CHAPTER-6

Some Astronomical Principles : An Indian Perspective

Two types of knowledge: aparavidya (inferior knowledge) and pardﬁidyc‘z (superior or
spiritual knowledge) have been accepted in Indian tradition. An act of worship done
with a specific worldly desire was _<.:onsid_e’red.an inferior form of worship and was
popular with the kings. Aparavidya énables man to attain material progress, enrichment
and fﬁlﬁlment of life and paravidya énsures attainment of self-realization or salvation in
life (Chand. Up. 7.1.7; Munda. Up. 1.2.4-5). The Vedic people, in general, made
interesting synthesis by adopting nitya (perpetﬁal or daily) and ka@mya (optional for wish-
fulfilment) sacrifices or offérings. The first was supposed to bring happiness . to the
family and second was for material progress. The perpetual daily sacred fires and the
optional fires were placed on altars of various shapes. As to the reasons, which might
have induced the ancient Indians to devise all these strange shapeé,‘ the Rg-Veda
(1.15.12) says, ‘He who desires heaven, may construct falcon shapedv altar, for falcon is
" the best flyer among the birds’. These may appear to be superstitious fancies but led to
important contribution’s in geometry and mathematics because of their conviction in’

social value systems.

To find the right time for religious, agricultural, new year and other social festivals gave
the motivation for recording of recurrence of repeated events. from seésons, stars,
~ movement of planets, moon etc. This helped to 'develop many a framework for mappirg
of movements of heé.venly bodies with reference to East, West, North and South points,
nalcsatras; calendar, yuga, mahc’lyugd and movement of planets for mean and true
- positions of planets. Various ‘mathematical jand trigonometrical tables were also

formulated for better and better results. The Vedanga Jyotisa' mentions as under:
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Having saluted Time with bent head, as also Goddess Saraswati, I shall explain the lore
of Time, as enunciated by sage Lagadha. As the crests on the head of the peacocks, the
jewels on the serpents, so is the (jyotisa ganitam) held at the head of all lores among all

vedanga sastras.

Ganita is a variant reading for jyotisa meaning computation, which is the essence of this

science.

Another tradition, which has enriched specialized activities in mathematics and
astronomy is the guru-sisya-parampara (teacher-student tradition). Different recensions
of Vedic schools, s’ulbakd?as, Jyotiskaras (Varahamihira names tWer;ty scholar before
him), Kusumpura school, schools of Ujjain and Asmakadesa, and .Téin and Buddhist

schools are also well-known in this connection.

Beside these, there were commercial and ot}}er problems, which were tackled for-
lokavyavaharartha, used for common people. The restriction ‘and emphasis were also .
assured on social use and value systems, which helped people to take up different
activities for commerce, education and other areas. These helped undoubtedly to

concretise knowledge resulting in original contributions to mathematics and astronomy.

Construction of altars and nature of knowledge :

The ritual connection of Indian geometry, as elaborated by Thibaut and Burk, has been
intensively discussed by Datta, Seidenberg, Sen and Bag, and others.> The ceremonies
were performed on the top of altars built either in the sacrificer’s house or on a nearby
plot of ground. The altar. is a speciﬁéd raised area, generally made of bricks for keeping
the fire. The fire altars were of two types. The perpetual fires (rziiya agni) were
constructed on a smaller area of one Sq. purusa and optional fires (kamya agni) were
constructed on a bigger area of 7'z sq. purusas or more, each having minimum of five
“layers of bricks. The perpetual fires had twenty-one bricks and optional fires had two

hundred bricks in each layer in the first construction with other restrictions. For optional
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fire altars, the whole family of the organizer had to reside by the construction site of

- optional fire altar, for which another class of structure known as mahavedr and other

related vedis were made. However, a summary of these types of altars with ground
. X i

shapes are grouped below:

(2)

(b)

©

Perpetual fire altars (area coverage: 1 sq. purusa): dhavaniya (square),

garhapatya (circle or square), daksindgni (semicircle).

Optional fire altars (area covérage;?-‘/z square purusa):

Caturasrasyenacit (hawk bird with square body, sq vare wings, square ftail),
kankacit and alajdcit (bird .-with curbed wings and tail), prauga (triangle),
ubhayata prauga (thombus), rathacakracit (circle), dranacit (trough),

Smasanacit, (isosceles trapezium), kdrmacit (tortoise) etc.

Vedis: mahavedi or saumikl vedi (isosceles trapezium), sautrdmani vedi
(isosceles trapezium, and also one-third of the mahavedi), paitrki vedi (isosceles

trapezium or a square, area one-third of sautramani vedi), pragvamsa

~ (rectangle).

One. can guess the nature of knowledge, which could originate from such altar

constructions. However, the S'ulba—Sﬁtras of Baudhayana, Apastamba and other schools

have summarized this knowledge as available from the Samhitas and Brihmanas. Both

* Baudhdyana and Apastamba belonged to different schools but followed a similar

pattern, which also suggests that these schools inherited the knowledge from older

schools. While giving details, the Sulba-Sitras use the word vijiiGyate (known as per

traditions), vedervijiidyate (known as per Vedic Jtrad‘it’ion) etc. very often. A summary of

this knowledge will be of great interest.

Baudh#yana gives various units of linear measurements viz., 1 pradesa = 12 angulas; 1

pada = 15 ang; isa = 188 ang; 1 aksa = 104 ang; lyuga = 86 ang; 1 janu = 32 ang; 1

Samya = 36 ang; 1 bahu = 36 ang; 1 prakarma = 2 padas; 1 aratni = 2 pradesas; 1

purusa = 5 aratnis; 1 vydyama = 4 aratnis; 1 ang = 34 tilas = % inch (approx.).
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Knowledge o.f rational numbers like 1, 2,3 ... 10, 11 ... 100 ... 1000, '2, ‘A, %, '4, 1/16,
3/2, 5/12, 7%, 8%, 9% etc. were used in decimal word notations and their fundamental
operations like addition, subtraction, multiplication and division were carried without

‘any mistake.

Baudhayana had knowledge of square, rectangfe, triangle, circle, isoscelés, trapezium
and various bthef diagrarﬁs and transformation of one figure into another and vice-
versa. Methods of construction of square by adding two squares or subtracting two
squares were known. The areas of these figures ‘were also calculated correctly. That the .
length, breadth and diagonal of a right triangle maintain a unique relationship, a’+b’=
¢ (where a = length, b = breadth aﬁd ¢ = hypotenuse) or in other words (1, 1, 2) (2, 1,
3) formed important triplets thereby forming an important basis for number line, and
were used for construction of bricks and geometrical figures. For easy verification,
Sulbakaras suggested triplets expressed in rational and irrational numbers like (3, 4, 5)
(12, 5, 13), (15, 8, 17), (7, 24, 25), (12, 35, 37), (15, 36, 39), (1, 3, V10), (2, 6, V40), (1,
10 V11),-(188, 78, 203%), (6, 2%, 6%), (10, 41/6, 105/6) and so on. A general
| statement on ‘Theorem of Square on Diagohal’ was also enunciated thus: ‘The areas (of
the squares) produced separately by the length and the breadth of a rectangle together
equals the area (of the square) produced by the éame diagonal’. This has been wrongly
.referred to Pythagoras who was associated with the triplet (3, 4, 5) and the theorem is
known as the Pythagorian theorem. Indian knowledge is based on rational and irrational
arithmetical facts and geométrical knowledge of transformation of area from one type to
the other and its importance was perhaps correctly and perfectly realised. How the
Babylonians, Egyptians, Chinese and the Greeks came upon the knowledge of triplets

but not the general statement is equally important for an interesting study.’

The Sulba-Satra tracition vanished. Only a limited commentary from a late period is
available. Whether the ';radition has been lost or the elements have beéen absorbed in

temple architecture is still to be investigated and may be the part of other studies.
: | '
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Decimal scale, decimal place-value, numerical symbols and zero :

‘Our numerals. and the use of zero’, observes Sarton® (1955), ‘were invented by the
Hindus and transmitted to us by the Arabs (hence the name Arabic numerals which we
gave them)’. The study of Sachs, Neugebauer on Babylonian tablets, Kaya and Carra de
Vaux on Greek sciences, Needham on Chinese sciences and study of Mayan culture
have many interesting issues. The study of scholars likes Smith and Karpinski, Datta,
Bag and Mukherjee® have analysed Indian contributions, but still there is a need for a
comprehensive volume. However, the salient points may be of interest: The Indians had

three-tier system of word-numerals starting from the Samhitas as follows:

(@) -Eka (1), avi (2), tr (3), catur (4), pafica (5), sat (6), sapta(7), asta (8),and nava (9).

(b) Dasa (10), vimsati (2 x 10), trimsar (3 X 10), catvarimsat (4 x 10), padicasat (5 x
10), sasthi (6 x 10), saptati (7 x 10), asiti (8 x 10) and navati (9 x 10).

© Eka (1), dasa (10), Sata (10%), sahasra (10°), ayuta (10%), niyuta (10%), prayuta
(10%), arbuda (107, nyarbuda (10%), samudra (10%), Madhya (10'%), anta (10'")
and parardha (10'). '

The nameé and their order have been agreed upon by almost all the authorities for (a)
and (b), whereas there is a variation in (c) whlere mostly one or two terms have been
added later. The numbers below 100 were expressed with the help of (a) and (b)
sometimes following additive or substractive principles e.g., trayodasa (3 + 10 = 13),
unavimsati (20 — 1 = 19), while for numbers above hundred, groups (a), (b) and (c)
were used. For example, sapta Satdni vimsati = (720), sasthim Sahasrda navatim nava
= (60, 099).

One feature of the application of the scale is that it has been used in higher to lower
order (sahasra, Sata, dasa and lastly the eka). Real problem started when the numerical
symbols began to appear. The astakarni or astamrdam fairly indicates that Vedic people

identified eight marks but whether they identified other syfnbols is not known. The
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- Mahabharara (Ill. 132-134) narrates a .story in which it says that “The signé of
calculation are always only nine in rrlumber2 The astadhayt of Panini (450 BC)-used the
word lopa, and Pataruah the word sunya in connection to metrical calculations. When
Brahmi and Kharosthi numerals/alphabets appeared on the scene, there were lot of
confusmns creating more problems for ordlnary business people and the mathematicians -
and astronomers as to how to use the numerical symbols and adjust with the ex1stmg
decimal system. The early inscriptions show the number system was additive and did
not use decimal scale. Moreover numerical symbols were many in the begi;ming and it

was difficult to decipher the correct meaning.

First attempt of a synthesis of the Vedic decimal system with the prevalent situation was
possibly made by the Jains. The Anuyogadvarsitra (100 BC) has described the
numerals as anka as we find in Bengali to mean mathematics and describes decimal
scale as decimal places (ganandsthana) and their numeral vocabulary was anaiogous to,
that of the Brahmanic literature. They have enlarged these places to 29 and beyond, and
we find more clear statement in mathematics cum astronomical texts from Aryabhatta
.onwards in expressions like sthanasthanam dasagunam syat (ffom one place to next it
should be ten times) and daSagunottarah samjiah (the next one is ten times the
previous ,one).v This indicates that the scale was merged with the places, and the system

‘became very simple. For example, the Vedic numbers:

sapta satani vimsati and sasthim sahasra navatim nava reduces to:

sahasra (10%), Sata (10%), " dasa (10), eka (1)  Places
| 7 2 - 0 =720
60 0 9 9 = 60,099

The order of the Vedic scale was from higher to lower (sahasra, Sata, dasa and éka).
But later, the orde'r of the scale was changed from left to right i.e., eka, dasa, sata etc.
This is obvious when we think that in the Vedic system all words were spoken, and in
the latter system the scale obviously followed the writteh style (that is from left to right)

j
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and the place values were from eka to higher order. Moreover, the symbols were not
standardized and interpreted differently in different regions. To avoid this problem,
experts coined synonymous words and used them as symbols in decimal place-value in,
lower to higher order and the actual number was obtained by revgrsing'the number. For

example: sunya (0), dvi (2), pafica (5), yama (2) was actually 2520.

~ The Kashmiri Atharva-Veda also uses similar symbols.

Association of decimal scale with place-value was so popular in Indian tradition that it
was not even commented upon. The popularity went to deep that even Sankaracarya (c.
AD 800), the great social reformer,- pointed out that the same numerical sign if placed in
unit, tenth, and hundredth places becomes 1, 10, 100. The men in business or in
elementary schools (pathsala) used wooden board (pdr), hence the name pariganita, for
quick calculation, in which dust was spread and finger or hard materials were used for
calculation. The sys'tem-also,'moved-to Java, Malaya, and other East. Indian coloniesl
along with the business people, which is evidenced from some available insc;riptions.
The use of decimal place-value in lower order ,with word-numerals and higher to lower
order with numerical symbols was in practice. For calculation on a pati, numerical
symbols were used:, but for writing or copying a manuscript, final results were written in
word mﬁnerals to avoid confusion in decoding a symbol and also to keep rhythm in
verses in which it was written. The zero in many places of Bakshall. Ms (AD 400) has
been used as a round symbol (Sunya, 0). It also came out as dot (+), may be, that thick tip
of pen used for circle became dot in the process. This is distinctly visible in Bakshalr
Ms and the Kashmiri Atharva-Veda. Alberuni (e. 1020 AD) has incidentally referred to
two systems of notation of numbers, namely alphabétic (abjd) system (Huruf al-jummal
or HiSab al-jummal) and the Indian numerals (al-Arqam al-Hind). He has recorded
Indian numerals of nine symbols, and zero as dot in the Kitab al-Tafhim (the book of
instruction in the art of astrology). He also referred to circular symbol (O) of the Indian.
Al-Khwarizmit (825 AD), another Central Asian scholar, writes about Indian numerals®

thus, ‘The beginning of the order is on the right side of this writer, and this will be the
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first of them consisting of unity. If instead of unity they wrote X, it stood in the second |
digit and their figure was that of unity, they needed a ﬁgufe of ten similar to the figure
of unity so that it became known that this was X, and they put before it one digit and
wrote it in a small cicle “0” so that it would indicate that the pléce of unity is vacant.’
The Indian name sunya was taken over by the Arabs as as-sifr. This was subsequently
changed to zephirum (1202, Fibonacbi), tziphra (1340, Planudes) and Zenero, zepiro
(sixteenth century, Italy). ' ' |

Astronomical Features :

The fire sacriﬁcés. including construction of fire altars appearing in the Sambhitas, -
Brahmanas and the Srauta-Sitras clearly indicate that agnihotrs were concerned mainly *
with directions for laying the sacrificial fires, new and full moon, the season and
accurate caléulation of the times of the yéar'etc. The fixation of east-west and north-
south lines was considered very important for the construction of altars. Katyayana séys’
that eastern and western shaciow-points of a central pole in a éircle on equinoctial day
fix the east-west line and the line perpendicular to that gives the north-south line. The
Satapatha-Brahmana feports the Krtrika never deviated from the east. R.N. Apte, the
well-known Vedic scholar feels that east point was verified by the rising point of
Kittika in the Vedic period. Thé Vedic people took Sun as the sole light-giver bf the
universe, the cause of the season’s,» winds, controller and the lord of the World. The
Moon was described as siryarasmi, one which shines by the.sun’s light. Different
phases of the moon viz., raka (full-moon day), anumati (preceding full-moon day),
kuhu (next full-moon day), Sinivali (preceding new;moon day) etc. was known. The
Taittiriya-Brahmana gives a full list of name of 15 days of the light half (parva paksa)
and also of dark half (aparapaksa). The day was called vasava or aha and reckoned
from sunrise to sunset. The day was further divided iﬁtb different parts. The period from
~one moonrise to the next or from one moonset to the next was known as tithi, which is
somewhat different from the pfesent concept of tithi of fixed time. That the -

phenomenon of new and full-moon is related to moon’s elongation from the sun was
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also correctly guessed. The invisibility of the Moon on the new-moon day is explaiﬁed

by its being swallowed by the Sun and its appearance by its being released by the Sun.

'Naksatras, Months, Names of Seasons and New Year :

The naksatras or the gfoup of stars near which the moon could be seen are the
conventional division or marker of the ecliptic, (the path) which is followed by Moon,
Sun and the Planets. The Moon returns to the same position.in' more than 27 days but
less than 28 days. There is mention of 28 naksatras early samhitas, Atharva-Veda and
others, but the numbers were reduced to 27 from the time of Vedanga Jyotisa. The
names of these naksatras with their-presiding deities are enumerated in the Yajur-Veda
beginning with Krt#tikd. The lunar (or synodic month) was.measured from full-moon to
“full-moon or from new-moon to new-moon (T S 7.5.6). The Taitt, samhita (5.6.7) refers
to 12 or 13 lunar months of a year and calls the 13" (intercalary) month by the names
Samsarpa and Amhaspati (TS. 1.4.14). The six rtus in solar year with names of 12
tropical months are in 7aitt. Sam, (4.4.11.1) and Vdjasanéyz' sam (13.14). Studies have -
already been made on Rohini, KrttikG, Bharani and Asvini legends by Tilak,
Shamasastry, Sengupta, Dikshit, Kupahnaswamy Sastry which indicéte that the
reference point on the ecliptic'on equinoxial day (when day and -night were equal)
shifted to asterism Rohini, Krttika (Samhita perxod) Bharant (Vedanga Jyotisa period),
asvini (Suirya Siddhanta period) in course of time. A seal from the Mohenjo-daro (M.
2430) corroborates the Krttika legend’ which supports that the new year started from
Agrahdyani after the full moon at Krttika. By the time of Kausitaki-Brahmana (19.8)
the new year started with the winter solstice (shortest day) and it was on the new moon
day of Magha. This indicates that the purnimanta system (from the termination of full
moon) changed to amanta system (from the termination of new moon) with time and the
effort went on to synchronize lunar month with the beginning of the tropical year and

sc€asons.
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Naksatras

Taitt-Sam 4.4.10
Athar. Ved. 19.10

1.

2.

19.
20.
21,
22,
23.
24.
25.
26.
27.

28.

- Krittika
(Alcyon, 360 long) - -

Rohini
(Aldebaran, 460)
Mrgasdirsa

(A Orionis, 600)
Ardrd
(Betelguese, 650)
Punarvasu
(Pollux, 900)
Pusya

(Cancrii, 1050)
ASlesa

(Hydras, 1090)
Maghds
(Regulas, 1260)
(Ptrva) Phalguni
(8 Leonis, 1380)
(Uttara) Phalguni
(Denebola, 1480)
Hasta

(d Corvi, 1700)
Citra

(Spica, 1800)
Svatt

(Arcturus, 1810)
Visakhe =~
(Centauri, 2160)
Anuradhas
(Scorpi, 2190)
Jyestha

(Antares, 2260)
Mila

(A Scorpi, 2410)
(Ptrva) Asadhas
Sagittarii, 2510)

" (Uttara) Asadhas

Sagittarii, 2590)
Abhijit

(Vega, 2620)
Sravana

(Altair, 2780)
Sravisthas

(B Delphini, 2930)

Satabhisa
(A Aquarii, 3180)

(Pirva) Prosthapadas

(Markob, 3300)

(Uttara) Prosthapadas

(¥ Pegasi, 3460) -
Revatt

(€h Piscium, 3560)

Asévaujau
(B Arietis, 100)
BharanTs

(41 Arietis, 250)

Lunar
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Solar Months & Seasons

Sarada
(Autumn)

Haimanta
(Dewy)

Sisira
(Winter)

Vasanta
Spring

Grigma ©
(Summer)

Varsa
(Rainy)

Months Taitt-sam 4.4.11
Vaj. Sam 13.14

Kartika Urja
Agrahdyant Saha
Pausa Sahasya

. Mdgha Tapa
Phalguni Tapasya
Caitra Madhu
Vaisakha Madhava
Jaistha Sukéa
Asada l Suci
Sravana Nabha -
Bhadrapada Nabhasya
Asvina Isa

Sarada
(Autumn)



Luni-solar adjustmenfs and time units :

The natural means of measuring a -year originated from the experience of periodic>
recurrence of climatic seasons. Likewise, the natural means of measuring a day was the
period between two full moons. The return of the Sun to the same position with respecf
to the fixed star might have appeared to be much more reliable than the slow seasonal
variation of the leﬁgth of day light. ’fhere appears to be a constant attempt at adjusting
the lunar month with the season. The Taittiriya-Samhita (7.2.6) mentions how eleven
days ceremony (ekdd&s’ardtra) were performed Iafter lunar year of 354 days to make up
with the seasons (rtus) i.e., with the sidereal year of 365.25 days. The idea of
iﬁtercalating a month at regular intéfVals of time or of adding of five or six days in one
month or more months was thus developed. Naturally, three units of time measurement
viz., the solar day, the lunar month and the solar year are involved. Consequently ;che
luni-solar adjustments depended on the problem of finding the integers X, y, z which/
satisfy the relation, x years = y months = z days. The Rg-Veda gives two years
(samvatsara, parivatsara), Taittiriva-Brahman (1.4.10) mentions . four years
(samvatsara, parivatsara, idavqtsara and dnuvatsara). Shamsastry also bélieved in a
four year cycle, first three years of 360 days and fourth year = 146% = 365%4 days. The
Vedanga Jyotisa gives (both Rgvedic recension — arca jyotisa, 36 verses and Yajurvedic
recension - ydjusa jyotisa, 43 verses) a five-year cycle, the number of sunrising, moon
rising, tithi, naksatra, the new-moon, full-moon, account for solstices, seésons,. Sun’s
northward and southward journey, increase and decrease of day lengths during these
journeys, rules for determining the beginning of the season,' etc. It prescribes five solar
years = 62 sidereal months (moon’s revolution) = 67 Alunar months (synodic) months. In
this cycle of five yéars, solar days = 5x12x30 = 1800, ci\./il days (solar rising_ = 1830, sidereal
days (solar rising plus solar cycle, earth’s rotation) = 1835. A five year was conceived as yug&
in Veddnga-Jyotisa. The conception of caturyuga, and kalpa were later developments. The
Vedanga Jyofisa (Y-VJ, 24) also gives time units (measured by water clock), 1 adika = 50 palas,
1 kudava = 1/16 adika = 3'% palas, 1 nadika = 200 nalas — 3/16 adakas.= 4 adakas-3/16 adakas
=6 1/16 adakas = 61 kudavas, | nadika =10 1/20 k&lds, 60 nadikas = muhirtas = | day.8 |
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Astrological tradition : -

The Atharva Jyotisa (in 14 chapters, 162 verses) attached to Atharva Veda tradition
deals with the muhirta branch of astrology. Atharva Veda says that it was taught by"
Pitamaha to KasSyapa. The muhirta as a time unit comes first in the Satapatha
vBrdhmana (12.3.2.5) which gives 1 divasa = 30 muhirtas, | muhirtas = 15 ksipra, 1.
kspra = 15 itarhis, 1 itarhi = 135 idanis, 1 idani = 15 pranas. The Atharva Jyotisa gives
the unit as ahoratra (whole day), muhiirta, truti, kala, lava, former being 30 times the
next instead of 15 times. The last unit is nimesa (1 lava = 12 nimesa). Reference to 7
planets, sun, moon and five plaﬁet_s ére found. The Atharva-Veda (19.9) writes, ‘May
the Gandramasa and Aditya graha;along with Rahu prove auspicious to you’. The
Atharva Jyotisa also gives names of seven week days with names of planets and
describing planets as ‘Lord of the days’. The names are dditya (sun), soma (moon),
bhauma (mars); budha (mercury), brhaspati kJupifef), Bhdfga;a (Venus) and sani -
(Saturn). In other places it has also used names of planets as being applicable to planets
like Szirya (Sun), Lohitdnga (Moon), Somasuta '(Mercury), Devaguru (Jupiter), Bhrgu,
Sukra (Venus), Muryasuta (Saturn). This also contains the seeds of prediction of Jataka
astrology expressing fears, woes and horrors when certain naksatras are accompanied
by planets, meteors (u/ka) etc. The As’vcilayanai Sutra contains instructions like fields
should be ploughed on the wuttara prosthapada’, (Grhya-Sitra, 2.10.3)," ‘thread
ceremony should be performed on auspicious naksatras’ (Grhya-Sitra, 1.4.1) etc. The
words, muhiirta and ksana also appear in the ‘nirukta’. The Yédjfiavalka Smrti gives the
names of nine planets (seven planets, Rahu and Ketu (Acaradhyaya) and twelve parts of
the ecliptic (rasis) in order fo find proper times (S'ﬁrya—&amkarama) for performing the
$radha. The Yavana Jataka of Sphujidhvaja® (AD 269) is considered as a major work
carrying Greek influence. But it has also used (last chapter) time units viz. palas,
kudavas, liptas, nadika, kala, muhiirta, (or ksana) same as Vedanga Jyotisa, with the
exception that it has used 1 nadika = 10 kalas instead of 10 1/20 kalas used by Vedanga
Jyotisa, possibly to avoid fraction. It has conceived a cycle of 165 years instead of S

‘years and has given the number of solar months, solar days, civil days, intercalary
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- rrxonths, tithes, omitted tithes, sidereal months and other elements for this cycle. The. -
. Brhajjataka (or Brhat Jataka) is the next most important werk on astroiogy by
Varahamihira (¢. AD 505) who alsoi‘.compared ‘Brhat Jataka (horoscopic work) and
three smaller works on marria’ge and yatrd (journey) on astrology, besides collection of
five important works on aetronomy (Paﬁcas{ddhc’mtikd). Varﬁhamihira referred to
Parasara (twice, ‘ Mandavya and acaryas like Satya, Maya, Yarana, Manithya,
Jivasarma, Visr:tugupta'(identiﬁed as Canakya Visnugupta, the minister of Candragupta
by the commen’rator). Bha,t_totpald (c. AD 966), the commentator on the Brhat Jataka
-has given astrological quotations from. the works of Gargi, Badarayana, Yajfiavalkya
and Mandyavya. The Brhat Jataka contams 36 Greek words namely, the 12 signs —
kriya, taburz Jituma, kulzr leya pathena Jiika, kaurpya, tauksika, akokera, Hrzdroga
Ittham and twenty four other words 1nclud1ng the words, lipta, hora dreskana Kendra,
-kona etc. On the basis of these terms, Weber and Kem believe that there was Greek
influence on Indian astrollogical 'worksT Large number of le.te astrological works on’
Jjatakas (Kdlacakra-Jdtaka.,. 'Gauri-Jdiaka, Minaraja-Jataka, Jatakasara of Nrhari,
Saravali-Jataka Paddhati etc.) dee‘,ling'with misery and woe based on ascendants and
descendents of planets, horas (by Vasistha, Garga, Parasara, Varﬁha Lalla, Narada etc.)
g dealmg with whether an event will happen at all, if so, when and how on the basis of
horoscope cast muhurtas (tzthes naksatras prohibited for auspicious ceremony, taboos
etc.), pasaka vidya (questlons answered according to the casting of dice), tajik

(forecasting as per ascendance and descenderice of planets) etc. were in vogue.
Yuga, Kalpa and Mahayuga :

The Vedanga Jyotisa had a cycle of five ‘years in a yuga. The Yavana Jataka had 165
years cycle. The Panini, though refers to yuga- and kali, it is Manusmrti which gives
four yugas'(K.i:la, Trelad, Dvc'zpdra and Kali) = 1 2000 divine years = 4320000 ordinary
human years, since 1 Divine year = 360 ordinar_ﬁl years. The Mahabharata alse had the
same yuga and time units as that of Manusmrti. The Siddhantic astronomy, unlike
Greek astronomy, has established on epoch when all planets were in zero longiﬁrde:

Aryabhatta I considered on epoch when the Sun, the Moorr, Mars, Mercury, Jupiter,
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Venus and Saturn were last 1n zero longitude at sunrise in Lanka (a hypothetical place at
the intersection of the equator and the meridian of Ujjain) on Feb. 18, Friday,l 3102 BC.
The period of one such epoch t-b the next, according to Aryabhatta I is 1,080,000 years.
‘When the Moon’s apogee ahd the Moon’s ascending node are included in the list of the
planets, the above mentioned period (mahayuga) becomes 4,320,000 years, which fs
defined as the duration of yuga. The yuga is a period of time which begins and ends
when the Sun, Moon, Mars, Mercury, Jupiter, Venus, Saturn, the Moon’s apogee and
the moon’s asceﬁding node are in zero longitude. It consists of 4 periods, Krta, tretd,
dvapara and kali, the current qu_artef yuga is the current kaliyuga which is assurhed to
have begﬁn at sunrise at Lanka on _-Fﬁday, 18 Feb., 3102 BC..A bigger period than the °
yuga is called kalpa. According to Aryabhat_té I, kalpa consists of 1008 yugas, and
459% yugas had elapsed at the beginning of »c;u;rent kaliyuga since the beginning of-
current kalpe. The main -difference in Aryabhatta, Sﬁrya—Siddhz’infa and Brahmana
Siddhanta School is that the length of the ye'ar. and motion of planets in a kalpa and-
mahayuga is different and othér_ elements are same. There is also difference of opinion
as to the starting of kali era on 18 Feb., Friday, 3102 BC, which needs more careful
scrutiny. The Hindu astronomical works called Siddhanta adopt the terms of creation as

the epoch of calculation whereas those called kaliyuga as the epoch of calculation.
Old Siddhantic Tradition :

The Jains did posjtivé contributions to mathematics. A few works like Surya
| Pfajﬁnapti, Candra Prajriapti, Jamboo Divipa Prajfiapati, Sthc'mdnga. Sttra, Bhagavatt |
Stiitra, Anuyogad;zdra Sitra are available to us. It deals with problems dealing with
circle, chord, circumfefence, p (=10), diameter, arc, segment, big numbérs, infinity,
laws of indices, symbolé, operations etc. Varahamihira was born in AD 505 in the
,Villégc of Kapithaka (Farrukabad district of Uttar Pradesh) and moved to Ujjain. His
forefathers migrated to India from Maga country in Persia and settled in the Kapithaka.
He quoted Aryabhatta I several times and compiled Paficasiddhantika i.e., five
siddhﬁnta works,_ namely, auliSa, romaka, vasistha, saura and paitamaha besides -

astrological works. Colebrooke (1807-17), Whitney and Burgess (1860), Kern (1865),
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- . Thibaut (1890) and a few. other European _schcl)lars passed judgement on the relative
importance and origin of Indian astronorny. Thibaut in his introduction to the
Pqﬁcasiddhdntikd observes that the Paitamaha Siddhanta (c. AD 80) is the oldest and
carries pre-scientific stage of astronomical knowledge. The Vasistha Siddhanta, written
prior to AD 269 is more advanced. The Romaka and Paulisa have Greek inﬂuence. The
Saura Siddhanta only contatns new features. During the early centuries of the Christian
era the Indians were.in touch with the‘ Greeks, Romans .and other scholars and those of

Babylonian and Greek knowledge may have been available to them.

The scholars like Dikshit, ‘Sengupta, 'Ganguly, Kuppannaswamy and Shukla'' testified
that the reﬁnements introduced by Ptolemy (AD 150) and even Hlpparchus (1s0 BC) '
remained unknown to India. Whatever Greek influences are there they are all of pre-
Ptolemaic period and possibly of pre-Hypparchus time. The extent and naturevof contact
were through conferences or direct borrowal through translation of texts is still to be
investigated. Neugebaur has shown that the Vaszstha and Paulisa were inspired by i_

Babylonian linear astronomy

The Paricasiddantika (five siddhantas) were known in India from first century AD to
fifth centufy AD. By this time, the Indians had already acquired the knowledge of zero
~and decimal place-value, eight fundamental operations of arithmetic addition,
subtraction, multiplication, division ete., rule of three, inverse Ifl_b‘i'e of three, knowledge
of eombinations of six savours (a, b, ¢, d, ¢, f), 2 at a time, ¢ (6,4) — ab, ac, ad, ae, af, bc,
bd, be bf, cd, ce, cf, de, df, ef — fifteen in all), 3; at a time ¢ (6,3), 4 at a time ¢ (6,4) was
known. Likewise, the knowledge of binomial. expansion for calculating the
shortcomings in metrical" rhythm of music based on long (a) and short (b) sounds were
known. Or in other words binomial exnansion like (a + b)? = l.a> +2ab + 1. b%; (a+ b)*
= 1.2 +3.2% + 3.ab> + Lb%, (a +b)* = La* + 4.2% + 6 a®b® + 4ab® +1.b* and achieved
various other mathematical results. These undoubtedly Brought great change in the
Indian scenario in the ﬁeld of mathematics: and astronomy. The development of

algebraic and trigonometric tools also revolutionized the calculations and methods in
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astronomy.'® A series of writings came in with Aryabhatta II Aryapaksa school,
Latadeva, the student of Aryabhatta I and author of revised (Saryasiddhanta Saryapaksa
school), Brahmagupta (Brahmapaksa school), Bhaskara I (AD 628), student of
Aryabhatta School and a host of other scholars namely Lalla (c. AD 749), Vatedvara
(AD 904), Aryabhatta II (AD 950), Sripati (AD 1039), Bhaskara II (AD 1150) and
others. Aryabhatta I, an dsmakiva (Keralian) lived iﬁ Magadhé (modern Bihar) and
wrote his Aryabhatta. Magadha in ancient tim? was a great centre of learning and is
well-known for the famous university at Nalanda (situated in the modern district of
Patna). Theré was a spe-cial provision for st'udy of astronomy in this univérsity.
Aryabhatta I is referred to as kulqpa (=‘ kula{Jati or Head of a University) by the

commentator.

Aryasiddhanta and Aryabhatiya of Aryabhatai A(bl. ad 496) :

The Aryasiddhanta of Aryabhatta is only known from the quotations of Varahmihira
(AD 505), Bhaskara I (AD 600) and Brahmagupta (AD 628) in which the day begins at
midnight at Lanka. The Aryabhatta begins the day with sun-rise on Sunday caitra-
krsnadi, Saka 421 (AD 499). A summary of contents of Aryabhatta will give an idea’
how the knowledge exploded. Under arithmetic, it discusses alphabetic system of
notation and place-value including fundamental operations liké squaring, square root,
cubing and cube root of numbers. The geometrical problems deal with area of triangle,
circle, trapezium, plane figures, volumes of right pyramid, sphere, properties of similar
triangle, inscribed . triangles and rectangles. Theorem of square on the diagonal,
application of the properties of similar triangles. The algebra has concentrated in -
finding the sum of natural numbers (series method), square of n-natural numbers, cubes
of n-natural numbers, formation of equatibn, use of rule of three for application (both
direct and inverse rule), solution of quadratic equation, solution of indeterminate
equatioﬁ [by =ax + ¢, X =(by —¢)/ a]‘ where solution of x and y were obtained by
repeated division (kuttaka kut means to pulverize) etc. In trigonometry, jya@ (R Sine) is

defined, and 28 jya table at an interval of 3° 45° (R = 3438”) was constructed, the value
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of = 3.1416 was found to bé the correct to 34 places of deciméls. Aryabha‘_cta I’s value
of p = 62832 / 20000 = 3 + 1/7 + 1/17 + 1/11. Successive convergents are 3, 22/7,
355/113, 3927/1250 which were used by later astronomers. In astronomy, three

important hypothesis were made viz.,

(1) The mean planets revolve in geocentric circular orbits,
(2) The true planets move in epicycles or in eccentric,

(3) All planets have equal linear motion in their respective orbits.

The knowledge of indeterminate equations played a significant role. The method of
indeterminate equation was a sucéessive method of division. The same method is
possibly used for value of, solution of first degree and second-degree indeterminate
equation. Tt was also used to determine the mean longitude of plane for mean longitude
= (R x A)/C, where R = revolution number of planets, A = ahargana = no. of days since-
the epoch and C = no. of days in a yuga or kalpa. Large number} of astronomical
problems of Bhaskara I are changed to (ax — c)/l__) =y wherq X = aﬁargana any y = Sun’s

mean longitude.
. . . o
Astronomical corrections and astronomical instruments :

The geocentric longitude of a planet is derived by the mean longitude by the following

corrections. . i

(D Correction for local longitude (desantara correction).

) Equation of the centre (bahuphala).

?3) Correction of the equation of timé due to eccentricity of the ecliptic.
4) Correction of local latitude (cara) in case of sun and moon, and an

additional correction (Sighraphala) in case of other planets.

Besides these, Vatesvara (904) gave lunar correction, which gives deficit of the moon’s

equation of centre and evection. Bhaskara II (1150) gave another correction, variation.
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Mafijula (932) used a process of differentiation in finding the Velocity of planet. All
siddhantic astronomy gave me'thod' and time of eclipse, along with rithi, nak_satra,

karana, yuga, since these had an important beari'ng on religious observations.

A large number of astronomical instruments were referred to and used. To cite a few
from Lalla’s Sisyadhivrddhida'' (eighth — eleVenth centuries), these are (1) air and
water instrument, (2) golayantra, (3) man with a rosary:of beads, (4) 4se1f-rotating
wheel, and self-rotating spheres, (cakra yantra circle), (6) dhanur yantra (semi-circle),
(7) kartari yantra, the scissors, (8) kapala yantra (set horizontelly on the ground and its -
needle vertical), (9) bhagdr,za y'qntr~a,. (10) ghati yantra and conversion of observed |
ghatis into time only, (11) Sanku yantra, (12) Saldka ydntra, needle, (13) Sakata yantra
(for tithi observation), (14) yasthi yantra and graduated tube (for altitude, zenith

distance and bahu) and others.

The extension of knowledge by Kerala astronomers :

~ The knowledge of jya (or jiva), kojya and Sara for a planet in a circle of known radius
(¢rijya) was used. The scholars used gradually improved value ef (trijya) where Sinus
totus = 24“‘ Jjya = R = 3438 (Aryabhatta 1), 120° (Paﬁcasiddhdﬁta), 3270°
(Brahmagupta), 3437°44719” (Govindésvﬁmi AD 850), 3437°44748” (Madhava c. AD
1400). From the relation C = 2aR, where C = 01rcumference and R = radius of the
circle, R was calculated. The value of C was taken as C 360 degrees = 21600 minutes
and ©m = 3.1416 (Aryabhatta I). Madhava (c. AD 1400) used a value of & correct to 11
places of decimal_é. Maglhava used knpwledge of series to approxifna!lte the value of jiva

=s=s°/31r% and Sara = s*/2Ir for an arc s of radius r and applied them repeatedly.

. 3 . I k B * ] ’
Important trigonometrical relations were also found by scholars from Aryabhatta I
onwards. The successive approximation'? of Madhava and other Kerala astronomers

lead, for s = rx, to the discovery of
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Sinx = x ~x/31 +x°/5! --...

Cos x =1 —x%2! +x*/4! ..
These were investigated and rediscovered later in Europe.

For the study of history it is important to find out the date or at least a period of any
incident in the history of any country. This aspect of fixing the dates of Indian history
came to importance when European scholars began their studies of Indian history. The
European scholars had no concei)t of measurement of time with the help of astronomy.

They used to count the days and years from a partlcular king or event. Such records are
not present in the ancient history of India. Therefore nobody was able to fix the dates of

_ the ancient Indian history.

It made clear that the Indian authors have given details of time 'by the astronomical
records and by proper studies we can easily fix the dates of various incidents in the

ancient Indian history accurately.

We think that the modern scientific calendar is very good because it is easy but it is not
‘good. If a calendar from our wall is lost we are unable to find the date and month. If we
happen to go to some isolated island after wrecking our ship then in four to five days we
will ferget the date and month and then will never be recalled. But a man like me who
has studied the Indian calendar can easily tell Tithi, Nék_satra, Paksa, Lunar months by
looking at the night sky. By looking at the rising sun Reu and Ayana can be told.
Counting of the days can be done by Tithi and Naksatra. Tithi depends on the size and
shape of the Moon. Naksatra is the star near which the Moon is seen. Every day the

Moon changes its Naksatra and completes a round in 28 days. Thus the Indian calendar

. is eternal.
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Naksatra tells the position of the Moon among, the stars. Tithi tells the distance of the
Moon from the Sun, because in one Tithi the Moon goes 12 degrees away from the Sun.
Lunar month is named after the Naksatra near which the full-moon resides. It is also the
Naksatra which rises at the Suﬁset and remains visible throughout the night. From the
‘name of the Lunar month the Moon’s position is fixed and from it the position of the
Sun can be easily calculated. The sun is exactly opposite at the full-moon while both are

together at Amavasya.

Rtus are six in number, three in .each Ayana. Ayanas are two, Uttardyana and
Datksinayana. Uttarayana means the Sun’s northern journey. It begins with Shishira Rtu
at the Winter Solstice on 22" December of the modern calendar. Dakshindyana is the
southern journey of the Sun which begins with the Varsa Rtu at the Summar Solstice on
2on J.une. Varsa, Sarad, Hemanta are the three Rtus of Dakshiriayana, while Shishira,
Vasanta and Greeshma are the three Rtus of Uttardyana. Each Rtu consists of two solar’
months. Nabha and Nabhés}yazare the two solar months of Varsa Rtus, which correspond
with 22™ June to 21% July and 22™ July to 21% August. Isa@ and Urja are the two months
of Sharad. Isa corresponds to 22"“j August to 21% September. A period from 23™
September to 22" October means Urja. 23" September of the beginning of Urja is the
Autumnal Equinox having equal day and night. Hemanta rtu consists of Saha (22
October to 21 November) and Sahasya (22" November to 21% December). 22™
December is the Winter Solstice when Tapa, the first month of Reu Sisira begins. The |
second month of Sis’z‘r_a i.e. Tapasya extends from 22" January to 21% February.
Madhu, the first month of Vasanta Rtu begins on 22™ February and ends with the
Vernal Equinox oﬁ 21% March. Then Madhava, the second month of Vasanta begins
which ends on 21* April. From 22™ April Greeshma begins, the first month of which is
Sukra. lts second month Suchi begins on 22" May and ends on 21* June. 22™ June is
the Summer Solstice when Nabha and Varsa begin. Thus the solar seasonal months of
RAtus correspond with the modérn seasonal months (Taittiriya S&mhitﬁ 4.4.1. Also

Vishnu Purana Ansha 2, Adhyaya 8, Sloka 83).
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Visnu Purana 28 70 clearly speak about two solar months forming Rru.

- -

Ancient authors are particular in giv'e Tithi, Naksatra, lunar month and Rtu. Sages are
particular to mention the Naksatra of the Sun at the Winter Solatice or the Summer
Solstice or the equinoxes. From these records it is evident that the ancient sages knew of
the precession of Equinoxes due to which the Sun recedes in the Naksatra Cakra. If we
know the rate of the precession of equinoxes as one degree in 72 years or one Naksatra
in 960 years or one Rashi i.e. 30 degrees in 2160 years, we can calculate the year or the |
period of any incident about which these records are available. We get the data for
calculations if the Rfu and lunar‘mo_n.th is given', because the lunar month indicates the
Sun’s position in ‘Nak.satrds while Rtu indicateé the Earth’s position in relation to the
Sun. Let us now see how precise is the method to fix the dates or years or period of
some incidents. |

‘Paiicanga means five important points regarding the time. These are Tithi, Naksatra,
Masa, Rtu and Ayana. In addition to these ﬁve, =the sages were particular to record the

positions of the planeté, which pinpoint the time.

In the epic Mahabharata, Maharshi Vyasa gives the positions of all the planets in
Bhishma Parva, Adhyaya 2,3, thus — Saturn in Piiva, Jupiter in Sarvana, Rdhu in Uttara
Asadha and Mars in Anuradha. All these planets have a fixed rotational period. Saturn
. completes one rotation in 29.4545832 years. Jupiter takes 11.863013 years for one
rotation, Rahu takes 18.5992 years, Mars takes.1.88089 years per rotation. Taking the
respective positions of each of these planets in any year we can calculate backwards to
find out when the planets were in the said positions. I found the year to be 5561 years
before Christ. When Bhishma died it was Winter Solstice and he had fought for ten days
and had lied on the arrow bed for 58 days. 68 days earlier than 22™ December is 16"
October when the Great War must have commenced. Thus we could fix the date of the
Mahabharata war exactly as 16™ October 5561 B.C. Three more planets are found
described by Vyasa in the Mahabhdarata under the names of Shveta, Shyama and

Teevra. These are Uranus, Neptune and Pluto. Calculating back we can find that the
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respective positions get confirmed on the above date. [n addition Vyasa describes two
- consecutive Amavasydas, one Ksaya Paksa, two eclipses lunar and solar in one month’s
time and a big comet. All these evidences show the same date 16™ October 5561 B.C.
Eighteen mathematical points converge on this date and many other evidences point to
the same date. Therefore_ we have to accept it as the date of the beginning of the

M_ahdbhc’zrata war.

Accepting this date we can fix the dates of about sixty incidents from the Mahabharata
-including the date of exile 4™ September 5574 B.C. and exposure of Arjuna on 16"
April 5561 B.C. -

Except Astronomy no other method can give such details and exact dates. In the case of
the Mahabharata we have to solve some riddles put forth by the sage Vyasa ‘

deliberately, but in another books no such problem arises.

Rtus and lunar months as described in thé Mahabharata point to the same time of 5561
B.C. The planet Saturn had been in the arms of Rohini according to the Mahabharata.
According to the calculations of late Shri Dixit S.B. this phenomenon took place for

many centuries before 5294 B.C. |

At the time of Rama’s birth five planets were exalted according to Valmiki Ramayana.
The exalted positions well-known in astrology are thus : Sun 10° in Mesa, Mars 28° in
Makara, Jupiter 5° in Karka, Venus 27° in Meena, Saturn 20° in Tula. For calculations
of thousands of years only the slow moving planets are useful and only by two planets
Saturn and Jupiter we cannot fix the exact date. At least three planets are essential. In '
the Valmiki Ramayana, it is stated at Ayodhya Kanda 4/18 that the Sun,- Mars and Rahu
were aspecting Dasaratha’s Naksatra at the time of Rama’s coronation on Caitra
Suddha 9", when Rama completed 17 years of his life. In the Caitra Masa Sun resides
in Mesa Rasi, so Rahu also must have been Mesa or just opposite in Tula Rasi. Rahu

completes one rotation in 18,5992 years, hence 17 years earlier Rahu must have been in

123



 Kanya ie. Virgo. Calculations on this data show the date of Rama’s birth as 4"
December 7323 years B.C.

Instead -of coronation Rama had to leave for forFst i_n Hemanta Rty on Caitra Suddha
9™ At this occasion Va'\lmi_ki states the star posiltions at Ayodhya 41/10, 11. These tally
with the modém mathematics. Rama went fo the forest life on 29" November 7306 B.C.
Rama was married to Sitd on 7" April 73-7 B.Ci., in Bhadrapada Suddha 3™ on Uttara
Phalgunt Naksatra.

When Hanumana returned after burning Lanka, Valmiki describes the sky vividly,
which indicates the date as Pousa Krishna 1% or'3™ September 7292 B.C. The war was
fought from 3" November to 15" November 7282 B.C.

I have fixed almost 40 dates of various important events from the Ramayana, showing

that the astronomical records are helpful in fixing dates in history.

Vedic literature records abundant astronomical data, which can fix the periods. Rigveda
10161-13 states — “Who awakened Rubhus ? The Sun replied, “The Dog, because today
is the end of the year.” The Dog means Canis major or Mrga Naksatra. Rubhus means
clouds. Clouds were awakened by Mrga means rains began with AMyga. At present rainy
season begins with Mrga. Thus a cycle of 27 Naksatras must have been elapsed
between the present age and the Vedic age. At the rate of 960 years per Naksatra 27
Naksatras have taken 25920 years. So the Vedic statement is 25920 years old. In other
word the period of Rgveda is 23720 yéars B.C.

Taittiriya Samhita 7-4-8 states that -Pirva Phalgunt is the last night of the year while
Uttara Phalguni is t'he‘ first night of the new year, and Vasanta is the mouth of the year.
This shows the Vernal eciuino,x in thelfnonth of Phalguna at the full Moon. Naturally,
the Sun was diagonally opposité in the Bhadrapada Naksatra at the vernal equinox

showing a period of 23720 years B.C. | |
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Rgveda 4-57-5 requests Shunasirau to shower the water made in heavens on the Earth.

Shuna means god. Sirau means two heads. Two heads of dogs means Canis major and

minorine Myga Naksatra. This suggests beginning of the rainy season at Mrga Naksatra
' the period being 23720 years BC |

The equinoxes recede backwards through Naksatra. So from Mrga it must have gone to
Krttika. To show it there is an evidence in the names of the Stars Krttika. The
constellation Kretika is fbrmed of seven small stars, which are named as Amba, Dula,
Nitatni, Abhrayanti, Meghayani, Varsayanti, Cuputika (Taittiriya Brahmana 3—1-4). All
these names indicate water. Abhgjdnti means bringing Abhra i.e., white clouds.
Meghayanti means bringing Wateriioaded black clouds. Varsayanti means bringing
showers of rains. At the beginning of rainy season first whiteA clouds. of Abhra come,
then Megha or water-loaded clouds come and then showers come. Thus these names
definitely point to the rainy season. Krttika was bringing the Varsa Rtu  during 21800-
years B.C.

Between Myga and K_ftt‘z'kc'z there is Rohini. The rainy season must have begun on Rohini
some time. It is reported in the Mahabharata Vana Parva 230 wherein it is also stated

that the fall of Vega or Abhijit began because of Kritika went to water i.e. Summer |
Solstice When Varsa Rru began. This was the condition around 21800 years B.C.

Before this, during 22760 years B.C, the Su_mmef solstice was at the Rohini.

Apabharani is a Vedic name of Bharani Na/csat}'a. It was called as Apabharani
because it was filling water. How a Naksatra from the Sky fill water on the earth? Of

course by inducing rains. Thus this name was given around 20840 B.C.

The deity of Mula Naksatra is mentioned as Niruti. Nairutya means southwest. The
sages discovered that the rainy season in India comes from southwest winds. Therefore

they fixed the deity when Mizla was at the summer solstice and introduced rains during
11240 B.C.
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Before Miila, Pirva A_sdd'ha used to induce rains so that its deity is fined as Water
during a period of 12200 B.C.

“Rgveda 1-164-19 states, “O Indra and Soma, you two rotating like a yoked horse are
supporting this work.” These rotating deities are nothing else but the solstices. That
time Jyestha was at the summer solstice whose deity is Indra, and Mrga whose deity is

Soma was at the winter solstice. This period is 10280 B.C.

Taittiriya Brahmana 1-5-1-6.7 states that Kritika td Visakha is the northern course of
the Sun while Anurddha to Apabharani was the southern course of the Sun. This clearly
shows that the winter solstiée was between Kritika and Bharani i.e. 26" 40" while the
summer solstice was between Visakhd and Anuradha at 213" 20'. On 22™ December
1995 the Sun is at 245" 50' 45" in Miula Naksatra on the winter solstice. It has come
here from 26" 40". So total shift back is 140" 49’ 15", The rate of the precession of
equinoxes is 50.2 per year. So it is seen that 10098. 704 years ago the statement is

written. It comes to 8103 years B.C.

Asvalayana Gryhya Siitra 2-3-5 advises to meditate on Hemanta Rtu  on Margasirsa
Parpima. Naturally, Hemanta was ending at Magha Purpnima on the winter solstice.
The full Moon at Magha shows the Sun to be at 307" at winter solistice. At present the
winter solsﬁce occurs at 246". It shows that the Sun has receded back by 61"”. The
precession rate is 72 years per degree. So 61X 72 = 4392 years ago Asvalayana Gryhya
sétra is written. It shows 2404 B.C. at least 1900 B.C. as its period.

SusriitaSamhita 6-10 tells rainy season in Bhadrapada and A$vina Masas. 1t was the
condition around 400 B.C. The Samhiti also states that Magha Masa and Sishira Rtu
began together. This indicates 2000 B.C. Thus it appears that the first edition of
SusritaSamhita was formed in 4000 B.C. while the second edition was prepared at
2000 B.C.

Maitrayani Upanisad 6/14 records the summer solstice atthe beginning of the Magha

Naksatra or at-120°. At present it is at 65° 40’ 42!". The difference is of 54° 19’ 18" or
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195558 seconds. The precession rate is 50.42" per year. It shows that Maitrayani
Upanisad is composed 3895,5776 years ago or 1909 B.C.

Vishnu Puréna tells at 2/8/66 to 76 that equal day and night come when the Sun entered
Mesa or Tula Rasi. It shows a period not later than 1609 B.C.

Vedanga Jyotisa shows the winter solstice on Dhanisthd which cannot be later that

1640 B.C.
1

Parasara tells Summer solstice at middle of Alesa at 113° 20". Its date comes to 1159
B.C.

Kausitaki or Sankhayana Brahmana 1/3 tells that in the middle of the rainy season one
should see at the Panarvasu Naksatra while offering oblation. But in-these days in the
first fortnight the Moon does not combine with Punarvasu. Therefore give oblation on -
' Amavasya, which comes after 4sadha, because on the. Amavasya there is Purnavasu

. Naksatra.

In the first fortnight of Punarvasu is invisible in the months of Pausa to Asadha. These
are omitted. It shows that Jeshtha and 4sadha were not the months of rainy season It is
suggested to use Amavasya coming after A_sddhd. Thus it appears that the fainy season
used to begin from Srdvana Masa. At present the rainy season begins from Jestha
Masa. The rainy season has shifted back by two months. It means that the Sun has
receded 60°. At the rate of 72 years per degree the shift must have taken place in 4320

years. Thus KauSitaki Brahmana appears to be written around 2320 B.C.

Matsya Purana 204/5 tells that if one oblates on the Trayodasi with Magha Nak.sdtra
during Varsa Rtu he gets benefited. Magha Naksatra on Trayodasi comes in Sarvana
on Bhadrapada masa. Thus these two were the months of Varsa Rtu when Matsya

Purana is composed. The period is around 200 B.C.
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Shrimad Bhagavata. Purana shows equal day and night when the Sun was in Mesa or

Tula Rasi. It shows the time to be 1600 to 2000 B.C.

Kalidasa describes Varsa Rtu from Asadha first day. From that he appéars to be at the

- beginning of the Christian era i.e. 2000 years ago since today.
Varahmihira gives the summer solstice at Karkadya i.e. at 90°. So his date is 520 A.D.

Thus all the steps of one to two thousand years are shown by Astronomy. This cannot
be done by Archaeology or linguistics of any other science or method. There is a gap
from 12000 B.C. to 20000 B.C. which can be filled up by stray evidences such as the
.fall of Vega (Abhijit) mentioned in the Mahdbharata which took place around 13000
B.C. Valmiki Ramayana states that Daityakula had Miila as their Naksatra and Iksvaku
Kula Naksatra was Visakha. 1t means that Daitya Kula began when Vernal equinox was
at Mila i.e. 17000 B.C. Iksvaku Kula started with Visakha at the Vernal 'equinox around ‘
15000 B.C. Thus all the steps of history of the ancient Indian culture are seen ranging
from 25000 B:C. to 520 A.D. Only Astronomy can give such fineries about time.
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