvatsara Karttika
Bahula Navan, i.e. when n= anuvatsara being
the 4" year of the yuga=4, m=months=9, so parva-
rasi= [(4-1)x12+9]x2 +1 + 2= 93 (Sastri,1985,
p.52).

Ksaya- or hina-parvas: A yuga had 1830 (= 61 x
30) days and 1860 (= 62 x 30) tithis in VJ.
Normally, 30 tithiswere dropped as ksaya-tithis.,
and the droping of onetithi in every 61 tithisina
yuga is the answer. However, VJ.23.1 has hinted
that a parva-tithi (piarnima or amavasya) isto be
dropped if it lastsfor lessthan one pada (31 parts)
of a day. Evidently, amavasyas at the end of 14
even-parvas (4,8,12,16,20,24,28, & 64,
66,70,74,78,82,86), and purnimasat the of 16 odd-
parvas (33,37,41,45,49,53,57,61 &
95,99,103,107,111,115,119 and 123), total being
30, are to be dropped. Various corrections have
been offered by different scholarswhich haveled
to 15-, 19-, 30-, 95- years yuga cycles.

Season (Rtu): Six rtus or seasons in a year are
recognized; consecutive rtus occur at an interval
of 2 synodic monthsand 2 tithis, covering 30 rtus
in 62 synodic months in ayuga. Each rru covers

27 1 :
"5 O 45 naksatras, or in other words, the Sun or

M oon, moving through 4% segments, isrelated to

artu(VJ.10.1). Ina5-year yuga, there are 30 rtus
and 62 synodic months; 18 rtu in ayuga is Sisira
and thefirst rtu-month is Tapas (Tait.S1V.4.11.1;
Vaj.SX111.25; VJ.10.1), Tapas and Tapasyabeing
the month of Sisira; the consecutive rtus occur at
an interval of 2 synodic months and 2 tithis;
obvioudly, it says that the 8" rtu falls on 15" tithi
which is parnima (VJ.22.1).

Naksatra: Number of naksatras is 27; each
naksatras also conceived as a space of 1/27 th of
the stellar zodiac (or ecliptic) or 360° (or an arc

space of 13°20"); therule (VJ.15.4) however says
that the sidereal rising is 1830 and lunar cycles
being 67 in ayuga, Moon covers one naksatras

1830 7
_ =|1 )
space arc in - - ( +6(]3J days, and Sun the

naksatras space in %:135 days; the ecliptic
division of 12 rasis of 30° each.were not known,
however, theword ‘rasi’ wasused in VJ (VJ.25.1)
inthe context of lunar phase but not in connection
to ecliptic division.

Bhamsa or Amsas. The naksatra or asterismal
segment isdivided into 124 parts, and each partis
known asone bhamsa or amsa (RVJ18;YVJ.39),0r
in otherwords, one bhamsa (or amsa) =124"
segment of naksatras, or an (hour ) angle of
naksatra; it is used for calculation of New moon
and Full moon in connection to Javadi naksatras.
However, the verse (VJ.27.1) gives a rule to
calculate the bhamsa of Sun and Moon of each
naksatras and at the end of a particular parva.

L unation :One yuga cycle has 62 lunar months
(lunations) and 67 sidereal months; 1 lunation =
67

62

[H%J sidereal months.

At New moon, the Moon is with the Sun
and the bhamsas are the same. At Full moon, the
Moon is opposite to the Suni.e. 13 1/2 naksatras
away or 13 naksatras and 62 bhamsas away. The
parva ends with a Full moon, and the sitra says
that the Moon’s bhamsa is found by adding 62.

The Sun, in each yuga of 5 solar years,
passes through 27 x 5=135 naksatra-segmentsin
62 synodic months or 124 parvas, so each parva
L P L naksatras-segments, i.e
124 124 : "
at the end of 1 parva, the Sun’'s bhamsas is 11,
then the Moon’s bhamsas will be (11 + 62)= 73.
Obvioudly, at the end of 93 parvas, Sun passes

passesthrough

through 93['+%] or [20+%J, I.e. Sun’sbhamsas

with respect to (wrt) naksatras Sravistha = 31, and
Moon’'s bhamsas = 31 + 62= 93.
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Lagna: Lagna at theend of any parvaistherising
point of Sun with reference to Sravistha asterism
or zodiac:

Lagna= (bhamsa of Sunwrt Sravistha x 27)/124.
At the end of 93" parva, the bhamsa of Sun with
reference to Sravistha =31; hence the Lagna at
the end of 93¢ parva = ',;2? =[“+%} , i.e 93
bhamsas of Bharani; this is the rising point
(lagna).

Day Division : 1 day =30 muhartas (or 24 hours)
=60 nadikas (1 nadika= 24 minutes) =603 kalas
(1 nadika=10 /20 kalas); 1 kala = 124 kasthas, 1
kastha(VJ.7.1)= 5 gurvaksaras or 10 matras. For
nadika measure, discussion on Clepsydramay aso
be seen.

Tithi & Naksatra: In a 5-year yuga cycle, there
were 10 ayanas in 62 synodic months, so one
ayana had 6 synodic monthsand 6 tithis, so every
7™ tithi comes in the beginning of the solstices.
TheVJ says:
‘The 18, 7" and 13" tithis of the bright
fortnight and the 4™ and 10" of the dark
fortnight are at the beginnings of the first
fiveayanas. These occur twice' (i.e.these

five are to be repeated for the next five
ayanas.

VJ.20.1.

‘The naksatras at the beginning of the
ayanasare Sravistha, Citra, Ardra, Pirva
Prosthapada, Anuradha, Aslesa, Asvini,
Parvasada, Uttaraphalguni and Rohint’
[V3.20.2].

4. DAy LENGTH

Day-length measurement of diurnal
variation in time is an extremely important
element. Instruments like Clepsydra and Shadow
instrumentswere possi bly used. The Commentator
Somakara recognized Clepsydra of VJ used a
copper vessel (tamraghara) (vide Sudhakara
Dvivedr's ed), where as, Fleet suggested that it
may be earthern water-jar, kumbha-ghara and the
sizemay beto the extent of adrona (=200 palas).
As regards category, whether it is out-flow or in-
flow type, Dikshit, Fleet and Sarmarecommended
it as an out-flow type but do not clarify how the
pressure of thewater columninthe clepsydrawas
maintained? Is it by constant in-flow or addition
of water from the top?

The day time measure has been specified
in VJ (see above).How was it measured. It might
be by shadow measurements of a gnomon
(sanku)®.

8 Atharva-jyotisa refers to dvadasangula—sanku (12 asigula gnomon), a jyotisa literature attributed to to vedariga of the
Atharvaveda The Kautiliya Arthasastra (AS, 11.20.39-40, tr by Kangle) used a gnomon of 12 avig. It gives diurnal shadow in
parusi-length; let g =12 ang, s = shadow length, t = time of the day elapsed, d = day length.

Parusi-length (5/g) 8 6 3 2 1 2/3 1/3 0
Time elapsed (t/d) 118 vi4 18 16 Ya 3/10 3/8 12
d/2t 9 7 4 3 2 5/3 4/3 1

From the table, it may be seen that the formula: d/2t= g/g + 1.
Thisisan uncorrected formulafor an observer on or near one of the Tropics at Ujjain (latitude 23° .7 N) when the Sunis at the
zenith (Abraham, 1981,p.216; Ohasi, 1993, p.216). The generalized formulaisfound to appear in the Pajicasiddhantika (1V.48-
49). The Arthsastra of Kautilya states thus:
asade masi nasracchayo madhyahro bhavati /ata param sravapadmam
sanmasanamhyangul ottara maghadmamhyangulavara chaya iti / (AS, 11.20.41-42).
‘In the month of Asada, the midday looses shadow; after that, in the six months beginning with Sravana, the
shadow (at midday) increases by two angulas in each month, and in six months beginning with Magha, it
decreases by two asigulas in each month'. (AS, 11.20.41-42).
From the quotation, it is clear that Summer solstice fallsin asada month when the midday shadow is zero, and it increases from
Sravana month, for agnomon of 12- arigula (Kangle, 11, p.140; Shamasastry, p.122).
The measurement of shadow— engths played a significant role not only for measuring of time, but also latitude of the place and
other elements of mathematical astronomy.
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So was the problem for measurement of
Day-length for Annual variation. The VJ records
the increase and decrease of night time thus:

gharmavrddhir apam prasthah
ksapahrasa udaggatau /
daksine tau voparyasah
sanmuhartyayanena tu //

VJy.17.1

‘The increase of day-time and decrease
of night-time (is the time equivalent of)
one prastha of water (inthe clepsydraper
day) during the northward course (of the
Sun). They are in reverse during the
southward course. (The difference is) 6
muhizrtas during an ayana (half year)’.
VJy.17.1

yad uttarasyayanato
syache(cche)sam tatha
daksinato’ yanyasya’'/

gatam

tadek(a)sastya  dvigupam vibhaktam
sadvadasam syad
divasapramanam//

VJ.39.1

‘The number of days) elapsed in the
northward course or remaining in the
southward course is doubled, divided by
sixty-one, and added to twelve; the result
is the length of daytime (in terms of
muhirtas.’

VJ.39.1.

VJ suggests that, the day-length (dt)
increases from Winter to Summer solstice by 6
muhirtas, and it suggests arelation:

D, = (12 + 2/61 n) muhartas, n is the
number of day after or before the Winter solstice.

Thisshowsthat dt is 12 muhirtas (n=0) at
Winter solstice day and 18 muhartas at the
Summer solstice (n=183), total duration of ayear
being 366 civil days.. The day and night time-
length follow a reverse order during southern
journey. The day-time® and night-time maintains
aratio 12:18i.e2:3.

5. NEw-mooN AND FuLL-mooN IN VI

The Vedarnga Jyotisa had followed the
system of 27 naksatraswith the same namesasin
earlier Vedic textsfor finding the New moon, Full
moon. Only differenceisthat VJ took naksatra as
27 equal space or divisions of the ecliptic, and
each naksatras segment was divided into 124
parts, each part known asbhamsa (i.e. onebhamsa
= 1/124 th segment of naksatras). It had started
the five- year yuga-cycle from the New Moon of
Sravistha, as ‘zero point’ at the Winter solstice.
The naksatras in this cycle are are as follows
(RVJ.25-28):

1. Dhanistha/Sravistha, 2. Satavisaj, 3.

(Pa.)Prosthapadas, 4. (Utt).Bhadrapada,

5. Revati, 6. Asvayujau, 7. Bharanis, 8.

Krttika, 9. Rohini, 10. Mrgasirsa, 11.

Ardra, 12. Punarvasi, 13. Pusya, 14.

Aslesa, 15. Maghas, 16. (Pa.) Phalguni,

17. (Utt.) Phalguni,18. Hasta, 19. Citra,

20. Svaty, 21. Visakhe, 22. Anuradha, 23.

Jesthya, 24. Maula, 25. (Pu.)Asadas, 26.

(Utt.)Asadas, 27. Sravana

VJ started with New-moon at Sravistha
naksatra at the Winter solstice, and found other
New- and Full-moons in the cycle of 5-years at
different naksatras. No algorithm is however
found in the text, Thibaut (Thibaut,1877, pp.425-
28) and Gondalekar (Gondalekar, 2009, pp.485-
86) have suggested the logistics thus:

1lunation = 67/62 sidereal months(since

one yuga cycle has 62 lunar months

(lunations) and 67 sidereal months); in

one sidereal month Moon passes through

27 naksatras. S0 in 1 lunation the Moon

passes through 27 x 67/62 =29 212

naksatras.

The separation of successive New (Full)
moonsis 29 21 paksatras, and the separation of
aNew and Full-moon is haf of this, i.e.14 73124
naksatras each (since, naksatra no = 27; one
naksatra =124 bhamsas). Obviously, the New/
Full moon will occur at an interval of 14 naks 73
bhamsax 1,.. X 2, .. X 3 etc, as shown (Table 2).

® Themul-Apin (c.700 BC) had also used aformulat= c/s, where t = time of sunrise/ sunset, s= shadow length, and ¢ = constant,
i.e. 60 (WS),75 (Eq) and 90 (SS), maintain a 2; 3 ratio of day length at WS and SS.
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Table 2: New- moon and Full- moon of 62 Synodic months with naksatra and bhamsa in the 5- year yuga cycle;
naksatra no=27, bhamsa no=124

No New moon Full moon

naksatra no. bhamsano. naksatra names naksatra no  bhamsa no. naksatra
1. 0 0 Sravistha 14 73 Magha
2. 2 22 Pa. Prosthapada 16 95 Utt.Phalgunt
3. 4 44 Revatt 18 117 Citra
4. 6 66 Bharant 21 15 Anuradha
5. 8 88 Rohini 23 37 Mila
6. 10 110 Ardra 25 59 Utt.Asada
7. 13 8 Aslesa 0 81 Sravistha
8. 15 30 Pa.Phalgunt 2 103 Pa.Prosthapada
9. 17 52 Hasta 5 1 Asvayujau
10. 19 74 Svati 7 23 Krttika
1. 21 96 Anuradha 9 45 Mrgasirsa
12. 23 118 Mila 11 67 Punarvasi
13. 26 16 Sravana 13 89 Aslesa
14. 1 38 Satavisaj 15 111 Pa.Phalguni
15. 3 60 Utt.Prosthapada 18 9 Citra
16. 5 82 Asvayujau 20 31 Visakhe
17. 7 104 Krttika 22 53 Jyestha
18. 10 2 Ardra 24 75 Pu.asada
19. 12 24 Pusya 26 97 Sravana
20. 14 46 Magha 1 119 Satabhisaj
21. 16 68 Utt.Phalgunt 4 17 Revatt
22. 18 90 Citra 6 39 Bharant
23. 20 112 Visakhe 8 61 Rohint
24, 23 10 Mula 10 83 Ardra
25. 25 32 Utt. Asada 12 105 Pusya
2. 0 54 Sravistha 15 3 Pi.Phalguni
27. 2 76 Pii.Prosthapada 17 25 Hasta
28. 4 98 Revatt 19 47 Svati
29. 6 120 Bharant 21 69 Anuradha
30. 9 18 Mrgasirsa 23 91 Mila
31. 11 40 Punarvasi 25 113 Utt.Asada
32. 13 62 Aslesa 1 1 Satabhisaj
33. 15 84 Pa.Phalgunt 3 33 Utt.Prosthapada
34. 17 106 Hasta 5 55 Asvayujau
35 20 4 Visakhe 7 77 Krttika
36. 22 26 Jyestha 9 99 Mrgasirsa
37. 24 48 Pi.Asada 11 121 Punarvasi
3. 26 70 Sravana 14 19 Magha
39. 01 92 Satavisaj 16 41 Utt. Phalguni
40. 3 114 Utt.Prosthapada 18 63 Citra
4. 6 12 Bhar ant 20 85 Visakhe
4. 8 34 Rohint 22 107 Jyestha
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43. 10 56 Ardra

4. 12 78 Pusya

45. 14 100 Magha

46. 16 122 Utt.Phalgunt
47. 19 20 Svati

48. 21 42 Anuradha

49. 23 64 Mila

50. 25 86 Utt.Asada

5. 0 108 Sravistha
52. 3 6 Utt.Prosthapada
53. 5 28 Asvayujau
54. 7 50 Krttika

55, 9 72 Mrgasirsa
56. 11 94 Punarvast
57. 13 116 Adlesa

58. 16 14 Utt.Phalgunt
59. 18 36 Citra

60. 20 58 Visakhe

61. 22 80 Jyestha

62. 24 102 Pi.Asada

25 5 Utt.Asada

0 27 Sravistha

2 49 Pa.Prosthapada
4 71 Revati

6 93 Bharant

8 115 Rohint

11 13 Punarvasi

13 35 Adlesa

15 57 Pa.Phalgunt

17 79 Hasta

19 101 Svati

21 123 Anuradha

24 21 Pii.Asada

26 43 Sravana

1 65 Satabhisaj

3 87 Utt.Prosthapada
5 109 Asvayujau

8 7 Rohint

10 29 Ardra

12 51 Pusya

* the letterings in bold indicate the Javadi naksatras and their significance may be understood from the next table.

For pin-pointing the New- and Full-moons
at the naksatras, VJ introduced the Javadi (jau +
adi) system .VJ introduced an abbreviated list of
naksatras, where Jau means Asvayujau or Asvini
naksatra (RVJ 14;YVJ 18) .

The significance of this arrangement was
originally not understood. Thisbecomesevidently
clear when the Table 2 isrearranged according to
the serial order of their naksatras and bhamsas
starting fromAsvinz (vide Table 3).Why Asvini is
not clear. Possibly it was an old system clarified
inVJ.

The list of New- and Full-moons appears
at an interval of five naksatras and according to
serial number of the Bhamsas. The main purpose
was to find a suitable time for performance. It is
true that serious attempts were definitely madeto
find a theoretical system, but to what extent the
system was correct and where they have failed
depends on how the priest felt or could make up
while performing the sacrifices. Two passages

from the Satapatha Brahmana (Sat. Br.1X.1-5)
give enough hint about the situation when
visibility of the New- and Full moon differed, as
was seen in the sky, from the calculated one:

“He observes fast thinking ‘to day isthe
day of New moon’ and then the Moon
seen inthewest and the sacrificer departs
from the path of sacrifice” (New moon
occursone day earlier than the cal cul ated
date).

“Some peopl e enter upon first when they
still seethe Moon thinking ‘ tomorrow he
will not rise’ and in the morning he rises
over again” (New moonisdelayed by one
day than the calculated date) [See also
Eggeling, SBE, pt V,1963, pp.9-10;
Chakravarty,1975, p.9].

This shows that the theoretical frame -
work for determining tithi and naksatraswerejust
made but not always strictly followed. This is

obvious since the formulas were drawn on the
basis of the mean motions of Sun and Moon.
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Table 3: New-moon and Full-moon according to the
serial order of bhamsa on a 5-year yuga cycle (based on
above table) or Javadi naksatra. The naksatras in the
Javadi arrangement is given by N where B=N mod 27.

No List of New - and Full moons

naksatra bhamsa naksatra (Javadi)

no. no.
1. 5 1 Asvayujau, Full moon
2. 10 2 Ardra, New moon
3. 15 3 Pa.Phalgunt, Full moon
4, 20 4 Visakhe, New moon
5. 25 5 Utt.Asada, Full moon
6. 3 6 Utt.Prostpada, New moon
7. 8 7 Rohint, Full moon
8. 13 8 Aglesa, New moon
9. 18 9 Citra, Full moon
10. 23 10 Mila, New moon
11. 1 11 Satabhisaj, Full moon
12. 6 12 Bharani, New moon
13. 11 13 Punarvasu, Full moon
14. 16 14 Utt.Phalguni, New moon
15. 21 15 Anuradha, Full moon
16. 26 16 Sravana, New moon
17. 4 17 Revati, Full moon
18. 9 18 Mrgasirsa, New moon
19. 14 19 Magha, Full moon
20. 19 20 Svati, New moon
21. 24 21 Pt.Asada, Full moon
22. 2 22 Pa.Prosthapada, New moon
23. 7 23 Krttika, Full moon
24, 12 24 Pusya, New moon
25. 17 25 Hasta, Full moon
26. 22 26 Jyestha, New moon
27. 0 27 Sravistha, Full moon

6. EiIGHTEEN & NINETEEN-YEARS CYCLE

Lunar Phases (18 Years Cycle!): The
Dar sikyapaurnmasiki-vedi leaves enough
indication that it was used as an observation altar
to observe and count lunar phases, lunar months
and lunar years. The Rgveda says,

trimi sata tri sahasranyagnim trisacca
deva nava casaparyan /auksan

ghrtairastrnan varhirasma adiddvotaram
nyasadayanta //

RV.111.9.9
3339 (or 3000 + 300 + 30 + 9) devas
have been worshiping Agni by turn;
bedewed with ghrta (oil); strewn with
sacred grass, and stabilized with sacrifice'

RV.111.9.9.

The number has appeared again and again
in Rgveda (RV.X.52.6), Taitiriya Brahmana (Tait.
Br.11.7.12.2), and Brahmana Purapa (Brah.P., Pt.
I; 23.66-69) and in other works. The passages
relating to 3339 has been explained by many
scholars in many ways. All these passages have
been re-examined again by R.N. lyengar (IJHS
2005, pp.140-43). Thetrand ation and explanation
in most cases does not appear to be meaningful,
But there is no doubt that the Rgvedic Sukta
(111.3.9), as quoted by Gathina Visvamitra, has
Agni asits deity, which from the overall context
of the hymn, has got a celestia representation of
lunar phases as gods (devas). Since the Rgvedic
gods were only 33, K.V.Sarma (1JHS, 20.1-4,
1985, 1-20) indicated that ‘the number refersto a
period of 30 years consisting of 371 lunar phases
inayear’, while Kak represented 3339 as9 x 371
representing 371 as the number of tithisin asolar
year, indicating a nine year cycle of the moon.
R.N. lyengar however suggests on the basis of
Brahmana Purana that this represents 18 years
cycleinwhich 9 x 371 represents simply the dark
phases in a 18 years cycle. Nothing definite is
known. Before we guess for an answer.

Thelunar monthsduring Vedic timeswere
known by its fifteen monthly lunar phases each
from Amavasya to Piarnima (Suklapaksa) and
Parpima to Amavasya (Krsnapaksa). 1t was also
observed that the lunar month (Synodic month)
whichistheinterval of two successive new moon
coversinmoreor lessin 29 %2 days covering extra
5 or 6 daysin mean solar year. Taittiriya Samhita
recognized 372 annual lunar phases (tithis).

The Taittiriya Samhita says,
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sadaimasanta sampadyahar utsrjanti
sadhairhi masanta sampasyanti,./
amavasya masanta
sampadyahar utsrjyantim amavasyaya hi
masanta sampasyanti/ paurnamasya
masanta sampadyahar utsrjanti
paurpamasyahi masanta sampasyanti /
Tait.SVI1.5.6.1

‘Having made up the monthswith six-day
periods they leave out a day, for they
behold the (lunar) months with six-day
periods...Having made up the months by
the new-moon night, they leave out aday,
for they behold the months by the new-
moon night. Having made up the months
by the full-moon night, they leave out a
day, for they behold the month by the full-
moon night’.

Tait. SVII.5.6.1.

Thisindicates that there was a clear effort
madein the Taiitiriya Samhita to correspond solar
(360 days) and lunar year and lunar phases (372
tithis), having measured with six-day week of the
lunar year, irrespective of measuring it from new-
moon or full-moon. The Satapatha Brahmana also
says that ‘the preliminary ceremony were
performed at the full-moon, but the initiation
ceremony took place at the new- moon’
(paurrnamasyamnvarabheta amavasyayam
dikseta—Sat.Br.X1.1.1.7). The Rgvedic number
of lunar phases was possibly 371 which changed
to 372 during later periodsfits very well with the
18 year’s cycle of the Rgvedic number, for 18 x
371 =6678=2 x 3339, the number 3339 being the
number of the dark-fortnights (Krsnapaksas), and
thisnumber along with brighter-halves makesthe
complete cycle. The number of darker fort-nights
or tithis between two similar lunar eclipsesin the
cycleare mentioned possibly because somadrinks
werewidely available asintoxicantsand the public
were allowed an opportunity for atonement of their
sins. The purpose of constructing Mahavedi (Great
Altar) & Darsikyavedi isindeed very significant

from the context of adjusting solar, civil and lunar
calendars and movestowards aunique foundation,
if the explanation of lyengar is taken to be true.
Similar 18 years' cycle was also known to the
Babylonians, known as Saros cycle'.

19 years cycle: Holay (1994) for the first time
reinterpreted some of the verses (4, 8,9,14,15, &
so) of RVJ and suggested that VVJ followed a 19-
year cycle.The explanation hasbeen re- examined
by Chandra Hari (2004) who has supported this
hypothesis. However, this does not appear to be
tenable because VJ has aways maintained a 5-
year cycle (paiica samvatsara) and no where it
has referred to 19-year cycle. Abhayankar, who
had a close friendship with Holay, called the
method as unconventional, and strongly disagreed
with his views expressed and by Chandra Hari.
Abhyankar dismissed it as a preconceived notion
and superimposed interpretation even if the
explanation is extremely ingenuous.

The explanation given by Abhyankar
(Abhayankar, 2004, pp.228-29) are as follows:

‘The Vedanga Jyotisa had a luni-solar
calendar based on lunar months. It makes
use of nominal yuga of 1860 tithis.Asthe
units of angle and time obtained from YVJ
isalso used in RV, it isobviousthat that
the two versions compliment each other.
The YVJ yuga of 5 years is accepted by
Holay, so isRVJ yuga, which isalso of 5
years. The yuga concept is nominal, and
the 5-year yuga hasayear of 372 tithisor
366 days. Lagadha knew that the year
contains 371 tithis, and 1860 tithis are
covered in 1831 days and not in 1830
days. An extra tithi per year is nominal
and good enough for practical purposes
of seasons sacrifice. Only thereis shift of
religious functions with respect to
seasona, to be corrected systematically as
explainedin section 5. Such shiftsof + 15
days are allowed even in modern
paiicanga’.

10 The Saros cycle the Babylonian astronomer, ¢.290 BC) suggested a period of 223 lunations or 6586 days (18 years cycle, 18
years 11 days, or 18 years 10 daysto be precise including four or five yearsin theinterval) for adjustment of synodic and solar
years or as the number of lunar and solar eclipse cycle (Neugebauer, 1969, pp.7, 102,116, 140-141)
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So Lagadha has provided corrections
which make the calendar more accurate by means
of 15-, 30- and 95-year cycles (Kak, 1993 p. 29;
Abhyankar, 2002, pp.219-20). Further RVJ (vs.12)
hasfollowed al5 year cyclewhichisasoaunique
feature of the Vedic calendar and thrown enough
light on the evolution of Vedic caendar. Indians
were also aware of a 95 years cycle, as shown by
Kak (1993), whichisaso amodified 5-year cycle
and it has nothing to do with the Metonic cycle™.
In order to accommodate 371 tithisinayear, Holay
has reduced the number of bhamsasfrom 3348 to
3339 in acircle disturbing the unit of the angle,
which is unnecessary.

Holay’s scheme of the lunar year does not
aways start with Sun in the Danistha naksatra.
What he has done he has gone back to 5-year cycle
and modified it by introducing three vatsara year
of 12 lunar monthsin the 16", 27", and 38" year.
Thereisno hint of thisin the YVJ, some numerical
manipulation is done to fit the calendar to the 19
year cycle. Asaready thereisadifference of one
naksatra a that point, it was manipulated by
Lagadha by making the adjustment at the end of
the 15 years period, instead of waiting for 19 years.
On the basis of RVJ (vs.5), it is not unlikely that
thisis adjusted to the second half of the 30 year
cycle. Holay also does not explain the reduction
of ksaya tithisfrom 30 to 29 in one yuga. He has
also used inconvenient fractions to make yearly
adjustment which becomes more simpler at the
end of 15 yearsin a5 year yuga system.Once
discovered, thelater astronomer will not leavethe
19 year cycle as we find in Jewish and Chinese
calendar, but on the other hand, 5 year cycle began

to be continuously used by Jains and other
astronomers. Holay’s idea, even though it is
brilliant, does not appear to be tenable.

7. CONCLUDING REMARKS

Theideaof naksatrassystem, Samvatsara
(year) of 12 months of 30 days, or 360 mean solar
days, six seasons, half-early motion of the Sun
(uttarayana,northward and daksinayana,
southward motions through Solstices), with
atiratra (leap days) of 4, 5 or 6 days at the end of
Samvatsara (Tait.S.V11.1.8) helped Vedic
traditionsto devel op areasonable calendric frame-
work . The datesand timefor sacrificeswerefixed
from observation of Full / New moon, lunar phases
and moon’sheliacal or rising time, that iswhy the
construction of Darsapaurnamasiki- vedi was
given so much importance.The antiquity of the
Rgvedic Samhita, Yajurvedic Sarnhita, Brahmanic
and Jyautisa Vedariga traditions is discussed on
the position of thenaksatrassat Winter or Summer
solstices, Sun and Moon which are distinct,
different and follow auniformity in patteren .The
knowledge of precision of equinoxes for the
position of naksatrass which was different in
different traditions has been taken into account,
not known at the time, and gives a date for each
of these traditions. Allowing an open eye
observation error of 7 to 8 degrees (about 72 years
per degree or possibility of error of 500 years),
the corrected antiquity chart for early Vedic
traditions are discussed and summarized as
follows:

Rgveda Samhita : ¢. 6500 BC;
Yajurveda Samhita : ¢. 5500 BC;

1 Athenic scholar Meton (¢.432 BC) adopted a 19—year cycle for adjusting synodic years with tropical years. Moon's phase after
19 synodic years with additional 7 months (235 lunations) recurring on the same day of the tropical year. The arithmetic rule
runsthus: Length of the synodic month = 29.5306 days; Mean length of the synodic year = 12 x 29.5306 = 354.3672; 19 synodic
yearswith 7 additional months (235 lunations) = 6939.6910 days; Mean length of the tropical year= 365.2422 days; 19 tropical
years = 19 x 365.2422 = 6939.39.6018 days. The Metonic cycle was approximated to 6940 days (125 months of 30 days + 110
months of 29 days). Seven additional intercalary monthswere added to the years 3,6,8,11,14,17,19 to the synodic lunar yearsto
make acompromise with thetropical years.|t also gave an average length of tropical year of 365.25 days. The schemewasvery
successful and it formed the basis of calendar adopted in the Selucid empire (M esopotamia) and was used in the Jewish calendar

and the calendar of the Christian church.
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Brahmanas & Harappan : ¢. 2500 BC;

Vedarnga Jyautisa : c. 1000 BC

The Vedic tradition struggled with 5, 6, 7
years yuga- cycles for calendric purposes, but
ultimately boils down to 5 years yuga- cycle.
Seasons and synodic months were determined by
the position of the Full-moon, but the
determination of solstices and equinoxes was
neither so season specific nor depends on Sun’s
position. One savana day (civil day) is from
sunrise to sunrise in VJ, so is defined a synodic
month as interval between two successive Full-
or New-moons, and asidereal month astimetaken
by the Moon to complete one circuit relative to
the naksatras. What VJ has done, it has reduced
the knowledge to a simple rule based on 5 solar
years (yuga) = 62 synodic months (62 x 29.53 days
or 1830.90 days) = 67 sidereal months (67 X
27.3217 or 1830.55 days). This indicates that 5
solar yearshas actually 5x 360 or 1800 mean solar
days, 1830.90 civil days, 1830.55 sidereal days.
There is of course a lack of synchronization
between solar and lunar days, i.e. tropical and
synodic yearsinayuga, whichisdueto difference
between thelength of lunar day and solar day. That
iIswhy, it has recommended two extra months or
lunations' intercalation (adhikamasa ) to be added
at half-yuga and another at yuga-end (YVJ.37). The
length 1830 is very fundamental to VJ, ailmost al
parameters and algorithms of VVJ are based on this
number. It is not naturally occurring number like
amonth or ayear. It may be noted that the sidereal
dayswerenever used for civil purposesin ancient
India. There is absolutely no doubt that VJ made
this number to adjust for intercalation scheme.
This is similar to the scheme of intercalation
adopted by the caturmasya-yajiia as described in
Mait.S.(1.10.8), following from Tait.S(V11.4.8).
Pingree conjectured that the day in the RVJ is not
the civil day but the sidereal day (Pingree, 1973,
p.3). Thisisnot correct, for YVJ (29a,b) hasclearly
defined that the number of sidereal days (lit. rising
of Sravistha) in a yuga is the number days in a

yuga plusfive, referring to yuga having 1830 + 5
or 1835 sidereal days. Thisjustifiesthe statement
of VJ,i.e. 5years= 1830 civil days= 1835 sidered
days, and corroborates the above formula. It has
nothing to do with the sidereal daysof Aryabhariya
which isbased on the rotating theory of the earth.
Thiswasindeed agreat achiement at such an early
phase.
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