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PUBLISHER’S NOTE

Rajasthan Prakrit Bharti Sansthan, Jaipur, has many streams of
publications; it brings out books on phiiosophies, religions their comparative
studies, history, art St culture, ancient 1it.erary works, Praltrit language and
secular scientific subjects etc. On the last one presently we propose to bring
out a series of ten books in collaboration with Sitaram Bhartia Institute
of Scientific Research, New Delhi, out of which this is the second one.

‘Ne are indeed grateful to Professor L. C. Jain, an eminent authority
on history of mathematics, to have written this book which might be useful
in appreciating the contribution of ancient scholars to the development of
mathematics. '

‘We are also indebted to Dr. G. C. Patni formerly Professor and
Head of Department of Mathematics and Dean, Faculty of’ Science,
University of Rajasthan, Jaipur for contributing the foreword of the book.

Mahopadhyaya Shri Vinay Sagarji Sahab, Joint Secretary c:-four
Society arranged its pubiication through Friends Printers 3: Stationers,
Jaipur. We are grateful to both of them.

O. P. BHARTIA D. R. MEHTA
Sitaram Bhartia Institute of Secretary,

Scientific Research Rajasthan Praltrit Bharti Sansthan,
NEW DELHI JAIPUR
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FOREWORD

Cosmology and Astronomy are some of those topics of'E1tact Sciences’
towards the development of which the jaina School of Pirsvanitha and
Vardhamina . Mahivira has contributed a lot. This School, noted For its
mathematicophilosophic pursuits, flourished in India very much close
round about the same period in which the School of Pythagoras flourished
in Greece, that is, in si:-tth century B. C. and later on, The vast available
ancient _]aina literature is primarily religion—cum—philosophy oriented, but
the use of mathematics is found in abundance, showing that the _Iainas at
that time had developed mathematics to a great extent. The ancient
_]aina literature is divided into four main_ groups, called prathn1Eniyoga,'
karauinfiyoga, caraninfiyoga and dravyinfiyoga where looking to the impor-
tance of science, most of the literature of the karaninfiyoga group deals with
mathematical, astronomical and cosmological concepts besides the study of
cosmos and self and the Karma Theory, As a matter of fact For this study,
two worlds, one the macroworlcl and the other microworld, are to be well
manifested to a human intellect and with this object, in view, the jaina
scholars in ancient India have worked on Astronomy, Cosmology and the
Karma Theory with mathematical approach.

The original _]aina Agamas discuss, amongst other things, the Karma
Theory. In these lie the deep secrets of periodic events of nature. It is
unfortunate that many of these lgamas in which mathematics has been
developed either as post--universal {alaukil:a) study of measures and counting
or applied in the form of results through analysis and comparability, e, g.,
the worl-ts of Bhadrabihu oF3rd-4-th century B. C. either have been lost or
are not traceable at present.Some of the important available lgamas and other
testts, their extracts and commentaries are the KasEya—p5huda, the $atl-cha-
ndigama, the Sthinilllga-—Siitra, the TattvErtha—-Sfitra, the Tiloyapannatti
Ksapanfisira, Labdhisira, the Gommatasfira, the Trilokasira, the Dhavali,
the Jayadhavali, the Mahidhavali, the Jambudivapactlatti Satpgaho, the
Ganitasira Satpgraha, the Sfiryaprajfiapti, the Candraprajfiapti, the Loka-
vibhiga etc, Some of these works are more than 2000' years old and many
of them lay hidden and could be brought to light only recently through the
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efforts of some Indian and foreign scholars. The names of M. Rafigiéirya
(c. 1912 A. D.), D. E. Smith, S. K. Das, H, L. Jain, A. N. Upidhyiya,
Kapadiyi, A. N. Singh, B. B. Datta, N. C. Jain, T. A. Saraswati, L. C.]ain
(the present author}, R. C. Gupta, Lishlt and Sharma, J.C. Siltdar, Volodarski
etc. are worth mentioning as main workers in the field ofjaina Mathematics.

In Sthininga-»Sfitra, the Jain canonical work of about 300 B. C...
risi forms one of the ten topics for discussion, Here riisi is synonymical
with samfl ha, ogha, puftja, that is, a set, though the riilii appears in other
jaina teats in several contents also; cosmological sets are found in detail in
Tiloyapaunatti, a worl-.c of Yati-Vrsabha of 5th century A, D. Philosophical
sets relating souls, their beeomings, nature of Karma, the number of particles
involved therein, alongwith their intensity of reactions and stay periods, the
deep-rooted theory of ‘bhiva’ becoming operators etc. may be found in great
details in the other important _]aina source work, ‘filatkhandigamal, compiled
and composed by Puspadanta and Hhittabali during the first two centuries of
the Christian era and the commentaries on this work by Vtrasenicirya
given in early part of the Elth century A. D. under the name ‘DhavalE'
which contains a lot of valuable information about Mathematics. Trilokasira,
summary of the three universes as the name indicates, has been compiled by
Nemicandricfirya of lith century A. D, from earlier Praltrit texts, one of
them being the Tiloyapannatti mentioned above; this work and its commen-
taries by Mfidhavacandra Traividya (c. I203 A. D.) and translated into a
dhfindhiri work ‘Artha Sarndrsti’ by Todaramala (c. U20-I768 A. D.) also
describe various other mathematical topics and concepts, for example, the
fourteen types of sequences for elaborating the number-measure {Satplthyi-—
mica) and the similc-measure [Upamfi-mine]. '

In the literature of karaninuyoga group, detailed description of the
universe is given and related to this, the description of the sun, the moon,
the naltsatras, the oceans, the islands, etc. using a lot of mathematics has
been provided. All these worlts are very useful in following the development
of ancient Indian Mathematics and Astronomy. In Vedic tradition, the
subject of Mathematics has been dealt with cursorily in texts like Veditiga
jyotisa. However Ftryabhata First of 5th century A. D. was perhaps the
first Indian mathematician-astronomer who in his book, ‘firyistaita (Arya-
Bhatiyam), has added a separate independent chapter consisting of 33 verses
on Mathematics and Astronomy. He was also the first astronomer who had
pointed out that the sun and the stars were fixed and also calculated the
circumference of the earth and gave scientific reasoning for the occurrence
of the solar and lunar eclipses, Another Indian Mathcmatician, Brahma-

6
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gupta of Tth century A. D. also added one separate chapter on mathematics
in his book, Brahmasphuta Siddhinta. But it was the jaina scholar-saint
lviahiviriciirya {c. 850 A. D.) who for the first time had written a separate
book, ‘Ganitqfira Satngraha’, entirely on mathematics. Even the Bakhsailt
manuscript found in Bal-thsili village near Peshawar in I381 is said to belong
to 12th century A. D,, though according to some scholars, it may belong to
3rd or 4th century A. D. also. However, much long before Aryabhalga I,
mathematics, astronomy and cosmology alongwith other subjects of science,
arts, humanities and social sciences, had been developed in 1ndia—-a fact
which has been acknowledged now even by western scholars. Various
astronomical phenomena whether they be related to the sun, the moon, the
other heavenly bodies, the constellations, the eclipses, the conjuction of
planets, triprasna (direction, position and time}, the measurements of small
or extensive dimensions of lengths and heights of small or big bodies like the
paramiinfis, the cities, the oceans, the islands, the mountains, interspace
distances between the different worlds—universe and sub-universes-the
hellish universe, the human universe, the sub-human universe, the gods‘
universe (heavens) and also subjects like the configuration of living beings,
the lengths of their lives, their progress, their staying together, that is, in
other words whatever there is in all the three worlds (triloka]| which consist
ofmovlng and non-moving beings [the six fluents) and which cannot exist
apart from ganita, have been described in the ancient Jaina Prakrit texts,

As mentioned in the book, ‘Science Awakening’ by B. L. Vandcr
Waerden, the use of the sexagesimal system in Astronomy is 5000 years old.
The Babylonians needed knowledge of calendar in connection with agricul-
tural problems and for this they had taken the beginning of their year, with
elfect from the vernal equinox. These Babylonians had adopted this system
from Sumerians and from the Babylonians. The Greek scholar-astronomer
Ptolemy (c. 150 A. D.) had adopted it in Greece. Further Neugebauer
has opined in ‘The exact Sciences in Antiquity’ that the decimal place value
notation is a modification of the sexagesimal system with which the Hindus
became familiar through Hellenistic astronomy. Whether it is correct, is
doubtful since the period of 300 B. C. to 300 A. D. is the Hellenism Yoga;
during this period Greek science and astrology was developed in Alexandria
(Greece) while arithmetic and astronomy remained static. For the period
before 300 B. C., even Herodotus, the pioneer of ancient Greek history, is
generally silent.

As mentioned in Encyclopedia Americana, the two Greek Scholars
Thales [64-0 B. C.) -and Pythagoras (Eith century B. C.) both travelled to
Egypt in Saitic period (663-525 B. C.) and Pythagoras is believed to have

7
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travelled to Babylon and other countries as far as India also. The astro-
nomy in Egypt however could not develop in comparison with the Baby-
lonian and Greek astronomy but it is now an admitted Fact that the Hindus
had developed their mathematics and astronomy many centuries before
Christ and as mentioned above, the ancient _]'aina School of Mahavlra
flourished very much in India round about the same period in which the
Pythagorian School flourished in Greece.

According to vander Waerden in his book, ‘Science Awakening‘,
“Herodotus has reported that Thales had predicted the event of solar eclipse
of 585 B. G, It is believed that Thales was the first Greek astronomer to
predict a solar eclipse. Such a Feat required the experience of more than
forty years, no matter how one proceeds. It is not possible for one man
alone to gather this experience. But Thales had no Greet: predecessors.
The conclusion is inescapable that he must have drawn upon the
experience of Oriental astronomers." These Oriental astronomers might
be Babylonians and Hindus only, It is possible that Pythagoras might
have been influenced by the Jaina thinking of his time which is
evident from the fact that he took the number 55‘ as the basis of
his lunar calculations. In Prakrit _]aina texts, the number 59 has been taken
as the basis of all lunar calculations since the days and nights in every one
of the moon's months total to 59; it is because of the fact that in relation to
the sun, the moon lags behind 62 celestial parts in one muhiirta and there-
fore takes 59%, days to cover 109800 celestial parts. It is important to note
here that the ayan system of the Hindus is different from that of the _]ainas
and does not consider 59 days as above.

Taking into account the various Factors, we can say that one of the
important links, in the sequential history of the Science Awakening in the
field of mathematics-—philosophic pursuits that occurred in the world during
the Pythogorean period, is the ancient jaina School of Vardhamina
Mahiivira.

In Chapterl of this book, the author quotes Lincoln as saying,
“The dogmas of the quiet past are inadequate to the stormy present" and
states that the science awakening round about the period of Vardhamina
Mahivlra and Gautam Buddha, wasa simple rise above the inadequacy
of the scientific knowledge which became indispensable according
to the needs of the times throughout the world.” This
science awakening covered many fields including Astronomy and
Cosmology by framing the concepts of the universe to which the Jaina
School contributed a lot after the era of the Vedifiga _]'yotisa and prior to

3
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the Siddhantic period of Indian astronomical atmosphere and continued
through Ptolemy (c. 150 A. ll), Aryabhata First (c. 493 A. D.], Copernicus
(c- 1500 A. DJ, Galileo (c. 1600 A. ll), Newton (c. 1680 A. D.), Einstein
(c. 1925 A. DJ, Eddington (c. 1925 A. D.) and many other Indian and
foreign scholars and scientists. Sometimes the scientists had to pay very
"dearly for telling the truth. Regarding the solar system, Copernicus was
the first western scientist who declared in very clear terms his assertion,
"We therefore assert that the centre of the earth, carrying the moon's path,
passes inagreat orbit among the other planets in an annual revolution
round the sun;that near the sun is the centre of the universe and that
whereas the sun is at rest, any apparent motion of the sun can be
better explained by motion of the earth.’ Galileo, a practical
scientist accepted the Copernican theory and had to ‘pay dearly
through his trial, insult and imprisonment. Einstein theory of gravitation
resulted in two types of universes; Einstein‘s closed spherical universe
containing matter but no motion and the other the dc Sitter universe
containing motion but no matter. But as we know, the actual visible
universe contains both matter and motion. According to Eddington,the
universe is expanding till one comes to a de Sitter’s universe (motion but no
matter) while according to Hoyle, the concept of universe involves a
continuous creation of matter, otherwise due to the condensation of the
background material into galaxies, a dead state of Llfllvfirgfg may qccur in
future. Thus even during the modern advanced scientific age, the scientists
are not unanimous in their theories about the nature of the Universe,

According to the _]aina School, it has been made undoubtedly clear
that there are six eternal fluents (dravyas}, via, bios (souls), pudgala,
{If-Wélgflla paraminus or ultimate particles of‘ matter), time particles
[ltElEnus}, aether (dharma), anti-aether (adharmaj and space {EltEia);
further the space has been divided into two types, via. finite non-empty
space), containing all the remaining five fluents) called Lokikasa (universe-
space) and the infinite ‘all-empty space’ {containing nothing except the spatjg
itself.) called Aloltikfisa (non-universe space]. The Lokaltisa has a volume
of 343 cubic rajjus (a measure developed and defined specially by the Jaina,-.-J
and as mentioned above, accommodates all the remaining five fluents, via,
souls [jlva-bios), pudgala [matter], dharma (of cooperator motion], adharma
(of cooperator rest) and kila. It is situated in the very central portion of the
endlessly endless (unfinitel space surrounded on all sides by the infinite
Alokikiia. Thus the _]'ainas have propounded the theory of two types of
universe, via, Loki]-tasa containing both matter and motion and Alokikiga
containing none ofthem, Further the _]'aina literature describes Various

9
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sub-universes, for example, general universe, hellish universe, human
universe, sub-human universe. god’s universe and astral-uinverse, the three
major division of the Lol-tdlcisla being the upper, the intermediate and the
lower universes. Further according to the Jaina Philosophy, the specific
relation between the bios and matter is a Kirmic one and the dynamical
laws are derivable only from the Kirmic relations.

Chapter II describes some of the terms related to the celestial sphere
and celestial diagram as envisaged at present; this has been given in order
to facilitate a comparison of the modern technical terms with those used in
the ancient Jaina literature where the frame of reference of celestial coordi-
nates is different.

In Chapter III, the author, while giving a very short description of
the historical evolution of the astronomy of the Vedic era, the Veditiga era
and the Astro-theoretical era, and of the _]aina School, based on the book,
‘Indian Astronomy’ by Shanltar Balkrishna Dixit, mentions that the ltledic
literature which is regarded as the oldest literature giving us information
about the eflbrts of the ancient Indians, in compiling the contemporary
knowledge, may be deemed to belong to the period from 2000 or 2500 B. C.
to 500 B. C. or so (while Vedanga-Jyotisa belongs to later period and is not
a work on Astronomy as it is essentially a five-year perpetual calendar meant
for prediction of times For religious purposes). While considering the _]aina
School, the author describes the source material, still available at present
in the _]aina literature in spite of the fact that a major part of the ancient
literature has been destroyed and is not available. The main authentic
worl-ts available at present and relevant to Mathematics. Astronomy and
Cosmology are jyotisa-ltarandaka-prakirnaka (c.-3rd century), Tiloyapaunatti
of Yati ‘Jrsabha (5th century A.D.}, Ganitasara-Sarpgraha and jyotisa
Patala of lviahaviricirya (c. B50 A. 1].), Triloltsdra {l lth century A. DJ,

Ejatkhaudigama [c 2nd century A. D.) and its commentaries, Lol-tavi-
bhiga, Sfirya-prajiiapti, Candra-prajhapti, Iambfidvipa prajhapti etc. A
number of later writers and scholars, for example, Hemahaqtasagani,
Rijaditya {c.+ll20], Mahendra Siilri {c.-l-1370], Malayendu Sfiri, Mahimo-
daya {c.1665}, Labdhicandra gani (c.+l5i§l3], Baghaji muni {c.+l?20},
Sumati harsa [c. + 1626), Bhavaprabha Sfiri (c.-l~ U11) and many more
have written books and discussed therein various aspects of Astronomy and
Cosmology.

In Chapter IV, the author has discussed and described many
cosmological concepts. In _]aina literature, the space-measure, rajju,
occupies an important place and has been defined in a number of ways.
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Some definitions are very complicated to be deciphered or to be computed.
Based on these and by comparing the volume of the finite universe of Einstein
Theory of Relativity with the volume of the universe as given in jaina
literature, G. R. Jain has come to the conclusion that one rajju= l.‘l-5>< 1021
miles based on Digambara School and equal to 1.53;-(1021 miles based on
Svetfimbara School.

According to one definition of C. T. Colebrool-t, Jain also finds one
rajju= 1.15 >-(2021 miles roughly, but as pointed out by Muni Mahendra
Kumar II and many other scholars, these values of one rajju can’t be taken
as accepted. Taking the same definition of Colebrook and interpreting it in
two different other ways, Muttiji finds that

one rajju= 7.-at x10 {M7 ii 1DmE'+2“3’ miles.
or =4.00 it I0 {LB X10245-ii 3} miles.

The author also remarks that the Tiloyapannatti gives a very vivid description
of the shape and the volume of the universe [the Lol-tfil-tfifia) and also about
the volumes of the three types of layers of air and water vapour all round the
universe, showing that there is no outer surface of the universe without
these layers. The author further mentions that in the jaina School, the
concept of eight central space-points of the lol-ta, as well as the movement
of matter and souls along the world-lines subject to instantaneous conditions
defines a coordinate frame of the universe,fu1l ofspace-points or time points and
there is no corner of the universe which is not reachable before four instants,
thus speaking of the principle of least time or the principle of quickest
approach and the principle of least path, thus conforming to the theory
that amongst all movements, the nature selects only those which reaches the
desired location with expenditure of least action (energy)-(time).

Regarding the Yuga system in India, the author quotes Roger Billard
and from his book, ‘L’ astronomie indienne investigation des textes Sansltrits
et des donnees numoriqucs, Paris’ and states that for astronomical studies
what was being done in Greece during the period 8th Century B. C. to 2nd
Century A. ll. was being done in India also and the jaina School was
further studying the maximum and minimum periods of life—time of human,
sub-human, gods and hellish beings in terms of muhfirtas, palyas and
sfigaras etc. In this very context, he gives the meaning of palya, sagara and
briefly discusses the concepts of kalpa and parivartana periods and
comparability so important in the Jaina School. In the end, the author
summarises, “The _]aina universe (Lokiikfisal is finite, lying in the very
central portion of all space, with non-material media of motion and rest
which have specific functional character. Space is a fluent and time-particles
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are also fluents. Motion ofultimate particles in an indivisible instant could be
minimum (one space- point) and maximum (14 rajjus). For bonds of
particles, snigdha and ruksa could be associated with positive and negative
charges. For Karmic bonds, yoga and kasiya bind a bios with nisekas,
measured through particle number, configuration, life-time and energy-level
of impartation (pradesa, prak; ti, sthiti, and anubhfigal.”

In Chapter V, certain astronomical concepts, for example, precession
of equinoxes general calendar as well as Indian Calendar (pa'iic§t‘1ga] etc.
have been discussed. The author also mentions, as it is well known,
that the calendar adopted in Vedanga _]yotisa has something to
do with that adopted in the ancient Prakrit texts and that there is
a great similarity in the treatment of the heavenly bodies and their
motion in practically all ancient Prakrit texts of the Jaina karauiniiyoga
group. In Hindu Calendar, 2? naksatras while in thejaina Calendar 23
naksatras have been reckoned, the _]ainas having added one more naksatra
‘Abhijit’. The author also points out that considering certain aspects of
the astronomical incidences, Lishk and Sharma have concluded that the
probable period of the Jaina canon may be about tith Century B. C.

In Chapter VI, kinematics of the astral bodies have been discussed as
available in ancient texts of India, China, Greece, Egypt, Babylonia etc.
As stated by Needham and Ling, "In these texts there is never any mention
of any Zodiac or of constellation lying along the ecliptic; the earliest
documentary evidence of this conception occurs just alter. Cln the other
hand, seleucid cuneiform texts of the 3rd and 2nd centuries B. C... give great
prominence to the Zodiac and use ecliptic coordinates extensively." But the
author (Jain) points out that the above authors do not appear to have gone
into details of the naksatra system of the Jaina School. The Zodiac of the
_Iaina School was so predominant that every naltsatra of the Zodiac had its
sign and Yogatfiriis. However, there is some difference of sign of the Zodiac
in the two Jaina texts, the Candraprajhapti and the Tiloyapannatti, the reason
may be that the, Candraprajhapti was based on observations taken in the
north while Tiloyapannatti belonged to the observations taken in the south
of India.

The commentaries of Candraprajhapti by Malayagiri and Amolak Rsi
give greater details of a _]aina Calendar based on calculation of motion of
various heavenly bodies, specially that of the sun, the moon and the
naksatras while Tiloypannatti, Trilokasira, Lokavibhiiga and Jamblidvipa
prajhapti give concise knowledge of the same. According to l“'-leugcbauer,
only since the Assyrian period, a turn towards mathematical description
became visible and texts based on a consistent mathematical theory of lunar
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and planetary motion came into e:-tistence only during the last three centuries
B. C. In this connection it has been pointed out that the _]'aina School had
already developed a mathematical theory of the motion of heavenly bodies
by the early centuries B_ (1., though as Yati Vrsabha mentions in his Tiloya-
pannatti that by his time, the description of‘ the motion of the planets had
become extinct but whatever remained in Candraprajiiapti, Sfiryaprajhapti,
or Tiloyapannatti, clearly proves that the _]aina School was in possession of a
complete calendar based on a highly developed ingenious and original
mathematical theory. This is clear even from the example that the total number
of astral images was given by the Jaina School as the quotient set obtained
by dividing the square of the _]'agasreni (set of points) by the product of the
set of the squared finger width and the square of 255. ' The Jaina School
also believed that the distribution ofthe astral objects was symmetrical and
based on live kinds of astral-groups, via_, the moon, the sun, the planets, the
constellations and scattered stars [prakiraaka tErEs) and that the moon was
the head of the family of eighty-eight planets, twenty-eight naksatras and
EEQTE [lU)1‘-1 stars.

As mentioned in this very Chapter, the Jaina School also believed that
the phenamena of the heavenly events in all the islands was also symmetrical
and could be represented by those, occurring in the Jamb fidvipa island only
except that in far oil‘ islands, the astral bodies were assumed at rest. From
this it is clear that such a symmetry denotes the manipulation of the causality
theory through an abstract mathematical model, principle theoretic in
nature and consistent. It is also remarkable to find that like other world
traditions, the Jaina tradition also believed in shadow invisible planets as
found in the texts Jinendramala and Jhanapradipikfi. In the end oi‘ the
Chapter, topics, like motion of astral bodies, relative motion of the naltsatras,
the relative motion of the sun and the relative motion ofthe moon have
been described.

In Chapter VII, the author gives a vivid description of the various
meanings and measures ofa ‘Yojana’ as stated by a number of different
schools and scholars, for eszatnple, the Chinese School, the Jaina School,
Needham and Ling, Lishk and Shartna, Muni Mahendra Kumar II,
Megasthenes (3rd — =1~th centuries H. C.) etc. In the Jaina School and in
some other systems, the Yojana has been taken as primarily depending upon
angnla and equal to TBBUUU angulas. But only in jaina School, there are
3 types of yojana depending upon 3 types ofatigfilas--5tm§1’tgula, utsedh-
Etigula, and praminangula which are used for measuring different types
of objects as indicated in all concerned literature. The Etmafigula is used
to measure the lengths of ornamental objects, gardens, cities, and residences
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etc. belonging to human beings while utsedhfingula is used to measure the
heights of sub-human and hellish objects and the cities and residences of four
types of gods. In Svetdmbara School, 1U[l[l utsedhafigulas while in Digambara
tradition, 500 utsedhtitigulas are taken equal to one pramfinifigula. Thus
according to the Svetimbara tradition, the pramaqa yojana is equal to modern
B000 miles while the Digambara pramina yojana comes out to be equal to
-'1l~l}UU miles and is used to measure the regions, the islands, the oceans, the
high mountains, rivers etc., described in the _]aina cosmology. The Buddhist
School takes its own afigfili-parva equal to two aftgiilas ofthe jainis. The
Chinese generally take one yojana equal to 31] li or equal to 5.12 miles, they
also talte a yojana equal to 4-O li or even equal to 16 li only. The concept
of yojana occurs in Sfiryasiddhanta also and according to Vicaspati and
Qabdirnava kosas, a yojana may be talten equal to 5 miles as pointed out by
Dixit. Fleet and Cunningham have estimated one yojana equal to 5I=,1-_f miles
and 5.7 miles respectively, the former value being accepted by L. C. Jain,
the author of the present text while the latter value being accepted by Lishk
and Sharma. Thus we find that a yojana is taken equal to different
measures, by difi"erent texts and scholars, generally also depending upon its
USE.

Based on the concepts of the Jaina School, Lishlt and Sharma have
calculated the obliquity of the eclipitic as 23" 5' {in structure oi" the mathe-
matical model of Meru) very close to the modern value- They have also
calculated the maximum north polar distance of the moon from the sun or"
eclipitic as ?.'.i"° which may however approximate to the modern value
5° H’ -‘-IO" if a yojana is taken equal to 5 miles.

In Chapter VIII, the author mentions about the calendrical yuga
system. As stated by him, the various Indian Schools including the Jaina
School accepted the quinquennial yuga or cycle but as pointed out by the
author, this yuga (or cycle) began with the nal-tsatra, Abhijit, a concept
found in the Jaina School. This cycle was found to be of '.?Btl solar years
or 235-’-180 days [one solar year=3I5I:'.i days).

In the last Chapter on Astronomical Theory, the author discusses
many important modern concepts in the light cf the concepts‘ given in the
_]aina literature. He quotes Albert Einstein as distinguishing between the
various types of theories in Physics, specially the Principle Theories and the
Constructive Theories. The Principle Theories, which are based on analytic"
methods, are logically perfect and have a secured foundation while the
Constructive Theories follow the synthetic methods and could be made
complete, clear and adaptable. However, ifa single principle fails or ifa
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single inconsistency arises, the whole structure has to be re-modelled,
because of almost impossibility then to retain its originality while the
constructive theories can be subjected to re-modelling without shattering the
complete structure.

The author further discusses to which type of the above two categories,
the ancient Jaina Astronomical Theory belong On one hand the abstra-
ction method leads us to such small entity as the Samaya (writ) and Pradesa
{sin} which are both regarded as indivisible just like the ultimate particle
Paraminu, while on the other hand there are such big quantities as the
Rajju and Sigara or jagasréni and the periods like Puqigala or Bhiva
Parivartana, infinities in space and time. Most of the Jaina Astronomical
principles have been found to be true but in some cases, for example, in the
prediction of the time of eclipses, when the Jaina Principle Theory was
found inadequate to explain and get consistent results of the natural
processes and phenomena, it was replaced by the Constructive theories
evolved all the world over. Lastly the author discusses the evolution of
epicycles depicting the unified motion of the moon or the sun as described
in Pral-crit texts and comprising the two motions, (i) the rotation of the earth,
which in turn relatively gives a kinetic view of them, and (ii) their motion
along the fixed stars.

Due to the continuity of the motion in circles, for each day, with a
radius varying from day to day, the geometrical figure of the path comes out
to be a spiro-elliptic one, winding and unwinding represented by the equation

r= The dynamical laws of Newton, Einstein etc. have beenh-J-k cos 9
found from this equation.

In the end the author has given very useful and brief bibliogra-
phies of the source material, research articles and related books. Thus we
see that the author has tried and tried very successfully, to give as much
information and exposition as possible about the ancient _]'aina Astronomical
and Cosmological systems and other allied world systems, which is very
praiseworthy and creditable.

Prof. L.G.Jain has got a keen interest not only in the study of the ancient
Indian Mathematical and Astronomical worl-ts in general and the jaina
works in particular but also in the study of modern mathematics. I-Ie has
got a vast experience of about three decades in this field and has himself
brought out a large number of expository, survey and research articles on
ancient jaina mathematics, quite a good number of them dealing with the
modern aspects inherent in the ancient Jaina principles.
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It is hoped that this work of Prof. Jain would prove to be a very
useful source of reference for any future work in this field.

Jaipur,
Qtlth Dec., 1983

Cl. C. PATNI
Ex. Prof. and Head of Deptt. of
Mathematics and Dean, Faculty of
Science and Faculty of Social Sciences,
University of Rajasthan, Jaipur
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THE IAINA SCHOOL OF EXACT SCIENCES
PART II

COSMOLOGY AND ASTRONOMY
caarrsa 1

INTRODUCTION

“Give me to learn each secret cause;
Let Number’s., Figure’s, IvIotion's laws

Reveal’d before me stand;
These to great Natureis scenes apply,

And round the globe, and through the sky,
Disclose her working hand."

—Altensidc, M.

According to Lincoln, “The dogmas of the quiet past are inade-
quate to the stormy present." The Science awakening, round about the
period of Vardhamfina Mahavlra and Gautama Buddha, was a simple rise
against the inadequacy of the scientific knowledge which became indispen-
sable according to the needs of the times, throughout the world.

Cine has to see with supreme clarity and certainty, whether during
the hatching of a Science awal-tening, there has been a desperate attempt
towards development ofa scientific methodology. The methodology, usually,
involves founding of general postulates or principles from which conclusions
could be deduced. The principles are wormed out of nature by perceiving
in comprehensive complexes of empirical facts and events certain general
features (say, cycles of births and deaths, regeneration and degeneration,
evolution as well as devolution] which permit of precise formulation. Then
may follow inference after inference revealing unforeseen relations, extending
bgygfld the province of the reality from which one started the method out of
pre-scientific thought.

Thus there has been awakening in framing the changes in concepts
of the universe, the astral-universe being only an observable part of it. The
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stories of such awakening cover the role played by Lucretiusl (—93 to-—li-5},
Ptolemyz {c-1-150), Copernicus3 (+l='li"3 to -+154-3}, Galileo‘! (+1554 to
-1- 16-‘I-2), Newton5 (—|— 1542 to -1- 1172?), Einsteinfi ( -1- 137:9 to + I955 ),
Eddington? [+ 1882 to -1- 1944:) and I-Ioyle3 (17 1915 to—...), All have left
indelible marks in the history of astronomy and cosmology, and even before
them all, one could discover out the _]aina system which also championed
the science awakening for the cause of research on truth and non-violence
prior to the Siddhzintic period of Indian astronomical fervour, after the era
of the Vedifiga Jyotisa

SCIENCE AWAKENING

Titus Lucretius Carus was a great poet of science, unparalleled in
Rome, fighting fear ofgods, ofsin and death. He belonged to the class
among whom was stated, “Then, my noble friend, geometry will draw the
soul towards truth and create the spirit of philosophy, and raise up that
which is now, unhappily, allowed to fall down,"9 Lucretius argued,1'3‘
“Bear this well in mind, and you will immediately perceive that nature is
free and uncontrolled by proud masters and runs the universe by herself
without the aid of gods. For who— by the sacred hearts of the gods who
pass their unruffled lives, their placid aeon, in calm and peace !— who can
rule the sum total of the measureless i’ Who can hold in coercive hand the
strong reins of the unfathomable ? “Tho can spin all the firmaments alike

I. Vid. ‘Nature of the Universe’, trans. R. E. Latham, Penguin Bool-ts
Ltd., 1951.

2. Vid. ‘The Almagest’, trans. R. C. Taliaferro, ‘Great Bool-ts of the
Western World’, series, vol. lb, Book I—Chicago, 1952.

3. Vid. ‘De Revolutionibus Clrbium Coelesticm (1.5-1-3 ]’, published by
Royal Astronomical Society.

*1». Vid. ‘Diologtie concerning the two chief world systems— Ptolemic and
Copernican’, trans. Stillman Drake, Univ. of California Press, I933.

5. Vid. ‘Philosophiac livaturalis Principia Mathematica‘, Drake, A, M.,
trans. rev. by F. Cajori, Univ. of California Press, I9-*1-5. (Cf. also
Mein Weltbild, Amsterdam, 1934-).

5. Vid, ‘The World As I See It‘, Newyork.

'1". Vid. ‘The Expanding Universe,’ Cambridge, I933. _

8. Vid. ‘The Nature of the Universe’, New York, 1950.

El. Cf, Coolidge,J. L., A History of Geometrical Metltods, Oxford, 1940.

ID. Cf. ‘Nature of the Universe“, op. cit.
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and fotnent with the fires of ether all the fruitful earths i' Wlto can be in
all places at all times, ready to darken the clear sky with clouds and rock it
with a thunderclap-— to launch bolts that may often wreck his own temples,
or retire and spend his fury letting fly at deserts with that missile which often
passes by the guilty and slays the innocent and blameless ?“

Claudius Ptolemy of Alexandria, an astronomer of first rate, argued
in the Almagest, the spherical movement of the heavens as follows, “Iii for
example, one should assume the movement of the stars in a straight line to
infinity, as some have opined, how could it be explained that each star
will be observed daily moving From the same starting point P For how could
the stars turn back while rushing on to infinity ii‘ Ur how could they turn
back without appearing to do so i‘ Ur how is it they do not disappear with
their size gradually diminishing, but on the contrary seem larger when they
are about to disappear, being covered little by little as if cut oh" by-the carth’s
surface ?" His scheme served as a new edition of Hipparchus [ c —2nd
century], his universe beinga geometrical pattern of epicycles, eccentrics
and defcretits. It neither opposed Aristotle nor the Bible and reigned
supreme For 14 centuries till the advent of sun-centred scheme of Nicholas
Copernicus. The work of‘ Copernicus was declared false and altogether
opposed to the Holy scripture by the Pope in + I616, (earlier in 1600,
Giordano Bruno had been burnt for supporting the views). His assertion
was, “We therefore assert that the centre of the Earth, carrying the lvIoon’s
path, passes in a great orbit among the other planets in an annual revolution
round the Sun; that near the Sun is the centre of the Universe; and that
whereas the Sun is at rest, any apparent motion of the Sun can be better
explained by motion of the Earth." 11

Galileo Galilei, a practical scientist par excellence, had to pay
dearly for accepting Gopernicanism, because his experiment with falling
bodies went against Aristotle and his telescope opposed the Pope and
Ptolemy. An excerpt from his book on Dialogue, which led to his trial,
insult and imprisonment, is as follows,” St'rnph'e1'o .' The first and greatest
difficulty is the repugnance and incompatibility between being at the centre
and being distant from it. For if the terrestrial globe must move in a year
around the circumference of a circle-— that is, around the Zodiac— it is
impossible for it at the same time to be in the center of the Zodiac. But the
earth is at that center. as is proved in rnany ways by Aristotle, Ptolemy, and
others. Sttlviarf : Very well argued. There can be no doubt that any one
who wants to have the earth move along the circumference of 3 cifcl-E; Inugt

11. er. De Revolutionibus, op. at. 6
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first prove that it is not at the center of the circle. The next thing is for us
to see whether the earth is or is not at the center around which Isay it
turns, and in which you say it is situated. And prior to this, it is necessary
that we declare ourselves as to whether or not you and I have the same
concept of this center. Therefore, tell me what and where this center is that
you mean.”12

It was left for the genius of Isaac Newton to formulate the laws of
celestial mechanics in the Principia on the basis of the works of Galileo,
Kepler, and Tycho Brahe, consistent with the Copernican system. Discussing
about the absolute and relative, true and apparent, mathematical and
common, Newton writes, “J-absolute time, in astrnomy, is distinguished from
relative by the equation or correction of the apparent time. For the natural
days are truly, unequal, though they are commonly considered as equal
and used for a measure of time; astronomers correct this inequality that
they may measure the celestial motions by a more accurate time. It may
be that there is no such thing as an equable motion whereby time may be
accurately measured. All motions may be accelerated and retarded, but
the flowing of absolute time is not liable to any change.“ 13

Albert Einstein contributed to relativistic mechanics replacing
Newtonian space-time by a super-edifice of four-dimensional continuum on
the basis of Riemannian geometry and tensor calculus of Levi Civita.
Vvlriting on the fundaments of theoretical physics, he explains, “The general
theory of relativity owes its origin to the attempt to explain a fact known since
Galileo’s and Newtonls time but _hitherto eluding all theoretical interpre-
tations: the inertia and the weight of a body, in themselves two entirely
distinct things, are measured by one and the same constant, the mass. From
this correspondence follows that it is impossible to discover by experiment
whether a given system of coordinates is accelerated, or whether its motion
is straight and uniform and the observed effects are due to a gravitational
field [ this is the equivalence principle of general relativity theory}. It
shatters the concepts of the inertial system, as soon as gravitation enters in.
It may be remarked here that the inertial system is a weak point of the
Galilean~Newtonian mechanics. For there is presupposed a mysterious
property of physical space, conditioning the kind of coordinate-systems for
which the law of inertia and the Newtonian law of motion hold good.“ 14

Einsteirfs theory of gravitation on introduction of a cosmological
term results in two types of universes; Einstein’s closed. spherical universe

l2. op. cit.
13, Cf. Principia Mathematica, op. cit.
l4_ Einstein, Ideas and opinions, London, 1956, p. 330.
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and the de Sitter universe. Einstein’s universe contains matter but no
motion, whereas the de Sitter’s universe contains motion but no matter. The
actual universe, however, contains both matter and motion, Eddington’s
studv has given rise to an expanding universe, till one finishes up in a de
Sitter’s universe. Hovle’s theorv, in addition, postulates aieontinuous creation
of matter in order to compensate for the condensation of the background
material into galaxies, otherwise a dead state of the universe in future is
the consequence.
JAINA COS‘-‘IDS

The _]aina school has elearlv distinguished between all empty space
and non-empty space, the former being alolcal-:5’sa {non-universe-space) and
the latter being lokaloisa (universe-space).15 Alolciltaiia extends to infinity all
around beyond the finite tstttsts which has a volume of 343 cubic rajjus
(ropes}.1'3' The istsitsss aeeommoelates the live eternal lluents (tlravyas), via...
souls, ultimate particles of matter {pudgala paramaaus), time particles?-7
(salient), aether (dharma) and anti-aether {adharma); space (stats)
being the sixth eternal fluent. The tatststt is situated in the verv eentral
portion of the endlessly endless emptv-space. Souls are infinite, and endless
times this inlinitv is the cardinal number of the set of time-particles, situated
at everv space-point {pradesa). Space-point is the space oeeupied by an
ultimate particle at rest, which by virtue of its motion rnav occupy more
than one space-point in an indivisible instant favlbhagi samava). Thus
pradesa and samaya are the ultimate units of space and time13, the samava

15. Vid. T. P., I, vv. 1.91 et seq. CF. also G. A., pp. 1, et seq. Vid. also
Cosmology, old and new by Jain, G. R., Indore, I942. See appendix
A and appendix B for the shape of the universe in Digambara School.
In the other it contains steps all around.

is. ct. T. P., 1, W. 1.133 et Seq, According to Svetimbaras, 239 t. r.
1?. Siddhasenagani regards time asa modification of bios 6: matter. In

dvetimbara work Jtvs jtvabhigama, the same view is expressed, but in
Bhagavatl and other works, time has been regarded as a separate fluent.
"fiilaseetyeke", in fivetambara and K.a'lasca" in Digambara.
Cl. Kirfel, Die Kosmographie der Intier, Bonn, 1920.

13. Time (Kala) has been defined to be of two types: niscava and
vyavahira. Niseava (absolute) time is a fluent, whereas vvavahfira
(relative) time is a measure. Similarly niscava (absolute) space is a
fluent, where as vvavahara (relative) space is a measure. “AIJ.oratJ.-
vantara vvatikrama ltilah samayah. Coddasa rajjuagisa padesa
l-tamana metta Kilena jo Coddlasi rajju kamanakkhamo paraminfi
tassa ega paramalgtuakkamena kilo samao niiima.” Cf. Dhavali, book
4; l, 5, 1, p. 313, Satkhaudiganta.
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being the interval in which an ultimate particle crosses another ultimate
particle or else is able to cross all space-points situated in a stretch of
fourteen rajjus.

Rajju is a familiar historical word from Egyptian rope-stretchers.
Through it are measured the distances between the ends of the immense
universe {loka), the cardinal rturnber of space-points of which is innumerare, as
also of those of a fully stretched soul, of the aether and of the anti-aether
as well as of the time-particles.

Out of all these fiucnts, only the matter (pudgala) has been
endowed with five types of taste, five types of adour, five types of colours.
and eight types of touch. The ultimate particle, has however, only one
taste, one odour, one colour, two types of touch {either cold or hot, and
either smooth or rough). Smoothness or roughness has been associated
with levels from zero to infinity, corresponding well with positive and
negative types of charges in so far as their story of bonds is concerned in
Jaina literature. One may call the touch to be of affine and anti-affine
types, again corresponding with love and malice of a bios, or afiinity and
anti-alifinity, causing karmic [action] bonds between a bios and ultimate-
particles.19 Thus pudgala is material, other fiuents being abstract. Motion
is defined For the bios and matter alone, the other fiuents being stationary,
stats being an accommodator, l-tala being a modifier, dharma being motion-
cooperator, and adharma being rest-cooperator. Consciousness is accorded
to the bios alone.2*‘3

Common properties or controls of all the fiuents are interesting :

i] Astitva (existence): signifying it as eternal and indestructible

ii) Vastutva [objectivity]: signifying it as having some norm of
action.

iii) Dravyatva [Fluence): signifying it as being, flowing through
its own controls and events. '

iv) Pran1eyatva( measurability ) : signifying that it could be the
subject of knowledge.

Cf. P. A... vv.12T-134.
A fiueut (dravya) is that which Flows through its own controls (gunas]

19.

and events [pary.iyas). Each is endowed with regeneration, degenera-
tion and immutability (utpiida, vyaya evam dlirauvya).

llil. These describe the special properties or controls [gur,1as) of the six
fluents.

6
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v } Agurulaghutva [ non-gravity-levity ) : signifying the power by
virtue of it, the fluent does not lose its own controls and
remains always what it is.

ti) Pradesatva ( pointedness ) : signifying that every fiuent has
some or other forrn (shape, siae, etc.)

Further, space [Ek-Tia} Forms a continuum absolutely, but relatively
it consists of or is composed of infinite space-points (pradesasj whose cardi-
nality is greater than that of the instants (samayas) in the past, the present
and the Future. Similarly the cardinality of the infinity of the time-instants
is greater than the cardinality of the set of all ultimate particles
(paramEnus).31 Matter, souls, aether, anti-aether and space are each called
astilcaya because each of them is many-pointed. Soul may contract or
expand, forming a continuum. Aether and anti-aether also form a conti-
nuum. Time-particles do not form astil-taya in so far as each is single pointed
and discrete, 22 '

In the works on 1-taraninuyoga, description of various subuniverses
is available. For example in the Tiloyapannattl, chapters have been devoted
to the general universe, hellish universe, human universe, sub-human
universe, astral universe, and gods universe,23 Loka is also of Four types :
fluent (dravya), quarter fksetra), time (1-alt) and phase (bhfivaj universes.

Thus under various controls of their own, the fiuents modify
themselves through various types of events. The specific relation between
the bios and matter being karmic one. The astral universe relates the
astronomy in terms of celestial parts {gagana lchatjidas ), project-measure
(yojana), and i‘orty—eight-minute set {muhnrta),34 The dynamical laws
are derivable only from the Knrinic (action) relations, as it appears, which
may be subject to deeper probe, Jlater. Yojana may be compared with
Chinese ‘ill’ .

21. Cf. ll, boolt 3, p. Bil, 31.

22. All the six types of lluents {in various number) enter each other,
continually mixing with each other, accommodating each other

' mutually, yet do not lose their own nature [special property).

23. Cf. T. P., I <31. ll. The three major divisions are the upper, interme-
diate and lower universes. Ci. also G. Pi.., p 9.

24. Cf. ibid. CF. also S. P., C. P., T. S, and L. V.
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2. TECHNICAL TERMS

For an interesting reading, it is desirable to acquaint the readers
with certain terms used in astronomy at present, so that the ancient material
could be brought under relevance.
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CELESTIAL DIAGRAM

The above is a celestial dtlagrarn used in spherical trigonometry and
astronomy. An observer is set at O inside a hollow sphere. serving as two
hemispherical domes, with Z as the Zenith and Z’ as the nadir. This is
presumed to be his range of vision in which all the heavenly bodies appear
in different positions, measured through various types of celestial coordinates.
S N is his horizon, with East (E), ‘Nest (‘W’), North [N], South (S) as its

3
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cardinal directions. Above Nin the northern direction is the Pole star
{roughly} or the celestial pole at P, the south celestial pole being at P’.
All are great circles with O as centre and O N as radius, except_the
CG—D which is a small circle, with P as its Pole.

Z E Z’ is the prime-vertical East, and ZW Z’ is the prime-vertical
‘West. The perpendicular to the polar axis and P,5,—5—’P is the celestial equator
Q E R ‘W. The secondary to this is the P,;—,5,—’ P’. Here 0- is any star whose
declination is G-*0", the declination circle being Cg-D.

The celestial equator cuts the ecliptic F-;- G up (path of the sun)
at -3 and iv: , called the first point oi Libra and the first point of Aries, or
the equinoctial points. The position of the sun at these points malte days
and nights equal all over the earth. The pole of the ecliptic is denoted
by K, near P.

The circle P@—,;;-‘P’ may be called the hour circle as it measures the
hour angle oF the star‘s movement from the celestial meridian PZSP’, always
westwards, from O“ to 24*‘ or O“ to 351:1“ . Thus the declination G—’G— and
hour angle Z P0—- as sub-stracted from 360° gives a system of celestial
coordinates measured with the help of celestial equator and its secondary,

A second system of coordinates is set up from the ecliptic Fmgvp
and its secondary through KC,-H. Here Hg— is called the celestial latitude
oi the star ct‘, and the angle at K, measured eastwards from qr» between the

secondaries K op and Kg-H to the ecliptic is celestial longitude of the star.
op Qgr’ measures the right ascension oi ,]- 25,

The angle between the ecliptic and the equator is 23% degrees and
is the same as the are P K. The distance N P gives the altitude of the pole
star or latitude of the observer. This is also equal to ZQ. Now F and G
are solstitial points, when the sun is nearest or farthest from the earth.

‘Nhen the star is at C, it is said to culminate or at upper meridian
transit, at D it is at lower transit. 9-H is the altitude of the star 0-, and Z5-
is its zenith distance.

__ ‘- ' ' -_ - ' -- ““ ‘—-— — _" — i -i-T__ ' 'm- ' — _' ' -—|——_-I —H - -- - —— -- —|i—5.n.

25. Right ascension and declination Forms another system of celestial
coordinates.

9
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INDEX OF THE DIAGRAM

O Observer

S EN W horizon, with south, east, north, west as cardinal points at
S, E, N, W7.

Z Zenith

Z’ nadir

Z. E Z‘ prime vertical east

P Z QP’ celestial meridian
P north celestial pole

P’ south celestial pole

Q E R W celestial equator

F a G so { celestial ) ecliptic ( path of the sun along zodiac )

P N altitude of pole star or latitude of the place.

K. pole of the ecliptic
¢- first point of Libra _ _ _
“P first point of Aries l Equmoctml pomti

F 8: G solstitial points
5- star, with its path C,;|—D, declination circle.

P 5- 5-’ p’ Secondary to celestial equator or hour circle.

K. 5- I-I Secondary to ecliptic i

9- B altitude of star ,3,-

Z ,-;—- aenith distance of star ,3-

,;,—’ ,:;,— declination of star 5-

Z P 5- 360° minus the hour angle of star ,;,—
F Qor Fm Q obliquity of ecliptic (231? }

H 0- celestial latitude of star U-

rip F I-1 celestial longitude of star 5-

np Q,0—' right ascension of star ,9-

C point of culmination of star Q-

A point of intersection of hour circle with horizon.

10
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It is now important to note how various positions of the heavenly
bodies were depicted in the _]aina school. Concepts were the same, but the
frame of reference oi‘ celestial coordinates was different. The researches
of Lishlt and Sharma 25 are attracting attention of scholars in so far as
their interpretations are bringing the secrets of the school to light in terms of
modern usage.

iiui---I-Zl-

I

-_--—-— --- - -' ‘ -_ — - -- _ -

26. Ci. bibliography of research papers.‘ 1 i Trill
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3. SOURCE MATERIAL

Shankar Balkrishna Dixit, in his Indian Astronomy” has given the
historical evolution of the astronomy into three stages : Vedic era, Vedfinga
era, and Astro-theoretical era,

VEDIC LITERATURE

As is well known, the Vedic literaturegfi is regarded as the oldest
literature as well as the outstanding efiiort of the ancient Indians towards
collection of the contemporary knowledge, leaving apart the still unl-tnown
treasures of the civilisation of the Indus valley, or of the pre-Harappan
cultures. The three distinct classes of this literature are the Satphitas (the
Rgveda, the Samavcda, the Yajurveda and the Atharvaveda], the
Brahrnanas (Aitareya, Kausitaki, Pancavitpita, Jairniniya, Katha-fragment,
Taittirlya, Elatapatha, and Gopatha), as well as the Eranyakas-Upanisads
{forest texts and secret doctrines; including Chandogya, Kena, Mah5n5r5—
yana, $vetas’vatare, Maitrayani, Brhadaranyal-ta, Tss, Mundaka and
Prasna}. -

According to Vilinternite, the view on ‘Vedic chronology generally
followed is, “we shall probably have to date the beginning of this develop-
ment about 2000 or 2500 B. C. and the end of it between ?50 and 500
B. CF39. During this period, the times of oecurence of the parvas { “Knots
of time"), via., full moon, new moon, equinoxes. solstices etc. were investi-
gated for religious performances. Dixit have tried to find out relevant
astronomical details in various parts of the literature.

27. C‘-f. Bharatiya Jyotisa, Hindi trans. by S. N. Jharkhandi,
Lucknow, IQT5.

28, Cf. Bose, I).lvI., Sen, S, N., Subbarayappa, B. V, A concise History of
Science in India, New-Delhi 1€I?1.

29. Max Muller holds the view that the oldest of the Vedas could not have
been composed earlier than 1200 B. C. Hermann jacohi and B. G.
Tilalt, on the basis of precession, etc. opine this date to be in the third
millennium B. C, Cf. ibid. pp. 22-23.

12
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IFEDANGA JYOTISA

The next group of literature comes under the Vedatlgas comprising
oi Sil-asa, l-talpa, vyakarana, nirul-tta, chandal; and jyotisa. The joytisa is
found in reeensions of the Rga and the Yajurvedas: Arc-jyotisa and
iYajusa—jyotisa, The Atharva—_]'yotisa, astrological in character belongs to a
later date, These works take the winter solstice at the time of Sun and
Moon’s conjunction as the first point of the Dhanistha (a point of the
ecliptic lying 103° Q0’ east of the star Zeta Piscium). The epoch might be
1400 B. C. From the lengths oli the day and night at summer solstice, via.
36 and 3-it ghatis, it may be inferred that the author belonged to a place in
latitude 35“ north (near north of Kashmir, in India). 3'3‘ According to Shul-tla,
the Vedafigaflyotisa is not a work on astronomy, but it is essentiallya
five-year perpetual celendar meant for prediction of the times for religious
purposes, and that the ‘vledauga calendar had two main defects. Actually
there are 1826-2819 civil days in a5 solar year period (yuga), and not
13345] days (as supposed in the Vedanga Jyotisa}, therefore, after every new
cycle, the winter solstice fell about 4 days earlier.

Moreover, as there are 1330 B9-5-“l days in a period of 62 lunar
months and not 1330 as supposed in the text, a deficit of one tithi. approxih
mately in a period of 5 solar years resulted.31

JAINA TRADITION
The jain school is said to have tradition oi twenty-four tirthatiltaras,

Mahivira was the last. The name of the first tirthatiltara, Rsabhadeva,
appears in Vedic literature, lilhagavat purana and even in Shiva
mahapuriina. Dr. I-I- L. _]ain presumes that there was a parallel dramana
tradition to the Vedic tradition. The ascetics of the former were called
Ivlunis and those of the later as Rs-Is, and that there could have an exchange
ol' knowledge between both the traditions.33 The historicity of'PErsvana'tha

. ___ - _- . . " - -- - _-__ . _ -' ___ 1|—- .'|.' ._n_'---_|_

30. CF. Shultla, K. S., Astronomy in India before Aryabhal;a—l, paper read
at B. G. P-, Lucltnow. Cl. also Renou, L., and Filliozat, J.--L’ Inde
classique, filcole Francaise d ‘Extreme-orient, Hanoi, 1953; they find the
text to be ofc. 400 B. CL, but the astronomical elements belong to the
period of the Satphitas- CF. also, Dixit, op. cit., p. 126. et seq.
The Vediiliga calendar consisted of 51 civil, 62 lunar, and 6'? sidereal
months. A solar day, reel-toned from sun rise to another, the year
consisted of 365 civil days. This calendar commenced on the first
tithi of the white halfof the month Migha.

32. CF. Bharatiya Sanskrti men Jaina Dharma ka Yogadana, Bhopal,
1962, pp. 11 ct seq.

st.
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tlrthafiltara has also been established, the nirvana of Mahavira being
accepted as --521 The bifurcation ofjaina tradition of literatue into that of
Svetarnbara and of Digambara appears to be round about—[—?3.33

LITE RATURE IN 'SVETAMBARA SCHOOL

A question mav be posed whether these was any literature of the
Jaina School prior to Itiahivira ? Two types of scriptures, dravya and
bhava, injaina tradition, has been described according it is worded or else
thought, or normed. The later trtav be brought under the eaption of the
pfirvas [the earlier). Fourteen sueh pfirvas of knowledge of the tradition
are described as utpada purva, agravanlva, virvanuvada, astinastipravada,
jhana pravada, satva-pravada, Etma pravada, karma pravada, pratvE-
l-chyina, vidvanuvada, ltalv51;tavada(or abandhva, according to §veta'm-
bara), praniivava, kriva visala and lol~;abind|.1sEra_ llvlention has been made
from place to place in available _]'aina literature about these pfirvas, still
they are said to have become ezittinct about 152 vears after Mahavtra, Ev
this verv time, the Svetitnbara tradition is said to have held a conference
oi'_]aiua dramanas in Patliputra at the instance of Sthfilabhadra and compiled
the eleven aftgas of Egama : Evarafiga, thaljfifiga, samavavaiiga, vivEha-
paaigatti, nayidhammakahio, uvasagadesfio, antagadadasio, anuttarovaiya
dasao, panhavagarana and viviga suvatn. The twelfth afiga was ditthivacla
[having five divisions—parikarma, stttta, pfirvagata, anuvoga and efilikij,
excepting perhaps a part of pfirvagata of which, rest material is not
available.

Apart from the above, the council of ‘Valabhi, at the instance of
Devat'ddhiGa1)i {c_—1—4-5-ii} compiled twelve upiiigas, six eheda sutras, Four
nifila sfi tras, ten pralttrnakas and two ciilil-ta Formulas.

Upafigns .' aupapatil-ta, ravapascnivarn, jivajivabhigatna, prajfiapana,
silrvaprajfiapti, jambfidvtpa prajfiapti, candraprajfiapti,
kalpika, ltalpavatetiisilta, puspil-ta <31 vrsnidas-E,

Ciiedosfitres: nisltha, niahanisttha, vvogahara, acaradasfi, kalpasfitra and
paficakalpa,

Mfiiasfitras : uttaradvavana, avasval-ta, desavaikalika, and pitujanirvultti.

Prektrakas .' eatuh siarana, a'tura—pratval-thvana, mahapratvilthvana,
bhaktaparijfia, tandula vaicirika, sarnstaraka, gacchacara,
gafiividyfi, devendra stava, 3-L rnaranasamidhi,

Cfifika'.tfiIros:na1"idI sfitra and anuvogadvara.

ss. ct. Jain, J- 11., “The _]aina Sources of tissues}, tit .tna;}.t¢;a;l. _
use B. G. to a. o. st:-0)", Delhi use-ii.
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LITERATURE IN DIGAMBARA SCHODL
The Digamhara tradition, however, regards a part of agrEya11i-

purva, Eatkhandeigama ( c. + 2nd century), as well as a part ofjiianapravada
Kasayapahuda sutta fc.-l—lst century}, to be authentic compilation. Other
works appear to be those of Kundakunda (c. -_t 5th century). The Karan5-
nuyoga group of Digambara literature is known to be in Lol-tavibhaga
(present edition of-|— llth century], Tiloyapattnatti (e.+5th century},
Trilokasara (c.+l1 century) and _]atnbfidvIpapraji"1apti (c. earlier to -I-1-ilfil).

CERTAIN CQNTRIBUTURS
The Karantinuyoga group of dvetambar literature may also Found

to be in kyetra samasa, saqlgrahcni of Jinabhadragani. These have been
modified and extended as Brhatltshetra samtisa and Brahat satpgrahant
(compiled by Candrasfiri oi“-+1—l2t.l1 century). Then there are Laghul-zsetra
samasa of Ratnasel-thara {c.—|- l-filth century), Brhatltsetra satnasa of Somati-
la1ta[c. Isl-th century), vicarasara praltarana of Devasfiri (c...l3th century],
and Jyotisa ttarandal-ta-praltirriaka (c.—3rd century ?)

Nemlcandra Shastri, in his Bharatiya jyotisa, mentions some
astronomical texts oi‘ astro-theoretical era, compiled by _]aina astronomers
He mentions llviahavtracarya to have compiled Jyotisapatala which is
available in part, relating motion, state and number etc. oi planets,
constellations and stars.3‘-l= He regards Qridhara, the compiler of J otir-Y
jifianavidhi, to have become _]'aina in later years. Udayaprabhadeva sfiri
(c.-i-1220) is said to have compiled ararnbhasiddhi (vyarahara caryaj - whose

25

commentator Hemahamsagaai appears to have some prakrit teat on
planetary mathematics with hirn. A ltannada astronomer; Rajaditya
{c_—l—ll20] appears to have compiled mathematical tests applicable to
astronomy. Maliendrasfi ri (c.+ IBTO} completed a work on Yantra raja, on
various celestial diagrafns, commented by his disciple, lvIalayendusiiri_35

Contributions to astronomy may also be mentioned of Mahimo-
dayals paiicatiganayana vidhi [c.+lEiEi5}, Labdhicandragatgiils janmapatrt
paddhati (c.+lEi‘El'3), and BEghajimuni’s titliisarini {c.+lF25}. Karena-
kutfihala vrtti of Sttmatiharsa [c.+ lfiifi}, Maliadevt Saratjti vrtti of
Dhanaraja (c.-F1535), Grahalaghava vrtti of Yasasvatasigara (c.—|—l?i]3),
Jyotirvida bharana vrtti of Bhavaprabha S11 ri (c.—[— 1'?! 1} , Candrirltt vrtti of
l-crpivijaya, may also be mentionedfili

The contribution to astrology has been excluded in the above.

34. op. cit. p. 91. i i in I
35. Published at Bombay, 1935.
35. Cf. Nahata, 1:t.C., Iaina jyotisa aura Vaidyal-ta Grantha Qrt jaina

Siddhanta Bhaskara, vol. 4-, no. 2, tsst. pp. 110-118. ct. all-:o,]ain A
Some Unknown _]a1na Mathematical works (Hindi), Ganita Bhalrati:
-El-‘I-2 [ 1982 ], 6l—?l.
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4. COSMOLOGICAL CONCEPTS

Certain fundamental ideas have already been related in the
introduction. The first curiosity is now as to what is a rajju through which
the enormous distances of the ends of the loka (universe) are measured.

EVALUATIDN DF RAJJU
In some ]aina works, a rajju is defined as the diameter of the

Svayambhfiramana ocean 37. In Ratttasaiicaya praltarana, a rajju is defined
as follows : “A god can go 100,000 yojanas in the winking of an eye, The
distance travelled by him, thus in 6 months is a raj_ju.”35

Rajju has also been defined as follows :

“IF a powerful god were to throw down forcibly an iron ball heated
and weighing one thousand bhéiras, the distance which it could travel in six
months, six days, six. praharas, and sis. ghatikas is equal to a rajju,“39

G. R. Jain, however, opines that the above definition can not be
subject to computation, for the law of the falling of bodies is not known.
He goes further to correlate the radius of finite universe of Einstein's theory
of relativity, with the rajju as follows :4“

3?. Cf. L. P.. (I, v. E5].
38. Joana laltkha pamfinam,

Vimesa mittena jai jo devo.
Clhammasena ya gamanam,
Eyam rajjfi pamanenam. ll @133 ll. (CF. R.S.V.,P. 403, p. I89)

39. Ivlilhai suhurnfii koi suro,
A golo a ayamao hittho,
Bhira sahassatnayam so,
Chammase chahim dinehim pi. llliilll
Cha pahare cha ghadiya,
Jivakamrnai jaivi evaiyi.
Rajju tatth pamatjto,
Divasamudda havai eya. ll20l| Elf. R. 5. P., vv. 19,20.

40. Cf. Cosmology, old 3: new, op. cit. pp. 105-11?.
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Radius of the universe ={l0fiB million} (light years]
=1: toss H tot} ts.ss>.; 1012 miles)

Volume of the spherical universe { by Formula f, a r 3 )
= ;_:- at (I055)-1’. 105)-<5.B3>< l012]3 cu. miles
= 103?:-t 1053 cu. miles —(A)

The volume of the loka = 34:3 cu, rajjus --—[B]

Equating (A) and (B), one gets

One rajju =-= l.-‘i5?-t’ I021 miles -—[E)
From fivetfimbara measure, the volume=235‘ cu. rajjus - (G)
Equating {A} and {G}, one finds

One rajju = 1.53311 l031 miles —— [F]
Now, Jain further takes the definition of a rajju according to Colebrook,
as the distance which a deva [god] flies in sis: months at the rate of 2,05ii’,l52
yojanas in one 1-tsana {instant).*-‘=1 He taltes a big yojana to be 4000 miles,
hence the distance travelled in si:-t months, or one rajju,

= 2057152 >< 4000 it [6 months) miles.

=.- 205’?152 :>-: -=1-000 >t '5 Ia 30 tit 24 >t 60 >4 54000 miles 42

= 1.15 >< 1031 miles roughly. -—-~[G)

The comparison between (F), {G} and (H) gives the evaluation of a
rajju, subject to controversial points. The value of a yojana is to be diggugggd
later in detail, as it carries a great historical importance.

‘JOLUME OF UNIVERSE

Regarding the volume of universe, Muni Mahendra Kuntar II
agrees with the Digambara tradition, as the squared loka measure does not
signify the cubic lol-ta measure and hence the volume as 343 cubic rajjus is
confirmed to be same in both traditio11s.43 Regarding the evaluation of the

_ _ '.' ii" “H ' ' __ ' ' —|- '_ -i __

-=1-1. Quoted by Von Glassnapp in “Der _]ainismus" Berlin, I925, i
42, Taking an instant to be a prativipal.I1]1~ia,, Jain

finds 60 prativipalarpsas = 1 prati vipala,
50 prati vipalas = l vipala
50 vipalas = l pala
60 palas = l ghati = 24: minutes

I minute = 54000 prativipalfirpsa and so on,
43, Cf. Visva Prahellki, Bombay, (Hindi), 1959, pp. 93-101.

Cf. also Lolta Prakisa, ch. I2, vv. 110 to 115, by Vinaya Vijayagani,
and also vv. 116 to 13?, Pts I. II, Surat, 1932, Pt. III, Hhavnagar, 1933.
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rajju, Muni Mahendra Kumar II, goes still further and first finds the value
of st... prahelilti =44
Mfithurt vicani, 7.58 X 10193
Vilabhya vicanii, 1.3? >< 10249
Using the Mather! vieani value, he finds the least yoked innumerate

{jaghanya yukta asaqlkhyita to be {T250 it 10193) (7-58 X 10193) , ie, the value
raised to its own power, or multiplied as many times as it is. This gives the
number of instants in an Evalilta.

Now 1 muhfitra = 4-B minutes = I,fi?,T?,2lfi Hvaliltis
and 6 months = 5~1l00 muhfirtas.
This, ultimately leads to the value of a rajju, as per definition of Colebroolte
to be _ -
I rajju = 1-Bfix 10 ll 1479510196) + H} yojanas.
‘When a yojana is taken to be 4000 miles, then

= 1'45): 10{ C 1.45 ‘ll: In HE) + 3} light years.

ANOTHER VALUE OF RAJJU 45
There is one more basis on which the value of rajju could be

calculated. If the number of the continuous stretch of the islands and
oceans upto the Svayambhfiramana ocean, in the intermediate universe
(madhya loka) is taken to be n, then the following equation gives the
value of a rajjut

logg (rajju) = n -[- { 1 or Saiittkhy.-Eta) + logg (diameter of
Jambfidvtpa },

where n could be related as

_ rajju _
" ' 5 " l 1% 24-i praminingiufa l ‘_ 5“““‘h*’“‘“* ...... ..( 1)
Now the total number of astral bodies are given to be

J? rajjus __ )2 _; 1
256 ipramfinaftgula ‘ 1655351 (II)

which may be calculated to be approximately as
l'l'fi 1;-..s 2 tr.-5] 2] ]. 18 ._ _(w><1° )[@i[ 3 ls‘ >} Z rs ........(....

the value of a rajju could be calculated by equating I and III.
_ _ ___ |_ - - ___ - -- _. .—--1— _ ——|.—_— 1- -r

Id44. Cf. V. P., pp. llti 119.
45. Cf. T. P. G.,. pp. 99-102.
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Mani Mahendra l-tumar II, has approximately calculated this
value to be

1ra.l.lu =... 4-00 x to ii 1'3 X 102“ 1+3} miles
by taking the same values of Sit-sap-raheliki and yojana as mentioned
earlier. 45

He has concluded that the volume of the universe, thus, could
not be less than

9'5(103. 1111 C.1.llJIE miles.
The figures of the universe, given ahead, speak for themselves, the

shape and the volume of the universe (loka}. For details of the volumes of
the three types of layers of air and water-vapour, all around the universe,
the Tiloyapannatti gives very vivid description, showing that there is no
outer surface of the universe without these layers.“

FRAME OF DESCARTES

Descartes (-1- 1596 to -|- 1650), a soldier and mathematician desired
only tranquillity and repose. He emphasized order and measure in mathe-
matics and discovered coordinate geometry, from which algebraic equations
could be framed for a curvilinear path of a moving point.

I I‘

‘fa-:0)

#-
ii

)(' C2‘--6--'-ct.---tr X

yf

I-I I in--n|u||Ir 1  —m —' '1 .' — ‘ um: I F. -1,1.“-_ I-|

46. ct v. P., pp. 119-123.
st. ct. T. P. 0... pp. as-as.
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Y1-

I
xi I X +

.1Y -no

The point P moves in a circle of radius r, and its path equation is
given by zit? -|- yi = r3.

According to I-Ianltel, I—I., "The analytical geometry, as Descartes’
method was called, soon led to an abundance of new theorems and
principles, which far transcended everything that ever could have been
re achcd upon the path pursued by the ancients."45

In the Jairia school, the concept of eight central space-points of
the lol-ta. as well as the movement of matter and souls along world—lines
subject to instantaneous conditions define a coordinate frame of the universe,
full of space—points or time-points as already described.
The deciding verses are t 49

2'25, In transit from one body to another, [there is] vibration of the karmic
body only.

2‘2Ei. Transit (takes place] in rows (straight lines} in space.

2'27. The movement of a [liberated] soul is without a bend.
_ ---— l-n¢II|_— I I .-' — _- ' _ I_-- I-I-I-I '— -_-—

4.-B. Moritz, R. E., Cln Mathematics and Mathematicians, Dover, 1942.
New York, p. 152,

49'. 225 Vigrahagatau karmayogfih
2'25 Anusreni gatih
2.2? Avigrahii jivasya
2-28 Vigrahavati ca samsirinah prfikcaturbhyah
229 Eltasamayi avigrahi
2'30 Ekarh dvau trinvfi anaharakah
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2'23 The movement of the transmigrating souls is with_bend also prior to
the fourth instant.

2*29 Movement without a bend {tal-res) one instant,
2-30 For one, two, or three instants ( the soul remains ) non—assimi1ative.

The above shows how a transmigrating soul or the matter associated
with it moves from a loka—point to another loka-point, in any case. before
four instants. In general, the three coordinates are needed for such
a depiction :

The movement oi‘ the
Z body from O to O’

I involves three paths
0 L,¢,%-.191 o a, A B, e U‘,each

being traversed in an
instant, thus three
instants in all are

Zl
involved in such a
movement.

O Thus there is no cor-
ner of the universe

1- y which is not reachable
before four instants,

H the eight central
B points and the rows

? 8.: columons of space-
points making world-

X lines, or paths in the
_ specific circumstances.

This speaks of the principle of least time, or the principle of quickest
approach, from which could also be derived the principle of least path. It
was believed that amongst all movements, the nature selects only those
which reaches the desired location with expenditure of least action (energy it
timej.‘-W

COSMIC PERIODS AND CYCLES
The Jaina literature, while depicting norms and measures of

quantitiespertaining to observable events (say,those of astronomy), stand

49. With these thedries were connected theicontributors Maupertiiis
{-1- 1698 to -1- 1759), Format {-1- 1601 to _+ 1565), Hamilton (_~t-1805 to

-i- 13fi5),_]acobi (+ 1304 to 1051) and so on.
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equally competent to express all these regarding non-observable events
(pertaining to karmic phenomena], as well. The question is what was the
source of inspiration of Yuga system in India. For what purpose their study
was started from the time of Kryabhata I {c.—l-5th century) and continued
over for several centuries E‘

vuca BHAGAl_W!t
Roger Billard5‘3 has tried to answer the above problem, and he

opines as follows : in

“For it is a mathematical method that has allowed us to go
far beyond the best results of the scholarly studies in the field. Thanks to
such an astronomical investigation of the Sanskrit te:-tts and numerical data,
our knowledge of Indian astronomy has just improved greatly. We do know
now what was exactly the astronomical science in India and the hows and
whens of its history. In particular we can see now how and why Eryabhata
is the leading figure in a strange and wonderful history of astronomy.

There is no need to recall here what are the yuga or the yuga-
bhagana, nor how the yuga prevailed on Indian astronomy. To tell the
truth, with such common multiples of revolutions, of course devoid of
physical Infifllllflgs and ‘so huge periods and numbers, the Indian astronomy
did look like a pure speculation, a wordy literature displaying astronomical
elements of pure Fancy. '

Now the technical investigation of the yugabhagana has revealed
that they are not entirely devoid oi‘ reality. The very yuga proceed indeed
from a speculation, but I can state that every set of speculative elements or,
as we shall say henceforth, every yuga canon is always based directly or
indirectly upon a set of astronomical observations, and obviously, on account
of the yuga, solely upon one set of astronomical observations. This being
go, by a wonderful parado:-t, it is the very fitting of a speculation upon
reality that enables us to detect now the estistence, the epoch and the quality
of those observations, discover now the key of Indian astronomy, find the fin
mot of the question. Thanks to the instrument with which probability theory
provides us, many yuga canons afibrd at present a never-seen means of

50, Cf. L’ astronomie indiennc, investigation des textes Sanskrits ct des
données numeriques, Paris, 19?l.
Cf. also, “iiryabhata and Indian Astronomy,” I._]. H. S.,
Vol, 12, no. 2, Nov. 19'?'?, pp. 20?-224.
Of, also, _Iaina, L. G., Ftryabhata-I and Yativrsabha a study in Kalpa
and Meru, ibid., pp. 137-146.
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mathematical investigation that brings the very numerical data to tell a
chronology and a history of Indian astronomy for the most part unexpected
an to-day.“

The above statement is one of the various aspects of reality, so
seriously Felt by Billard. According to him such observations are widely
scattered from T21 B. C. to 141 A. ll, in Greece. What was done in India
during this dark period P The _]aina school was speculating the maximum
and tnininum periods of life-time of human, sub-human, gods, and hellish
beings in terms of palyas, muhfirtas, sigaras, and so on.

CONCEPT DF PALYA AND_SAGARA

Let us just see the description of a palya,51 "Palya is of three kinds,
vyavahira palya, uddhira palya and addhipaiya. These are significant
terms, The first is called vyavahira palya as it is the basis for the usage of
the other two palyas, There is nothing which is measured by this. The
second is uddhira palya, as the continents and oceans are numbered by the
bits of wool drawn out. The third is addhaipalya. Addhi means duration
of time.

Now the first palya is described. Three pits of the extent one
yojana (consisting of 2,00‘-Il krosas) long, one yojana broad and one yojana
deep, based on the measure of pramdnitigula, are dug out. These are
packed with the smallest ends of the wool of rams from one to seven days
old, the bits incapable of being further cut by scissors. This is called
vyavahira. palya. Then the small bits of wool are taken out one by one
once in every one hundred years. The time taken for emptying the pits
in this manner is called vyavahira palyopama. Each bit is again cut into
so many pieces as there are instants in innumerable crores ofyears. And
[imagine that} with such bits the pits are filled up. This is called uddhira
palya. Then these bits are taken out one by one every instant. The time
taken for emptying the pits in this manner is called uddhdra palyopama.
Ten crores multiplied by one crore uddhirapalyas make up one uddhira
sagaropama. The continents and oceans are as numerous as the bits in two
and a half uddhira sagaropamas. The pits are filled with bits got from
cutting each bit of uddhirapalya into the number of instants in one hundred
years. This is addhiipalya. Then these bits are taken out one by one every
instant. The time taken to empty the pits in this manner is called addhE-
palyopama. Ten crores multiplied by one crore addhipalyas make one

s1. or. jam, s.a., "1ts;t;.,_ sag.‘ 'Tta}it. of shit Pfijyapdiclai-s sstvsrtha
Siddhi, Calcutta, 1960, pp. lU5-105,
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-addhai sigaropama. One descending cycle of time consists often crores
multiplied by one crore addhd sdgaropamas, The ascending cycle is of the
same extent. The duration of karmas, the duration of particular forms, the
lifetime and the duration of the bodies of the beings in the four states must
be measured by addhii palya. This has been said briefly in the verse:

Vyavahhra, Uddhira and addhi must be understood as three
palyas, Vyavahdra palya is the basis of numeration. The enumeration of
continents and oceans is by the second, The duration of lcarmas is reckoned
by the third addh5palya."52

Further, I014 vyavahdra palyopama = l vyavahira sigaropama

1014 uddhara palyopama = luddhira siigaropama

1014 addha palyopama = I addhi sEgaropama.53

It is further important to note how the time-instants and space-
points cardinals of these big units are correlated as follows-'5‘! :

Set of points in finger width
=_ [Set of instants in Palya 1 [ loge (set of instants in Palya )]

Set of points in stretch of world line [Jaga Sreni )

innumerate
__ E Set of points in cube of finger]
— width

CONCEPT OF KALPA

There are two regions, Bharata and Airivata where there is

52. Numerieally, vyavahara palyopama = *1-.13 1-c1l[l‘l5 years,
Uddhira palyopama = (—*l.l3:~»-<.' 1045) Ir: { innumerate crore years of

instants] Samayas.
Addhi palyopama = {Set of instants in uddhfira palyopama)

1><{Set of instants in innumerate crore years}.
53, Cf. T, P. G., p. 22. Cf. also ‘V. P., for variations in Svetimbara

tradition, pp. 24-5-248.

5-t, Cf. T. P. G., p. 22.
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regeneration and degenerationifi in the knowledge, longevity, stature etc.
during sin periods of the two acons of regeneration and degeneration, known
as utsarpint ( hypcrscrpentine) and avasarpinl (hyposerpentine). The full
cycle takes 2014 addhfi sigaropoma oftimefifi The present period is speculated
to be Dussami, consisting of 21009 years of avasarpini, leading to gradual
degeneration, ending in -5- 1849? of the Christian era.

mt

PARAVARTANA PERIODS

Then the periods of cycles of wandering or transmigration of a
bios based on transmutation, transfer, and other changes attract attention
at the speculation of the Jaina school. The transmigration is of five kinds :
{1} cycle of material change (2) cycle of spatial change {3} cycle of
temporal change {4} cycle of incarnation change and (5) cycle of becoming
(phase) change.57

The description of the cycle of phase { bhava) is interesting and
hence it may be lucidly related here. The period of time taken in the
completion of such a cycle is really strange -to imagine. Let some bios be
endowed with the five senses and the mind and actuated by mythic faith
acquires knowledge—obscuring karmas, below (I07)? sigaras duration, which
is the utmost minimum and suited to it. The minimum degree of passion
suited to that duration, governed by the six stations53 and of the extent of
innumerate times the innumerate space-points of loka, occurs to him. And,
owing to this minimum degree of affection (Kasiya), the minimum degree
of intensity {impartation) of ltarmas of the esctent of innumerate times the
spatial units of the universe occurs to him. In this manner, the utmost
mininum degree of vibratory (volition) activity occurs to this bios with the
minimum duration, the minimum of affection, and the minimum ofimpar-

55:. Cf Reality, op. cit. p. ‘Ell’. Cf. also Cosmology, old tit new, op. cit. p,
231. G. R. Jain, here, finds the value of the mahdkalpa of the two
aeons_ avasarpini dz; utsarpini, each of which consists of 4. 13 >1: 1075 solar
years. The Brahma kalpa also consists of Tr‘? digits but digits do not
agree.

ss. ct. v.P., pp. 129-134, tat attain.
5?. These are called dravya, Ksetra, kila, bhava and bhiva parfivartana.

Cf. Reality, pp. 56-EU.

58. Cf. Cosmology, Old fit New, op. cit., PP- 100-103. The increase and
decrease is in infinitesimal, innumerate part, numerate part, numerate
times, innumerate times and infinite times of intensity as an impulse,

25



Jain Education International For Private & Personal Use Only www.jainelibrary.org

lfltiott. The second degree of vibration activity, which occurs to the bios
with the same duration, degree of affection and degree of impartation
intensity, is accompanied by an increase of innumerate part. Similarly the
third, fourth, etc. degrees of vibratory activity must be understood. All these
dcgrfififi of vibratory (Yoga) are governed by the four stations“ and are
accompanied every time by an increase of innumerate part of_]'aga sreni,

Thus the second degree of impartation occurs to the bios having
the same duration and the same degree of atTection. Its degrees of Yoga“
must be understood as before, The three things are constant, But the degrees
of Yoga are accompanied by an increase of innumerate part of the height of
lfika [I-ti rajjus]. Similarly For the third, fourth, etc., degrees of impartation
upto the limit of innumerate times the space-points of loka. The purport
here is that the duration and degree of Kasaya are at minimum. But the
degrees of impartation flanubhdg) gradually increase upto the extent of
inn umcrate times the space—poin ts of loka.

For the increase of each degree of impartation there is an increase
of Yoga to thd extent of innumerate part of the height of universe. Similarly,
the second degree of Kasiya occurs to the bios having the same duration.
For this also, the degrees of impartation and the degrees of Yoga must be
understood as before. For the increase of each degree of Kasiya, the-re
occurs an increase in the impartation to the extent of innumerate part of
loka. For the increase of each degree of impartation, there is an increase
of Yoga of the extent of innumerate part of height of loka. Thus, gradually
from the third degree of kasiya upto the limit of innumerate times the
space--units of loka is to be understood. Similary for the increase of one
instant to minimum duration is ascertained. Then for every duration, with
the increase of one instant at a time, upto maximum limit of thirty sEgaro-
parna kotd koti is reached, the degrees of kasaya etc. is ascertained.
Increase St decrease in six stations St four stations ( which exclude infiniteri-
mal part and infinite times}. This is to be ascertained for all types and
subtypes of karmas. All these combined constitute the cycle of phasefil
{bhEva].

59, As described above.
ED. Yoga is the vibratory activity of mind, larynx, and body limbs. Kasdya

is the activity of affection. Yoga is kinetic or tends to be kinetic,
where as kasfiya (Moha disposition} is potential or tends to be potential.
lvioha is divided into vision (delusion) and disposition.

.-

BI. For details of other cycles of particular remaining changes, of. Reality;
op. cit., pp. 56-50.
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COMPARABILITY

Comparability of the above Periods. '52 It may be noted that
{1} In the past, the cycles of phase {ta-hfiva) changes are minimum.

(2) The cycles of incarnation changes are infinite times the cycles of
phase changes.

(3) The cycles of temporal changes are infinite times the cycles of incarna-
tion changes.

The cycles of spatial changes are infinite times the cycles of temporal
changes,

(4')

(5) The cycles of material changes are infinite times the cycles of spatial
changea

Now the comparability is as follows for the cycles :

(ll

an
The period of material change is minimum.

The period of spatial change is infinite times the period of
material change.

(iii) The period of temporal change is infinite times the period of
spatial change.

{iv} The period of incarnation change is infinite times the period
of temporal change.

(v) The period of phase [bhfiva) change is infinite times the period
of incarnation change.

It may further be mentioned that regeneration, degeneration and
immutability (permanence) of a fluent every instant prevails. These ensure
its existence or being which is the characteristic of a fluent (dravya],'5~3

Thus we find that the Jaina universe is finite, lying in the very
central portion of all space, with non-material media of motion and rest

- . _ -.._ .H L —' -|- --- ..'_ m _ . —-_ ___ _ |__ - . __

E12. Cf. D., book 4, p. 334, for details of ardha pudgala parivartana, cf.
ibid., 324-332. For further details, cf. G. K., v. 560, commentary.

63. Utpada vyaya dhrauvya yuktam sat. 5.30. Sad dravya laksanam. 5'31.
Cf. Reality, op. cit., ch. 5, vv, 30-31.
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which have specific functional character. Space is a fluent, and time-
particles are also fiuents. Motion of ultimate paroles, in an indivisible
instant could be minimmn {lpoint} and maximum (14 rajjus ). For
bonds of particles, snigdha and rul-tea could be associated Iwith positive and
negative charges. For karmic bonds, yoga and kagiya bind a bios with
nisekas, measured through particle number, configuration, life—time and
energy—level of impartation { pradeia, prakrti, sthiti and anubhiga )
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5. ASTRONOMICAL CONCEPTS

There is a strange similarity in treatment of the heavenly bodies
and their motion, practically, in all the available ancient Prakrit texts of the
karanfinuyoga group, related earlier. From the following tables, it appears as
if the calendar adopted in the Veditlga jyotisa has something to do with that
adopted in Prakrit texts :

PRECESSION OF EQUINOXE

Calendar of the Vediiftga .lyo‘1lltisa

Ygar Sun’s northerly course ‘ Sun"s southerly course

lvlonth & I Sun’s l Moonis Month St
i Tithi .Nak:-iatra Naksatra Tithi

Sun’s
Naltsatra

Moon's
Naksatra

I ' lvlagha Dhani- l
|1 whitel ' sthi

Iilhanisthfi
11-PSravana

white T

___-I. -— --- c+|u-I-
mi .-.aslc§a-
rdha

Gitri

_L -- - - — -|ii 'i.— .____.|-_
I .1

TI Magha - as as ' Atlilllffl.
_ white 1s ,

1|- 1 drivana
dark 4

I! J}
ii Pfirvi ii

Bhfidrapad

111 rmshfl ,, ,, Anurfidhfi
,' dark ll] I -

STEVBHH.

white 1
H rs lislesi

I

.._ _, __ _|-4 _

-|-11; Magha ii H
white 7

gs Aivini Elravana
white 13

.71 $3
Purvfi

T Asadha
ri-Uttarav Migha H

Philguntditrlt 4' |

Sravana
dark. 10

l_

J3‘ I! I Rohint

64. Cf. Dixit, op.'cit., p. 101,
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Calendar of the Jaiae School '55

Year Sun’s northerly course I Surfs southerly C'O1.ll’5’C

dark T
Hasta

Month 31 Sun’s Moon’s Month 3-t 1- Sun’s
Tithi I Nakqatra 5 Naksatra. Tithi Nal-zsatra

Moon’s
Naksatra

Qravana
dark 1

PugyaI ._M5sh='-=1 jfltbhijit ' " Abhijita

Migha
H white 4 ll :.'-Qstbhiss

_l
Sravana
dark I3

II‘ Mrgsira

; Magha
1“ dark 1

Pusya Sravana
white 10

ll Visikha

_ _____ .

-1.1

Magha
W @ dark 13

I Mila $rEva1;ta
dark T

I! Revati

H u Magha .1‘-’ l white 10
Krttika Sravana

white 4-
I-‘I

Z FPu rva
Phalgunil

From the above two tables, it is quite clear that the Sun, which was
touching the southern most point in the Dhanisthi has shifted to some point
III the (added twenty eighth) constellation Abhijit. This is the phenomenon
of precession of equinoxes, when seasons begin to change, and is of 3609 in
26000 years.

That is the first point of Aries itself moves at this rate which is
approximately 72 years 2% months for every degree of its precessionfifi towards

Cf. C- P. Sfitra 12-5, pp. 53fi—55t':i. CF. also. T. P.. II, eh. 'i',vv.
526—53fi, pp. 7-=LB-J49.
Precession is said to have been discovered by astronomer Hipparchus
{P1, 145-12'? B. CL). This is about 50”.25 in celestial longitude per "fear.
K. S. Shukla points out the first point of Dhanisthi to be 1939 20' east
of star zeta—PisciuIn, when the sun, 1"v'Ioon’s coniunction at winter
solstice occurred about —-l=l—00. He further finds the first point of
Abhijit to be 175“ 55'10“ east of star zeta-Pisciurn, when the Sun.
Moon's conjunction at winter solstice occurred about -146. However,
by a process of counting how many times the same themes have been
repeated in the various _]aina canonical texts, _]'acobi and Schubring
concluded that the most ancient portions of the canon were composed
during —3rd Sc — 4-th centuries [Ci Renou, L, ctal, L’ Inde Classique
(1953, pp. 616—61?.]

30



Jain Education International For Private & Personal Use Only www.jainelibrary.org

west along the ecliptic. New the shift from Dhanisthi ( B Delphini ) of the
sun’s winter solstice to Abhijit [DI -Lyrae} is about 1793’, according to Prof.
Thibaut. This means that the observations of the above calendrical
phenomena were made after a diH'erer1ce of about 1231 years.

Various dates have been suggested about the Veditiga Jyotisa;
Golcbrooke H. T. : (G.—1l0B], Max Muller : {-3rd century), Weber, A. :
(C.+5th century).

DATE OF ADOPTION OF CALENDAR

Lishl-t and $harma'57 have pointed out an important fact about the
first point of Aries, "It may also be noted that no reference has as "yet been
found to point out that the order of rasis (signs) began from a sign other
than Mesa { sidereal Aries } or the Mesa sign began from a naltsatra
(asterism) other then Asvint (,8 Arietis), There is no doubt that these terms
denoting elliptic signs were not current in Vedafiga Jyotisa period. Probably
these terms came into vogue when Vernal equinox occurred in Asvinl
[,8 Arietis) nal-tsatra (asterism) and Mt sa sign {sidereal Aries) at that time.
The tropical longitude of the star ,8 arietis, the identifying star of Asvint,
was 310 53' and that of Arietis, 355 3%’ in 1350 A. D. Hence the years when
the tropical longitudes of these stars were zero, can be worked out, taking
‘F2 years for 1" precession as follows :

310 53* ~>< 1-=2 (= 2296) - lsso = 4-is B. c.
and ssv s-r >< t2 5 =2ss1)—1s:-so = ‘F11 B.C1.

The mean of these dates is 57913, C.

Since the winter solstice in Abhijit {Lyrae) corresponds to infernal
equine:-t in Asvini ( [3 Arietis ], probably it was the period when reel-toning
of first point of the aodiaeal circumference was shifted from winter solstice
to Vernal equinox. Thus in the light of this discussion, the probable period
of jaina Canon may be assigned to about 6th century B. C." 33

ET. Lishl-:, S, 5., Sc Sharrna, S. 11, Sources of jaina Astronomy, jaina
Canonical Literature, Jaina Antiquary, 292, 19-32, IQTB.

63. The eighth equinox occurs, on the white 15 of Vaisiikha at the conjun-
ction of Asvint naltsatra, after lapse of 93 parvas from the beginning of
Yoga. (T. P., pt. II, v. 7'5-‘H-, p. T50}, Trilokasfira (v. 426) mentions
the white 15 of Vaiifikha as dark 1 of Vaisfikha.
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The above diagram shows how the ‘Vernal equinox goes on shifting
{ from V to W ), along the ecliptic ( the path of the Sun ), and how it makes
change in right ascension and declination of a star.

PANCANGA

Certain technical terms used in calender :

Paficifiga is the name given to Indian calendar as it comprises of
live types of information which is either collected or calculated on the basis
of observations of heavenly bodies and certain theories or formulas developed
in due course of time for mechanical manipulation of the data.

Before one goes into details of motion of heavenly bodies, usually
kinematical in ancient texts, one-has to be familiar with the terms frequently
used in advanced theories of astronomy gradually evolved fit developed by
the ancient people for practical purposes of growing crops. regulariaing
duties, economizing time and then optimising their own operations. This
might have led them to speculative sports and games of adventurous nature
for which statistics and probability in form of astrology, numerology, and
so on might have evolved although they could not become the ez-tact sciences,
even till today, for their involvement into endless calculations needed in
their quasi-theories.

Paficitiga means five parts :

Tithi : The Iongitudes of the sun and the rnoon are measured from
‘T’ ( first point of Aries ) towards east along the ecliptic, and the difference
ofthese Iongitudes determine the tithi. First tithi ( pratipadal lasts till the
difference lies between 03 and 12“, the second tithi lasts till the difference
lies between 12" and 24°, and so on. In a lunar month, there are thirty
tithis. .
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A tithi is measured in ghati; and pala. A muhfirta equals 43
minutes, or 2 ghatis, or 120 palas. A day of 24 hours equals 30 muhfirtas.
Thusa ghati is of 24- minutes. The origin of time is regarded from the
instant of sun-rise on a particular day. In the paficiifiga, if the time shown
for the tithi is 5 ghafis 12 palas, it will signify that the tithi will end at 5
ghatis 12 palas, after the sunrise for the day. The tithis are of unequal
duration, due to non-uniform motion of the sun and the moon. The Krsna
pal-tsa and sukla paksa, each consists of I5 tithis.

V5:-a .‘ Any day of the week is called vafra, and it begins with the rise of the
sun and ends after 24 hours.

Naicsatra : In Jaina calendar the ecliptic is divided into 28 unequal’ parts,
and each is called a naksatra. The sidereal period of the moon is
about 2?} days, a naksatra is described in about a day by the
moon. Apart from the 2'?’ naksatras of the Hindu astronomy, the
Jainas added Abhijit nal-tsatra. When the moon is in Abhijit, it means that
duration itself lasts as the Abhijit naksatra name. The time of birth goes with
the moon’s position in a naksatra. where as the time ofa season goes with
the sun’s position in a naksatra. The instants, when the moon crosses or
transits from one naksatra to another are shown in the Pancafiga.

GRADUATION OF CELESTIAL SPHERE

The jaina calendar divides the whole stretch of the heaven into
54900 celestial parts {gagana khaadas) which may be kept equivalent to
360" of the modern celestial or armillary sphere. A measure ofa sign of
Zodiac is 309. and that will be equivalent to 4515 celestial parts (abbr. c. p.)
The correspondence between stretches of the naksatra and Zodiacal conste-
llations in terms of celestial parts and the duration for which they remain
with the moon and the sun work out as follows.59

E0. Cf. T. P.. II, ch. 7', specially, vv. 478-483. Cf. also S. P., op. cit.
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The above table proves the originality of the Jaina system. There
were unequal divisions and unequal velocities of certain groups of constalla-
tions showing that thei.r distances of the earth were taken to be different.
The angular and linear velocities signify the complete manipulation of
the motion.

NOTE

Yoga: The sum of the Iongitudes of the sun and the moon, expressed in
minutes of arc, as divided by 30!], gives a quotient; next greater
integer to which determines the serial number of yoga. In the
piehcanga, ending time of a voga is given. In Jaina astronomv,
however, the word yoga carries the meaning of kinematric appearance
of the moon or the sum against the background ofa naksatra.7l3

Karena .' Half ofatithi isa karana. This is also not mentionetl in the
above texts.

Logan .' It is the point of intersection of the ecliptic with eastern horizon
at an instant. It is meant usually for astrology.

-|_-___-i-_—lil-I

_' '—' ‘:1’ '-"u|__|.—-- l-I _ I-1 . -|| __|-r_' ' " -"'.1'. - --- —— --I-— — —-_- -|¢|-| I '.u I-I n-nu-I-5-1-n

'?U. Cf. G. A., pp. 293 et seq. For various other types of vogas in Jaina
astrology, vicl. Jvotisasara, trans. B. D. Jain, Calcutta, 1923, pp,
40 ct seq.
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6. KINEMATICS OF ASTRAL BODIES

i Clandraprajhap-ti’s commentariesll give for greater details ofa _]aina
calendar based on calculation of motion of various types of heavenly bodies.
especially that of the sun, the moon, and the naksatras. Tiloyapannatttlfi
as well as TrilokasEra,'?3 Lol-zavibhaga and Jambfidvipa prajhapti also relate
the concise knowledge of the above.

NAKSATRA SYSTEM ABROAD

In Prakrit, jyotislta is written as jodisiya or _]oisiya. or Joisia,
reminding one, of the word Zodiac“. Controversy regarding the relation
between the Indian naksatra, Arabic al-maniail, “moon-stations", and the
Chinese hsiu systems. The earliest reference outside Asia is inaGreek
papyrus of the -|—'=lth century. The origin is common, but the question is
which is the oldest i’ Both in China and India, the new year was reel-toned
from the mansion corresponding to is Virginis, and in both cultures Pleiades
was one of the four quadrantal asterisms. Two important statements are,
“The nckshctrn do not show so clearly the ‘coupling’ arrangement discovered
by Blot (4), whereby hsiu of greater or lesser equatorial breadth stand
opposite each other? .” “The Chinese has possessed l, from fairly early times,
a twelvefold division of the year and the equator, which being based upon
1lI.5‘IIl and palaces, consisted of unequal parts.E "75

Cine more statement by Needham and Ling is, “Now in these teats
there is never any mention of any zodiac or of constellations lying along the
ecliptic; the earliest documentary evidence of this conception occurs“ just
after -420. On the other hand, the Seleucid cuneiform texts of the -3rd
and —2nd centuries give great prominence to the Zodiac, and use ecliptic

Tl. Cl. C. P., cornms. by Malayagiri and Amolalta Rsi. Cf. also, ' S. P.
2. Cf. T.P,, II, ch. VII.

?3. Cf. T. S., ch. IV.
'2'-11, Compare the lunar Zodiac of China with that of Jaina School.

Cf. Needham 8.: Ling, op. cit., pp. 252 et. seq.
?5. Cf. ibid, pp. 253, 258.
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coordinates exclusively. Finally, the thirty-sizt Old Babylonian asterisms were
confused with the Egyptian decans and twelve of them ousted to make room
for the Zodiacal constellations. One might fairly surmise, therefore, that the
equatorial moon--stations of East Asia originated from Old Babylonian
astronomy before the middle of the —lst millennium and probably a long
time beFore."73

MATHEMATICAL ASTRONOMY
The authors, it appears, have not gone through the details of the

naltqatra system of Zodiac in the Jaina School. The tables above speak of a
great similarity between the Jaina School and the Chinese School and the
transmission could be thought possible, both east and west ways, even before
the Budhists entered into the lands. The Zodiac of the Jaina School was so
predominant that every naltsatra of the Zodiac had its own sign and
YogatErEs.77

According to Neugebauer, " Thus magic, number mysticism,
astrology are ordinarily considered to be the guiding forces in Babylonian
science. As far as mathematics is concerned, these ideas have had to be
most drastically revised since the decipherment of mathematical texts in 1929
...............Early Mesopotamian astronomy appeared to be crude and merely
qualitative, quite similar to contemporary Egyptian astronomy. At best since

TE. Cf. ibid.. 13. 256.
17?. The C, P, mentions, "Gosistivali, Kahara, Sauni, pupfovayara, vaviya,

nava, Esakkhandhaga, bhaga, churagharae, ya Sagaduddhi Illll miga
sisavali, ruhira bindu, tula, vaddhamaga, padagii, pigira, pallatilce,
hatthe. rnuhuphullae ceva |l2ll Khilaga, damini, egtavali ya gayadenta,
vicchuyanafigfile, ya gayaviltltame, ya tatto, sihanislya, ya sanlghana.
IISI1 p. 312, [l[l.‘.'§l 1}. The T. P, II mentions variants :
Viyanaya sayalauddhft lturariga siradtvatorananam ca ll
Adavavirapa vamniya go muttant saraj uganam ca ll 465 ll
Hatthuppaladivanam adhiyaranam haravtoa siftga ya ll
Vicchuva dukkaya vEvI ltesarigayaslsa Eyira ll 455 ll
Murayam patantapakkht sena gayapuvva avara gatta ya ll
niva hayasira sarisi nam culli kitti yadinam |l A6? ll

It appears that G. F‘. belonged to the observations taken in the
north and the T. P, observations might have been taken in the south
of India, resulting in the difference of signs of the Zodiac.

Cf. T. P. II, vv. 4:63-=l6=l -St G. P, ID. 9. 1, p. 313 for stars of the
naltsatras.
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the Assyrian period, a turn towards mathematical description becomes visible
and only the last three centuries B. G. furnished us with texts based on a
consistent mathematical theory of lunar and planetary motion."75

In the above context, it may be remarked that the _]aina School by
the early centuries B. G. had already developed a mathematical theory of
the motion of heavenly bodies, but, as Yativrsabha7'3 mentions, by his time,
the description of the motion of planets had become extinct. Yet, what
remains, in C. P., S. P. or T. P,, is enough to prove that they were in
possession ofa complete calendar based on mathematical theory, which was
ingenious and original. The astro-universe of this school is rather a
symmetrical mathematical structure, with a set-theoretic base, depicting the
details ofa non-summable stretch, yet finite in measure. For example, the
total number of astral images is the quotient. set obtained by dividing the
square of the jagaéreni (set of points) by the product of the set of the squared
finger width [pratatafigula), and the square of 255. The distribution of the
astral objects is symmetrical and based on the five kinds of Joigaua (astral-
groups). The moon, the sun, the planet, the constellation fnaltsatra), and
scattered stars (prkirnaka t§rEs).5" The moon is the head of the family of
eighty-eight planets, twenty-eight naksatras, and 65975 (lU]14 stars.31

SYMMETRIC SETTING

Picture of the Celestial Phenomena in _]aina School is unusual.

The phenomena of the heavenly events in all the islands could be
represented by those in relation to the Jambfidvtpa wherein, a strange theory
of real and counter bodies, eaists_53 Upto certain number of islands, the
astral bodies are in motion with mathematical symmetry of ezsact bodies
placed on fictitious orbits, as if images at diametrically opposite ends. Beyond
these islands and oceans the astral bodies have been assumed at rest.

The Jambfi island is one lac yojana in diameter, all the subsequent
alternately placed oceans and islands being double the preceding in diameter,
forming a geometrical progression with one as the initial term and two as the
common ratio. It is quite clear that such a symmetry denotes the manipula-
tion of the causality theory through an abstract, mathematical mode],
principle theoretic in nature, surviving through consistency.

_. - . . " ' - . ' m— - _|

TB. op. cit., p. 9?. -
T9. CF. T. P., II, 7.4-57, Y.-453.
80. CF. T. P. II, 7.29, 130. CF. also T. 5., 4.351, 4-.3i]3.
Bl. Cf. T. S.. ‘L362. Cf. also G. 5., pp. 25? and 274 et seq.
B2. CF. T. 3., 4.308. Cf, also T. P. G., pp. E6-95. Cf. also G. A., p. 253.
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In the centre of the Jambii island has been supposed a type of
celestial axis. Meru33 mountain, perfectly symmetrical, having a height of
one lac yojana, in the Forms ofvarious frustrums of cones, joined at different
heights, and having a lowermost base with a diameter of 10090 -{-01-

yojanas, where as the uppermost base has a diameter of 1000 yojanas. That
is how, the motion of all astral bodies around it, or placed at rest in far off
islands, suggest the idea of a celestial diagram of a complex natu-re.

SHADOW PLANETS

Due to the postulation of two suns and two moons along with the
Families in both parts of their celestial sphere, one in each half, placed at
diametrically opposite ends, the mystery resembles that in China, Greece and
Ba'bylon.3"=1 which has not been explained so far, whether its purpose was
some mathematical convenience for calculations of the motion and positions
of the invisible bodies in the other haIfl55

In astrological _]aina texts, like the jfianapradtpiki, there has been
use of invisible planets, with different types of orbits, say in _]inendra1'I15l§.3'5

s3. H Of. T. P. (3., vv. '?.l?8i) et seq. Compare this description with that given
by Ftryabhata —I. Cf. Jain, L. CL. Eryabhata -I and Yativrsabha -a
Study in Kalpa and Meru, I. H. 5., vol. 12. no. 2., nov. l9?'i', pp.
135-1-=16.
Needham and Ling remarl-t, “But as we shall seel, the Chinese had
themselves imagined, from ancient times, the existence of a ‘counter-
_]upiter‘ which moved round diametrically opposite the planet itself.
There was a Greek parallel to this in the strange Pythagorean theory
of the 'counter—earth’, apparently due to Philolaus of Tarentum
{late -5th century), which was devised either to bring the number of
planets up to a perfect number, 10, or to explain lunar eclipsesfl"
Perhaps both originated from a more ancient Babylonian Theory."
Op. cit., p. 228, vol. III.
Cf. Jfiinapradipikfi, trans. ed. by R. V. Pandeya, Arrah, I934, vv.
B, 9, pp. 3.4 for invisible planets, named as dhfima, vyatlpita, parivesa,
indradhanu and dhvaja.

B-11.

35.

35. Ed. S. Singh, Bombay, I953. pp., 2, 3, 4, for setting of opposite r§§is and
planets, cf. pp. 14. 15, 18, 19. The English translation of this text was
published at Madras by N. C. Aiyar, as stated by Singh. In both,
Jinendramiti and jfiinapradtpika, astrological consideration has been
given to invisible planets, or shadow planets.
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Needham and Ling have further opined as follows,37 “Here Thai Yin is
not, as might be supposed, the moon, but an invisible ‘counter Jupiter‘
which moved round in the opposite direction to the planet itself.“ Jupiter
(Sui hsingz), with the other planets, appears to move eastwards or anti-
clockwise through the stars, so a 'shadow—planet’ (Thai sui3 or Sui Yin!)
was invented to move with them, accompanying the sun. Wang Ghhung,
in The Len Hang, devotes a whole chapter ii to this peculiar theory. '=' The
twelve __]'upiter~stations were named r.rhu5 and the whole cycle of years a c.lu'.'5
The names for the years have survived in two Forms, one set astronomical l
another astrological;9 and it was natural therefore that they should some-
times also have been used For the months of a single _year and l" for the
double hours of a single day, as well as for the years of the Jupiter cycle. i‘
The astronomical terms were used to designate the positions of Jupiter,
the astrological or calendrical terms applied to the positions of counter-
_]'upiter. '1‘ " 33 If it is possible to trace out the details of planetary motion in
some text ofjaina School, it may throw some light as to the source of the above
theory. However, from the available data about the planets and Yuga theory.
the motion of the Jupiter, alongwith astrological theory in Jinendramili or
Jfsinapradtpiki, the secrets could be unravelled to a great extent.

MOTION OF ASTRAL BODIES

The whole of the celestial path has been divided into 109800
celestial parts (Gagana Khanda]. But half of the path is covered by one sun,
one moon, and its family, without any correlatlon, in twenty-four hours or
thirty muhfirtas. The other half path is covered simultaneously, in the
opposite sense, in so far as their journeys start from opposite ends. Thus only
54900 parts are needed For practical purposes of a calendar, and now from the
above knowledge it appears that the other half might have some other use.

The motion of the astral bodies every muhfirta is given as Follows :59

The naksatras 1835 celestial parts

The sun 1330 ,, ,,
l -_ml -- H___ TIT "_ __ - "ll" _ _

3?. Cf. op. cit., vol. III., pp. =1-U2. sill-‘l.
BB, Compare this with the naksatra safiflvatsara where the _]upiter’s twelve

year motion is correlated with that of the naltaatras : Jam vii bahassai
mahaggahe duviilasahim sathvaccharehim savvern naltkhatta mandalam
samfinei ll 10.20, C. P., sfitra 2.

B9. CF. T. 5., 4.402 and 4.405. The T. P. has not mentioned about rihu.
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mi-

The moon lllfid celestial parts

The rfihu I829 .% ,. ,.

The kinematic motion of the naksatras is actually due to the
rotation of the earth. Keeping or regarding them as fixed. the relative
motion of remaining bodies with respect to the naltsatras can be found to

be 5, E T, and 5 % celestial parts per muhfirta.

Now the rihu, as it appears from the Triloltasara (1 lth century), is
a fictitious body meant for a seasonal or sayana rtu or karma year

sarhvatsara , B this rihu, 21- celestial arts are traversed in -1- of a solar1" 12 P so
day, hence the stretch of a aodiacal sign of 30" or 4-575 celestial parts is
travelled in a month of 3U solar days. Thus 5~*l9DU celestial parts are traversed
in Sfilll days or twelve months. This rEhu, thus defines the mean annual

motion of the sun, which describes l83l]' celestial parts in gig of a day or

360'?‘ in a clay which defines the basic unit, solar day, used in astronomy. The
Tattvirthasiitra also describes, “The astral bodies — the sun, the moon, the
planets, the constellations and the scattered stars, in the human region
{nrloka). are characterized by incessant motion around Meru, and they
cause the'divisions of time?“

RELATIVE MOTION OF NAKSATRAS

The daily motion of the naltsatras is defined as 1335 celestial parts

or 12 gr degrees per muhfi rta or 48 minutes. Thus 54900 celestial parts or

35!)" are covered in E part of a day, or 23 hours 56 minutes and 4 icllg1835 1335
seconds. Modern value of such a sidereal day is 23 hours 56 minutes 4:‘!

seconds. Thirty such revolutions make 2Q days. Three hundred sixty
F‘

such revolutions make 359 Tgi-jfi days. Three hundred sixty-six such revolu-

tions make 365 T513? days. Relatively this will be regarded as rotation of

the earth with respect to a fixed nal-tsatra or a star therein, without any
proper motion (as the first point of Aries has at the rate of 50.”2 per
annum). '

- - - — II. ' 1 .1.--— —

Cf. Reality, opT_cit., ch. -=1-, vv. 12—l_-il-, i
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l"~low with respect to the naltsatras, the sun moves 5 celestial parts
less per mulifirta. Thus it traverses 150 celestial parts in a clay and 54900
parts or 3509 in 366 days, which is in relation to fixed stars. The average

solar month is thus of 30% days_

Similarly the moon covers 5? celestial parts less with respect to the

rial-isatras, per muhfirta, covering the strip of 5-=1-900 celestrial parts in 2?%—

solar days or 27.315 days, where as the modern value for a lunar side real
month is 2'i’*32l6Ei days.

The rtu rahu moves 1329 —j% celestial parts per 45 minutes, and

. . . . 21060 .describes the strip of 54900 celestial parts in a 2-,§5_g- solar day. Relative to

_ fil . . _ .naksatras the rtu rahu moves E; celestial parts in a muhurta. Hence It

covers the strip of 54900 celestial parts or 560'" in 360 solar days. This is

a rtu year. The mean solar day is thus equal to The modern value

of this is 24- hours, 3 minutes, 5625 seconds. It appears that this rahu was
perhaps responsible for division of year and the strip into twelve equal parts.
for it gives 12 stations as well, and consequently led to the invention of 12
risis, or 12 aodiacal signs. No where in the history of astronomy, one comes
across with such a rihu as in the Triloltasara, described above. Here one
degree has been set in equivalence with one day, 91 as in China.

The motion of the stars has been mentioned to be greater than that
of the naksatras, showing that the school was aware of the proper motion

For such a description of the sun, Needham and Ling quote, “The
uniform and apparently circular rotation of the heavenly bodies is
mentioned many times in texts which are probably much older than
Chang l-leiig or even Lohsia Hung, for example the Chi Ni‘ Tani book B
and the Wen T.t'u5 book. The former {perhaps of —3rd or —‘*lth century}
speaks of the sun’s path as a turning ring (hsiin Iiuanll} with limits but
no starting-point (wet shift _].~'Il chi?) ever rotating (chose lrniii] and never
still, the sun moving 10 each day. l [ The extremely early appearence of
this graduation system, which led to 355*" instead of 360" in the Chinese
circle, should be noted.] Cf. pp. 210, 219.

91.
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of stars, although details are not availablc.5"3 The sun, the moon and the
moving planets have their solstices {ayanas}, but the naksatras and the stars
have no laws For solstices.93

RELATIYFE MOTION OF THE SUN

The motion of the sun is 1330 celestial parts per muhfirta. Thus the
full stretch of 54900 parts are dcseribed in SD muhfirtas or 24: hours. This
is the mean motion. The ltetu. an invisible planet moves along with the sun
under it at a depth of Four standard fingers below, causing the eclipse at
periodic intervals. All the astral bodies are described to move lcavinga
distance of I121 yojanas from the celestial a:-tis {Morn} so far as the
Jamhfidvipa is concerned.9'1

The solar and lunar zodiac (Clara ksetra) has an extension of

510 g yojanas.95 Out of this, l3U yojanas are covered in the Jambfidvipa

by the sun and the moon, whereas the remaining stretch lies in the Lavana
ocean.95 In the Tiloyapannatti, the description of 15 roads of the moon,

.\_ __— __ ____|-__—- |— ._ nu" -' —|-- _‘I-F‘ ' . __ _

92. Cf. T.P., II, T896. The miscellaneous stars are of two kinds; moveahle
and immoveable. Cf. ibid. T’.-=l-Eitl. Cf. also ibid., 7.497’.

93. CF. ibid., ‘L498 and '?.'t99.
94. Cf. T. P., II, 1201, St T. S., 4.345.
95. Needham and Ling remarks regarding Chinese and Babylonian aodiacs

are important, “Now in these teats there is never mention of any aodiac
or of constellations lying along the ecliptic; the earliest documentary
evidence of this conception occurs B just after --=l2tl. On the other hand,
the Seleucid Babylonian cuneiform teats of the —3rd and —-2nd
centuries give great prominence to the aodiac, and use ecliptic
coordinates exclusively, Finally, the thirty—si:: Old Babylonian
asterisrns were confused with the Egyptian decans and twelve _of them
ousted to make room for the aodiacal constellations. One might fairly
surmise, therefore, that the equatorial moon—-stations of East Asia
originated from Old Babylonian astronomy before the middle ofthe
-lst millennium and probably a long time before.” Cf. op. cit., III,
p. 255. ' .

96. CF. T. S., 4.374.

' 45



Jain Education International For Private & Personal Use Only www.jainelibrary.org

and one hundred and eighty-four paths of the sun are described in details of
their velocities in Yojanas through the asterisms zodiac (cira mahi).'9i'

The orbits of the sun being lflsl, there are 183 solar days in a single
solstice, implying that its continuous motion is in a winding and unwinding
spiral, each of which is at an interval of about 2 yojanas_ Every day the

. U . . .
total shift in the path 15 by {fill-yojanas. The first internal orbit of the sun

is 315089 yojanas, and the last orbit is about 315106 3-? yojanas in

circumference. 93

It is strange, how the measure of length of day is 13 muhfirtas when
the sun is in first internal orbit, and that of night is 12 muhfirtas, if India
had its centre of learning at Ujjain or Patliputra'-*9. Reverse is the case when
the sun is in the last e:.'-tternal orbit, Dirtit finds that this increase and
decrease mentioned in ‘ifedanga Jyotisa, applies to regions in 3-1'3 North
latitude of the earth, This place may be near about Kashmir, or Gindhira.
Mathematically he calculates this to lie between 34°46’ and 34°55’ of North
latitude 19'".

In the Triloltasiira, one finds the mention of Karkata (cancer) and
makara (capricornus)_ The motion of the sun in the next spiral orbit is

9?. Cf. T. P,, II, 7.117 to '?'2?l._ The description of the length of day and
night as well as that of bright and dark areas for different roads is
given from vv. T276 to T‘-‘I55.

98. Cf. T. P.., II, vv. T254 to 7'2fi3. Cf. also T. 3., 4-.3?-3.

99. Cf. T. 5,, 49379 and T. P. II, T277. In the Babylonian and Egyptian
scheme, Neugebauer describes the length lit its variation on pp. llti,
159 and 36, 94. However, for India he opines, " This was fully in line
with a discovery which had been made by Kugler in 1900, namely,
that the ratio 3:2 of longest to shortest day used by both systems in
columms C and D of the Babylonian lunar ephemerides also appears
in Hindu astronomy, though this ratio is totally incorrect For the main
parts of India.” Chop. cit., p. 162. Cf‘. also D, Pingree, {I974}
Mesopotamian Origin of Ancient Indian Mathematical Astronomy,
I. H. A., IV, pp. 1-12. .

100. CF. op. cit., Pp. 125, 126, 131. CF. also Sharma, S. D., and Lishk, S 3.,
“Length of the Day in _]aina Astronomy," Centaurus 22'3, Andclsbog—
tryltheriet.
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either accelerated or retarded, rather the sun is in retarded motion every
instant while moving out, and is in accelerated motion every instant while
moving towards inner side. 191 This also signifies the Kinematic motion for
covering of unequal distances in equal time for-arnean solar day. The
ranges of vision and the rise stations also find place in these texts. The
calendrical details of the ayanas, parvas, tithis, visupas have been given in
great details, along with charts in the Gandraprajfiapti in dialogue style. 1'12

RELATIYE MOTION OF THE MOON

Kinematically, all the astral bodies have been regarded hemi-
spherical, with spherical side towards the earth, the diameter of the moon

being -% yojanas and that of the sun being 562,- yojanas. 1'93

Two types of rfihus are described for the moon, dina rihu and
parva rahu. The former causes the phases of the moon, the latter causes
lunar eclipses, 1'31 '

Regarding the relative motion ol the moon with respect to the
naksatras, the moon travels 6? celestial parts, kinematically less, than those
traversed by the naksatras, covering the strip of 54900 celestial parts in

2? —€'%' solar days or 2?'3l3 days, the modern value for the lunar sidereal

month being 2?'32l66 days. The relative motion of the moon with respect
- " __ —- . . ___ ._ —- - — -- - - .-"- -_.-_--—\-.-___- - - - --- - - - _. -|-

llll, Cf. T, S., sl-‘I330. Cf. I‘-leedham and Ling, p. 292 for Chinese discovery of
tropic of cancer in + 349. Cf. also T. S., ~=l'38l to 4:686. Cf, T. P., II,
T291 to T420 for bright and dark areas. For acceleration etc., cf.
ibid., Tr’ 255, and T. 5., 4-.333. According to Chou Pei, the sun could
illuminate an area only lfiltllltl li in diameter; people outside this would
be said to be in dark. CF. Needham and Ling, p. 211. The Jaina
School, due to its discoidal maps, gave these areas projected on a plane,

H12. CF. C. P., T. P. and T. S. at proper places.

IU3. CF, T. P. 7'37’, T213, T".3'El, 168, 191, 195, 7.98, 1100 and T103 for
planets and consellations as well. In China only the sun's diameter is
described. Cf. Needham St Ling, pp. 300, 332, 5T3 (c). Similarly no
record is available in Babylon, Egypt and Greece.

104. Cf. C. P., pp- 593--702; T. 5., ¢l'3-‘ll-CI, -1'3-=1-2, T- P., T202, and T205 to
'i’*2l6. Cf. also G. A., pp. 2T9-288. For Chinese conception, cf,
Necdham and Ling, pp. 175, 228, 252‘ (c), 416, where the idea of
monster and colours appears to be imported from India, or a worlt from
the west, “Kieou-tche.”

4?



Jain Education International For Private & Personal Use Only www.jainelibrary.org

to the sun being 62 celestial parts in % th day, it covers the stretch of 54900

celestial parts in 29 or 29515 days, where as the modern value for lunar

synodic month is 295305 days. This is the data for a mean motion of the
moon. 105

_ _ _ _ ‘FThe motion of the rtu rshn_with respect to the moon is —%

celestial parts less in a muhfirta, hence the moon covers 54900 celestial

parts ahead of it in 20 % or 292555 days, which represents lunar fictitious

synodic month. The mean of true and fictitious being 29635, it differs from
modern value by '005 only. 1'15

The motion of the moon is also in spiral orbits, its zodiac being the

stretch of yojanas. The roads or the orbits of the moon are defined

. . 21-=1: . . _
to be 15, with an interval of 35 g yo_]anas each, in the Jambudvlpa and

Lavanasairiudra.1'3"i' The motion ofthe moon in yojanas per muhfirta for
different paths is dctailed.1i33 This is a very important record in linear

105. Cl. T. P., T508. Cf. Neugebauer, pp. 118, 121, 162 and Needham and
Ling, pp. 392-401, vol. III. -

105. Cf. T. 5., 4.402 and 4.405. For comparison with Babylonian lunar
velocity, cf. Neugebauer, pp. 118, 119, 121, the mean velocity being
13; 10.35“ per day. The mean synodic month was close to 2".-El, 31, 54-
days. Cf. ibid., p. 122.

10?. Cf. T. P., II, T125, T120 St T. 5., 4.-'30ti-, -*-l-3?"l'. The eccentric circle
theory of sun‘s motion was recognized in China after about +5?'0.
Akin to three types of naksatres in Jaina School, in China, the
planispheres consisted of ‘three roads’ each marked with twelve stars,
one for each of the months corresponding to their heliacal risings. The
central road was called Ann, the outer road as Ea, and inner road as
Enlil. Cf. Needham and Ling, vol. III, p. 255.

108. Cf. T. P. T186 to T200. These details are not available in T. S., nor
in Cl. P.
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measure. Its path is also given through various nakgatras, along eight
paths. 199

The motion of planets is not available in the records of practically
all the ancient jaina texts. Only Thinfifiga. ( g. 699) mentions nine orbits
of the venus. Samviyifiga (19.3) states that the venus, rising in the west,
moving through nineteen naltsatras, sets in the west alone.

-iimlm-q_|—'p|n-up

|—llIlIlIll llilr-'.I|l-|-I-ll |—-- —_| i I,

109. Cf. T. P., T460-462. For Chinese system, cf. Needham and Ling,
p. 225. Cf. also Neugebauer, pp. 5, 31, B2, 89, 116 (India), 102, I40,
170, 180, 207. In the Tiloypannattt, details of stars & symbols For their
collection are given in ?'463~-45?. The names of eighty--eight planets
are available. CF. T. P., II, T363-3T0, and so on.
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