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with many astronomical developments,
methods of disaster predictions, and the
application of astronomy in varied contexts
among many other topics, revealing the
knowledge hidden in our old scriptures.
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good use to the ongoing research in the field of
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The experiences and knowledge from our past
are recorded in manuscripts which have been
handed down to us over several thousand years.
The Government of India, through the
Department of Culture, took note of the
importance of this vast tangible heritage and, in
order to preserve and conserve as well as to
make access to this wealth easy, established the
National Mission for Manuscripts (NMM). In
order to disseminate the knowledge content of
manuscripts, the Mission has taken up several
programmes such as lectures, seminars and
workshops. The Mission has published the
proceedings of the above-said programmes
under the following series: “Samrakshika” (on
conservation), “Tattvabodha” (papers of
Tattvabodha lectures delivered by eminent
scholars), “Samiksika” (research-oriented
papers presented in the seminars),
“Kritibodha” (transcribed and edited texts
prepared at advanced level manuscriptology
workshops conducted by NMM) and
“Prakashika” (publication of rare important
unpublished manuscripts).

Manuscript Heritage on Astronony is an outcome
of a seminar organized by NMM and the
Oriental Research Institute, Sri Venkateswara
University, Tirupati, and is being published as
No. 12 of Samiksika series. It carries
contributions from thirty-eight well-known
scholars and scientists of high repute covering
varied topics on Indian astronomy and
astrology. This trilingual book has seventeen
papers in English and twenty-one articles in
Sanskritand Telugu (in Devanagariscript).
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Foreword

AstroNomy caught the keen attention of all major civilizations of
the past, be it Indian, Greek, Mesopotamian, Egyptian or Roman.
India’s contribution to this study was enormous and at the same
time fabulous. Its well documented legacy started with Lagadha
of the first millennium scg, though there are numerous citations
about astronomy in the Vedas, and continued through great
scientists like Aryabhata, Varahamihira, Brahmagupta, Bhaskara
I and II, Lalla, Sripati, Mahendra Siiri, Nilakantha, Somayaji and
Acyuta PiSarati across centuries. In the process, we gave some
unique contributions to the world in mathematics, physics and
philosophy, and unveiled many a mystery about the universe. In
addition to the great personalities listed above and numerous titles
accredited to them, many of their manuscripts and other “not so
famous” scientists’ works on astrology are yet to be unveiled and
put to scrutiny. The National Mission for Manuscripts is making
an untiring and commendable effort to retrieve all such hidden
treasures across different topics and is making serious attempts to
disseminate such knowledge to the entire world through seminars,
conferences, and publications, in addition to various other plans
and programmes.

This book Manuscript Heritage on_Astronomy is the proceedings
of a three-day seminar organized by the National Mission for
Manuscripts in collaboration with the Oriental Research Institute of
Sri Venkateswara University, Tirupati under the supevision of Prof.
V.R. Reddy. It saw many an outstanding scholar presenting their
papers on varied aspects of astronomy and astrology. The relevance
of the astronomical and astrological knowledge is hidden in our



vi | MANUSCRIPT HERITAGE ON ASTRONOMY

old scriptures. Fortunately we have scholars who can still locate
and interpret this knowledge to the current generation, enabling
the society to inculcate ethical, scientific and moral standards to
preserve and sustain our universe.

Sadguru K. Sivananda Murty, in his keynote address has
mentioned that paficanga, a religious calendric record of planetary
motions, was developed from the purely academic astronomy in
India. But in last two centuries different paficangas, containing
notable differences in the fixing of a religious event or for
observance of religious festival, are creating confusion in people’s
mind. This situation in the Hindu religion-oriented astronomy has
to be sorted out for the benefit of the practising Hindu.

He also brings forth the major difference between the Indian
theory and Western theory regarding oscillation of the equinox. He
requested the very eminent astronomers present in the conference
not to reject the Indian theory, which was propounded by our
ancestors, without going through an intensive examination.

Y.V. Subba Rao introduces to us all the towering personalities
of Indian astronomy. He meticulously details their theories and
inventions, and the uniqueness of their findings. He sketches all
veterans from Lagadha to Acyuta Pisarati. He, in another paper,
delves into the moving zodiac in ancient Indian astronomy wherein
he attempts to show that the astronomers and astrologers including
Varahamihira were fully aware of the “precession of the equinoxes”.
The astrological references can be fully utilized for determining
the precise dates of several historical events in the cultural history
of India for which the epigraphical and archaeological evidences
have not been found.

In his paper K. Ramasubramanian makes one travel through
the history of Indian mathematics and its implications in imparting
mathematical education. It deliberates on various aspects such as
how to construct a square that is n times a given square, how to
transform a square into a circle, how did the Sulbakaras specify the
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value of V2 and its expression and approximation.

M.D. Srinivas discusses about the contribution of the
astronomers and mathematicians of the Kerala School. According to
him, there are about 450 Sanskrit works in the domain, in addition
to over 150 in Malayalam. He presents a chronological listing of
the important members of the Kerala School and their works,
pertaining to a period ce 1350-1850.

Karanapaddhati is a unique work of Putumana Somayaji. M.S.
Sriram and R. Venketeswara Pai take us around the continued
fractions in Karanapaddhati. Somayaji’s concepts of valayupasarnhara,
alpagunakara and alpahara are well accounted.

The moon asserts great influence on time calculations. Karanam
L. Ramakumar and Vemuri V. Ramakrishna consider moon as the
chronometre for rectification of birth time. They discuss in detail
the dasa and antardasa period.

P. Visalakshy talks about how year and time are reckoned
in jyotisa manuscripts. It analyses the kacatapayadi, katapayadi,
arikapalli, aksarapalli, nannanyadi, vyafijanaksarasamkhyapaddhati,
malasarmkhya and bhitasarmkhya systems.

Vedic siiktas link deities with the cosmos. The various mantras
of the Vedas figure the deities, their activities and the scope of
their application in the sacrifices. C.L. Prabhakar opines that these
mantras add up to the knowledge of Vedic astronomy.

According to K. Vasudeva Moorthy, P.B. Raghavaiah
and K. Sitaramayya, the Vedic mythologies revolve around the
cosmos along with the Milky Way, ecliptic, equinox and solstices
in particular and other constellations in general. This mythology
and divine descriptions are perfectly synchronized descriptions
of the four-dimensional macro-cosmos with the micro-cosmic
individuals. Moreover, this is perfectly astronomical and scientific
as far as the spatial temporal factors are concerned. P. Bala
Subrahmanyan charts out the significance of Vedic Jyotisa in
our life.
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Our ancestors did develop three steps, i.e. madhyama ganita,
mandasphuta ganita and bhiimadhya ganita, to calculate and find out
the right position of the planets. E. Sreedharan elucidates another
step ahargana ganita, which was also used to calculate the totality
of days of the planets between the starting point and the intended
date while revolving round the sun.

According to Narayanan Nampoothiri N.T., the credit of
systematizing the knowledge of astronomy and mathematics that
existed prior to Aryabhata and providing them a social foundation,
goes to Aryabhata. B.H. Tukaram, with special reference to Siddhanta
Sararsa, opines that the earth is neither rotating around its own
axis nor orbiting the sun. In reality, the sun, moon and stars are
moving around the stationary earth.

M. Prabhakara Rao engages the readers with the works of great
Telugu poets which bear testimony to their firm faith and thorough
knowledge of astronomy.

P. Chinnaiah brings to light that Aryabhata’s astronomical
calculation methods along with the trigonometric tables made foray
into the Islamic world. Calendric calculations devised by Aryabhata
and his followeres have been in continuous use in India for practical
purposes of fixing the Hindu calendar. T. Surendra Reddy says that
alms-giving, associated with eclipses, is an Indian practice from
time immemorial. We have references of eclipses even in Rgveda.
Pravesh Vyas explores the science of natural disaster prediction
in ancient Indian manuscripts and different means are specified
there to read the onset of ecological dangers.

In addition to all these papers, this proceeding accommodates
twenty-one authentic articles on astronomy and astrology in
Sanskrit and Telugu (in Devanagari script) from scholars like
Gopalakrishna Hegde, Ch. Sivaramakrishna Sharma, E.N. Ishvaran,
A. Sripad Bhatt, Keshava Misra, K.C. Nagesh Bhatt, Krishneshvar
Jha, P. Pawan Kumar, Chittaranjan Nayak, Govind Prasad
Sharma, T. Murali Krishna, N.D. Jayakrishnan Nampootiri, Saagi
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Kamalakar Sharma, Madhur Krishnamurti Shastri, Kashibhotal
Nag Venkat Parvateeshvar Sharma, T. Venkateshwarlu, R. Anant
Padmanabh Rao, V. Giridhar Kumar, P.C. Venkateshwarlu, Elevarty
Chandramauli and Satyabhushan Ram.

The National Mission for Manuscripts is pleased to present
this publication to readers to make them aware of the knowledge
content of ancient Indian manuscripts. Moreover, the information
contained in these scholarly papers would, I hope, contribute to the
ongoing research in the field of astronomy and astrology.

15 August 2016 Veena Joshi
Director & Joint Secretary
National Mission for Manuscripts
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Keynote
to a National Seminar on Astronomy

Sadguru K. Sivananda Murty

Astronomy is an ancient subject of India besides other countries
like Rome, Egypt, Chaldea and some other countries of the ancient
world. The interest that the heavens kindled in all humanity, led the
people to observe with regularity, a changing picture of the heavens
and record their findings. Ancient astronomy in any country is a
record of long-time observations of repetitive phenomenon like
rising of a star with a periodicity, the heliacal rising and setting of
planets, eclipses, etc. A science developed in due course in all these
countries adding mathematical expressions of the phenomenon.
In India Vedanga Jyotisa is the earliest work assigned to fourteenth
century sce, but that was closely related to Vedic observances. This
is the peculiarity of Indian science which is pure Hindu astronomy.

Apart from the development of a purely academic astronomy
in India a religious calenderic record of planetary motions with
reference to the zodiac came to be recorded for the measurement
of the year with eclipses, etc. for purposes of Vedic observances
as well as religious observances of the common Hindu society.
The mathematical precision achieved in the ancient India a 2,000
years ago led to the preparation of a paficanga which is advance
information of the motion of sun, moon and the planets for the
whole year ahead before it began so that the people would be getting
ready in advance for the observance and performance of religious
rites. Thus paficanga has become an integral part of the Hindu
religion awaited for its guidance in religion. The development of
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astrology is the prediction of seasonal cycle as well as experiences
of individuals based on the birth-stars, etc.

The publication of a paficarga in print in the last two centuries
has given rise to innumerable and different paficangas containing
notable differences in the fixing of a religious event or observance
of religious festival or a holy Vedic ritual. The paricangas are not
uniform in their record of planetary movements, their entry into
a star in a sign which is the basis of religious observance. People
are thrown into confusion.

The reason is well known. Hindu religion follows the fixed
zodiac, and on that zodiac the position of a planet or even the solar
ingress is of great importance. These are dependent upon the fixed
zodiac with a difference from the moving zodiac which is known
as the ayanamsa. This ayanamsa is subject of theoretical calculation
based on the year of the zero ayanamsa, the rate of precession,
etc. These elements are taken differently by the astronomers who
made the paficangas. This situation in the Hindu religion oriented
astronomy has to be and must be sorted out for the benefit of the
practising Hindu.

Long ago I had presided over two conferences at Hyderabad
and Warangal of paricanga makers with a view to reconcile the
differences and to arrive at a singular nirayana paficarnga. The
conferences failed in their objective. In this august gathering of
astronomers it is my genuine appeal that, if we can find at least
four or five astronomers giving us a single paficarga for the good of
the society to help the situation. This needs setting up of a group,
to thoroughly discuss with evidence of the elements that go to
determine the ayanamsa.

My objective approach to such a meeting of eminent
astronomers of our country has other demands from me.

1. The religious basis of adopting a nirayana (a fixed zodiac)
for the Hindu religious purposes. This may be a subject for
examination of the Smrtis to know where, why and how has
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it been directed that religious observances should be based
on a nirayana system (way back in 1949 and 1950, Cyril Fagan
who published his magazine SPICA, raised this question, but
there was no worthwhile discussion by many or a conclusion).
The community of astronomers owes this clarification to the
society.

. Hindu astronomy has addressed itself to the study of
planets on the zodiac and the “Great bear” resulting in
the saptarsi cycle of about 2,700 years. The practical use of
this can be found only when different events are recorded
on this scale, to find their distance in time for purposes of
historical records. This clock has not been used except for one
statement in Mahabharata: rsayah pitrdaivatam, to indicate the
event of coronation of Yudhisthira. No event in subsequent
history has been recorded. Can we now prepare a calendar
for the future indicating the likely dates of the rsis entering
various signs in future?

. The Hindu religion deals with the brahmanda and the various
lokas and their interrelationships as they are occupied by
various grades of sentient beings. In other words it is assumed
that we have a structure of the Universe called the brahmanda
containing fourteen different regions called lokas occupied by
different classes of beings. We find certain relative theories
about different time measures with reference to these lokas.
For example: For a departed soul of the earth which dwells
in the pitrloka, one whole terrestrial year on earth is one day
in pitrloka. We have the Puranas and astronomical works also
discovering the time cycle like kalpa, mahayuga and yuga in
terms of the terrestrial year. This time cycle is also related
to the time cycle of the devas, Indra and Brahma, etc. These
facts and figures need a re-examination for their rational
validity on Earth or whether these figures are related to the
distances of these higher lokas from the region of our solar
system is a question.
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It is our tradition in Puranas that like men on the Earth
even Brahma has a hundred years long-life. The length of
the year of Brahma is different. In the higher worlds, there
is no sunrise and sunset. Hence the earthly year is taken as a
unit for any length of time. Does this scale depend upon the
higher regions distance from Earth plane? Does it enable us
to note the distance of the higher lokas from here?

4. The Hindu astronomy believed in the theory of oscillation of
the equinoxial point. What we commonly call the precession
of the equinox is said to actually librate on either side of
the first point of Aries. Not only that, the Hindu theory has
actually pinpointed the extent of this libration saying that
the equinox precesses up to 27° behind the first point of Aries,
returns to the zero point of Aries and also oscillates to 27° in
the positive direction. Thus the total oscillation is 108° at a
rate that varies from 48 to 51 sec. This theory of libration is
peculiar to the Indian astronomers.

In the Western system, the preceding equinox makes a full circle
of 360° and returns to the first point of Aries taking about 27,000
years. This major difference between the Indian and the modern
or the Western system has not received a thorough analysis. The
modern Indian astronomers seem to have just accepted the Western
theory without even examining and defending the Indian theory.
The verifiability of the Indian theory depends upon observations
of the equinox reaching 27° behind the 0° Aries. At the moment the
precession is believed to be around 21-23°. The equinox will take
another four or five centuries to reach the limit of 27°.

The libration also means that the equinox should at two
extreme points come to a halt and reverses its direction. Does it
make any major event in the Solar System and on the Earth? Is
there a record of such events in the past?

The question before us is whether we are prepared to reject
the Indian theory of oscillation without a thorough examination?
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Why did the Indian astronomers propound the theory of
oscillation? Is it actual or apparent when observed from an outer
point in the 3D space, like the southern Polaris point?

Is it not worthwhile that a group of astronomers examine this
question from the point of its reality or its being apparent, instead
of rejecting it without examination? The very eminent astronomers
present in the conference may kindly consider this. Baring these
questions before the very eminent astronomers and scholars for
the favour of consideration, I beg to remain.
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Introduction

V. Venkataramana Reddy

TrE astronomy takes into consideration the position of the planets
in their revolution around the sun relative to the very distant
constellations in the zodiac which are at an enormous distance
from the solar system. The zodiacal wheel with all its stars with
widely varying distances from the solar system is seen as located on
the equatorial plane of the earth. An additional fact of astronomy
is, the stars on the zodiac as a rule are having their own proper
motions, which may not be relevant to the life and conditions on
the solar system significantly.

Whether one is studying our own planet or the planets in the
sky, the common man wants to know his own future. There is a
dispute and difference of opinion on certain aspects of astronomical
calculations among the scholars even today. For this purpose,
there is a need to provide a common platform for the scholars and
practitioners of astronomy to reflect on the issue.

The last half century has seen materialistic civilization
destroying the nature and its eco-balance besides plundering of
our planet to exhaust the million-year old accumulations of fusel
fuels, minerals, forests, etc. The great question before us is what
does the future hold for the human race?

In modern times due to so many reasons, the astronomical
knowledge and its samanya jfiana are slowly disappearing from
the scholarly world. But still there are several scholars who can
interpret the ancient texts on astronomy with their multi-faceted
genius.
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India has one of the largest collections of manuscripts of
any civilization in the world. An unknown number of rare and
unpublished manuscripts on astronomy are still lying in the various
manuscript repositories of India.

The National Mission for Manuscripts under the Ministry of
Tourism and Culture, Government of India, New Delhi has been
organizing seminars in different subject areas. Such seminars provide
a platform for scholars working in a given discipline to interact,
share information, discuss problems encountered by them and then
look towards a solution of those problems. Seminars bring together
scholars from different parts of the country working in a particular
field and provide them an opportunity to share their experiences.

The Oriental Research Institute of Sri Venkateswara University,
Tirupati has been consistently conducting several national and
international conferences, seminars and workshops on different
subjects. Recently the Institute successfully conducted a three day
seminar on “Manuscript Heritage on Astronomy”. More than forty
scholars from different parts of India participated and presented
their research papers. The seminar attracted not only traditional
scholars from Sanskrit field but also scientists like Dr K.L. Ram
Kumar, Bhabha Atomic Research Centre, Mumbai; Dr M.D. Srinivas,
Centre for Policy Studies, Chennai; Prof. K. Ramasubramanyam, IIT,
Bombay; Dr M.S. Sriram, Dept. of Theoretical Physics, University of
Madras, Chennai and many more scholars.

The seminar saw many scholarly presentations. Many
outstanding scholars from different parts of India gave valuable
suggestions to take this noble task ahead. Herein I especially thank
and express my sincere gratitude to Prof. Dipti S. Tripathi, former
Director, National Mission for Manuscripts for having extended
liberal financial assistance for conducting the seminar successfully.

It is a matter of great pleasure that the National Mission for
Manuscripts is bringing out the proceedings of this seminar in a
very attractive manner. I feel this publication will be worthwhile
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and useful to scholars working in the area of Astronomy. And I am
also sure that the readers will appreciate the quality and quantity
of information housed in the articles.

We look forward to suggestions and active participation of
all the readers and scholars to take forward the noble task of
preserving and propagating the knowledge contained in the Indian
manuscripts heritage.



India’s Rich Heritage in Astronomy
Astronomers’ Names, Years and Their Contributions

Y.V. Subba Rao

Lagadha: First Millennium sce

Tue earliest astronomical text named Vedanga Jyotisa details
several astronomical attributes generally applied for timing social
and religious events. Vedarnga Jyotisa also details astronomical
calculations, calendrical studies, and establishes rules for
empirical observation. Since the texts written by 1200 sce were
largely religious compositions Vedanga Jyotisa has connections
with Indian astrology and enumerates several important aspects
of the time and seasons, including lunar months, solar months
and their adjustment by a lunar leap month of adhimasa. Rtus and
yugas are also described. Some scholars hold that twenty-seven
constellations, eclipses, seven planets and twelve signs of the zodiac
were also known at that time.

Aryabhata: ce 476-550

Aryabhata was the author of Aryabhatiya and Aryabhatasiddhanta,
which, according to Hayashi (2008): “circulated mainly in the
north-west of India and, through the Sasanian dynasty (224-651)
of Iran, had a profound influence on the development of Islamic
astronomy”. Its contents are preserved to some extent in the
works of Varahamihira (flourished c. 550), Bhaskara I (flourished c.
629), Brahmagupta (598-c. 665) and others. It is one of the earliest
astronomical works to assign the start of each day to midnight.
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Aryabhata explicitly mentioned that the earth rotates about its axis,
thereby causing what appears to be an apparent westward motion
of the stars. Aryabhata also mentioned that reflected sunlight is
the cause behind the shining of the moon. Aryabhata’s followers
were particularly strong in south India, where his principles of the
diurnal rotation of the earth, among others, were followed and a
number of secondary works were based on them.

Varahamihira: ce 505-587

Varahamihira was an astronomer and mathematician who studied
Indian astronomy as well as the many principles of Greek, Egyptian
and Roman astronomical sciences. His Paricasiddhantika is a treatise
and compendium drawing from several knowledge systems.

Brahmagupta: ce 598-668

Brahmasphuta-siddhanta (Correctly Established Doctrine of Brahma,
ce 628) dealt with both Indian mathematics and astronomy. Hayashi
(2008) writes: “It was translated into Arabic in Baghdad about 771
and had a major impact on Islamic mathematics and astronomy”.
In Khanda-Khadyaka (A Piece Eatable, ce 665) Brahmagupta
reinforced Aryabhata’s idea of another day beginning at midnight.
Brahmagupta also calculated the instantaneous motion of a planet,
gave correct equations for parallax and some information related to
the computation of eclipses. His works introduced Indian concept
of mathematics-based astronomy into the Arab world.

Bhaskara I: ce 600-680

Authored the astronomical works Mahabhaskariya (Great Book
of Bhaskara), Laghubhaskariya (Small Book of Bhaskara) and
Aryabhatiya-Bhasya (ce 629) — a commentary on Aryabhatiya written
by Aryabhata. Hayashi (2008) writes:

Planetary longitudes, heliacal rising and setting of the planets,
conjunctions among the planets and stars, solar and lunar
eclipses, and the phases of the moon are among the topics
Bhaskara discusses in his astronomical treatises.
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Bhaskara I's works were followed by Vate$vara (ce 880), who in
his eighth chapter of Vatesvara Siddhanta devised methods for
determining the parallax in longitude directly, the motion of the
equinoxes and the solstices and the quadrant of the sun at any
given time.

Lalla: Eighth Century ce

Author of Sisyadhivrddhi (Treatise which Expands the Intellect of
Students) corrects several assumptions of Aryabhata. Sisyadhivrddhi
of Lalla itself is divided into two parts: Grahadhyaya and
Goladhyaya. Grahadhyaya (chaps. I-XIII) deals with planetary
calculations, determination of the mean and true planets, three
problems pertaining to diurnal motion of earth, eclipses, rising
and setting of the planets, the various cusps of the moon, planetary
and astral conjunctions, and complementary situations of the sun
and the moon. The second part titled Goladhyaya (chaps. XIV-
XXII) deals with graphical representation of planetary motion,
astronomical instruments, spherics, and emphasizes on corrections
and rejection of flawed principles. Lalla shows the influence of
Aryabhata, Brahmagupta and Bhaskara I. His works were followed
by later astronomers, Sripati Vate$vara and Bhaskara II. Lalla also
authored Siddhantatilaka.

Sripati: ce 1045

Sripati was an astronomer and mathematician who followed the
Brahmagupta school and authored Siddhanta Sekhara (The Crest
of Established Doctrines) in twenty chapters, thereby introducing
several new concepts, including moon'’s second inequality.

Bhaskara II: ce 1114-1185

Authored Siddhantasiromani (Head Jewel of Accuracy) and Karana-
kutithala (Calculation of Astronomical Wonders) and reported on
his observations of planetary positions, conjunctions, eclipses,
cosmography, geography, mathematics and astronomical
equipment used in his research at the observatory in Ujjain, which
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he headed.

Mahendra Suri: ce 1340-1410

Mahendra Siri authored Yantra-raja (The King of Instruments,
written in ce 1370) — a Sanskrit work on the astrolabe, itself
introduced in India during the reign of the fourteenth-century
Tughlaq dynasty ruler Firuz Shah Tughluq (ce 1351-88). Mahendra
Stri seems to have been a Jaina astronomer in the service of Firuz
Shah Tughlugq. The 182 verses of Yantra-raja mentions the astrolabe
from the first chapter onwards, and also presents a fundamental
formula along with a numerical table for drawing an astrolabe
although the proof itself has not been detailed. Longitudes of
thirty-two stars as well as their latitudes have also been mentioned.
Mahendra Siri also explained the Gnomon, equatorial coordinates
and elliptical coordinates. The works of Mahendra Stiri may have
influenced later astronomers like Padmanabha, author of Yantra-
raja-adhikara (ce 1423), in writing the first chapter of his Yantra-
Kiranavali.

Nilakantha Somayaji: ce 1444-1544

In 1500, Nilakantha Somayaji of the Kerala school of astronomy
and mathematics, in his Tantrasamgraha, revised Aryabhata’s
model for the planets Mercury and Venus. His equation of the
centre for these planets remained the most accurate until the
time of Johannes Kepler in the seventeenth century. Nilakantha
Somayaji, in his Aryabhatiya Bhdasya, a commentary on Aryabhata’s
Aryabhatiya, developed his own computational system for a
partially heliocentric planetary model, in which Mercury, Venus,
Mars, Jupiter and Saturn orbit the sun, which in turn orbits the
earth, similar to the Tychonic system later proposed by Tycho
Brahe in the late sixteenth century. Nilakantha Somayaji’s system,
however, was mathematically more efficient than the Tychonic
system, due to correctly taking into account the equation of
the centre and latitudinal motion of Mercury and Venus. Most
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astronomers of the Kerala school of astronomy and mathematics
who followed him accepted his planetary model. He also authored a
treatise titled Jyotimimarsa stressing the necessity and importance
of astronomical observations to obtain correct parameters for
computations.

Acyuta Pisarati: ce 1550-1621

His Sphutanirnaya (Determination of True Planets) details an
elliptical correction to existing notions. Sphutanirnaya was later
expanded to Rasigolasphutaniti (True Longitude Computation of
the Sphere of the Zodiac). Another work, Karanottama deals with
eclipses, complementary relationship between “the sun and the

1221

moon, and ‘the derivation of the mean and true planets’. In
Uparagakriyakrama (Method of Computing Eclipses), Acyuta Pisarati

suggests improvements in methods of calculation of eclipses.



Zodiac in Ancient Indian Astronomy

Y.V. Subba Rao

Abstract: Tue calculation of the traditional almanacs is based on
the nirayana siddhanta as conventionally called today to stand in
contradistinction to the sayana siddhanta. The beginning of the year,
based on the sayana siddhanta, is calculated when the mesa sarmkramana
takes place with the sun at the vernal equinoctial point (VEP). Such
conjunction of the sun with the VEP was found to be in the first
quarter of A$vini constellation by Varahamihira,' an astrologer
and astronomer par excellence, in ce 520. Krttika of Vedarga Jyotisa
continued to be the leading asterism till Varahamihira exploded the
astrological and the astronomical world with his observations. He
abandoned Krttika of Vedanga Jyotisa period and adopted Aévini as the
leading asterism of his period for his calculations. Ignoring, however,

Varahamihira who lived in the court of King Vikramaditya in c 520 has
a worldwide reputation in the sphere of mathematical astronomy and
astrological practices. His Brhat Jataka is a very popular text as well as his
Brhat Sarmhita and Paficasiddhantika.

Mythology abounds in his name. Mihira is sun and in India, sun is
worshipped as a god. It appears that his prediction about the death of
a prince of his patron through a boar resulted in the same manner by a
fall of a stuffed head of a boar in the place of a living boar in spite of the
maximum precautions taken for that. Hence the appellation Varaha to his
name Mihira.

His Paficasiddhantika is a collection of texts concerning five systems of
astronomy in vogue at that contemporary period and these systems were
in use for the preparation of almanac for multipurpose utility like spiritual
and mundane necessities.
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the principle underlying the pronouncements of Varahamihira,
Indian pandits have stuck on to the nirayana system and developed
the peculiar problem of ayanarmsa or the Indian precession. It means
that the zodiac is fixed which is contrary to theory and observation.
Major muhiirttas, according to Agamasastras, are based on the position
of the sun in a sign and the position of the moon in a naksatra. The
position of the moon in the naksatra according to paficanga may be
correct but the position of the sun in a sign based on the paficanga is
highly erroneous and differs by the magnitude of ayanamsa.

The modern Western astronomers have taken a different stand that
the zodiac is always moving and moving retrograde and the equinoxes
occur earlier and move backwards. As the change is perceptible,
however, over a period of about 960 years to shift the VEP from
one asterism to the other, this minute detail is not observed by the
practical astronomer or astrologer. For this reason, the literature of
the medieval and modern periods does not reflect the knowledge of
the “precession of the equinoxes”.

The present paper is an attempt to show that the astronomers
and astrologers including Varahamihira were fully aware of the
“precession of the equinoxes” and even the literature supports this
knowledge. By admitting this, the astronomical references can be
fully utilized for arriving at the precise dates of several historical
events in the cultural history of India for which the epigraphical and
archaeological evidences are totally absent.

Introduction

HistoricALLy, it is generally agreed that the two zodiacs, fixed and moving,
were in alignment with one another about the year ce 285 with both
sidereal and tropical ephemeris’ listing the passage of the sun into Mesa
(Aries) at the spring equinox. What happened next? What went wrong?
Foreign invasions and consequent lack of patronage conspired to make
the generations after Varahamihira commit to the sin of sticking
on to the fixed zodiac beginning with the first point of Asvini, long
companionship with the first point of A§vini made it heresy for Indian
pandits even though Varahamihira himself parted with Krttika for
obvious reasons. The difference between sayana longitudes and
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nirayana longitudes of planets is called ayanamsa (precession). The
raging controversy between the two zodiacs is ever increasing each year
with the cumulative increase in the magnitude of ayanamsa more or
less acutely. In every conference astronomers and astrologers of more
recent times raise the vexed question of ayanarisa only to widen the gulf.
There is another strange circumstance. The Aries of the moving zodiac
and the Aries of the fixed zodiac should both have the same appearance,
if the names of the signs have any relationship with their resemblance.
The Westerners with the moving zodiac and the Indians with the fixed
zodiac should both pretend to see the same appearances in the various
signs. While it is clear that similar appearances cannot be seen by both
the parties, in signs no longer common to both in the zodiac, the names
of the twelve signs are, however, common to the East and the West and
continue to be the same. Evidently, the objects or beings after which
the signs are named are symbolical of the natures of the signs.

Zodiac

The planets move round the sun in a circular of space in the heavens,
about 16° in breadth with 8° on either side of the ecliptic. The ecliptic
is the elliptical path among the fixed stars in which the earth revolves
round the sun as its centre. We have also seen that to this is the
apparent path of the sun viewed from the centre of the earth. A series
of constellations lie along this belt. This belt is comprehensive enough
to accommodate the movements of all the planets. This Milky Way
is called the zodiac. It is along this path that we have to locate the
positions of the planets.

Where Does the Zodiac Begin?

The question that arises uppermost is as to the first point from which
the longitudes of the planets have to be measured. In other words, we
have to fix the starting point of the zodiac. It is needless to state that
the longitudes of the planets cannot be measured and their positions
determined, unless there is a point to measure from. Common sense
suggests that this point cannot and ought not to be arbitrary. It should
be associated with some determinable and demonstrable astronomical
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phenomenon. The twenty-seven asterisms are clusters of stars that lie
along the zodiac, and may be divided into twelve signs? of a somewhat
irregular extent. But there is absolutely nothing to indicate why a
particular asterism should be preferred to any other as the starting
point of the zodiac.

The twenty-seven asterisms may be imagined to be merely twenty-
seven fixed lamp-posts or milestones along the ecliptic. No particular
milestone or lamp-post could be regarded as possessing any special
significance or bearing on the determination of the starting point of
the zodiac. In India, Varahamihira, to whom we owe largely for the
beginnings of Indian astronomy as well as of Indian astrology, and who
is considered to have figured about ce 520, has given us the clue for
fixing this starting point of the zodiac. No clues earlier than the time
of Varahamihira seem to be available on the determination of this vital
question. Taking clues from Brhat Jataka, Brhat Sarnhita, Paficasiddhantika
and Vedic texts like Rgveda and comparing with the modern Western
astronomy, we may arrive at the method of calculation.

A few observations have also to be made before we can follow
Varahamihira with advantage. The twenty-seven asterisms (naksatras)
are, no doubt, twenty-seven natural divisions of the ecliptic. Each of
them roughly measures, therefore, 360/27 = 1337 of space. This is
roughly the space travelled by the moon along the stars in the course
of a single day and night. There is nothing, however to choose between

2 The twenty-seven asterisms or clusters of stars that lie along the zodiac,
and may be divided into twelve signs rasis. The Sanskrit names of the
twelve signs or rasis in the conventional order are: 1. Mesa, 2. Vrsabha,
3. Mithuna, 4. Karka, 5. Sirhha, 6. Kanya, 7. Tula, 8. Vrscika, 9. Dhanu,
10. Makara, 11. Kumbha, 12. Mina.

The Sanskrit names of the twenty-seven Asterisms or naksatras, beginning
with the conventionally leading asterism, are as follows: 1. Asvini,
2. Bharani, 3. Krttika, 4. Rohini, 5. Mrga$irsa, 6. Ardra, 7. Punarvasu,
8. Pusya, 9. Aélesa, 10. Magha, 11. Purva-Phalguni, 12. Uttara-Phalguni,
13. Hasta, 14. Citra, 15. Svati, 16. Vi§akha, 17. Anuradha, 18. Jyestha,
19. Miila, 20. Pirvasadha, 21. Uttarasadha, 22. Sravana, 23. Dhanistha,
24, Satabhisa, 25. Plrvaprosthapada, 26. Uttaraprosthapada, 27. Revati.
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one asterism and another, as already observed, for fixing the starting
point of the zodiac. The first amongst the twelve signs into which the
zodiac is divided is conventionally named Aries or Mesa. The question,
therefore, narrows down to the short point as to where in the ecliptic
0° Aries or Mesa should begin.

Observations of some sort did exist at Ujjain at the time of
Vikramaditya, during whose reign Varahamihira flourished. It was the
longitude of Ujjain that was adopted in Indian Astronomy for imagining
anisland called Lanka in the Indian Ocean (not Ceylon) on the Equator.
The standard time in the calendar was called Lanka time; and 6 a.m. at
Lanka was the mean sunrise from which all calculations were made to
avoid as many paricariga as there are places in India.

In his Brhat Jataka, Paficasiddhantika and Brhat Sarmhita Varahamihira
states that at one time daksindyana (southward journey of the sun or the
summer solstice) took place when the sun was in the middle of Aslesa
naksatra and uttarayana (northward journey of the sun or the winter
solstice) took place when the sun was at the beginning of Dhanistha
naksatra but that in his own time, “as one might see for himself” (so
he says) daksindyana taking place when the sun was in the last quarter
of Punarvasu naksatra.* He observed that what had been recorded by
the ancients was correct for their time and that what he observed was
correct for his time.

There is abundant authority that Vedarga Jyotisa continued to be
current till almost Varahamihira’s time until he exploded it with his
own observations. It was under such auspices that he could review
pafica-siddhantas (five different schools of astronomical calculations)
current in his time and produce his Paficasiddhantika and Brhat Sarnhita.
When he stated that at one time daksindyana took place when the sun
was in the middle of ASlesa naksatra, but that in his own time it was
taking place when the sun was in the last quarter of Punarvasu naksatra,

3 Evidently, Varahamihira was referring to the astronomical observations
in Vedanga Jyotisa about 1500 years before him, cf. Bal Gangadhar Tilak,
Arctic Home in the Vedas, quoted in M. Krishnamachari, History of Classical
Sanskrit Literature, p. ix.
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he surprised the Indian astronomical world with his observation, with
a settled theory behind the change observed. Thus, he ordained the
future astronomers to correctly ascertain the places of the planets
by daily meridian observations since error in calculation is sinful. He
might not have considered the change to be the result of a regular
phenomenon with a uniform rate of retrogression due to an aberration
or freak of nature.

That the ancient Indian astronomers were fully aware of the
retrogression of the equinoctial point along the ecliptic was proved by
Bal Gangadhar Tilak beyond doubt from the Vedic reference. He held
that the VEP was Mrga$irsa and that it was the first naksatra when
Rgveda was composed.

Vedanga Jyotisa was composed when the vernal equinox was in
Krttika and had retrograded during his time to the first quarter of
A$vini naksatra. Since the summar solstice took place during the Vedarnga
Jyotisa period, about the middle of ASlesa naksatra, the vernal equinox
must have occurred about the beginning of Krttika. Literature of his
time referred to Magha naksatra as the eighth naksatra, which it could
be only if Krttika was the first one. The Tamil Manimekhalai (of about
the seventh or eighth century ct) speaks of Visakha naksatra, in which
the Buddha was born, as the middle naksatra or the fourteenth one,
which it could be only if the first one was Krttika. Krttika was the first
naksatra evidently in the Vedic time, since the vernal equinoctial point
took place in that naksatra. Therefore, he changed the reckoning system
of the calendar of his times. He maintained that the vernal equinox
occurred at the beginning of Avini and fixed it as the first asterism.

The above evidences prove that Varahamihira started his
astrological zodiac with vernal equinox point which is not absolutely
fixed. This point can be reconfirmed by comparing the calculative
system followed by modern Western astronomers under the name
of precession of the equinoxes.” About 21 March as at present, the

* The expression “precession of the equinoxes”, means the earlier
occurrence of the equinoxes in each successive sidereal year, due to the

retrograde motion of the equinoctial points along the ecliptic. A sidereal
%
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sun starts in all his brilliance in his annual course from the vernal
equinox and this phenomenon marks the beginning of the tropical or
astronomical year. Western astronomers start 0° Aries with the vernal
equinoctial point and the planetary longitudes are measured from this
point.

This equinoctial point is not absolutely fixed. It is subject to a slight
retrograde motion of about 50.26" a year. It is this retrogradation that is
known as the precession of the equinoxes. It was this uniform increase
in the longitudes of the fixed stars that attracted the attention of
Hipparchus, to whom the discovery of precession is due and the physical
cause of this motion was explained by Issac Newton. The equinoxes will
continue to occur earlier and move backward by about 50.26'" a year
and complete one revolution in about 26,000 years.

This leads us to what he observed. He found that the summer
solstice had retrograded from the middle of ASlesa naksatra of the
Vedic period to the last quarter of Punarvasu naksatra in his day, that

< year is the time in which the earth makes one complete revolution round
the sun, which is longer than the tropical year by the difference due to the
precession of the equinoxes. In other words, it is the year during which
the sun in his apparent motion returns to the same fixed star. The term
“equinoxes” denotes equal nights and days throughout the world, which
occur only twice in a year, the vernal equinox about the 21 March and the
autumnal equinox about the 23 September, as at present. Between these
two we have the summer solstice about the 22 June and the winter solstice
about the 22 December. Whatever may be the starting point of the zodiac,
the beginning of the four quarters of the year is beyond controversy. While
21 March and 23 September indicate equal nights and days throughout the
world, 22 June and 22 December indicate the longest day and the longest
night respectively. The return of the seasons is a permanent factor and
we know these seasons are brought about exactly after the same number
of days. It is on these phenomena that the European tropical year is based
which means that the year which brings the same season after the same
number of days. The tropical year is the interval between two consecutive
passages of the sun through the same equinoxes, and due to precession the
equinoxes will precede their usual time year after year, cf. Stuart J. Inglis,
1962, Planets, Star and Galaxies, New York: John Wiley and Sons, pp. 100-05.
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is, to about 1+ naksatra’s extent or about 23 % ° during a period of over
1,500 years. We find that Varahamihira's observations roughly tally,
therefore, with modern astronomy as regards the rate of precession.

Vernal Equinox in the Present Day

At the present day, the VEP is in Uttaraprosthapada having retrograded
to it in due course from A$vini.

Are we still to regard Asvini as the first naksatra, when the father
of Indian astronomy and astrology felt compelled to change over
from Krttika of Vedanga Jyotisa to A$vini of his day? The true Indian
astrological and astronomical starting point of the zodiac is, therefore,
the vernal equinoctial point, the same as in the West, and not A$vini,
one of the twenty-seven lamp-posts or milestones. For astrological as
well as astronomical purposes, we are, therefore, concerned only with
the moving zodiac, and not with the fixed zodiac of the twenty-seven
asterisms beginning with Mrgas$irsa, Krttika or A$vini as the case
had been during the course of the ages, whenever reformers opened
their eyes to facts. As each star parted company in due course with
the equinoctial point, it came to be deprived of its leading character
and its first place in the order of the stars. Formerly the sun’s entry
into the constellations, Taurus, Leo, Scorpio and Aquarius, marked
respectively the commencement of the spring, summer, autumn and
winter seasons. When during the period of the sun was in the Ram at
the vernal equinox, the Ram became the leading constellation and
the sun’s entry into the constellation (Aries) marked the beginning of
the spring. The equinoctial points, now having stepped into the next
constellations behind Aries and Libra, namely, Pisces and Virgo, we
have to step back along with them. They will thus gradually shift their
places backward from one constellation to the other along the ecliptic
and we should therefore be shifting along with them. Instead of this
perennial and periodical shifting from asterism to asterism, let us bid
good-bye to the fixed zodiac of the stars and welcome the moving zodiac,
mistakenly regarded as the zodiac of the West. Now, it is the longitudes
of the planets from the VEP and the division of the zodiac into twelve
signs from the same point that we require for purposes of horoscopy
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either in the East or in the West. Thus, the Western astronomy proves
that the Indian astronomy is absolutely right on the one hand and
that the astronomy together with its counterpart astrology cannot be
nothing short of absolute science on the other.

Summary

VEP was exactly at A$vini in ce 285 vide Siddhanta Siromani of
Bhaskara II of the eleventh century. At the present day, the vernal
equinoctial point is in the Uttaraprosthapada last quarter having
retrograded into it in due course from A$vini, that is, to about 24°
during the period of over 1,725 years since ce 285.

Positions of VEP and Leading Asterism

1. Svetavaraha Kalpa

Period (year) —
Leading Asterism Advini
VEP Asvini
Ayanamsa 0°

2. Vedanga Jyotisa

Period (year) 1500 BcE
Leading Asterism Krttika
VEP In Krttika
Ayanamsa —

3. Bhaskara II of ce 1100

Period (year) CE 285

Leading Asterism Advini

VEP Coincident with Aévini
Ayanamsa 0°

4. Varahamihira
Period (year) CE 520

Leading Asterism Asvini
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VEP In Aévini first quarter
Ayanamsa Between 0°-3° 20'

5. Modern (by Calculation)

Period (year) CE 2010

Leading Asterism Uttaraprosthapada

VEP In Uttaraprosthapada fourth quarter
Ayanamsa 24°

6. Future (by Calculation)

Period (year) CE 2435

Leading Asterism Purvaprosthapada

VEP In Pirvaprosthapada first quarter
Ayanarmsa 30° equal to a sign

The ancient Indian astronomers have evolved a scientific system
of calculating the astronomical zodiac while the astronomers of
the medieval and modern periods have lost sight of the principle of
precessions of the equinoxes. The Western astronomers, on the other
hand, could rightly pick up and confirm the exactness of the ancient
Indian astronomers. It is a paradox that we appreciate the importance of
certain originally Indian concepts only after the foreigners accept them.

These astronomical observations confirm the various dates arrived
at by the Sanskritists, historians, etc. regarding the composition of
different works as well as the different strata in the layers of Indian
civilization and culture. Thus, Rgveda was composed during 3000-4000
Bce, the Mahabharata war took place in 2559 Bce, Vedarga Jyotisa was
composed in 1550 sce, Buddha lived in 520 sce and Varahamihira lived
in ce 520.

For astronomical or astrological purposes, either in the East or in
the West, the moving Zodiac Mesa 0° starting from the VEP and the
division of it into twelve signs from the same point is indisputable.



History of Indian Mathematics
and Its Implications
for Mathematical Education

K. Ramasubramanian

Introduction

A rEw years ago, an unusual seminar series was held at Chennai
Mathematical Institute (CMI) and the Proceedings that was brought
out.

In his scholarly preface, David Mumford observes:!
Too many people still think that mathematics was born in Greece
and more or less slumbered until the Renaissance.

The state described by Mumford is primarily due to the fact that
the knowledge remained confined among the specialists.

Consequently, the general picture that emerged from the books
on history of mathematics with regard to the Indian contributions
till recent times were quite incomplete and at times misleading.

Morris Kline? observes:

Sometimes the Hindus were aware that a formula was only
approximately correct and sometimes they were not. Their values

1 C.S. Seshadri (ed.), 2010, Contributions to the History of Indian
Mathematics, Delhi: Hindustan Book Agency.

2 Credited with more than a dozen books on various aspects of
mathematics such as history, philosophy and pedagogy.
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of p were generally inaccurate; . . .

In trigonometry the Hindus made a few minor advances.®. ..

As our survey indicates, the Hindus were interested in and
contributed to the arithmetical and computational activities of
mathematics rather than to the deductive patterns.

There is much good procedure and technical facility, but no
evidence that they considered proof at all.*

The Sulbasiitras
The word sulba stems from the root sulb (to measure).

Since all the measurements were done using ropes or chords,
in the very early times, it seems the word in due course was
synonymously employed to refer to the chords themselves.

The etymological derivation of the word sulba (referring to a
rope) can be given as:

$ulbayatyanena iti $ulbah \°
The exact derivation of the compound word sulbasitras, including
the grammatical peculiarities is:

Sulbayam = Sulbah (Sulba + ghafi)® | tatsambandhi stitrani
Seven Sulbasiitras, namely Baudhdyana, Apastamba, Katydyana,
Manava, Maitrayana, Varaha and Vadhila are extant today.
Dertermining the East-West Line

Determining the exact east-west line at a given location is a

* This observation is despite the fact that Hindus have extensively
employed jivaparasparanyaya, and obtained complicated results. . . .

¢ Morris Kline, 1972, Mathematical Thought from Ancient to Modern Times,
New York: Oxford University Press, pp. 188-90.

> This derivation is technically referred to as karanavyutpatti.

This type of derivation is known as \eegcdfd and the siitra that comes
into play is “¥e ="

o
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prerequisite for all constructions, be it
a residence, a temple, a sacrificial altar
or a fireplace.

The procedure for its determination N
is described thus:

sama $anku nikhaya ‘Sarikusammitaya
rajjva’ mandalam yatra lekhayoh
Sarikvagracchaya nipatati tatra Sanki
nihanti sa pract| —
Kt.Su. 12

OA = Forenoon shadow
OB = Afternoon shadow

Fixing a pin (or gnomon) on level ground and drawing a circle
with a cord measured by the gnomon,* he fixes pins at points
on the line (of the circumference) where the shadow of the tip
of the gnomon falls. That is the praci.

(*For the cord to be measured by gnomon, its length must be at least

twice that of the gnomon. This prescription has important astronomical

significance.)

To Construct a Square that Is n Times a Given Square
Katyayana gives an ingenious A
method to construct a square whose

area is n times the area of a given
square.

3 G,
yavatprmanani samacaturasrani @% aln o\X
ekikartur cikirset ekonani tani
bhavanti taryak dvigunanyekata
ekadhikani tryastrirbhavatii £ P o
tasyesuh tatkaroti | : (n-"1a :
— Kt.Si. V1.7

As much . . . one less than that forms the base . . . the arrow of
that [triangle] makes that (gives the required number n).

In the Figure
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Consider AABD,

AD? = AB? — BD® = (”—”)aZ —(”—‘1)az
2 2

82 2 2 82
_Z(n+1) —(n-1) =I><4n=(na2),

To Transform a Square into a Circle
According to Baudhayana:

caturasnar mandalar cikirsan aksnayardham madhyat
pracime abhyapatayet yadadatisisyate tasya saha trtiyena
mandalam parilikhet|

aksnayardham = semi-diagonal
madhyat pracim = from centre to the east
yadadatisisyate = whatever (portion) remains
tasya saha trtiyena =  with one-third of that
E
P
D C
M
0}
w
A B
a
AB=2a TheradiusOP=r=a+§(x/§—1)
OP=r a
OD=aJ/2 =§(2+‘/§)'
ME = -
a(2-1) How to findy2?

How Did the Sulbakaras Specify the Value of 2 ?

The following siitra gives an approximation to ./,



HisTory oF INDIAN MATHEMATICS | 23

pramanam trtiyena vardayet, taccaturthena,
atmacatustrimsonena, savisesah |

11 1
V2 = S T 3xaxaa
577
= Jog = 14142156

How Did the Sulbakaras Arrive at the above Expression?

Several explanations have been offered over the last centuries, of
which one of them is geometrical construction.

Approximation for 2

. . _ 1 1 1 .
Rationale for the expression2 =1+ 3+34-3432 by geometrical
construction

> Consider two squares ABCD and BEFC (sides of unit length).
> The second square BEFC is divided into three strips.

> The third strip is further divided into many parts, and these
parts are rearranged (as shown) with a void at Q.

> Now, each side of the new square 4POR=1+ % + ﬁ.

The area of the void at Q is 355 2

R Q
| [ ||
Il 11, E
D G
11,
S I | [,
TIL
A B P E

Suppose we were to strip off a segment whose breadth is x
from either side of this square, such that the area of the stripped
off portion is exactly equal to that of the void at Q, then we have,
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2
2x(1+1+i)—x2 =(i) .
3 34 34

Neglecting x* (as it is too small), we get

1Y 34 1
xXx=|——= ¥ — = —
34)7 34 3434

Hence the side of the resulting square is

11 1
V2= 14—
3 34 3434

Samhkalita and Varasamkalita
(Sum of Series and Sum of Sums)

The results

ir:1+2+...+n=[n("+l)]

n

r=1

2r2 =1 +2>+..4+n’=

r=1

and iﬁ =13+23+...+n3=[

r=1

nn+1)2+1)
6

nn+1)7?
]

were known to the authors of AB, GSS, PG, L.

Now we consider sum of sums, for which we use the notation,

+1
VP=1+2+.. .+n = nn2 )

Vo= VO 4+ v+ s yO
_ i r(r+1) _ n(n+1)(n+2
- 2 — .

1.2.3

=1

Varasamkalita
k" order repeated sum of natural numbers (in Ganitakaumudi).
Narayana presents the formula in the following arya:

ekadhikavaramitah padadiriipottarah prthak te ‘'msah|
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ekadokacayahagah taddhato varasamkalitam |
padadirapottarah —n,n+1,n+2......
ekadhikavaramitah — limited to k + 1 terms
ekadokacayahagah — 1, 2,3 . .. are the divisors

tadvato varasamkalitam — the product is varasamkalita

The sum of sums

V:I(’f) — I/;(k*‘) +V2(k*1) +~-'V”(IH)

is stated to be

w _nn+D--(n+k) . .
no T =""Cn
1.2.3---k+1

The Cow Problem

prativarsam gauh siite varsatritayena tarnaki tasyah |
vidvan vimsativarsaih gaurekasydsca santatim kathaya 11

A cow gives birth to a [she] calf every year [and] their calves
themselves [begin giving birth], in three years time. O learned,
tell the number of progeny produced by a cow in twenty years.

Recalling

VO =1+1+...+1=n.
n(n+1)
vO=yO+.  +v©® =1+2+...+=T.
n(n+1)(n+2)

VO =0+ v+ +r0 =
123
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Year 1%gen. 2“gen. 3°gen. 4"gen. 5"gen. 6"gen. 7"gen.

1 1
2 1
3 1
4 1 Vv,
5 1 Vo
6 1 Vo
7 1 V.o v,
8 1 V5'°' Vz“)
9 1 v,© v,
10 1 V,‘O' VAU) Vf’
11 1 ng; Vsm V2(2>
12 1 V,© v, Vv,?
13 1 Vv, v, v,? V1(3)
14 1 Vv, v, VA V, (3)
15 1 vu(m Vg(” Vsm V, )
16 1 A V" v,? Ve v,
17 1 VM(O) V”m VB(2> V5‘3’ VQ‘“
18 1 V15(°) Vn“) Vg(2> Vs(a) ng
19 1 me) Vn(” Vm(Z) V7(3) V4“’ ws»
20 1 Vv, Vv, v, Vv, VAL Vv,

Sum 20 153 560 1001 762 210 8

Construction of the Sine-table (Aryabhata’s Method)

> A quadrant is divided into twenty-four equal parts, so that
each arc bit

90 o . . .
> Procedure o =, =3°45' =225 .RN))i=1.2,...,24 is given.

Author, please check

> The R sines of the intermediate angles are determined by
interpolation (I order or II order).

Pos Py Py
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Recursion Relation for the Construction of Sine-table
Aryabhata’s algorithm for constructing sine-table

The content of the verse in Aryabhatiya translates to:
Rsin (i + 1)et — R sin iov= R sin iou— R sin (i— 1)a— SN
R sin ia.

In fact, the values of the twenty-four R sines themselves are
explicitly noted in another verse.
The exact recursion relation for the R sine differences is:
Rsin(i+1)a—Rsinia
=R sinia— R sin (i— 1)a— R sinia2(1-cos a).
1

Approximation used by Aryabhata is 2(1 - cos a) = TR

While,
2(1—coso) =0.0042822, % =0.00444444.

In the recursion relation provided by Nilakantha we find

1 1
525 > 2333 (=0.0042827) .,

Comment on Aryabhata’s Method (Delambre)

Commenting upon the method of Aryabhatain his monumental
work Jean Baptiste Joseph Delambre’ observes:

The method is curious: it indicates a method of calculating the
table of sines by means of their second differences.

... The differential process has not up to now been employed
except by Briggs, who himself did not know that the constant
factor was the square of the chord. . .. Here then is a method
which the Indians possessed and which is found neither amongst
the Greeks nor amongst the Arabs.®

7 *...anastronomer of wisdom and fortitude, able to review 130 years
of astronomical observations, assess their inadequacies, and extract
their value.” — Prix prize citation 1789.

¢ ].B.J. Delambre, 1817, Histoire de I’Astronomie Ancienne, t1, Paris, p. 457;
%
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Magic Squares

Depending on the number of variant ways in which one can get the
desired sum, magic squares have been classified into:

> semi-magic (only rows and columns sum up to the number)
> magic and (rows, columns and principal diagonals)
> pan-diagonal magic (the above, plus the broken diagonals).

The first systematic description and classification of n x n magic
squares is to be found in Ganitasarakaumudi of Thakkara Pheru (c.
1300), wherein he presents the following types:

> samagarbha (n doubly-even or of the form 4m)
> visamagarbha (n singly-even or of the form 4m + 2)
> visama (n is odd).

A more detailed mathematical treatment, by exclusively
devoting a chapter (consisting of 75+ verses), is provided by
Narayana, a in his Ganitakaumudi (c. 1356).

General Treatment of Samagarbha Magic Squares

The folding method (samaputavidhi) given by Narayana:
samagarbhe dve karye chadakasamjfiam tayorbhavedekam |
chadabhidhanamanyat karasamputavacca samputo jiieyah ||
isdadistacayanka bhadramita mulapanktisamjiiadya |
> Consider two n x n squares where n = 4m.
> Of the two, one is called the coverer (chadaka).
> The other is called the covered (chadya).
> The folding here is just like folding the palms.
> The first sequence known as malaparikti [has],

> any desired number as the first term (nitaddhi) and so too
the common difference (caya) [and]

<« cited in B. Datta and A.N. Singh, 1983, “Hindu Trigonometry”, The
Indian Journal of History of Science, 18(1): 77.
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> is limited by the order of the magic square.

tadvadabhipsitamukhacayapanktisca® anyd parakhya syat ||
Similarly, (another) sequence having desired number as the first
item and also as the common difference is known as paraparikti.

Given below a few examples of milapankti and paraparikti.

Malapankti Caya Pardpankti Caya
1 2 3 4 1 0 1 2 3 1
2 4 6 8 2 1 2 3 4 1
3 6 9 12 3 2 3 4 5 1
3 6 9 12 3 4 6 8 10 2
4 8 12 16 4 0 3 6 9 3

miilakhyapanktiyogonitam phalam parasamasarmbhaktam |
labdhahataparaparikti gunajakhya sa bhavet pankti | |
The result obtained by decreasing the sum of the miilaparikti [from
the desired magic sum], when divided by the sum of the paraparkti
[is the gunal].
The elements of the parapankti multiplied by that guna obtained
is known as gunapankti.
Example: Suppose the desired sum S = 40

miilapankti —[1_2 3 4| ItssumS =10
pardparkti — [0 1 2 3] Itssum S = 6. Now,

S-5._40-10 _,
Sy 6 '
Using this we obtain gunaparikti — [0 5 10 15].

miilagunakhye parikti ye te bhadrardhatastu parivrtte |

The two sequences that are known as milaparkti and gunaparikti,
are to be arranged [in the cells] in a cyclic manner from the centre
of the magic square.

° The vigraha is mukharfica cayasca mukhacayau | abhipsitau mukacayau
abhistamukhacayau tau yasyah pankte sa abhipsitamukhacayapankti |
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milapankti —[1 2 3 4|.  gunapankti—|0 5 10 15|.

213(2|3 1015 (| 5| 0
114|1]|4 5| 0|[10 (15
312132 1015 (| 5| O
41114 ]|1 51 0 ([10 (15

urdhvasthitaih tadankai chadakasafichadyayoh prthagyani

tiryakkosthanydado anyatarasminniirdhvagani kosthani
bhadasyardhar kramagaih utkramagaih purayedardham
bhadranamiha samputavidhi ukto nrharitanayena

The horizontal blocks in the first and the vertical ones in the other
half of the magic square bhadra is to be filled in order and the other
half in the reverse order.

20323 10(15| 5| 0 2| 8(17(13
1(4(1|4 + 5/ 0(10(15| = |16]14| 1| 9
312|3]|2]|(folded){10|15| 5| 0 3| 7|18|12
4(1)4|1 5| 0/10(15 19(11] 4| 6

The Sulba Theorem (Bhuja-koti-karna-nyaya)
A clear enunciation of the so-called “Pythagorean” theorem is
found in the Sulbasiitras:°
dirghacaturasrasya iksnaydrajjuh'* ptirvamanitiryanmani ca
yat|
prthagbhiite kurutah tadubhayam karotill

The square of the diagonal of a rectangle is the sum of the squares
of the lateral and the vertical sides.

1 Baudhayana Sulbasiitras 1.48.

' The word aksnaya is an indeclinable. It occurs in the Vedic literature
at several places: aksnaya vyagharayati | . .. tasmadaksnaya pasavsorigani
pratitisthanti |
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By now, this siitra is fairly well known. The purpose of bringing
up this topic is to present the interesting discussion and the
dissectional proof presented by Nilakantha in his Siddhantadarsana.
Two Possible Ways of Demonstration

1. Samkhyanvesanam: Demonstration by enumerating
dvayorasyorvargayogamiilam niravayavam
ekadisamkhyavisesesu
kayoh syaditi sarmkhya nisciyarte | tadanvesana eko margah |
2. Ksetracchedanam: Demonstration by area dissection method
asesavisayavyapi ksetracchedakadvarah anyo margah |

Choosing the second over the first Nilakantha states the reason
for his choice:

alpavisayatvat — limited

anantyat — the set will be enormous in size
aviksante — and will be never ending
ksetracchedana — area dissectional proof

etatsarve yuktimilameva na tvagamamilam |

All this is based on reasoning alone and does not need the authority
of any authentic text [for its validity].

7

-y I
A* bhuja — :

SsTXX
AL LA

—— koti-bhuja . M
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The Number of Terms in an Arithmetical Series
Consider an arithmetical series of the form:
a+(a+d)+(a+2d)+(@+3d)+...+(a+(n-1)d). (2)
The formula for finding the number terms n in the series, in
terms of it sum S, the first term a and the common difference d is
encoded in the following verse:*
gaccho ’stottaragunitad dvigunadyattaravisesavargayutat |
miilarh dvigunadyabanam svottarbhdjitam sarapardham ||

The content of the above verse can be expressed as:

:l(\/SSd+(2a—d)—2a+l

2 d ' (3)

Approximations to T

The commentary Kriyakramakari while presenting the ratio of the

circumference to the diameter given by different acaryas observes:
madhavacaryah punah atopyasannatamam paridhi-sarmkhyam
uktavanvibudhanetragajahihutasanatrigunavedabhavaganab
ahavah |
navanikharvamite vrtivistare paridhimanmidam jagad-

urbudhah 11

The value of &t given in the above verses is:

_ 2827433388233
~ 9x10"
=3.141592653592 (correct to 11 places).
Conclusion

Introducing a bit of history would make the mathematics education

2 Aryabhata, Aryabhatiyam, Ganitapada, verse 20.

3 Vibudha = 33, netra = 2, gaja = 8, ahi = 8, hutasana = 3, triguna = 3, veda =
4, bha = 27, varana = 8, bahu = 2, nava-nikharva = 9 x 1,011. (The word
nikharva represents 1,011.)
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more complete. It would enable us to have a multicultural
perspective which is presently lacking in the educational curricula.

The Indian approach to a problem being algorithmic, it
would enable the students to have a sense of a different flavour
of mathematics. For example, the prescription in Sulbastitra texts
for finding surds, the recurrence relation given by Aryabhata for
evaluating sine function, the techniques for solving indeterminate
equations given by Brahmagupta and Bhaskara, the method of
arriving at infinite series finding fast convergent approximations
to the Gregory-Leibniz series for p.

Some of the unique techniques along with the illustrative
examples and demonstrations provided in the texts could perhaps
prove to be simpler for the students in assimilating the concepts
with much ease.

There could be fun in memorizing the formula (for instance, for
the number of terms in an arithmetical series) in the form of verses.

Knowing history would help us in getting away with the false
pictures that have already been created by some of the accounts —
be it generated by Eurocentric bias or Indicentric bias.

Lastly, making the students aware of the major achievements
of their own ancestors — particularly in their impressionable age
— is quite likely to boost their self-confidence and also provide the
necessary motivation in building a self-reliant nation.



Kerala Works on
Mathematics and Astronomy

Some Open Vistas

M.D. Srinivas

In his pioneering survey of works of the Kerala School of Astronomy
in 1972, K.V. Sarma listed around 402 works in mathematics and
astronomy.! Of these, over 150 works happen to be in Malayalam.
In his more recent survey of the Sanskrit science texts available in
the manuscripts repositories of Kerala and Tamil Nadu, Sarma has
listed over 450 works in Sanskrit on mathematics and astronomy
from Kerala.? Most of these works pertain to the period 1350-1850.

Here, we present a chronological listing of the important
members of the Kerala School and their works. This is compiled
from the above two works of KV Sarma. We also indicate whether
the work has been edited and translated. In the end, we append
a list of works by unknown authors which have been published.

! K.V. Sarma, 1972, A History of the Kerala School of Hindu Astronomy,
Hoshiarpur: Vishveshvaranand Institute, p. viii. Sarma also notes
that of the 402 works on astronomy and mathematics, 211 are Karala
texts, thirty-four are Tantra and six are Siddhanta texts.

2 K.V. Sarma, 2002, Science Texts in Sanskrit in the Manuscripts Repositories
of Kerala and Tamil Nadu, New Delhi: Rashtriya Sanskrit Sansthan. The
total number of works on astronomy and mathematics is 934 of which
100 are said to have been edited.
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It may be noted that only two works were edited prior to 1900,
and about ten were edited during 1900-50. Since 1950, about fifty
works of the Kerala School have been edited. About forty-five
tracts by unknown authors have also been published. Amongst
the works which are available, but have not yet been edited, are
three works of Madhava, six of Parame$vara, one of Nilakantha,
one of Jyesthadeva, six of Sankara of Mahisamangalam, three of
Sankara Wariyar, one of Narayana, one of Acyuta Pisarati, twelve
of Putuman Somayaji and almost all the works of later authors.

Amongst the works which have been edited, only about ten have
been translated into English. Detailed Malayalam expositions of
the Ganitadhyaya of Yuktibhdsa of Jyesthadeva and Karanapaddhati
of Putuman Somayaji were published more than fifty years ago.’

It is generally believed that the remarkable work of the Kerala
School of Astronomy was first brought to the notice of modern
scholarship by C.M. Whish’ in the 1830s, but it seems that, at least
from the early decades of the nineteenth century, many British
observers had noted and reported on the knowledge of infinite
series and other advanced mathematical techniques amongst the
south Indian astronomers.> However, the work of the Kerala School
was completely ignored by modern scholarship for over a century
till it was resurrected by the pioneering work of C.T. Rajagopal

3 Yuktibhasa Ganitadhyaya Edited with Malayalam Explanation and Notes by
Ramavarma maru Thampuran and A.R. Akhileswara Aiyer, Thrissur
1948; Karanapaddhati, Edited with Malayalam Explanation and Notes by
P.K. Koru, Cherp, 1953.

4 C.M. Whish, “On the Hindu Quadrature of the Circle, and the Infinite
Series of the Proportion of the Circumference to the Diameter
Exhibited in the Four Sastras, the Tantrasarhgraha, Yuktibhasa,
Karanapaddhati and, Sadratnamala” tr. Roy, As. Soc. (G.B.), 3: 509-
23.

> See for instance the notes of G. Hyne in John Warren, 1825, Kala
Sarhkalita, Madras, pp. 92-93, 330-1.
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and his collaborators.® Following the work of Rajagopal and his
collaborators, there have been several studies on the mathematical
achievements of the Kerala School, most of which deal with the
demonstrations contained in the first part, Ganitadhyaya, of the
famous Malayalam work Yuktibhasa (c. 1530) of Jyesthadeva’

¢ C.T. Rajagopal, 1940,“K. Mukunda Marar, Proof of Gregory’s Series”,
Teacher’s Magazine, 15: 28-34; K. Mukunda Marar and C.T. Rajagopal,
1944, “On the Hindu Quadrature of the Circle” Journal of Bombay Branch
of Royal Asiatic Society (JBBRAS), 20: 65-82; K. Mukunda Marar and C.T.
Rajagopal, 1945, “Gregory’s Series in the Mathematical Literature
of Kerala”, Math. Student, 13: 92-98; A. Venkataraman, 1948, “Some
Interesting Proofs from Yuktibhasa”, Math. Student, 16: 1-7; C.T.
Rajagopal, 1949, “A Neglected Chapter of Hindu Mathematics”, Scr.
Math., 15: 201-09; C.T. Rajagopal and A. Venkataraman, 1949, “The Sine
and Cosine Power Series in Hindu Mathematics”, Journal of the Royal
Asiatic Society of Bengal (JRASB) 15: 1-13; C.T. Rajagopal and T.V.V.
Aiyar, 1951, “On the Hindu Proof of Gregory’s Series”, Scr. Math., 17:
65-74; C.T. Rajagopal and T.V.V. Aiyar, 1952, “A Hindu Approximation
to Pi”, Scr. Math., 18: 25-30; C.T. Rajagopal and M.S. Rangachari, 1978,
“On an Untapped Source of Medieval Keralese Mathematics”, Arch. for
Hist. of Ex. Sc., 18: 89-101; C.T. Rajagopal and M.S. Rangachari, 1986, “On
Medieval Kerala Mathematics”, Arch. for Hist. of Ex. Sc., 35(2): 91-99.

7 We may, for instance, cite the following: A.P. Jushkewitsch, 1964,
Geschichte der Mathematik Mittelalter, German tr. V. Ziegler, Leipzig;
R.C. Gupta, 1973, “The Madhava—Gregory Series”, Math. Ed., 7: B63-70;
R.C. Gupta, “Nilakantha’s Rectification Formula”, Math. Ed., 6: B1-2;
1974, “An Indian Form of Third Order Taylor Series Approximation
of the Sine”, Hist. Math., 1: 287-89; 1975, “Madhava’s and Other
Medieval Values of p”; Math. Ed., 9: B45-48; “Madhava’s Power Series
Computation of the Sine”, Ganita, 27: 19-24; 1979, “Parame$vara’s Rule
for the Circum-radius of a Cyclic Quadirilateral”, Historia Mathematica,
4: 67-74; A.K. Bag, 1976, Madhava’s Sine and Cosine Series, IJHS,
11:54-57; 1979, Mathematics in Ancient and Medieval India, Varanasi;
T.A. Saraswati Amma, 1979, Geometry in Ancient and Medieval India,
Varanasi; B. Datta and A.N. Singh (revised by K.S. Shukla), 1983, “Hindu
Trigonometry”, IJHS, 18: 39-108; B. Datta and A.N. Singh (revised by

>
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There have also been some studies highlighting the important

K.S. Shukla), 1993, “Use of Calculus in Hindu Mathematics”, IJHS, 19:
95-104; T. Hayashi, T. Kusuba and M. Yano, 1989, “Indian Values for
p Derived from Aryabhata’s Values”, Historia Scientiarum, 37: 1-16;
1990, “The Correction of the Madhava Series for the Circumference
of aCircle”, Centauras, 33: 149-74; Ranjan Roy, 1990, “The Discovery of
the Series Formula for p by Leibniz, Gregory and Nilakantha”, Math.
Mag., 63: 291-306; D. Gold and D. Pingree, 1991, “A Hitherto Unknown
Sanskrit Work Concerning Madhava’s Derivation of the Power Series
for Sine and Cosine”, Historia Scientiarum, 42: 49-65; G.C. Joseph,
1991, The Crest of the Peacock: The Non-European Roots of Mathematics,
London (2" edn, Princeton 2000); B. Datta and A.N. Singh (revised
by K.S. Shukla), 1993, “Use of Series in India”, JHS, 28: 103-29; A.
Mukhopadhyaya and M.R. Adhikari, 1995, “Polygonal Approximation
to Circle and Madhavacarya, [JHS, 30: 35-46; V J. Katz, 1995, “Ideas
of Calculus in Islam and India”, Math. Mag., 68: 163-74; Kim Plofker,
1996, “An Example of the Secant Method of Iterative Approximation
in a Fifteenth-century Sanskrit Text”, Hist. Math., 23: 246-56; T.
Hayashi, T. Kusuba and M. Yano, 1997, Studies in Indian Mathematics:
Series, p and Trigonometry (in Japanese), Tokyo; T. Hayashi and T.
Kusuba, 1998, “Twenty-one Algebraic Normal Forms of Citrabhanu”,
Hist. Math., 25: 1-21; V.]J. Katz, 1998, A History of Mathematics: An
Introduction, New York, 2" edn; S. Paramesvaran, 1998, The Golden
Age of Indian Mathematics, Kochi; T. Hayashi, 1999, “A Set of Rules
for the Root-Extraction Prescribed by the Sixteenth-Century Indian
Mathematicians, Nilakantha Somasutvan and Sankara Wariyar”,
Historia Scientiarum, 9(2): 135-53; T. Hayashi, 2001, “Govindasvamin’s
Arithmetic Rules Cited in the Kriyakramakari of Sankara and
Narayana” IJHS, 35: 189-231; Kim Plofker, 2001, “The ‘Error’ in the
Indian ‘Taylor Series Approximation’ to the Sine”, Hist. Math., 28:
283-95; C.K. Raju, 2001, “Computers, Mathematics Education, and the
Alternative Epistemology of the Calculus in the Yuktibhasa”, Phil.
East and West, 51: 325-62; D.F. Almeida, J.K. John and A. Zadorozhnyy,
2001, “Keralese Mathematics: Its Possible Transmission to Europe and
the Consequential Educational Implications”, J. Nat. Geo., 20: 77-104;

D. Bressoud, 2002, “Was Calculus Invented in India?”, College Math.
%
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contributions made by the Kerala School in Astronomy, focusing
mainly on the revised planetary model introduced by Nilakantha
in his Tantrasamgraha (c. 1500) and other works.® Detailed English

< J.,33:2-13;].K. John, 2002, “Derivation of the Sarhsakaras Applied to
the Madhava Series in Yuktibhasa” in 500 Years of Tantrasamgraha:
A Landmark in the History of Astronomy, ed. K. Ramasubramanian,
M.S. Sriram and M.D. Srinivas, Shimla, pp. 169-82; T. Hayashi, 2003,
“South-Indian Rationales of the Formulas for the Volumes of Pyramid
and Regular Tetrahedron”, The Science and Engg Rev. of Dohshiba Univ.,
44(1): 72-82 (also in Semusi: Baladeva Upadhyaya Birth Centenary Volume,
Varanasi, 2004, pp. 734-45); G.G. Emch, R. Sridharan and M.D. Srinivas
(eds.), 2005, Contributions to the History of Indian Mathematics, New
Delhi.

¢ R.C. Gupta, 1974, “Solution of the Astronomical Triangle as Found
in the Tantrasarhgraha”, IJHS, 9: 86-99; D. Pingree, 1978, “History
of Mathematical Astronomy in India”, in Dictionary of Scientific
Biography, vol. XV, New York; 1981, Jyotihsastra: Astral and Mathematical
Literature, Wiesbaden; S.N. Sen and K.S. Shukla (eds.), 1985, A History
of Indian Astronomy, New Delhi (rev. edn, 2000); K.V. Sarma and
B.V. Subbarayappa, 1985, Indian Astronomy: A Source Book, Bombay;
R.C. Gupta, 1987, “Madhava’s Rule for Finding Angle between the
Ecliptic and the Horizon and Aryabhata’s Knowledge of 1t”, in
History of Oriental Astronomy, Cambridge, pp. 197-202; S. Hariharan,
1988, “Declination in Indian Astronomy and the Approach of Kerala
Astronomers”, Jour. As. Soc., 30: 39-49; K.V. Sarma and S. Hariharan,
1991, Yuktibhasa of Jyesthadeva: A Book of Rationale in Indian
Mathematics and Astronomy in Analytical Appraisal”, IJHS, 26:
185-207; K. Ramasubramanian, M.D. Srinivas and M.S. Sriram, 1994,
“Modification of the Ancient Planetary Model by the Astronomers
of the Kerala School and the Implied Heliocentric Picture of the
Planetary Motion”, Current Science, 66: 784-90; S. Balachandra Rao,
1998, Indian Mathematics and Astronomy: Some Landmarks, Bangalore (3
edn, 2004); D. Pingree, 2001, “Nilakantha’s Planetary Models”, Jour. Ind.
Phil., 29: 187-95; K. Ramasubramanian, M.D. Srinivas and M.S. Sriram
(eds.), 2002, 500 Years of Tantrasarhgraha: A Landmark in the History of

Astronomy, Shimla; K. Chandra Hari, 2003, “Eclipse Observations of
%
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expositions of Yuktibhasa and Tantrasarngraha have been published
recently.’

The various investigations, so far, show that the corpus of
works of the Kerala School are indeed a rich and valuable source for
studying the development of Indian mathematical and astronomical
tradition in all its facets: epistemology of science, proofs and
demonstrations, mathematics, planetary models, spherical
astronomy, efficient algorithms for computations concerning the
moon, shadows, eclipses, etc., and a host of special topics dealt
with in various short tracts written till late in nineteenth century.
However, many more in-depth studies are needed for us to be
able to clearly understand and assess this important phase in the
development of Indian scientific tradition.

APPENDIX
Authors and Works
Haridatta (c. 650-700)

1. Grahacaranibandhana (ed. K.V. Sarma, Madras, 1954)
2. Mahamarganibandhana (NA)

Devacarya (Fl 689)
1. Karanaratna (ed. and tr. K.S. Shukla, Lucknow, 1979)

< Paramesvara”, [JHS, 38: 43-59; K. Ramasubramanian and M.S. Sriram,
2003, “Corrections to the Terrestrial Latitude in Tantrasarhgraha”,
IJHS, 38: 129-44; K. Chandra Hari, 2003, “Computations of the True
Moon by Madhava of Sangamgram”, IJHS, 38: 231-55.

° Ganita-Yuktibhdsa, ed. and tr. with Explanatory Notes by K.V. Sarma,
M.S. Sriram, K. Ramasubramanian and M.D. Srinivas, Delhi: Hindustan
Book Agency, 2008 (repr. Springer, 2009); Tantrasarigraha of Nilakantha
Somayadji tr. with Explanatory Notes by K. Ramasubramanian and M.S.
Sriram, New York: Springer, 2011.
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Govindaswami (c. 800-50)

1. Bhasya on Mahabhdaskariya of Bhaskaracarya-I (ed. T.S. Kuppanna Sastri,
Madras, 1957)

2. Ganitamukha (NA)
3. Govindakrti (NA)

Sankaranarayana (c. 825-900)

1. Vivarana on Laghubhaskaracarya of Bhaskaracarya-1 (ed. S.
Venkatasubramonia Iyer and S. Kochukunju Asari, Trivandrum, 1949)

Udayadivakara (c. eleventh century)
1. Sundari on Laghubhdskaracarya of Bhaskardcarya-I
Madhava of Sangamagrama (c. 1340-1425)

1. Venvaroha (ed. with Vyakhya in Malayalam of Acyuta Pisarati) by K.V.
Sarma, Tripunnithura, 1956)

2. Candravakyani or Silam Ratnah Sriyetyadi Vakyani or Viliptadi Vakyani
(ed. K.V. Sarma, Tripunnithura, 1956)

Sphutacandrarti (ed. and tr. K.V. Sarma, Hoshiarpur, 1973)

. Aganitagrahacara

. Lagnaprakarana

. Madhyamanayanaprakara

N o s »

. Golavada (NA)

Parames$vara of Vatas$eri (c. 1360-1455)
1. Bhatadipika on Aryabhatiya (ed. H. Kern, Leiden, 1874; repr. 1906, 1973)
2. Galadipika 1 (ed. T. Ganapati Sastri, Trivandrum, 1916)

3. Paramesvara on Laghumanasa of Mufijala (ed. B.D. Apte, Pune, 1944; 2
edn, 1952)

4. Karmadipika on Mahabhdaskariya of BhaskardacaryaI (ed. B.D. Apte, Pune,
1945)

5. Paramesvara on Laghubhdaskariya of Bhaskaracaryal (ed. B.D. Apte, Pune,
1946)
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6. Siddhantadipika on Mahabhaskariya of Govindaswami (ed. T.S. Kuppanna
Sastri, Madras, 1957)

7. Galadipika 11 (ed. (with auto-commentary Vivrti) and tr. K.V. Sarma,
Madras, 1957)

8. Vivrti on Galadipika 11 (ed. K.V. Sarma, Madras, 1957)
9. Grahanastaka (ed. and tr. K.V. Sarma, Madras, 1959)
10. Vivarana on Siryasiddhanta (ed. K.S. Shukla, Lucknow, 1957)
11. Drgganita (ed. K.V. Sarma, Hoshiarpur, 1963)
12. Grahanamandana (ed. and tr. K.V. Sarma, Hoshiarpur, 1965)
13. Grahananyayadipika (ed. and tr. K.V. Sarma, Hoshiarpur, 1966)
14. Vivarana on Lilavati of Bhaskaracarya 11
15. Vakyarana
16. Candrachayaganita
17. Vyaktipakastaka
18. Vrtti on Vyatipatastaka
19. Goladipika I11

Parames$vara (fl fifteenth century)

1. Haricarita (ed. (with a tika) V. Krishnamacharya, Madras, 1948)

Nilakantha Somayaji or Somasutvan of Trkkantiytira (1444-1545)

1. Aryabhatiyabhasya on Aryabhatiya (Ganitapada, ed. K. Sambasivasastri,
Trivandrum, 1930; Kalakriyapada, ed. K. Sambasivasastri, Trivandrum,
1931; Galapada, ed. Suranad Kunjan Pillai, Trivandrum, 1957)

2. Tantrasamgraha (ed. (with C. Laghuvivrti of Sankara Wariyar) by
Suranad Kunjan Pillai. Pillai, Trivandrum, 1958; ed. (with C. Yuktidipika
(for chaps. I-1V) and Laghuvivrti (for chaps. V-VIII) of Sarikara Wariyar)
by K.V. Sarma, Hoshiarpur, 1977; tr. V.S. Narasimhan, [JHS, 1998-99;
Translated with Explanatory Notes by K. Ramasubramanian and M.S.
Sriram (in Press)

3. Golasara (ed. and tr. K.V. Sarma, Hoshiarpur, 1970)

4. Candracchayaganita (ed. (with auto-commentary) and tr. K.V. Sarma,
Hoshiarpur, 1976)
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10.

11.
12.
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Vyakhya on Candracchdyaganita (ed. K.V. Sarma, Hoshiarpur, 1976)

. Siddhantadarpana (ed. K.V. Sarma, Madras, 1955; ed. (with auto-

commentary) and tr. K.V. Sarma, Hoshiarpur, 1976)

. Vyakhya on Siddhantadarpana (ed. K.V. Sarma, Hoshiarpur, 1976)
. Jyotirmimarsa (ed. K.V. Sarma, Hoshiarpur, 1977)

. Grahasphutanayane Viksepavasand (ed. K.V. Sarma 1979)

Grahanapariksakrama (Part of Aryabhatiyabhdsya on Golapada 48) (ed.
(with commentary in Malayalam) K.V. Sarma (in press))

Grahananirnya

Sundarardjaprasnottara (NA)

Citrabhanu (1475-1550)

1.

2.

Karanamrta (ed. (with commentary of Sankara Wariyar) by V.
Narayanan Nambudiri, Trivandrum, 1975)

Ekavirmsatiprasnottara (NA)

Sankara of Mahisamangalam (1494-1570)

1.
2
3.
4

5.
6.

Ganitasara (Malayalam)

. Candraganitakrama (Malayalam)

Ayanacalanadiganita (Malayalam)

. Balasarikara (Malayalam) Sankara on Laghubhaskariya of Bhaskaracarya

I
Balasarikara (Malayalam) Sankara on Paficabodha

Paficabodhadarpana (Malayalam)

Jyesthadeva (1500-1610)

1.

2.

Yuktibhasa (Malayalam) (Ganitadhyaya, ed. with Notes in Malayalam
by Ramavarma Maru Thampuran and A.R. Akhileswara Aiyer, Trichur,
1948; ed. K. Chandrasekharan, Madras, 1953; ed. (with a Sanskrit
version Ganitayuktibhasa) and tr. K.V. Sarma, with Explanatory Notes
by K. Ramasubramanian, M.D. Srinivas and M.S. Sriram (in press))

Drkkarana (Malayalam)
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Sankara Wariyar of Trkkutaveli (1500-60)

1.

Laghuvivrti on Tantrasarigraha of Nilakantha (ed. S.K. Pillai, Trivandrum,
1958; chaps. V-VIII, ed. K.V. Sarma, Hoshiarpur, 1977)

. Kriyakramakari on Lilavati of Bhaskaracarya II (only up to middle of

Ksetravyavahara) (ed. K.V. Sarma, Hoshiarpur, 1975)

. Yuktadirika on Tantrasarigraha of Nilakantha (ed. (chaps. V-VIII NA)

K.V. Sarma, Hoshiarpur, 1977)

. Commentary on Karanamrta of Citrabhanu (ed. V. Narayanan Nambudiri,

Trivandrum, 1975)

Kriyakalapa (Malayalam) on Tantrasargraha of Nilakantha (ed. K.V.
Sarma (in press))

Karanasara
Auto-commentary (Malayalam) on Karanasara

Laghuvivrti on Paficabodha

Narayana of Mahisamangalam (1540-1610)

1.

2.
3.

Kriyakramakari on Lilavati of Bhaskardcarya 11 (starts from the middle
of Ksetravyavahara) (ed. K.V. Sarma, Hoshiarpur, 1975)

Uparagakriyakrama (ed. K.V. Sarma (in press)

Kramadipika on Lilavati of Bhaskaracarya I1

Acyuta Pisarati of Trkkantiytr (1550-1621)

1.
2.

Rasigolasphutaniti (ed. tr. K.V. Sarma, Madras, 1953; Hoshiarpur, 1977)

Uparagavimsati (ed. (with a Malayalam commentary) by Ramavarma
Maru Thampuran, Tripunnithura, 1954)

. Vyakhya (Malayalam) on Venvaroha of Madhava (ed. K.V. Sarma,

Tripunnithura, 1956)

. Karanottama (ed. (with auto-commentary Vivarana) by K. Raghavan

Pillai, Trivandrum, 1964)
Vivarana on Karanottama (ed. K. Raghavan Pillai, Trivandrum 1964)

Sphutanirnayatantra (ed. with auto-commentary K.V. Sarma,
Hoshiarpur, 1974)
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7. Auto-commentary on Sphutanirnayatantra (ed. K.V. Sarma, Hoshiarpur,
1974)
8. Chayastaka (ed. K.V. Sarma, Hoshiarpur, 1974)
9. Uparagakriyakrama

Damodara of Mangalasreni (1575-1675)
1. Vyakhya on Lilavati of Bhaskardacarya I1 (NA)

Etakramaficeri Nampatiri (1625-1700)
1. Bhadradipaganita
2. Bhugolafidgyam (Malayalam)

Putumana Somayaji of Sivapur (1660-1740)

1. Karanapaddhati (ed. K. Sambasiva Sastri, Trivandrum, 1937; ed. (with
Explanatory Notes in Malayalam) P.K. Koru, Cherp, 1953; ed. (with
two Malayalam Commentaries) S.K. Nayar, 1956)

. Uparagaganana (ed. K.V. Sarma (in Press)
. Nyayaratna 1

. Nyayaratna II

. Nyayaratna III

. Paficabodha

. Paficabodhastaka

. Grahaganita

O 00 N O ks W N

. Grahanastaka

[
o

. Candracchayaganita

[y
[

. Candracchayaganibtadasaka

Ju—
N

. Venvarohastaka

13. Apamddinirnaya

Purusottama (c. 1689)

1. Paficabodhastaka
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Alvaficeri Tamprakkal (1725-1800)

1. Ganitasarasarmgraha (Malayalam)

2. Jyotihsastrasarngraha

3. Commentary on Jyotihsastrasamgraha (Sanskrit and Malayalam)
4, Samgrahasadhanakriya
5

. Commentary (Malayalam) on Sarigrahasadhanakriya

Krsnadasa or Koccu Krsnan A$an (1756-1812)
1. Commentary (Malayalam) on Aryabhatiya
2. Paficabodhaganita (Malayalam)
3. Kanakkusastram (Malayalam) (NA)
4. Bhasagolayukti (Malayalam) (NA)

Puradahanapura Dvija (1775-1860)
1. Grahamadhyamabhuktayah
2. Parahita-sphutanirnaya-gunakara-harakah
3. Janmastami-jayanti-sphutanirnaya

4. Astami-jayanti-nirnaya (Malayalam)

Bhardvaja Dvija (1775-1860)

1. Ganitayuktayah (Candracchdaydgananavasand) (ed. K.V. Sarma,
Hoshiarpur, 1979)

2. Karanadarpana

Gatigopa (c. 1800)
1. Commentary on Aryabhatiya
2. Commentary (Malayalam) on Aryabhatiya

Rajasankaravarman of Katittanata (1774-1839)

1. Sadratnamala (published (with auto-commentary in Malayalam) by
Kavanodayam Press, Nadapuram, 1898; ed. K.V. Sarma, New Delhi,
2001; ed. (with auto-commentary in Malayalam) K.V. Sarma (in press))
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2. Auto-commentary (Malayalam) on Sadratnamala (published by
Kavanodayam Press, Nadapuram, 1898; ed. K.V. Sarma (in press))

Godavarma (1800-51)
1. Vyakhya on Siddhantasiromani of Bhaskardcarya 11

Manallur Subrahmanya S$astri (1829-88)
1. Aganita (1851)

Rama Varman Koyittampuran (1853-1910)
1. Jyotisapradipa (Malayalam)

A.R. Rajarajavarman Koyittampuran (1853-1918)

=

. Paficangasiddhipaddhati (published from Trivandram)

N

. Karanapariskara

w

. Jyotisaprakaranam

4. Jyotisaprakarana on Goladhyaya of Siddhantasiromani of Bhaskaracarya Il

Vasunni Mussatu (1855-1914)

1. Commentary (Malayalam) on Paficabodha

Punna$éeri Nampi Nilakantha Sarma (1858-1935)
1. Jyotihsastrabodhini (published in 2 vols., Thrissur, 1922, 1929)
2. Paficabodhakriyabhasya (Malayalam)

P.S. Purushottaman Namputiri

1. Ganitanirnaya (Sanskrit with Malayalam exposition) (Thrissur, 1940)

K.V.A. Rama Poduval
1. Suddhadrgganita (Sanskrit with Malayalam exposition) (Kannur, 1952)

V.P. Kunhikkanna Poduval

1. Suddhadrgganita (Sanskrit with Malayalam exposition) (Kozhikode,
1956)
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Authors Whose Period is Not Known

Damodara

1.

Siddhantahrdaya

Narayana of Perumannu

1.

Tantrasara

Nilakantha

1.

Siryasiddhantaprakriyamala

Punnagaparatrodabhiksu

1.

Garahaganita

Vasudeva

1.

Galaghukaranaratna

Published Works Whose Authors Are Not Known

Major Works

Ganitayuktabhasa (Sanskrit) (ed. K.V. Sarma, Shimla, 2005)

Shorter Tracts

1.

© ® N o 0o »

Kanakkusaram (Malayalam) (ed. C. Acyuta Menon, Madras, 1950)

Kanakkusaram Balaprabodham (Malayalam) (ed. C. Acyuta Menon,
Madras, 1950)

Garahacaranibandhana-sarmgraha (ed. K.V. Sarma, Madras, 1954)
Siddhantadarpana-siddha-paryayadaya (ed. K.V. Sarma, Madras, 1955)
Siddhantadarpanastha-paryayabhudinani (ed. K.V. Sarma, Madras, 1955)
Drg-venvaroha-kriya (ed. K.V. Sarma, 1956)

Sphutanirnayasarigraha (ed. K.V. Sarma, Hoshiarpur, 1974)
Sphutanirnayanirnataparyayadayah (ed. K.V. Sarma, Hoshiarpur, 1974)

Tantrasamgrahaparydyaih Sphutanirnayoktabhagananayanam (ed. K.V.
Sarma, Hoshiarpur, 1974)
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10.

11.

12.

13.
14.

15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

M.D. SrinivAs
Parahitat Sphutanirnayatulya-madhyamanayanam Gunakaraharakah (ed.
K.V. Sarma, Hoshiarpur, 1974)

Sphutanirnayatulya -grahamadhyamanayanam (ed. K.V. Sarma,
Hoshiarpur, 1974)

Sphutanirnayadharitah Khandadhruvah (ed. K.V. Sarma, Hoshiarpur,
1974)

Sphutanirnayanitah Khandadhruvah (ed. K.V. Sarma, Hoshiarpur, 1974)

Sphutanirnayasiddhau Kalyadidhruvau (ed. K.V. Sarma, Hoshiarpur,
1974)

Grahasphutaparilekhah (ed. K.V. Sarma, Hoshiarpur, 1974)
Madhyacchayanayanayuktih (ed. K.V. Sarma, Hoshiarpur, 1979)

Candrasrfigonnati Ksetrasya Bhujakotikarnanayane Yuktih (ed. K.V. Sarma,
Hoshiarpur, 1979)

Lambanayanesphutanyayatidesah (ed. K.V. Sarma, Hoshiarpur, 1979)
Natilambanaviksepavasand (ed. K.V. Sarma, Hoshiarpur, 1979)
Krativasand (ed. K.V. Sarma, Hoshiarpur, 1979)

Rasigolasphutanitih (ed. K.V. Sarma, Hoshiarpur, 1979)
Valanasriigonnatyorvasand (ed. K.V. Sarma, Hoshiarpur, 979)
Viksepacalanavasana (ed. K.V. Sarma, Hoshiarpur, 1979)
Vyatipatendvanayanam (ed. K.V. Sarma, Hoshiarpur, 1979)
Viksepagolavasana (ed. K.V. Sarma, Hoshiarpur, 1979)
Khandadinanirnayayukith (ed. K.V. Sarma, Hoshiarpur, 1979)
Candravakyavasand (ed. K.V. Sarma, Hoshiarpur, 1979)
Vakyadhruvasamskaraharakayukith (ed. K.V. Sarma, Hoshiarpur, 1979)
Konasankuvasana (ed. K.V. Sarma, Hoshiarpur, 1979)
Chayavisayakasttrani (ed. K.V. Sarma, Hoshiarpur, 1979)
Gataisyacalanayuktih (ed. K.V. Sarma, Hoshiarpur, 1979)
Valananayanavasana (ed. K.V. Sarma, Hoshiarpur, 1979)
Valanavisayavasana (ed. K.V. Sarma, Hoshiarpur, 1979)

Natilambanayorvasand (ed. K.V. Sarma, Hoshiarpur, 1979)
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Uddiyamanavasand (ed. K.V. Sarma, Hoshiarpur, 1979)
Bhujaphalavasand (ed. K.V. Sarma, Hoshiarpur, 1979)
Mansphutasarskarayukith (ed. K.V. Sarma, Hoshiarpur, 1979)
Grahasphutakarmavasand (ed. K.V. Sarma, Hoshiarpur, 1979)
Grahasphutakriya (ed. K.V. Sarma, Hoshiarpur, 1979)
Viksepanayanevasana (ed. K.V. Sarma, Hoshiarpur, 1979)
Nalikamaniyuteyukith (Malayalam) (ed. K.V. Sarma, Trivandrum, 1991)

Mahajyanayanaprakara (ed. and tr. D. Gold and D. Pingree, Historia
Scientiarum, 1991)

Grahananayanavdsand (ed. K.V. Sarma (in press))
Grahanapadesa (ed. K.V. Sarma (in press))

Siikgrahanaganitam Nilakantha Somsutanusari (ed. K.V. Sarma (in press))



Continued Fractions in Karanapaddhati

M.S. Sriram and R. Venketeswara Pai

Karanapaddhati was composed around ce 1732 by Putumana
Somayaji (1660-1740), a seventeenth century astronomer —
mathematician from Kerala. He was also the author of Paficabodha,
Nyayaratna, Vanvarohastaka, Grahandstaka, Jatakadesamdrga and
Bahvrcaprayascitta.

Our work is based on:

1. Sanskrit edition of the text: vol. 126 of Trivandrum Sanskrit
Series, K. Sambasiva Sastri, 1937.

2. Malayalam edition of text, with mathematical notes, P.K.
Koru, Cherp, 1953.

3. Malayalam edition with two Malayalam commentaries, S.K.
Nayar, Madras, 1956.

Normally, a karana text discusses the recent epoches and only
computational algorithms. But Karanapaddhati is a unique work
aimed at assisting astronomers in preparing karana and vakya texts
by giving paddhati.

It accounts for the revolution numbers in a mahayuga,
mahagunakaras, and mahaharakaras.

bhadrodantodharendro niranusrgadhisaukhyam varistho
"bhisarigah |
dordandagre 'drinatho visamitavipinarh candrarekhambukhinne-
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Table 5.1: Revolutions in a Mahayuga*

Planet In Katapayadi In Numerals
Sun nandjfianapragalbhah 4,320,000
Moon tilabalamasiksmarn 57,753,336
Moon'’s apogee dhayedrajadambhah 488,219
Mars bhadrodantodharendrah 2,296,824
Mercury niranusigadhisokhyam 17,937,020
Jupiter varisthobhisarigah 364,224
Venus dordandagre’drinathah 7,022,388
Saturn visamitavipinam 146,564
Moon’s node candrarekhambukhinna 232,226

Number of civil days  anrsarsah kalathisamartyah 1,577,917,500

* The number of revolutions made by the planets and the number of civil
days in a Mahayuga. These revolution numbers as well as the number
of civil days in a Mahdyuga are the same as in Aryabhatiya as also in
Tantrasarhgraha.

tyarkadeh paryayah syuh ksitidinamanrsamsah
kalarthisamartyah 113 11

In the above verse Putumana Somayaji gives the number of
revolutions made by all the planets in a large period mahayuga
(4,320,000 years) and also specifies the total number of civil days
in that period. For specifying these numbers he has adopted the
katapayadi system of numeration employed by almost all the Kerala
astronomers starting from Haridatta (seventh century). Table 5.1
presents these numbers along with their Sanskrit equivalents.

After stating the Aryabhatiya values as above, Putumana
Somayaji introduces corrections to the rates of motion of the
planets. The corrected numbers for a planet are expressed in terms
of mahagunakara, G and mahahara, H (Table 5.2). G/H is the number
of revolutions of a planet per day. Alternately, H/G is the number
of days per one revolution.

For the Sun there is no correction , and G is the number of
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Table 5.2: The Mahagunakaras and Mahaharas of the Planets

Planet In Katapayadi In Numerals
Mahagunakara (G)
Moon nitisakalanidhirnalabhut 4,909,031,760
Moon'’s apogee tadvargajo nabhimatam 65,408,346
Mars aviti pritisadhuganah 539,762,640
Mercury anartthangahdrisamkarobhit 4,215,283,700
Jupiter urvindrogajamarmajit 85,583,240
Venus ahiso nagarandsatustah 165,0230,580
Saturn urvimoksa vibhavaga 34,446,540
Moon’s node range javalivasa 7,433,832
Mahagunakara (H)
Moon ino masadidhuro rajyavalaye 134,122,987,500
Moon'’s apogee annasivo dhani vibhuh paparih ~ 211,440,945,000
Mars agnirutpatinrpajanasthale 370,810,612,500
Mercury agnirutpatinrpajanasthale 370,810,612,500
Jupiter agnirutpatinrpajanasthale 370,810,612,500
Venus agnirutpatinrpajanasthale 370,810,612,500
Saturn agnirutpatinrpajanasthale 370,810,612,500
Moon’s node nunanitirbaladhanvinase 50,493,360,000

years in a mahdyuga, and H is bhiidina, or the number of civil days
in the mahayuga.

G = 4,320,000 and H = 1,577,917,500

Mahagunakaras and mahaharas are transformed into
drdhagunakaras and drdhaharas by dividing each by the apavartana,
or the Greatest Common Divisor (GCD) (Table 5.3).
Vallayupasarhhara and Alpagunakaras and Alpaharas

The problem of large G and H is more acute when have to
use difference between two rates of motion, like those of the

moon and its apogee, for instance (When we have to calculate
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). So, we need small, gunakaras (G) and haras,

(H,) whose ratios will approximate the “exact” ratio % This is

where the continued fraction method comes.

Table 5.3: The Drdhagunakaras and the Drdhaharas of Different
Planets in Vakyas as Given in the Commentary

Planet Apavartana  Drdhagunakaras Drdhaharas
(6cp) Dg D,
Sun unamdasam  tatsama dhijagannipuram
7,500 576 210,389
Moon niti colikathd kuficapade Satrukularn
60 81,817,196 halimallarindre
2,235,383,125
Moon’s apogee tajfiah yuddhagah Jjfanasanki medhyajfio
6 pindhanuskah vidrumangah
10,901,391 352,401,557,500
Mars niti bhiivane stabdho mdsajatasampanno
60 dhijit Jjayantah
8,996,044 6,180,176,875
Mercury anika sangaharo Sarnkaro madripatirnaya-
100 "bhut danasangah
42,152,837 3,708,106,125
Jupiter avadhi tatvajiiayoddha marnsagandhisabha-
940 91,046 viddholam
394,479,375
Venus nrttam garbhajalagno matsari  masajatasampanno
60 27,503,843 Jjayantah
6,180,176,875
Saturn neta dhanisko vasuman mdsajatasampanno
60 574,109 Jjayantah
6,180,176,875
Moon’s node  vajram gudhasiddhirnrgah antinanidhirjalanam
24 309,743 puram

2,103,890,000

Large G and H: Not convenient.
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Somayaji has two vallayupasarmhara methods for obtaining the
approximate gunakdras, G, and haras, H,. We describe the second
method below:

anyonyahrtabhajyaharakaphalam sarvari tvadho’tdo nyaset
ekatradaphalena hinamaparatryaikam dvayoscopari |

kuryad valyupasamhrtim dyuparitah piarvapranasam vind
tyajyam tatprathamordhvagari haragunassastasca va svecchaya i 6 11

The results obtained by dividing guna and hara mutually by each
other have to be kept one below the other at one place. Place the
same results [one below the other] at another place by dropping the
first result. Placing 1 above in both the places, may vallayupasamhara
be done [as before] from the top without deleting the previous
results. [However], 1 from the first column has to be dropped. The
remaining numbers are taken as hara and guna respectively.

Letq,q,q,...be the successive quotients. In the first place all
of them need to be placed one below the other. In another place,
the same results have to be placed by omitting the first quotient
q, as shown in Table 5.4.

Now, placing 1 above the column in both the places the process
of vallayupasarihdra has to be done as demonstrated in Table 5.5.
The successive entries in columns Il and IV are generated from the
columns I and I11 using the procedure described in the first method.

InTable 5.5 the second column represents the sets of harakas and
the fourth column gunakaras. 1t is said tyajyam tatprathamordhvagar.

That is, 1 at the top of the harakas column (II in Table 5.5) has
to be dropped. Once we do this, whatever remains in column Il and
column IV can be as such paired up to get the sets of alpaharakas and

alpagunakaras. For a ratio % , the different pairs that get generated

are listed in Table 5.6.
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Table 5.4: The Way the Successive Quotients
(Valliphalas) Need to be Arranged in
the Second Method of Vallayupasarihara

q -
9, 9,
q; 9,
q, q,

9s

9s

Table 5.5: Generating the Alpagunakaras and Alpaharas Using
the Second Method of Vallayupasarihara

I I III v

1 1

q, q, 1 1

q, q,xq,+1 q, q,

q, (q1 x g+ 1) x q,+49, q, q,xq+1

q, ((q1 X q,+ 1) x q+ ql) x g+ (q1 x g+ 1) q, (qz X g+ 1) x q,+49,

Table 5.6: Pairs of Alpagunakaras and Alpaharakas Obtained
by the Second Method of Vallayupasarithara

(H,6)=(q,1)
(H,G)=(q,xq,+1,q,)

(H3v G3) = ((ql X q2+ 1) X q3+ ql’ qz X q3+ 1)

(H, 6)=((g,x q,+1) x q,+q) x q,+(q,x q,+ 1), (q,% q,+ 1) x g, +q,)

Explanation

When we perform the mutual division starting from G, H:
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G) H (g,
qu
r) G (q,
rqu
r2) Tl (q3

T4,

r) r—1(+1
rq.+1

r+1
n

We can write this in terms of equations as follows:

Assuming H > G, we divide H by G. Let

= +71'
¢ 1g

Here q, is the first quotient and r, the first remainder. We
now divide G by r, to obtain the second quotient and the second
remainder.

G_ r2
ﬁ_qz-{_f'

Repeating this process, we have

ro_ LR
72— q3 + e
and
Vn-1 — Vn+l
Vn _qn+l+ Vn >
Hence
qg_ . 1
G4 1
q,t 1
q3+-..+7

a,
H . . . . .
As % is a ratio of two integers, the process will terminate for
some n, when r,_=0. Then
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H _ 1

[ R
Gt

q3+...+7
Consider

H: q

a=T1(Hl=ql,G1=1)

LA 1 ks

G I q, q,

H: 1

= ql + .

Gs q:+—

95

(H2+q,4q,+1,G2=¢q,)

(H3 = (q1q2 + 1)q3 + q]) G3 = q2q3 + 1)

Table 5.7: Alpagunakaras and

Alpaharakas of Moon

Alpagunakaras Alpaharakas

A, H,
27
82
28 765
115 3142
143 3907
38868 1061939
116747 3189724
155615 4251663
1050437 28699702
2256489 61651067
10076393 275303970
12332882 336955037
34742157 949214044
81817196 2235383125

| 57
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These are the same as the ones listed in the vallayupasarmhara
method.

As an example, we list alpagunakaras and alpaharakas of the
moon in Table 5.7. Table 5.8 gives alpagunakaras and alpaharakas
of moon’s anomaly (Mean Moon — Moon’s apogee).

Obtaining the Khandas and Dhruvas for the Moon

For using the vakya method for finding the longitude of the moon
on any given day, it is necessary to find a nearby earlier day, at
the mean sunrise of which the moon’s kendra (anomaly) is close to
zero. This is khanda or khandadina. The following verse gives the
algorithm for finding khanda corresonding to any ahargana:

devendrasarmaikyadinendutungabhedarthayuktestadinendu-

kendrat |
liptikrtat kendraharesa avabhistenahatya nanartiparaira
vaptah 112 11

abhistaharordhvaharena hatva parvoditabhistaharena hrtva |
tatradhikonam dyuganat visodhyari haraujayugmatvavasat

kramena 113 11
Sistam Sasankoditavakyakhandah. . . .

Half of the difference between bhuktis of the moon and its apogee
in sum of the 248 (devendra) and 55 (sarma) days has to be added to
the longitude of moon’s anomaly in minutes for the desired day,
multiplied by the desired kendrahdras and divided by the 21,600
(nanartipara). Now multiplying the result obtained by the previous
divisor and dividing it by the desired divisor, the remainder has to
be subtracted from ahargana. For odd dividers, adhikasista has to be
subtracted and for even ones has to be subtracted. The remainder
obtained by subtraction would be the vakyakhanda for the moon.

In order to determine khanda we need to know gunakaras and
harakas related to kendragati. Assuming that we have determined
all of them, let’s denote the odd harakasby h, h,, h. .. .and the odd

gunasbyg,g,9.....Similarly,leth,h,h ...andg,g,g,...be

4 6
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Table 5.8: Gunakaras and Harakas Corresponding
to the Moon’s Anamoly (Mandakendra)

Alpa-Harakas Alpa-Gunakaras
(h) (9)
27 1
28 1
55 2
248 9
3031 110
12372 449
188611 6845
1332649 48367
1521260 55209
21109029 766081
43739318 1587371
414762891 15052420
458502209 16639791
1331767309 48332002
1790269518 64971793
3122036827 113303795
4912306345 178275588
8034343172 291579383
12946649517 469854971
20980992689 761434354
54908634895 1992723679
75889627584 2754158033
130798262479 4746881712
599082677500 21741684881
126040405436547500 4574211340428709

the even harakas and gunas respectively. Suppose we would like to
find khanda corresponding to ahargana A. Then the algorithm given
in the verse towards this may be written as follows:

Add half mandakendra of the moon in minutes corresponding
to 303 days to the value of mandakendra corresponding to ahargana
A. That is, first we need to find
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(60— 6 ), + (60— On) 303
2

where g, and g are the longitudes of mean planet (i.e. moon) and
its apogee respectively.

This quantity has to be divided by 21,600 (nanartipara) and
multiplied by any desired kendrahara (h,) (listed in Table 5.8).

((90 -6, .+ (9”_9"')3‘”)
2
X h,

21600 !
The result obtained from thus has to be multiplied by the
penultimate divisor of the desired divisor ardhvaharaka and divided
by istaharaka. The remainder R is given by

L (6- em)'m)
2

((00 —-6.) .
X h, |% h(H)
21600 !

R=Rem h

The “()” denotes the integral part of the quantity contained
with in. This remainder R is to be found and stored for further
operations.

In order to obtain khanda, adhikasista (R) or unasista (h,— R) has
to be subtracted from A depending on whether h is odd or even
respectively. That is,

Khanda, A' = A — adhikasista (for odd hl,), (1) or

= A — unasista (for even h)). (2)

(6 —6.) s
2

We ignore the correction term for the time being.

Consider the anomaly (g, — ¢ )a in minutes, including the zero-
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correction at kali beginning (kalyadidhruva). The text does not
specify how this is computed. Probably it is computed using the
kendragati as 8" revolutions/day, for a reasonably large value of
the haraka.

(60— 6.)4
21600

’

n
which is the kendra in revolutions can be expressed ash—(after

l
subtracting integral number of revolutions). Hence kendra at A

can be expressed as
A — (00 _gm)A _ ﬂ

21600 h.

1

[A _6=0.), = h,] =[n"]=n,
21600

or

where “[ ]” denotes the integer nearest to n'. So, we are essentially

n
approximating the anomaly at A by R where n is an integer.
For large h, (say 12,372), this is a good approximation. Khanda A'

corresponds to the day when the anomaly is close to zero. Let A' =

A —x. So x is the number of days in which the kendra increases by
n
&g

P revolutions. As the daily motion of the kendra is 2~ revolution,

x satisfies

hi hi
where y is the number of completed revolutions of kendra. Then
the above expression can be rewritten as
gx—hy=n
or
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gx-n=hy
Let

r = Remainder |: nh}.l— 1:|
Then it can be shown that

x=r, [ for “odd” h,
and

x=h —r, [ for “even” h,

are solutions of
gx—n=hy.
Hence, we have shown that khanda A' is given by

A'=A—r ] foreveni
=A—(h,—r) [ for odd i

where

21600 ' '

7 = Remainder

h

i

as stated in the text, apart from the correction term. The correction
term makes kendra smaller at A, for small h, like 248.

True Longitude of the Moon Using the Vakya Method

At khanda, the moon’s anomaly is (nearly) zero. So, the “Equation
of Centre” (correction due to the eccentricity of the orbit) is zero,
and the “True Longitude” equals the “Mean Longitude”.

Now we explain how vakyas are obtained. The increase in the
true longitude after one day of the 248-day cycle is

360° a7 ( 9 )
——————sin_ [ —Xsin| —X%360
24.32167852 80 248

The first term represents the increase in the mean longitude as
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the sidereal period is 27.32167852 days. The second term represents
the equation of centre, as the anomaly is (9/248) x 360 at the end
of first day. We find the value of the above is 0" 12° 3' correct to
a minute, which is precisely the value implied by the first vakya:
girnah $riyah.

Similarly, the increase in the true longitude at the end of two
days of the cycle is

2%360° . _1[7

——————sin —Xsin(£><360) =0724°9'
27.32167852 80 248

Correct to a minute, which is exactly the value implied by the
second vakya: dhenavah $rih.

The increase in the true longitude at the end of 154 days of the
cycle, for instance, is

S —sin!| Loxsin( 134360
2732167852 80 248
=7"21°49'

differing from 7" 21" 48' implied by the 154t vakya jitvasya rathah,
only by a minute.



Moon as Chronometer for
Rectification of Birth Time

Karanam L. Ramakumar and Vemuri V. Ramakrishna

Introduction

THE term naksatra refers to a segment of the zodiac covering an
arc of 13°-20'. The zodiac of 360° is thus made up of twenty-seven
naksatras, viz., 27 x 13°-20' = 360°, making a full circle. Each naksatra
is given a separate name in Indian astronomy and its zone or place
inheavens can easily be identified during night time by the presence
of prominent star(s) in its zone. Each naksatra is thus made up of
a group of cluster of stars, arranged in a well definable shape and
many a time the name given to a naksatra is derived from the nature
of the shape it presents to the viewer on the earth. The presence of
Candra (the moon), the fastest moving body of the planetary entities
in each of these naksatras, is one of the important parameters in
Oriental astrology. Its entry and exit timings and the duration of
the transit in each naksatra is calculated and listed in the almanacs
published from different parts of the Oriental countries. For
example, when a particular day’s naksatra is listed in the almanac
as Rohini, it means that for a major part of the day or at the time of
sunrise, Candra is in the zone in the heavens represented by Rohini.
Candra is thus the long needle of the zodiac clock given by nature.

Dasa Periods

All these twenty-seven naksatras have been assigned to the nine
planets (grahas) in Hindu astrology and each planet is supposed
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to own three naksatras. The nine planets considered are — (1) Ravi
(Sun), (2) Candra (Moon), (3) Kuja (Mars), (4) Budha (Mercury),
(5) Guru (Jupiter), (6) Sukra (Venus), (7) Sani (Saturn), (8) Rahu
(Dragon Head) and (9) Ketu (Dragon Tail). In Hindu astrology,
each individual’s lifespan is supposed to come under the spell of
these planets at different points of time in life, each spell of the
planet lasting for a certain period of time known as dasa period.
The position of Candra in a naksatra during the birth time decides
the birth dasa period of the individual. Thus if Candra is found in
Mrga$ira or Citra or Dhanistha naksatras owned by Kuja, then the
birth dasa is that of Kuja. After Kuja dasa, the dasa period of another
planet starts and the sequence continues until all the planets are
covered. The dasa periods of the planets are not of same duration.
The sequence of dasa periods and their duration is (1) Ravi: 6 years,
(2) Candra: 10 years, (3) Kuja: 7 years, (4) Rahu: 18 years, (5) Guru:
16 years, (6) Sani: 19 years, (7) Budha: 17 years, (8) Ketu: 7 years,
and (9) Sukra: 20 years making the total lifespan as 120 years
(vimsottari dasa). Again each dasa period of a planet is divided into
nine antardasa (sub-dasa) periods, which are assigned to each of
the planets starting with the dasa period planet and following the
sequence. Antardasa period of a planet is proportional to its dasa
period within the dasa period of the main planet in such a way
that the total duration of the antardasa periods of all the planets
corresponds to the dasa period of the main planet. This can be
continued to arrive at still small periods of time intervals within
antardasa and so on. Thus we have vidasa (sub-antardasa), siiksma
(sub-vidasa) and prana (sub-sitksma) periods as enunciated by the
ancient rsi Parasara in his Horasastra.

In the example given above, after Kuja dasa, the sequence of
dasas is Rahu, Guru, Sani, Budha, Ketu, Sukra, Ravi and Candra.
Each dasa period can be divided into antardasa periods and so on.
It should be mentioned that the duration of the birth dasa period
generally does not pertain to the total duration of the dasa period
of that planet. It depends on the exact position of Candra while
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transiting in the naksatra at the time of birth. As mentioned earlier,
the span of each naksatra is 13°-20' or 800" arc. This total of 800'
corresponds to the total dasa period of the planet owning the
naksatra. If Candra has already transited through a part of naksatra
at the time of birth, the balance dasa period of the planet during
birth is calculated proportionally from the remaining part of the arc
of 800'. Thus the calculation of dasa periods requires the presence
of Candra in the zodiac at a given point of time. Further, it may
be noted that for calculation of dasa periods of planets a “naksatra
day” is defined. This naksatra day is the duration of the time taken
by Candra to transit through a naksatra. This naksatra day defined
in this fashion is different from the day that we normally use, viz.
24-hour day or sunrise to sunrise or sunset to sunset. The duration
of a naksatra day is not constant. It is different in different naksatras
as well as different in the same naksatra depending on the tithi
(Ravi-Candra distance) present on that day. Candra spends about
28 hours in a naksatra around full-moon time and about 21 hours
around new-moon time.

The month of 30 days based on naksatra paddhati is the duration
of time Candra takes to cover an arc in the zodiac described by thirty
naksatras. This corresponds to 400° (360° for covering twenty-seven
naksatras and another 40° for the remaining three naksatras). Thus
if one starts counting the beginning of the month, say at A$vini
0°, the month ends when Candra completes one cycle of 27 + 3
naksatras, viz. the end of Krttika. The second month begins when
Candra enters Rohini 0°. Continuing this argument, a year of 360
days based on naksatra paddhati corresponds to the time taken by
Candra to cover 360 naksatras or thirteen cycles of twenty-seven
naksatras plus nine more naksatras. That is at the beginning of the
year, if it is A§vini 0°, then the year ends at ASlesa 0° and the second
year begins at Magha 0°. We can extend this logic to the lifespan
and the dasa periods of an individual also. If one’s birth naksatra is
Rohini, this naksatra returns exactly after three years (or multiples
of three years). Sixty years of that person will be complete when
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Candra has completed 60 x 360/27 = 800 cycles and enters Rohini
again. One would see the 1,000 full moons if one survives for 75
years (75 X 360/27 = 1,000).

Candra thus serves as a precise indicator for timing and when
a new dasa period has to begin, it would not just begin on any day
other than one shown by Candra. Ravi dasa period for any one
would begin only when the naksatra on that day is owned by Ravi
(Krttika or Uttarasadha). Similarly, Candra dasa period begins when
the naksatra on that day is Rohini, Hasta, Sravana.

The sequence of dasa and antardasas as envisaged in the
vimsottari dasa system and the naksatras on the first and last day of
the antardasa period with in a dasa period is given in Table 6.1. The
first column gives the total number of naksatras (A) to be covered
in the indicated antardasa period (column 2). For example, in RA-CA
period, the entire duration of the period has a total of 180 naksatras.
That means to cover the entire RA-CA period, 180-naksatra days
are to be elapsed.

Table 6.1: Starting and Ending Naksatras for Each Dasa (D) and
Antardasa (AD) Periods of Planets

A D-AD Start-End Start-End Start-End
108 RA-RA  Krttika-Krttika  Uttara-Phalguni- Uttarasadha-
Uttara-Phalguni Uttarasadha
180 RA-CH Krttika- Uttara-Phalguni- Uttarasadha-
Uttarasadha Krttika Uttara-Phalguni
126 RA-KU Uttarasadha- Krttika- Uttara-Phalguni-
Uttara-Phalguni  Uttarasadha Krttika
324 RA-RH Uttara-Phalguni- Uttarasadha- Krttika-Krttika
Uttara-Phalguni  Uttarasadha
288 RA-GU Uttara-Phalguni- Uttarasadha- Krttika-
Krttika Uttara-Phalguni Uttarasadha
342 RA-SA  Krttika- Uttara-Phalguni- Uttarasadha-
Uttarasadha Krttika Uttara-Phalguni
306 RA-BU Uttarasadha- Krttika- Uttara-Phalguni
Krttika Uttara-Phalguni Uttarasadha

cont.
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Table 6.1 cont.
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A D-AD Start-End Start-End Start-End
126 RA-KE  Krttika- Uttara-Phalguni- Uttarasadha-
Uttarasadha Krttika Uttara-Phalguni
360 RA-SU  Uttarasadha- Krttika- Uttara-Phalguni-
Krttika Uttara-Phalguni Uttarasadha
300 CH-CH Rohini-Punarvasu Hasta-Visakha Sravana-
Pirvabhadra
210 CH-KU Punarvasu-Asvini Visakha-Magha Parvabhadra-Mula
540 CH-RH Asvini-Asvini Magha-Magha Mula-Mula
480 CH-GU Asvini-Sravand  Magha-Rohini Miila-Hasta
570 CH-SA  Sravana- Rohini-Punarvasu Hasta-Visakha
Parvabhadra
510 CH-BU Parvabhadra- Punarvasu- Visakha-Hasta
Sravana Rohini
210 CH-KE Sravana-Visakhd Rohini-Piirvabhadra Hastd-Punarvasu
600 CH-SU Visakha-Sravana Pirvabhadra- Punarvasu-Hastd
Rohint
180 CH-RA Sravana-Hastd  Rohini-Sravana Hasta-Rohini
147 KU-KU Citra- Dhanistha-Pusya Mrgasirsa-
Uttarabhadra Anuradha
378 KU-RH Uttarabhadra-  Pusya-Pusyd Anuradha-
Uttarabhadra Anuradha
336 KU-GU Uttarabhadra-  Pusya- Anuradha-
Parva-Phalguni  Parvasadha Bharani
399 KU-SA Parva-Phalguni- Parvasadha- Bharani-Dhanistha
Mrgasirsa Citra
357 KU-BU Mrgasirsa- Citra- Dhanistha-Bharant
Parva-Phalguni  Parvasadha
147 KU-KE Parva-Phalguni- Parvasadha- Bharani-Citra
Dhanistha Mrgasirsa
420 KU-SU Dhanistha- Mrgasirsa- Citra-Bharani
Parva-Phalguni  Parvasadha
126 KU-RA Parva-Phalguni- Parvasadha- Bharani-
Bharani Purva-Phalguni Parvasadha

cont.
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A D-AD Start-End Start-End Start-End

210 KU-CH Bharani- Purva-Phalguni- Puarvasadha- Citra
Dhanistha Mrgasirsa

972 RH-RH Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

864 RH-GU Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

1026 RH-SA  Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

918 RH-BU Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

378 RH-KE Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

1080 RH-SU  Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

324 RH-RA Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

540 RH-CH Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

378 RH-KU Satabhisa- Ardra-Ardra Svati-Svati
Satabhisa

768 GU-GU Purvabhadra- Punarvasu-Mila Visakha-Asvini
Magha

912 GU-SA Magha-Rohini  Mula-Hasta A$vini-Sravana

816 GU-BU Rohini-Magha Hasta-Mula Sravana-Asvini

336 GU-KE Magha-Sravana Mila-Rohini Asvini-Hasta

960 GU-SU Sravana-Maghd Rohini-Mala Hasta-Asvini

288 GU-RA Magha-Asvini  Mula-Magha Asvini-Mula

480 GU-CH Asvini-Sravana  Magha-Rohini Miila-Hasta

336 GU-KU Sravana- Rohini-Visakha Hasta-
Punarvasu Parvabhadra

864 GU-RH Punarvasu- Visakha-Visakha Parvabhadra-
Punarvasu Parvabhadra

1083 SA-SA  Pusya- Anuradha- Uttarabhadra-
Parva-Phalguni  Parvasadha Bharani

cont.
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A D-AD Start-End Start-End Start-End
969 SA-BU  Purva-Phalguni- Parvasadha- Bharani-
Pusya Anuradha Uttarabhadra
399 SA-KE  Pusyd-Bharani  Anuradha- Uttarabhadra-
Purva-Phalguni Parvasadha
1140 SA-SU  Bharani-Pusya  Pirva-Phalguni- Purvasadha-
Anturadha Uttarabhadra
342 SA-RA  Pusya- Anuradha- Uttarabhadra-
Uttarabhadra Pusya Anuradha
570 SA-CH Uttarabhddra-  Pusya- Anuradha-
Bharani Purva-Phalguni Parvasadha
399 SA-KU  Bharani- Purva-Phalguni- Purvasadha-
Dhanistha Mrgasirsa Citra
1026 SA-RH  Dhanistha- Mrgasirsa- Citra-Citra
Dhanistha Mrgasirsa
912 SA-GU  Dhanistha- Mrgasirsa- Citra-Pusyd
Antiradha Uttarabhadra
867 BU-BU Jyestha- Revati-Krttika ASlesa-
Uttarasadha Uttara-Phalguni
357 BU-KE Uttarasadha- Krttika-Aslesa Uttara-Phalguni-
Revati Jyestha
1020 BU-SU  Revati- ASlesa-Krttika Jyestha-
Uttarasadha Uttara-Phalguni
306 BU-RA Uttarasadha- Krttika- Uttara-Phalguni-
Krttika Uttara-Phalguni Uttarasadha
510 BU-CH Krttika-Revati  Uttara-Phalguni- Uttarasadha-
Adlesa Jyestha
357 BU-KU Revati-Ardra Adlesa-Svati Jyestha-Satabhisa
918 BU-RH Ardra-Ardra Svati-Svati Satabhisa-
Satabhisa
816 BU-GU Ardra- Svati- Satabhisa-
Uttara-Phalguni  Uttarasadha Krttika
969 BU-SA  Uttara-Phalguni- Uttarasadha- Krttika-Revati
ASlesa Jyestha
147 KE-KE  Asvini-Hasta Magha-Sravana Miila-Rohini

cont.
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A D-AD Start-End Start-End Start-End
420 KE-SU  Hasta-Asvini Sravand-Magha Rohini-Milla
126 KE-RA  Asvini-Mala Magha-Asvini Mula-Magha
210 KE-CH Miila-Hasta A$vini-Sravana Magha-Rohini
147 KE-KU Hasta- Sravana- Rohini-Visakha

Parvabhadra Punarvasu
378 KE-RH Piarvabhadra- Punarvasu- Visakha-Visakha
Parvabhadra Punarvasu
336 KE-GU Parvabhadra- Punarvasu-Mula Visakha-Asvini
Magha
399 KE-SA  Magha-Rohini  Maula-Hasta Asvini-Sravana
357 KE-BU Rohini-Magha  Hasta-Mila Sravana-Asvini
1200 SU-SU  Parva-Phalguni- Parvasadha- Bharani-Citra
Dhanistha Mrgasirsa
360 SU-RA  Dhanistha- Mrgasirsa-Citra Citra-Dhanistha
Mrgasirsa
600 SU-CH Mrgasirsa- Citra-Purvasadha Dhanistha-Bharant
Parva-Phalguni
420 SU-KU Parva-Phalguni- Parvasadha-Pusya Bharani-
Uttarabhadra Anuradha
1080 SU-RH Uttarabhadra-  Pusya-Pusya Anuradha-
Uttarabhadra Anuradha
960 SU-GU Uttarabhadra-  Pusya-Dhanistha Anuradha-
Citra Mrgasirsa
1140 SU-SA  Citra-Parvasadha Dhanistha-Bharani  Mrgasirsa-
Parva-Phalguni
1020 SU-BU  Parvasadha-Citra Bharani-Dhanistha  Purva-Phalguni-
Mrgasirsa
420 SU-KE  Citra-Bharani Dhanistha- Mrgasirsa-
Purva-Phalguni Parvasadha

[RA = Ravi; CA = Candra; KU = Kuja; RH = Rahu; GU = Guru; SA = Sani;
BU = Budha; KE = Ketu; SU = Sukra
A = Total number of naksatras in the corresponding dasa and antardasa].
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Quantization of Birth Time

Candra serving as the precise indicator of timing can be extended
to arrive at the expected time of birth also. Let us assume that a
particular birth has occurred during the transit of Candra in Krttika
naksatra owned by Ravi. That is to say birth has occurred during Ravi
dasa period lasting for six years representing whole of 13°-20'= 800"
arc in the zodiac belonging to Krttika naksatra. This 800" of arc is
equal to 6 x 360 = 2,160 naksatras or 2,160/27 = 80 lunar cycles. That
is if all the 80 lunar cycles were to be over, then 800' of arc distance
has to be covered. Thus we can visualize a clock with two needles;
one long needle representing the daily movement of Candra (time
needle) to complete the lunar cycles (in the above case 80) and
another, short one covering the 800" arc (arc needle) distance in the
zodiac. Thus the short needle advances by 10' of the arc for every
lunar cycle and covers 800' in 80 lunar cycles. It should be clearly
understood that in every lunar cycle, Candra transits through all
twenty-seven naksatras. During that period the arc needle would
have moved by only 10'.

For each naksatra transited by the time needle, only 10'/27 =
22.222" of arc is travelled by the arc needle. When both the needles
are exactly at Krttika 0, whole of Ravi dasa period of six years is
accounted. Any birth in Krttika naksatra is therefore possible only
when the arc needle is in between 0° and 22.222" and after 22.222",
the time needle would have entered into another naksatra’s domain.
Birth in Krttika is not possible for another twenty-seven days (or
after twenty-seven naksatras are travelled through) till the arc
needle is in between 10' and 10'-22.222", during which time both
the needles conjunct again in Krttika naksatra. It is therefore clearly
seen that for the birth to occur repeatedly in Krttika naksatra only,
there will always be an interval of twenty-seven days. That is the
period of Ravi dasa getting consumed would be either 0 day for birth
at 0° Krttika or twenty-seven days for birth at 10' of arc needle or 2
x 27 days for birth at 20' of arc needle and so on. Any other number
would not just fit into the scheme since the long needle would be
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elsewhere. Thus quantization of birth time occurs. Whether it is
the dictum of nature or the rsis who devised this vimsottari dasa
paddhati expect us to accept this mode of calculation is beyond
our comprehension. In actual practice, a reverse calculation is
carried out. That is we have the birth time, the naksatra of the
birthday is found out from the almanac and the longitude of
Candra at birth time is then arrived at. From this if one calculates
the balance of the dasa period and the period elapsed before the
birth, one gets a number, which may or may not follow the pattern
just now suggested. There are several factors contributing to this
discrepancy. One is that the almanac we are using may not give the
correct longitude of Candra. Another could be erroneous noting
of the birth time. There is already enough confusion in agreeing
to what decides the correct birth time. Ideal thing could be to
accept the given birth time, try to arrive at the correct longitude of
Candra at birth time using well established and reliable almanacs
or ephemeris, calculate the consumed birth dasa period and then
adjust the birth time in such a way that the consumed dasa period
in days would be exactly a multiple of twenty-seven. It is easier said
than done, as the calculations, though not difficult, are tedious.
Computer programes are now available internationally, where the
planetary longitudes are calculated very accurately.

When we adopt these programs to the Indian nirayana system,
the concept of ayanamsa has to be considered. Without going into
the unsolved riddle of which ayanamsa is proper, we started using
the horoscopes made out of a computer program which, uses an
ayanarisa value very close to that suggested by late K.S. Krsnamdrti.
This became the baseline for our further research on analytical
horoscopy. Subsequently we have been using our own computer
programs, which were written keeping our specific needs in focus.
As the ayanamsa does not remain constant through out the year,
necessary correction is carried out to get the progressive ayanamsa
for each week. When the balance dasa period is calculated for a
given birth time using this program, the consumed dasa period in
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days comes close to a multiple of twenty-seven without applying
any correction. Whenever it is slightly deviating, the birth time is
corrected by suitable addition or subtraction depending on which
number of days is closer to the multiple of twenty-seven. The
horoscope thus obtained is then subjected to critical analysis by
correlating it to the events in the life of that individual.

Thus any birth time given is suitably corrected so that the
consumed dasa period in days is a multiple of twenty-seven.
Subsequent dasa and antardasa periods are calculated based on
naksatras. Our computer program gives the dasa, antardasa and
vidasa periods based on this naksatra paddhati. As has already been
mentioned, for correct analysis it is advisable to go up to the prana
dasa periods. Any event that takes place in one’s life in fact occurs
during the dasa period when other seniors approve of that event.
For causing any event, prana dasa may have supreme importance
followed by sitksma dasa, vidasa, antardasa and lastly mahadasa.
So, for astrological comprehension, one should not ignore these
all-important smaller dasas. However, it is absolutely essential to
know how to calculate these dasas accurately before trying to use
them for analytical purpose. The method of calculation based on
naksatras as suggested by our ancient rsis is a valuable tool in this
direction. The study of astrology does not begin until one masters
the role of these five types of dasas. When one gets married, say in
GU-RH-KU-CA-RA period, the astrologer should not be just satisfied
attributing the marriage to GU and RH period. As Guru dasa period
lasts for sixteen years, and the marriage occurred towards the end
of his dasa period, an astrologer should be able to analyse and say
as to why Guru did not give him marriage until towards end of his
mahadasa period or why RH did not give marriage till the end of
his antardasa period and so on.
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Astro Identities in the Suktas of Veda

C.L. Prabhakar

Vepas are eternal. They are sources of knowledge relating to
all branches of learning. Astronomy is the first preference and
from the movements of the deities in the sky only, the earth
is governed. They identify with the cosmos and universe and,
therefore, astronomy is a pet subject of relevance and involvement
in the mantras of siktas of Veda. Astronomy is concerned with the
celestial bodies, cosmos, planets, creation, clouds, rain, process of
rain, planets, comets, stars and many more. It is a world by itself.
It talks about the solar system, the solar region, the moon and the
changes that occur in the cosmos and so on.

Vedas are the first source of knowledge to provide the concept
and understanding of the happenings and the effects of the systems
available in the cosmos upon the earth and atmosphere. The
seasons, caused according to the right timings, have their say on
the sun, moon and atmosphere. Yajurveda says that the seasons
have different characteristics and accordingly the sun too varies in
view of his effect upon the earth nanalingatvat rtinarh nanasiryatvam
Taittiriya Aranyaka points out the characteristics of each season in
a poetic way. Though sun is the same, changeless, still he shows
shades owing to the senses to help life on the earth. He also goes
through the power and dimness in his diurnal motion, ayanas. It is
in two phases: uttarayana and daksinayana, the waxing and waning.
It is also for the moon per month but for sun it is six months once
each time. This variation is only to cater to the life needs on the
earth. The moon which depends upon the sun is exposed in the
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like manner. Among several rays of the sun a particular ray of the
sun by name ama charges moon each month and projects him on
the horizon to shed light and darkness with his waxing and waning
phases. When he is totally full, he is described as the rakacandrah,
if not the amavasyacandrah who does not appear on the horizon,
however.

The Purusasiikta of Rgveda describes the moon and the minds
are related. It is said candramamanasojatah. As per the moon, the
mind also reacts, namely moody and bright.

Valmiki says:

caficalam hi manahmanusyanari|

Here he refers the nature of human mind
gamandgamana silammanah

It is said in Bhdgavata Purana that moon is born out of the water
and so he possesses the ardrata and fickleness of the waves of the
ocean. Sun and moon are the energies available in the sky providing
the necessary changes on the planet earth. There are many hymns
which describe the astro identity of the sun and moon in the Veda.

Arunaprasna, the first section of Taittiriya Aranyaka, is the
source where at we have the knowledge more on the sun, the solar
system and the accomplices of sun to run life and weather upon the
earth. Besides this, we have the sky and earth which are regarded
as our primordial parents in the nature: prthivimatah dyauhpita. In
the Prthivisiikta which is a description of the earth it is mentioned

bhamirbhiimnadyauriva varimna\

Here bhiima and varima are the characteristics of the earth and
the heaven. Herein also we get some thoughts of our Vedic seers
on the concepts and characteristics of the contents of the cosmos.

To start with we have Ganapati Atharvasirsa Upanisad belonging
to Atharvaveda. Here Lord Ganapati is described to be the identity
with the akasa. Consider the expressions bhimiraponilonalonabhah,
tvarh catvari vakpadani etc. that describe the diety.
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There are many more like that which bear reference to the
cosmos. Here it is pointed out that this deity is all in all to provide
necessary sap and substance to the creatures of the earth. He
provides vrddhi and rddhi besides other things for the happiness
of life. Knowledge about him came to be known as ganesa-vidya. In
Staryopanisad too, the knowledge and identities regarding sun come
under the purview of savitr-vidya. Vidyas are cosmological since
they generate energies from the influences of the deities who are
basically astral in their make or concept. The tool is their upasana.

The characteristic of Vedic sitktas is to link the deities with
the cosmos since they are identities to that and if at all their
idols/vigrahas installed for worship at the temple gopuras (conical
structures) are built with a significance that the cosmic energy is
drawn into the garbhagrha and that the installed deities became
more powerful to emit influence and benefits to their upasakas
respectively. This deity may be Ganapati’s identical with the
other cosmic identities like Aditya and Indra. This is to indicate
that the deities are deriving the energies from the space. They are
all congruent forces guarding the activity of the earth. It is said:
atmanah aksarah sambhitah, akasadvayuh vayoragnih candramah . . .
and so on.

A meditation upon this Ganapatistikta shall reveal the astro
contents in the personality of the deity. There is polarization
of powers in Ganapati related to the universe and working of
the universe too. Vidyds are the tools to realize the secret of the
universe. It is indicated: sarvambrahmaupanisadari.

In Hiranyagarbhasiikta of Rgveda, we find the mantras
relating to the creation and answer to the quest who should be
worshipped and worshipped with oblation as a part of appeasement
kasmaidevaya havisa vidhema. The question itself has the answer
thus: prajapatayedevaya havisavidhema.

Here Prajapati is an entity from whom things emanate
including the cosmos and the beings to pervade the same. A golden
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egg (hiranyagarbha) was at the beginning floating on the water
which became cause for the creation. What was there at first? There
are several answers advanced by the Vedic mantras. The work of
Prajapati is put in this expression: sadadharaprthvim dyamutemam,
referring to the holding together of the earth and the heaven for
the convenience of beings upon the earth and the cosmos and
for providing sustenance. Basically the earth is the mother and
the heaven is the father. Thus these two make a dampati (couple).
For the creation of anything in existence, the dampatis play an
important role.

There is reference to the origin and development of the creation
and the universe in the Purusasiikta. There are two sets of creation
from the Lord Purusa Narayana: one is the social order and the
other is the cosmic order. There is the description of the figure
(rtipa) of Purusa Narayana as: sahasrasirsapurusah . . . sabhaumim
visvatovrtvatyatisthaddasarngulam.

Here he is expansive both in his foot, intelligence and further
he has enveloped the earth and remained high still ten inches above
the earth to be as the supervisor for the whole creation and the
contents of the universe. His mahima is so much and defined as is
said in the expression — etavanasya mahima.

But Purusa Narayana is yet more enhanced in terms of form
and powers (atojyagunasca purusah). His limbs have become source
for the social objects and the astro objects like moon, sun and so
on. In the entire Purusastikta we have two sets of creation from the
great Purusa Narayana and this indicates that astronomical data is
at first and the earthly existence next. But both are interdependent.

Here is a santi mantra:
dyauh santih antariksam Santih prthivi santih
apah santih osadhayah santih

It is an astronomical quest further in the mantras of Veda to seek
peace to the contents of the cosmos and the earth. They provide
knowledge that there would not be any surprise at the role and
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movement of astral bodies in the sky and what could be the reasons
for the happenings and sounds in the sky. For example, in the
Arunapra$na of Taittiriya Aranyaka it is mentioned that two Vedic
students Vasistha and Rohini investigated about the causes of
sound in the sky. It is thus:

ko 'ntarikse sabdam karotiti vasisthorauhinomi magamsacakre|
The answer they got was vasrevavidyuditi.

Owing to the combustion of wind and the lightening (heat) in
the sky there is the emanation of sound.

Here again we see the Vedic seers had the tapobalam and the
sadhana-siddhi that they were able to get the grasp of the cosmos.
In Arunaprasna, we get the expression saying the siiryamandala is
revolving. The same is seen in the expression:

apsyamahametat stiryamandalarm parivartamanam gargyah
pranatratah.
The seer by name Pranatrata, son of Garga Mahamuni, has this
achievement of viewing the Lord Sun. There is another expression
for the cognizance of all knowledge on astronomy. Kasyapa
Prajapati is the seer. It is said: kasyapah pasyako bhavati.

It is viewed that Kadyapa and Pasyaka, the seer, are shown
interrelated. Rather if we reverse to read Kasyapa it denotes
Pasdyaka meaning seer, the perceiver.

In Narayanasukta, we have references describing the deity
as an astral body, resident of the sky and a strong cause for the
governance of the world and all the lokas. Stay in the vast space
(akasa) is a characteristic, providing convenience and better scope
for the supervisory activity. Akasa is Brahma as ISavasyopanisad of
Yajurveda proclaims: khamm brahma. The sky is the great expanse
described with the name Brahma. In fact, one of the classifications
suggested for astral identities is the celestial, terrestrial and many
other forms of deities. They are described to be transparent,
translucent and opaque gods.
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Sun is a celestial God. Agni is the terrestrial deity. Indra
is the dyusthana devata. When the deities are subjected to
analysis and descriptions, the siiktas like Purusasiikta, Sristkta,
Hiranyagarbhastkta, Agnisuikta, Pavamanasikta, Ayusyasukta,
Bhagyasukta, Anobhadrasiikta, etc. highlight the knowledge and
astro connections of the deities with the astronomical procedures,
influences and content in the personalities and functional
excellences of the deities.

The respective Vedic seers are related to various identities.
These mantras are revealed to them and they have immortalized
them as pieces of the knowledge on a scale of gradations and
excellences. Actually the knowledge of astronomy which talks
about the movement of deities and planets and the astral contents
of the atmosphere, etc., looks quite educative. In the Srisiikta, the
Goddess Laksmi is requested to visit the devotee’s house emanating
from the waters.

Vedanga Jyotisa is dependent on bhacakra and khacakra which
relate to the zodiac houses and the influence of the planets. When
Visnu is referred as the lord of the earth, Bhiidevi, it indicates
that the connections of the astro bodies arise from the earth only.

The mantra - visnornukar viryarni pravocam yah
partivanimimamerajamsi - indicates that Visnu rose up from the earth
and measured the cosmos with his three strides and pervaded the
whole cosmos and yet remained a supervisor to all, at all times. In
the santi mantra - prthivisantasagninasantasame santaprasarmsamayatu
- the earth is peaceful with Agni, the atmosphere with wind, the
heavens with Aditya thus pleased three lokas should maintain the
peace and balance of all the people and objects.

Besides the deities we have the stars, asterisms, the seers
of different levels in the comprehension of the gods who have
contributed to the core of knowledge on astro systems and
deliberations. In Yajurveda there are mentioning of the stars and
the Rohini star to be best among the stars. Based on the Vedic
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knowledge there have come several conjectures and elucidations
regarding the contents and movements of the cosmic bodies. Hereby
it is implied that through man’s effort and worship the dynamism
in the objects of nature and contents of creation is possible. The
Camakadhyaya of Yajurveda reveals how man is able to cause peace
and prosperity for personal and impersonal things, belongings
connected to his narrow purview and expansive for other objects
and therefore it is agreed that Namakam and Camakam chapters
of Yajurveda constituted to be the totality of the siikta called
Rudraprasna. It is said:

namakamcamakarmcaiva purusasiktam ca yadviduh|
mahadevena tattulyam tanme manassivasarmkalpamastu

The Veda sitktas like Namakam, Camakam, Purusasiikta and more
are equivalent to Mahadeva and hence all the understanding of the
astro identities and their connections with earth and its activity
would be revealed giving rise to peaceful mind and mind that of
Lord Rudra, the Mahadeva. In the Santistikta the mantra - namo
vdce namo vacaspataye - it is mentioned that Goddess Sarasvati is
sumrdika, highly compassionate and is like a mother as expansive
in karuna as the sky unto her devotees:

sumrdikasarasvatimatevavyomasadrsi

In a prayer to siurya, a wish is submitted thus jyokcasabaryam drse
meaning the goal of the devotee is to see the siiryajyok and it is every
time a wish of a vatu when he does sandhyopasana. When worship
is offered there is this formula:

dyavaprthivabhyangosvaha

dyavaprthivibhyagamidamna mama
Here, the heaven and the earth are both taken as related identities
and appeasement is done to both of them.

When we dive deep into the bevy of Veda mantras of all the
four Vedas we notice the energy is derived from the cosmos and
activity is performed upon the earth or/and vanished into the lokas
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of their like. Each deity has a region for himself, going by name
such as adityaloka, rudraloka, narayanaloka and so on. A study on the
lokas is done by many scholars and a good deal of information on
the lokas or the different regions is elucidated based on the Vedic
mantras and from the successive literature that followed the Vedas.
In conclusion it may be cited thus:

yo vedamadhite sanityasantah sarvan kaman
vidyanapyate anubhavate ca |

Thus we notice in the various mantras of the Vedas where the
deities, their activities and the scope of application in the sacrifices,
etc. figure and they add up to the knowledge of Vedic astronomy.
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Abstract: Vedic mythology and the divine descriptions are
perfectly synchronized descriptions of the four-dimensional
macro-cosmos with the micro-cosmic individuals. In Vaisnavism
Lord Mahavisnu is the ultimate godhead of the cosmos while it
is Lord Sarikara in Saivism. So the Vedic mythologies revolve
around the cosmos along with the Milky Way, ecliptic, equinox
and solstices in particular and other constellations in general.
The equinox is mentioned as situated at the end of Aries and
Scorpio in the constellations Krttika and Visakha in Vayu, Visnu
and Brahmanda Purdna and its shifting from Gemini to Aries as
is perfectly traced by M. Nalini Mohan and K.D. Abhyankar on
the basis of Vedic and Puranic allegories. So these astronomers
consider this evidence along with recent geological, genetic and
other evidences, and derive at the conclusion that the Vedic
civilization was 8,000-10,000 years old, while the religious people
consider it excisted from time immemorial.

Keywords: Equinox, ecliptic, constellations, mythology,
Mahavisnu.
In Vedic mythology the constellations and planets are supposed to
be the residences of deities and due to personification, the worship
goes on the names of deities and constellations. The entire cosmos
is worshipped as the physical body or visvaripam of Lord Mahavisnu
vertically, starting at the northern apical equinox along with polaris
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as his face and southern lowest Mesa as his feet or as Simsumara
kundali inversely. Most of the southern constellations are described
as personified initial incarnations of Lord Mahavisnu such as
Matsya, Kiirma, Varaha and god’s of southern temples such as Lord
Jagannatha and Lord Venkate$vara. The northern constellations
around Scorpio and Sagittarius are described as Lord Visnu, the
upper northern constellation as Lord Brahma with his associated
sages and the eastern constellations around Gemini and Taurus as
Lord Sarikara. Our Milky Way passes through all these important
constellations.

The two halves of the cosmos are visualized as the day and
night, Ksara and Aksara Purusa of the physical body of the Uttama
Purusa or Lord Mahavisnu, appearing and disappearing along with
the fourth dimensional time, during evolution and involution of the
cosmos. This has been the astronomically correlated, composite,
monistic unitary scientific concept of Vedic times that was recorded
and described by Veda Vyasa in the four Vedas and eighteen
eighteen Mahapuranas and eighteen Uupapuranas.

The Vedic scriptures explain the cosmos under two categories:
four- dimensional mechanical parts and non-dimensional
consciousness, both under the law of cause and action. They
describe the planets and constellations of the entire cosmos as the
abodes of gods and so the rituals and worship go on in the name of
the deities along with the constellations which are inseparable. This
unified concept is the background for the personification of 3,339
dark lunar days of the eighteen-years cycle with the 3,339 number
of gods and their drinking of soma as discussed by R.N. Iyyangar:

manvantaresu sarvesu devatayatnani vail
abhimanino ’vatisthanti yavadabhutasamplavam 1
— Vayu Purana 1.53.77

manvantaresu sarvesu sthitah kalabhimaninah|
sthanabhimanino hyete tisthantiha prasamyamat | |
— Vayu Purana 1.30.26
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yatha devagrhantha saryacandragrahah smrtah
— Brahmanda Purana 9.24.5

tani devagrhani syuh sthanakhyani bhavanti hi |
— Matsya Purana 126.40

Milky Way
A very detailed description of the cosmos is seen in Matsya,
Vayu, Sridevi, Brahma, Brahmanda Purana, etc. In the chapter
Bhuvanakosarh the ecliptic, constellations, solar system, planets,
etc. are described along with equinoxes, solstices, seasons, months,
lunar elongations, weeks, eclipses and so on. The cosmos is divided
into two halves, northern and southern hemispheres, by our Milky
Way (Akasa Ganga) (Narada Purana 11.179) at the Sagittarius.
The northern part of the Milky Way is described as Mandakini
(Ganges of the heaven) with the constellations Perseus, Cepheus,
Camelopardolis, Vulpecula, Sagitta, Aquila, Ophiuchus and Cygnus.
The southern part is described as Bhogavati (Ganges of patala) with
the constellations Crux, Centaurs, Pyxis, Puppis, Carina, Circinus,
Ara, Norma and Serpens and the middle one as Bhagirathi (Ganges of
the earth), which is at the Orion arm along with Orion, Gemini and
Taurus. The description of the ecliptic and the twelve houses along
with the twenty-seven constellations, divided into three groups
or “streets”, is invariably found in all the Puranas. Further along
with some northern constellations such as Polaris, Ursa Major,
Ursa Minor, Cygnus, Hercules and Corona Borealis and southern
constellations such as Canopus, Serpens, Scutum, Crux and Mensa.
and with the ecliptic at the middle, cosmos is described as the body
of the Lord at various places with various names such as Sirhsumara,
Naksatra Purusa, Lord Kiirma, Lord Varaha and so on.
nagavithyuttaravithi hyajavithi ca daksina
miilaficaiva tathasadhetyajavithyudayasrayah ||
— Brahmanda Purana 1.21.76,
Vayu Purana 1.50.130
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abrahmakatahanta padanyetani sa prabhuh|
padangusthanirbhinnarh brahmandarn bibhide dvidha 1|
— Narada Purana 1.11.179

All the mythological stories linked to River Ganges are exclusively
linked to Akasa Ganga (Milky Way). The Milky Way was supposed
to be originated from the toe of Lord Krsna during a divine musical
concert by Lord Sarkara, at the constellations Aquila which is
adjacent to Sagittarius. So the Sagittarius (Lord Visnu) is supposed
to be the base of feminine part of the jyotirlinga and the Gemini
(Lord Siva) as the apical masculine part which correspond to their
natural south-west and north-eastern positions in the sky. When
the Milky Way is described along with its associated constellations
as a single unit, it is either Lord Sarikara or Lord Visnu or as Lord
Ananta Bhiite§a — is supposed as occupying most of the lower
seven and upper seven worlds — the Lord being in the middle of
the Milky Way wearing it as a garland. In philosophical discussions
the initial deity is called as Hiranyagarbha (cosmic egg) or Prajapati
who represents the cosmos and year as his two halves.

vamapadangustha nakhasroto vinirgatami
— Visnu Purana 152

so 'yarh gangapravahena svetasailopasobhitah
sammkarsanatmakarudro visanalasikhojjvalah i
— Sivapurane Satarudrasamhitayam 15.12

The sun travels inside the ecliptic in his northern journey from
vernal equinox and outside the ecliptic in his southern journey
from autumnal equinox. The four cardinal points of the ecliptic are
most important for all sacrificial purposes and worships and were
observed and calculated accurately. The vernal equinox represents
the highset altitude and so it is supposed to be the face of God. At
that time (around 3000 years sce) it was around Krttika or Eta Tauri
at 27 to 30° of Aries. The three stars of Aries; Beta Aries, 41 Aries
and Eta Tauri, which are in highest latitude 20-48, 27-15 and 24-06°
respectively are supposed to be the gateway to the path of gods,
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devayana through Ursa Major. The autumnal equinox represents
the lowest southern altitude and principal area for the worship of
manes.

The southern-most stars lambda Scorpi, delta Sagittarius (Mala,
Purvasadha and Uttarasadha, 37-06 and 29-49°) of Sagittarius which
is at the centre of our galaxy, are supposed to be the way to pitryana.
The two equinoxes are supposed to be the faces of deities and manes
respectively. The northern equinox is auspicious for the sacrificial
functions aimed at salvations and the southern equinox along with
mahalaya new moon is most auspicious for ceremonial functions of
manes pitryana aimed at progeny and worldly achievements. The
winter solstice represents the shortest longitude with shortest
day (9.36 hours) and the opening sacrificial day for all worships of
heavenly deities. The summer solstice represents the longest day
(14.24 hours) with maximum longitude and the opening ceremonial
day for all oblations to manes. The two halves of the cosmos are
considered as the two halves of the Lord. The seven sages of Ursa
Major are believed to be the first persons to visualize the creation
and divinity and so they are most important and prominent in all
sacrifices.

dvadasabhissighram muhirttairdaksinayane trayodasartharh

rksanam madhyecantaramandalam\ — Matsya Purana 123.72
abhyantaram sa paryeti mandalanyuttrayane bahyato caiva
satatarn suryamandlam| —1Ibid.123.66
tada danani deyani pitrbhyo visuvesu cal

brahmanebhyo visesena mukhametattu daivatami

— Brahmanda Purana 1.21.143.49

yadvai purusamevam visuvantasya yathd daksinordhva evam
purvardho visuvato | — Aitareya Purana 4.22.18
tasmat smrtar prajandarm vai visuvatsarvagarn sada |

— Brahmanda Purana, 1.21.155
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saptarsinam manoscaiva adau tretayuge tatah!
— Matsya Purana 141.52

In spite of the change of the equinoxes and solstices, the latitudes
and deities of the constellations, such as Aévina to Aévini, Visnu
to Sravana, Brahma to Rohini, Rudra to Ardra and pitrs to Makha
will not change. So this non-mutable latitude of constellation
and the nirayana concept are coordinated, with the ever-
changing longitudes of solstices and equinoxes of sayana concept
harmoniously for different sacrificial functions.

Equinox in Vayu, Visnu and Brahmanda Purana

The vernal equinox forms when the sun is at the end of Aries
(Mesa) in the first quarter of the constellation Krttika and the
moon is at the end of Scorpio in the fourth foot of the constellation
Vi§akha. Similarly the autumnal equinox forms when the sun is in
the third foot of Vi§akha in Libra (Tula) and moon at the head of
Krttika in Taurus. This equinoctial point, where the day and night
are equal with 12 hours, is considered as the face of the gods and
most auspicious for all the sacrificial purposes of northern gods
and southern manes.

mesante ca tulante ca bhaskarodayatasmrtal
muhirta dasapaficaiva ahoratrisca tavati

krttikanam yatha stryah prathamasagato bhavet|
visakhanam tatha jiieyah caturthamse nisakarah
visakhandam yatha siryascarante Sarn trtiyakam|
tatha candaram vijaniyat krttika Sirasi sthitam 11

vijaniyadevamahurmaharsayah siryenal
visuvam vidyat kalam somena laksayet
— Vayu Purana 1.50.195-97,
Brahmanda Purana 1.21.143-49

Saradvasantayormadhye visuvantu vibhavyate|
tuld mesa gate bhanau samaratridinantu
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tat karkate 'va sthite bhanau daksinayanamucyate|
uttarayanamapuktam makarasthe divakare
— Visnu Purana 2.8.67-68

prathame krttikabhage yathd bhasvamstada)
Sasi visakhanar cathurtherhse mune tisthatyasamsayam

visakhandam yada stiryah caratyamsam trtiyakam
tada candrar vijaniyat krttika Sirasi sthitam

tadaiva visuvakhyo vai kalah punyo "bhidhiyate!
— Ibid. 2.8.76-78

From Magha to Asadha starting with constellation Dhanistha, the
six months are uttardyana and from Sravana to Pusya the six months
are daksinayana. The sun after completing his southern journey
enters into uttarayana or northern journey in Magha. The first
day of the five-year yuga (paficabda yuga) starts with sarmvatsara,
uttarayana magha masam, sukla pratipada, sun in the constellation
Dhanistha and rtu (season) is Siira.

etena gatiyogena yada kasthantu daksinam

paryagacchet tadadityo maghe kasthantameva hin

— Vayu Purana 1.50.122

Saradvasantayormadhye visuvarn tadvibhavyate|
— Ibid. 1.50.176, Matsya Purana 123.95

tapatapasyau madhumadhavau ca Sukrah
suciscayanamuttramsyat|
— Vayu Purana 1.50.200, Visnu Purana 2.8.81,
Brahmanda Purana 1.21.150
varsanaricapi paficanamadyah sarmvatsarah smrtah|
rtunar Sisiraficapi masanam magha eva call
naksatranam sravistasyadayananari tathottaram |

paksanarm suklapaksasutithinari pratipattathd ||

ahoratri vibhaganamahascapi prakirtitam |
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Sravanantarih dhanisthadi yugam syat paficavarsikam 1
— Brahmanda Purana 1.25.141-44,
Vayu Purana 1.53.113-16

arcayanti sada lingarn $ivah khalu drsyate |
— Kurma Purana, Uttara, 2139

vamanasya padam krsnam jiieyam vai uttrayanam |
devadyaih sakalairvandyam daksinarh daksinayanam 1
— Bhavisya Purana 1.107.3

Sirhstiumara Kundali

The principles of Vedas have become mythological expansions when
the lives of Lord Rama and Krsna and other incarnations came into
existence and the astronomy is the only scientific link between the
two. The entire cosmos in general and ecliptic with Ursa Major
and Minor in particular are described as the physical body of Lord
Mahavisnu vertically or as Simsumara kundali inversely (or $isu or
$irhsumara — His own child) specifically for the purpose of yogic
meditation, yogi hutdhyana gamyam. This description is universal
in Vedas and Puranas with variation in the number of narrated
constellations.

Brhadaranyakopanisad: The “life” is described as sisu (child) of
Para-Brahman which is at the top of cosmos under the equinox with
the seven stars of Ursa Major saptarsi mandala as the seven openings:
two eyes, two ears, two nostrils and mouth.

Yajurveda Aranyakam: Here the SiSumara or Siukumara
involves Ursa Major and Minor and the constellations of ecliptic.

Brahma Purana states that the principle of Siméumara is Lord
Visnu who is in the form of a sisu as Vatapatras$ali in the ocean of
Akasa Ganga. Brahmanda Purdna states that the four apical stars of
Sim$umara (Ursa Minor) will not set and are seen always, i.e. the
other constellations of cosmos rotate around them forever.

The description of Sith§umara is seen in almost all Puranas:
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Matsya, Vayu,Visnu, Visnudharmottara, Sridevi, Brahma, Brahmanda
and so on. A more detailed description of cosmos as Sirh$umara is
seen in Visnu Purana and Sridevi Bhagavata.

Dhruva (Polaris), the son of Uttanapada, is at the top of the
cosmos, with all constellations rotating around him, followed
by the sages of Ursa Minor called as Dhata, Vidhata, Indra, Agni,
Kasyapa, Dharma, and then by the seven sages of Ursa Major called
as Marici, Vasistha, Angirasa, Atri, Pulaha, Pulastya and Kratu.
At the middle below the Ursa Major is the ecliptic divided into
three streets with its twenty-seven or twenty-eight constellations.
This ecliptic is sometimes described as jagaccakram, visnucakram,
sudarsanam and so on.

samsarabhramanacakram cakram visnurekasthitam
dharmacakrari kalacakram bhacakrafica mahabhujah
— Visnudharmottara Purana 60.5

The constellations of the ecliptic are described as the ventral and
dorsal parts of the body of Lord Visnu. The first nine constellations
from Aries to Cancer are described as the iravata vithi, the second
nine constellations from Leo to Scorpio are described as the
Jjaradgavi vithi and the last nine constellations from Sagittarius to
Pisces as visavanara vithi. Each of the three streets is again sub-
divided into three streets totalling to nine.

Sometimes the twenty-seven constellations are worshipped
as Lord Vasudeva in Naksatra Purusa Ptja (Matsya Purana 54.1.32)
starting with Miila constellation as his feet and Mrgasira as his eyes,
Citra and Satabhisa as his face, forehead and so on. The planets of
our solar system are described as the different parts of Sirh§umara.
The southern constellation Canopus is described as his upper jaw
and Mensa as his lower jaw. The entire cosmos from northern
Polaris to southern Mensa are inversely indicating the vertically
downward evolution of Para-Brahman as indicated in Gitagovinda.

urdhvamulamadhassakha
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— Gitagovinda 15.1

miile namo visvadharaya padau gulphdvanantaya ca rohinisu |
— Matsya Purana 54.10

7221

adharassisumarasya sarvadhyakso janardanah |
— Brahma Purana 24.1.7

taraka simsumarasya nastameti catustayam |
— Visnu Purana 2.12.34

medibhiitah samastasya jyotiscakrasya vai dhruvah |
— Brahma Purana

yo 'sau caturdasaksesu Simsumaro vyavasthitah |
— Matsya Purana 124.5

Divinity and Gods

The cosmos which is meditated upon as a single unit is subdivided
into a number of subunits in local units of time and space. The lunar
elongations, weeks, years, directions, planets, constellations and
everything related to space, time and actions are descendants of
Sith§umara and so they are divine.

Serpens Cauda, Serpens tail. Bootes are visualized as Ananta
or Bhiitesa, extending from lower south to upper north, and
Ophiuchus, Herculis, Corona Borealis, Aquila, Sagitta and Corona
Benenices along with our earth and Ananta are visualized as
Lord Visnu and his associates. Cygnus and Lyra are described as
Lord Brahma and Sarasvati and Draco, Ursa Minor, Ursa Major,
Triangulum, Cepheus and Cassiopea as the associated sages of
Lord Brahma. Kaurus, Gemini, Cancer, Leo, Virgo, Auriga, Orion,
Caniis Major and Canis Minor are described as Lord Sankara with
his family. Lord Visnu is supposed to be the left or lower part and
Lord Siva as the upper or right part, as per their position in the
Milky Way. The entire Milky Way with its associated constellations
is the vigvariipam of either Lord Visnu or Lord Siva.

The Argo Navis hydra and Piscis Austrinus are described as
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Matsyavatara, Sagittarius, Aquarius and Capricorn as Kirmavatara,
Aquarius with Piscis Austrinus as Svetavaraha. The mythology of
Lord Jagannatha goes with Serpens, Ophiuchus, Grus, Phoenix,
Piscis Austrinus and Sculptor. The mythology of Lord Venkatasvara
involves Visnu constellations, Milky Way, Canopus and Centaurs. So
due to all these incarnations and Simsumara kundali, the visvarapam
of Lord Mahavisnu, involves maximum number of constellations
of cosmos (Raghava Rao 1954; Nalini Mohan 1995; Brady 1998;
Abhyankar 2007).Aries, Cetus and Centaurs Taurus are described as
A$vins (RV1.8.118-20) with their chariot. In the final step the cosmos
and constellations are described as directional gods, constellational
gods, spatial gods and ultimately the single unitary visvaripam has
gone to a maximum of 3,306 devayana deities of Vai§vadevam and
33 gods of pitryana totalling to 3,339, equated to dark lunar days of
one ecliptic cycle of the nodes of the entire cosmos (Ilyengar 2005
Abhyankar 2006).

drstva tadaisvaram rapar rudram nardayanatmakam
krtartharh menire santahsvatmanarh brahmavadinah
— Kurma Purana, Uttara, 5.17

atmanam brahmarandhrasya ahusyar deva vadinah!
— Skanda Purana (Mahe$vara Khanda) 2.22.10)

Ambrosia Gods

In Vedic mythology the rituals involving the “Agni” and yaga
occupies the most important part and it is the end part of one and
all rituals. So the fire-related rituals are of three types like the three
Vedas and three syllables of Alarhkara.

They are daksinagni at the southern equinox related to anvahara
ceremonial function of pitryana associated with Svadha and Visakha
constellation, garhapatyagni, related to rituals of a family, initiated
at the time of marriage, linked to Uttarabhadrapada constellation
and finally ahavaniyagni related to the sacrificial rituals of
devayana deities, linked to Svahakara and Krttika constellation.
Their further division into so many is discussed in detail in Matsya
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Purana (Agnivarh$am 51). For initiation into a karmic path, rituals,
darsa, anumati and cinivali are supposed to be the best movements,
which when clubbed with eclipse and equinox are most auspicious
movements, where the combination with equinox is not found
sometimes for two or three centuries even.

ilah purtaravah vidvan masa sraddha cikirsaya\
rapastha pitrmanthari tarm somari divi samasthitah
— Mahanardyanopanisad

They are supposed to be the three parts of the Milky Way in
ascending order and so all the rituals are invariably linked to full/
new moon, eclipses and equinoxes. The ceremonial functions of
manes are linked to the new moon and southern equinox while
the sacrificial functions of higher deities are related to northern
equinox and full moon. This is where the number of gods and their
drinking of ambrosia after full moon and up to new moon came
into existence and the one single god has become 3,339 in number
in rituals (Abhyankar 2007; Br Up 5.9).

Conclusion

The astronomical descriptions of Lord Visnu, Sankara or Brahma
are individualistic involving the local constellations, while that
of visvariipam of either Mahavisnu or Mahes$vara whichever the
name may be is holistic involving the entire cosmos. So the micro-
cosmos representing an individual merges with the macro-cosmos
representing the Lord.

This is the inner concept of all the Veda sitktas such as Purusa,
Visnu, Narayana, Rudra, Sri, Suparna, Durga, Nasadiya and Devi
and so on. In Vedic culture this merging is suggested and directed
at various steps depending on the individual level to follow the
ritualistic tretagni way to 3,339 gods of karmic path or monistic
divine path of dedication to Visnu or Siva or yogic kundalini
path through the beam of equinox from the deity Indragni of
constellation Visakha to Agni of Krttika constellation or finally
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the path of analytical, intellectual, non-dualistic renunciation. All
this is perfectly astronomical and scientific as far as the spatial
temporal factors are concerned and the divinity is beyond senses
and science either at individualistic micro or holistic macro level.
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Vedic Jyotisa
Lifelong Guide to Lead Humans
to Realize and Actualize Their Divine Nature

P. Bala Subrahmanyam

Jyomisa (The Knowledge of Movement of Heavenly Objects like
stars, planets, etc.), a Vedanga, is known as the eye of the Vedas.
The svadhyaya of naksatresti mantras compiled in the third chapter
(adhyaya) of Krsna Yajurveda gives each of us, jivas, the specific
original form (bimba) of Lord Visnu of which we are reflections
(prati-bimbas'). This knowledge is helpful to us to consciously set
our long-term goal of realizing our true nature (that specific form
among the twenty-seven fundamental forms of Visnu) and move
forward in that direction, as it is easy to realize our unity with
Him by cultivating those of His divine qualities that are potentially
inherent to our nature (spiritual svadharma).

A representative sample of eight of these twenty-seven naksatra
mantras, viz. Mrga$ira (Soma), Punarvasu (Aditi), ASlesa (Vaisnava
sarpa AdiSesa), Anuradha (Mitra), Uttarasadha (Visvedevas),
Sravana (Visnu-Trivikrama), Uttaraprosthapada (Ahirbudhnya)
and Bharani (Yama) are studied in detail in this paper. This unique
knowledge, original to Vedas (apiirva) is meant to be used as a long-

! sopadhiranupadhisca pratibimbo dvidhesyate!
jiva iSasyanu padhirindrachapo yatha ravehi
paingi $ruti pratibimbamsaka jivah pradurbhavah pare smrtah|
— Varaha Purdna quoted by Sri Madhvacarya
in 2.3.50 of his Brahmasiitra-bhasya
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term and lifelong guide for us, humans, as, this Vedic Jyotisa, based
on our birth-star, gives us the appropriate times to perform each
of our actions as worship of this Visnu as per its invocatory verses
in its introduction by Lagadha (Yajfia Kalartha-Siddhi).?
Siksa-naso-jyotisakso nirukta-sravanasca yah|
chandah-padah kalpa-hastah tatha vyakaranananah

The Veda Purusa has the six Vedangas as parts of his body as
follows: Siksa (Phonetics) as his nose, Jyotisa (Astronomy and
Astrology) as his eyes, Nirukta (Etymology) as his ears, Chanda
(Prosody) as his feet, Kalpa (The Science of Ritual Procedures) as
his hands and Vyakarana (Grammar) as his face.

The list of the presiding deities (adhi-devatas) of the twenty-seven
naksatras (constellations of stars) under which each of us is born
as per the naksatresti mantras of third chapter (adhydya) of Krsna
Yajurveda is given in Table 10.1.

All the human jivas borne under a naksatra have the devta form
of Visnu presiding over that, as their original form (bimba) of which
all of them are reflections (pratibimbas).> So it is easy for them to
attain to that form of Lord Visnu first in their spiritual practice
and hence they ought to concentrate on cultivating those divine
qualities to start with for achieving any of their purusarthas (goals
worthy of human effort in the present life and hereafter).

As offering havis to these various basic forms of Visnu is the
means for this,’ first this is elucidated below:

2 vipranam sammatam loke yajfia kalartha siddhaye 11
— Vedanga Jyotisa by Lagadha-3
* bhagavato ripari riparn prati jivakhyah pratibimbo babhiival
babhiva iti. .. anaditvarthe |
— Madhvacarya’s Bhasya on Brhadaranyaka Upanisad

Madhu Brahmana 4.5.19: riiparh riiparh pratirtipo babhiival

4 krttikadi-bharanyanta-naksatresti-arcitodaya |
— Skanda Purana, Sanatkumara Samhita
— Laksmi Sahasranama, sloka 106
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Table 10.1: Naksatresti Mantras of Third Chapter
(Adhyaya) of Krsna Yajurveda

Naksatra Adhi-devata
Krttika Agni

Rohini Prajapati
Mrga$ira Soma (Candra)
Ardra Rudra
Punarvasu Aditi

Pusya Angirasas
ASlesa Sarpa

Magha Pitr-Devas
Parva-Phalguni Bhaga
Uttara-Phalguni Aryaman
Hasta Savitr

Citra Tvastr

Svati Vayu

visakha Indra and Agni
Anuradha Mitra

Jyestha Indra

Mila Asura
Piirvasadha Apah
Uttarasadha Visvedevas
Sravana Visnu
Dhanistha Vasus
Satabhisa Varuna
Parvaprosthapada One-legged Aja
Uttaraprosthapada Ahirbudhnya
Revati Pisan

Asvini Asvins
Bharani Yama

Havis is:

| 117

« All our concentrated and one-pointed thoughts and words
that transform us,
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« the food and drink worshipfully offered to our pranagni as
part of its adhyatma-vayu upasana,
+ our dharmika desires,’ and

« ecological physical actions done as worshipful offering to
the several forms of Lord Visnu.

Mrga$ira (Soma)

King Soma that gratifies and delights all jivas may arrive along with
Mrgasira (constellation of the form of “head of deer” containing
three stars like cat’s paws® or five’) that is His auspicious and dear
abode and work-spot.

This Soma, one of the eight benevolent (saumya) forms of Lord
Siva,® nourishes (gives dhatu-pusti to) people through a variety
of herbs and forest products. We beseech Him to bestow us, His
worshippers, with progeny. This implies:

« Infusing those jivas that are to be borne as our progeny into
the subtle bodies (siksma sarira) of males among us, and

nourishing the dhatus of our gross bodies up to the seventh
stage of Sukra that evolves into semen in males and ovum
and blood in females that act initially as carriers and evolve
ultimately (after fertilizing) into appropriate gross bodies to
those jivas so that they can manifest as our progeny.

5 kama ajyarh — Taittiriya Aranyaka
— Mahanarayanopanisad 80.1
¢ musakasanapadakrtu vidhau vyoma-madhya-milite tri-tarake\
— quoted in Telugu book Naksatramulu, chap. 22
by Gobburi Venkatananda Raghava Rao

7 ilvala paficataraka — in Ksirasvami’s commentary on Amarakosa,
Prathama Kanda-Digvarga 23: ilvald-tacchiro dese taraka nivasantiyah
8 bhurambhamsyanalombaramaharnato himamsuh puman ityabhati
cardacaratmakamidam yasyaiva murtyastakam| nanyatkificana vidyate
vimrsatam yasmati parasmat vibhoh tasyai $ri guru mirtaye nama idam
$ridaksinamiirtayell  — $loka 9 of Adi Sankara’s Daksinamiirtyastaaka
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This Mrga$ira naksatra is the dearest to Soma among His dear objects
as it is the best-suited place to perform His tasks of:

« Nourishment of our gross bodies by providing us food in the
form of herbs and other forest products,

« infusingjivas into the minds of their prospective fathers, and

+ evolving this food inside our bodies up to Sukra, the seventh
dhatu (essential constituent), so that it may evolve into semen
and ovum/blood that act initially as carriers for these jivas
to take birth and finally evolve into gross bodies for them.

We offer havis to you, Mrga$ira and its constituent stars’ (invakas)
separately. These stars are activated by Lord Siva’s arrow.’® May
You increase happiness to us, our parents, progeny and cattle.

Punarvasu (Aditi)

Aditi, the mother of all devas, is the single global all-pervasive
principle and hence is the support for the changing world and
upholds the diversity that occupies space. By virtue of her inherent
nature, she is never pulled down by demerits. We pray to such Aditi,
for whom the five'! Punarvasu naksatras (two of these are known as
Castor and Pollux in the European astronomical tradition) are her
body, to grace our good actions done as worship of gods (yajias,
that nourish them) with Her presence along with the gods that
are Her children again and again (that is, always) and satisfy us by
bestowing wealth in a variety of forms abhiiti and progeny prajati'?

° invakabhyas-svaha, osadhibhyas svaha, rajyaya svaha, abhijtyai svaha
— Taittiriya Brahmana 3.1.4.3

10 $iva banena ilyante preryante ilvalah| — Lingayasuri’s commentary on

Amarakosa, Prathama Khanda, Digavarga 23

dhanurakararm pafica — Vararuci, naukakaram pafica — by another

author — Gobburi Venkatananda Raghava Rao’s quote in his Telugu

book Naksatramilu, chap. 22.

adityai svaha, punarvasubhyam svaha, abhiityai svaha, prajatyai svaha
— Taittiriya Brahmana 3.1.4.5
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on us as the result of our yajfias.
Aditi
« Is the constant support for the changing universe (jagat) and
sustains and nourishes it unobstructed by anything else.

Is a holistic principle of unity from which all other divine
principles are born.

fashions all our actions as yajfias so that they may result in
plenty and riches.

gets us rid of all our (i) tendencies for bad actions, and (ii)
even their influences.

« suppresses our mental and physical illnesses and impurities
and thus protects our purity and health (self-rootedness).

fortifies us to protect from narrow and selfish qualities
ari-sad-varga of adharmika (bad) desires, anger, greed,
delusion, arrogance and avarice, and drives them afar so that
they cannot influence and eclipse us as She is blemishless.

« will be the partaker of the havis offered by us which is liked
by devas.

ASdlesa (Vaisnava Sarpa — AdiSesa)

Let this sweet offering be to the liking of the serpent-like motions
that reside in the earth and sky, also in the rays of the sun and
those that follow the devata of dyu-loka. The Aslesa naksatras are
the bodies of these Divine Serpents and so they follow their will.
We invite them to grace our yajiia.

The presiding deity, AdiSesa (Vaisnana sarpa) is the initial
endless (Ananta). Energy-remainder after srsti of the present
universe and He is tuned to the sustenance of this universe
(Vaisnava Visnu is in charge of Sthiti). He is ever ready to move
(ndga = na + a-ga = not unmoving) and be dynamic as per Visnu’s
plan.
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The AS$lesa naksatras (constellation of six stars®®) follows the
movements:

« of the earth as AdiSesa resides at its core (patalaloka as the
magnetic field of the liquid iron) causing the diurnal rotation
of earth around itself,

« in the intermediate space (antariksa) as sun’s gravitational
field (as AdiSesa also resides at sun’s centre as samkarsana
vyitha'’) causing the yearly rotation of earth around it, and

+ in the space (dyu-loka) between the sun and the Sirh$umara
cakra or Canis Minor (of which Yama, Mitra, Varuna, Agni,
Indra, Kadyapa and Atri are the members'®) and in which the
Pole Star is a part causing the precession of equinoxes.

Some sarpas are in the light coming out of the sun and so the
sunlight is known to be controlled in its propagation by them.
Anuradha (Mitra)

We approach God Mitra with an attitude of prostration to offer havis
to Him in order to grow plentifully by the auspicious betterment
($reyas) bestowed by Him on us that consists of:

+  expansion of our hearts,

+ deepening of our intuitive (yogic) experiences, and

B sarpa rta — Vararuci and A$lesa are cakrakrti sat naksatratmakar
— Dipika both quoted by Gobburi Venkatananda Raghava Rao in
Naksatramulu, chap. 37.

" samkarsana murtisvarapo yosavadityah paramapurusah sa eva rudro
devata — in Mahanyasa

15 yasmai namah, tat-siro dharmo murdhanam, brahma-uttara hanur-yajfio
adhara, visnur-hrdayarn, samvatsarah prajananam, asvinau pirvapadau,
atrir-madhyarh, mitra-varunau apara-padau, agnih pucchasya prathamam
kandam, tat indras-tatah prajapatirabhayarn caturtham-iti — Taittiriya
Aranyaka 2.19

16 bhujaga namitah sapta turagah — quoted by Gobburi Venkatananda
Raghava Rao in Naksatramulu, chap. 37.
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+ by making us more broad-minded.

This will also result in the broadening of our circle of friends

(mitradheyarn no astu).

Let us live a full life of hundred years heroically along with our

children nourishing the Anuradha naksatras by havis.

This wonderful Anuradha naksatra (constellation containing

three stars like an umbrella'” according to Vararuci or five like a
torana: arched doorway'® as per Kalidasa and known as b, d and p
stars of Scorpio) has risen in the east and Lord Mitra whose body
is this Anuradha naksatra, travels in the expansive and conscious
(planned) and enlightened way of gods (devayana) in the sky.

Mitra

« is friendly and benevolent to one and all that are in His line
of sight,*

s janan ydtayati prajanan — impels people into action with
thorough knowledge of their present state,

« dadhara prthivim uta dyam — consciously holds the earth and
the heavens (by his gravitational field) as the rising sun,* and

« krstih animisa abhicaste — constantly observes the efforts of
striving people all the time.?

Whoever trains oneself thoroughly and diligently with Mitra’s

vow of constant playful effort, such a person never faces a failure

18

20

21

22

anuradhe chatrakara-traya — Vararuci, quoted by Gobburi
Venkatananda Raghava Rao in Naksatramulu, chap. 62.

aniiradhe torandkrtini pafica tarake — Gobburi Venkatananda Raghava
Rao’s quote in his Telugu book Naksatramulu, chap. 62.

sarvabhiitesu medyati snihyati-iti mitrah-mida snehane — Lingayasuri
on Amarakosa, Prathama Khanda, Digavarga 30

mitro jandn yatayati prajanan — Taittiriya Samhita 3.4.10.45
mitro dadhara prthivirm kuta dyam — Ibid.

mitrah krstih animisa abhicaste — Ibid.
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and is never touched by sin from afar or near.?

Gods like Indra stay close to Stirya as his attendants, to obstruct
His exceedingly compassionate and benevolent vision from falling
on demons apprehensive of His granting boons to even them.
Among these, the attendants known as Matara, Pingala and Danda
are the forms of Yama, Agni and Rudra, respectively. As he stays
near to Siirya, Yama is known as Matara.?* Thus we have a broad
circle of friends and are always in a win-win position.”

Uttarasadha

May Vi$vedevas listen to our request and the Uttarasadha naksatras
(constellation containing elepant-tusk-like two stars® that are
known as Zeta and Omicron in the constellation of Sagittarius)
grace our yajfia. Let them be famous for the sake of cattle so that
we, the worshippers may get good rain and our efforts at cultivation
may be fruitful.

These Asadhas are pure, ever-youthful, beautiful, dexterous
and procreative maidens that act auspiciously. They satisfy the
thirteen Vi$vedevas, their masters, with our offering and lead us
to permanent success unattended by any failure.”

% prayasvan yaste aditya Siksati vratena na hanyate na jiyate tvoto nainam

agmho asnoti antito na durat — Taittiriya Samhita Ibid.
% matarah pingalo dandah chandamso pariparsvikah sryasya dayalutvat
rakso-vara-pradana-Sankaya indradayah tannikate vighnam kurvantah
vartante| tatra yamagni-rudrah kramena matarah-pingala-dandah

ityucyante| mathati nivasati siirya-samipe matarah| mata-nivase|
— Lingayasuri’s commentary on a Amrakosa,
Prathama Khanda, Digavarga 31

% mitiraya svaha, anuradhebhyas svahd, mitradheyaya svaha, abhijityai

svahall — Taittiriya Brahmana 3.1.5.1
% gaja-dantakrti dvi-tarakatmakal — quoted by Gobburi Venkatananda
Raghava Rao in Naksatramulu, chap. 69.

27

visvebhyo devebhyas svaha, asadhabhyas svaha, anapajayydya svaha, jityai
svaha — Taittiriya Brahmana 3.1.5.5
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These devas are the highly capable and efficient (mahaviryah)
universal postmen and escorts to human ancestors that

are the sons of Visva and Dharma.? Visva is the daughter of
Daksa Prajapati and they enter the place of sraddha first® in
the following seven types of pitr-yajfia® in order to carry the
offerings given by humans with sraddha (respectful attention)
to their ancestors wherever they are and in whatever form.
This is explained in Sarikhasmrti* as follows:

Daksa and Kratu come to darsa and paurnamadsa (Sruta) istis
done on every amavasyd and pirnima by Ahitagnis.

Satya and Vasu come to nandimukha done before any major
function in the family like Upanayana and Kanyadana.

Dhuri and Vilocana attend tirtha-vidhi performed at the
special occasion of visiting sacred places like Prayaga, etc.

Puriirava and Ardrava visit parvana done every year on the
death anniversaries of one’s parents or maternal grand-
parents.

Dhanu and Ruci come to hiranya (hema) sraddha done by giving

28

29

30

saddhagre visanti-iti visve-visa pravesane (1.1.10) — Lingayasuri on
Amarakosa, Prathama Khanda, Swargavarga 10

dasa dharmaya kayadat dvisata-trinava chendave|
bhutangirah krsasvebhyo dve dve tarksyaya caparah

— Srimad Bhagavata 6.6.2

bhanurlamba-kakubjami-visva-sadhya-marutvati
vasurmuhirta-sankalpa-dharma-patnyas-sutan-srnun — Ibid.

daksasya duhita sadhvi visva nama prakirtita\
tasyah putrah mahaviryah visve devah trayodasa

isti Sraddhe daksa-kratii samkirtyau vaisvadevikau|
nandimukhe satya-vasurtirthe dhuri-vilocanau 1

puraravardravau caiva parvane samupasthite|
hema sraddhe dhanu-ruci sapinde kala-kamukau 11
ekoddiste rudra sarnjfio visvedevah trayodasa 11 — Sankhasmyti
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money during Puskara or when the doer is incapable due to
illness, etc.

« Kala and Kamuka attend sapinda sraddha performed to join
the newly-departed elder with his/her previous generations.

¢ Rudra visits ekoddista sraddha done only once on the death of
an ancestor.

Sravana (Visnu-Trivikrama)
Let the deities of this Sravana naksatra (constellation containing

fish-like three stars* known as Aquila) hear with their divine ears as

« the protector of the results of the meritorious deeds of all
jivas so that they are never lost,

« having divine and noble qualities,
« conscious of herself and others and playful,

« the executive power of the all-pervading Visnu (patni Laksmi)
that is His eternally permanent companion (nitya- Anapayini),

« steadfast and never excited by adverse circumstances,
« receptive towards us, Her devotees.

We worship Her with offerings (havis) to be able to listen to
Her divine prophetic voice regarding the results of our meritorious
deeds.

This Sravana naksatra moves in her path, desirous of glory for
Trivikrama-Visnu that builds bridges by His vast strides across
the three planes of physical, vital and jiva prajfias, the last being
potentially vastly expansive and who is greatly sung by the laws
of nature (in Veda) for this.

Hence, She encourages practitioners of meritorious deeds that
emulate Him by bestowing (their deserved) fame on them. We
aspire to get such fame and divine ears by our persistence in our

' matsyakara-trayarm $ravanam — Vararuci, quoted by Gobburi
Venkatananda Raghava Rao in Naksatramulu, chap. 76.
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spiritual practice.*

Uttaraprosthapada (Ahirbudhnya)

The prosthapada (legs of a cot) are four karma-devas that are gentle
brahmanas in nature and have drunk the divine experience of soma-
rasa. Karma-devas are those that attained to one of the thirty-three
deva positions that can partake of the havis offerings (havirbhuk) by
their self-transforming actions of previous birth(s).** They surround
Ahirbudhnya with humility as His disciples who move expansively
excelling among both human beings (that are experts in intellectual
knowledge) and divinities (that are experts in intuitive knowledge).

Ahirbudhnya is

¢ The chief and most distinguished among Rudras that
are experts in perceiving the divinity existing at a more
fundamental level in the apparently disorderly and chaotic
parts of the world. He is engrossed in reaching to greater
depths (where the inner underlying order can be perceived)
by piercing through the apparently disorderly levels of
reality.

« excellent among humans, as He is highly thoughtful and
knowledgeable.

« also the excellent among devas, by virtue of His constant
effort in continuously finding unforeseen and new ways (even
if they are not straightforward) to fructify our actions. He

32 visnave svaha, srondyai svaha, slokdya svaha, srutaya svahan
— Taittiriya Brahmana 3.1.5.7

3 ye karmana devatvam-abhi-sampadyante|
— Brhadaranyaka Upanisad 4.3.33

agnihotradi srauta karmand ye devatvarh prapnuvanti te karma devah
- Sarikara’s commentary on it and also ye karmana devanapiyantil
— Taittiriya Upanisad 2.8.3

karma devah ye vaidikena karmana agnihotradina kevalena devan apiyanti
deva iti trayastrimsata havirbhujah11 — Sankara’s commentary on it
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is able to achieve this by being rooted in Himself and by His
thoughtfulness of the deepest order.

The prosthapadas surround him at each level/depth stably like
the four legs of a cot and form a protective armour around him to
prevent the disorderly forces from approaching and distracting
him from his single-minded concentration to formulate ways of
bestowing the karma-phala for us, the human jivas.

Prosthapadas are:

¢ brahmanah — pure, clean, workaholic, striving, calm in mind
« somapah — drunk with divine experience

« somyasah — gentle and calm

* catvarah — stable like the four legs of a cot

karmadevah — attained godhead through their effort and
spiritual sadhana

stuvantah — praising the qualities of the Ahirbudhnya — their
leader

* namasd upasadya — following him with devotion

* parisad abhiraksanti — surround and protect him at various
levels from the apparently chaotic forces.

We are blessed with stability by worshipping these karma-devas,
the prosthapadas and their leader, Ahirbudhnya.*

Bharani (Yama)

The Bharani naksatras (constellation containing furnace-like three
stars®) presided over by Yama, separate the sins of all jivas from
their meritorious deeds and store them away in individual sachets.

This Yama is the personification of the following set of five

31 ahirbudhnydya svaha, prosthapadebhyas svaha, pratisthayai svaha |
— Taittiriya Brahmana 3.1.5.11

35 chullika trini apabharani — quoted by Gobburi Venkatananda Raghava
Rao in Naksatramulu, chap. 88
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fundamental qualities*® that are the basis of all other good qualities.
These are:

+ ahimmsa (non-violence),
« satya (truthfulness),
* asteya (non-stealing),
* brahmacarya (continence), and
* aparigraha (non-receiving).
These five qualities are so fundamental that they have been extolled

in our scientific literature as the ultimate principles of ethical life.””
Swami Vivekananda translates this Patafijali’s Yogasiitra as follows:

These, unbroken by time, place, purpose and caste-rules, are
universal great vows. These . .. are to be practised universally by
every man, woman and child . . . irrespective of nation, country
or position.

Such Yama is bhagavan, that is one having the six divine qualities
of jiiana, aisvarya, Sakti, bala, virya and tejas needed to evolve srsti,
maintain sthiti and withdraw (laya) this universe.

Those that experience this universe as bhagavan’s form realize
and actualize themselves as bhagavan.

Thus bhagavan Yama worships this universe (visva) by
performing His self-appointed duty of doing hita (beneficial in the
long range and at a global level) to the myriad forms of Vasudeva-
Narayana manifesting as all these jivas although His actions may
appear temporarily as unpleasant to those jivas.

May such Lord Yama formulate an easy and fearless way to us,
meditators of His qualities.

This Yama, who is the personification of the five divine

36 ahimsa-satya-asteya-brahmacarya-aparigraha yamah
— Patafijala Yogasutra 2.30

37 ete jati-desa-Kala samaya-anavacchinndah sarvabhauma mahd-vratarn
— Pataiijala Yogasutra 2.31
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fundamental qualities, moves about constantly in Bharani that
contains the records of all our deeds, good and bad, without any
contact with our bad deeds whatsoever.

The gods, who are the several forms of the various divine
qualities of bhagavan, have recognized Lord Yama as the most
appropriate among them for the examination and weighing of good
and bad deeds of all the jivas and hence anointed Him as the king
to rule over the departed souls.

We worship this strange king Yama with offerings of havis
requesting Him to keep our bad deeds dormant in His office Bharani,
thus allowing us to progress forward in our spiritual practice in
spite of our past bad deeds.

The following four qualities manifest externally in Yama:

¢ Exactness

+ Punctuality

¢ Justice

» Being the personification of dharma (righteousness).

The touchstone for perfection in our spiritual practice in the

achievement of Yama’s basic five qualities is the open manifestation
of the above four derived qualities, verifiable and visible to others.

Only Yama that has concern for the spiritual progress of all the
jivas is fit enough to think, judge and deal with their good and bad
deeds. All others need have no business regarding these.

We attain prior knowledge and mastery over death like the
great Savitrl and win membership of Yama-Sabha by our devotion
to Lord Yama’s unique characteristics.”®

38 yamdya svaha, apa-bharanibhyas svaha, rajyaya svaha, abhijityai svaha
— Taittiriya Brahmana 3.1.5.14
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Calculation of Longitudes of the Sun
using Traditional Methods

E. Sreedharan

Nowapays, we get very accurate and correct information from
modern astronomers, who use modern techniques to find out
the astronomical matters like geo-centric longitudes of the sun
and the planets and the modern almanacs are prepared using
these methods. Can it be possible for us to calculate the accurate
geo-centric longitude of the sun, using the traditional Indian
astronomical methods? It is this enquiry that is made in this paper.

For this purpose, first, I sent a letter to the Positional
Astronomical Centre (PAC), Kolkata, functioning under the
Meteorological Department of Government of India, seeking some
astronomical information. They supplied me the information what
I requested, including the apparent geo-centric longitude of the
sun at 5 h 29 min IST on 14 April 1995. They promised that all the
data were prepared using latest astronomical formulae as per the
norms of International Astronomical Union.

Then I tried to calculate the apparent geo-centric longitude of
the sun at 5.30 a.m. on 14 April 1995, using our different traditional
methods like parahita system, vakya-paddhati system and drgganita
system. As the end, I came to a conclusion, that if the fundamentals
of old methods are slightly corrected, we can reach the same result
given by the Positional Astronomical Centre.
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Traditional Process to Calculate
Sun’s Geo-centric Longitude

Our ancestors developed three steps to calculate and find out
the right position of planets and they are maddhyama ganita,
mandasphuta ganita and bhiimadhya ganita. It is explained in the
book Ketakigrahaganita Bhasya thus:

drastuh sthanantaranusarena drsyapadarthanam diso’pi
nanatvamupayanti, nanasthanadhisthitatvam ganitakaryaya
kalpyam bhavati | tena sthanaganitasya vibhagatrayam
pradurbhavati | adyam madhyamaganitam | dvitiyam
ravimadhyadrsyasthanaganitam mandasphutaganitam trtiyam
ca bhiimadhyaganitam bhiimadhyasthanaganitamiti 1*

Here, one more step may be included, i.e. ahargana ganita, which is
used to calculate the totality of days between the starting point and
the intended date. It is clearly proved that all the planets revolve
round the sun. While revolving round the sun, suppose one wants
to know in which point the planets come at a particular day? For
finding this, the totality of days from starting point to intended
date must be known. Which is the starting point? Siddhanta texts
say that it is the time of creation. Hence, the totality of days since
creation to the intended date is named ahargana. Ahargana ganita is
that which explains the process of calculation to know the totality
of days from creation to intended date.

There are three methods adopted by our ancestors for
calculating the ahargana: siddhanta, tantra and karana. Siddhanta
is that which follows the calculation of ahargana since creation
and tantra calculates it from the starting day of present Kali-yuga,
not from creation. Through the karana method, the ahargana is
calculated from a cut of date in the present Kali-yuga, which is
called karana.

The text, Ganitaprakasika of K.V.A. Ramapoduval, accepts

! Ketakigrahaganita Bhasya, p. 43.
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the date, in which the 5000t Kali year completed, as the cut-off
date (karanarambha).? Suddhadrgganita of V.P.K. Poduval accepts
the independence date, 15 August 1947 as the karanarambha.’
Ganitanirnaya, another text of karana type, written by P.S.
Purusottama Namputiri, accepts 1 Mesa 1113 of Kollam era.*

tatraganitasastramtridhd \siddhantatantrakaranatvena lyasmim
kalpaderarabhya gatabdamasadinadeh saurasavanacandramasa-
nyavagamya saurasavanagataharganat madhyamadinam
karma ucyate tatsiddhantalaksanam | vartamanayugadeh
varsanyeva jiiatva ucyate tat tantram | vartamanasakamadhye
abhistadinadarabhya jiiatva ucyate tat karanalaksanam 1°

The distance of planets’ travel during ahargana period is named

grahabhoga. 1t is calculated by the multiplication of ahargana with

the daily mean motion of planets. What does it mean by mean

motion? It is an average distance of planets’ daily motions. As the

daily motions of planets are not equal, an average distance of daily

motion is to be calculated and it is called mean motion.
anityagatya saficaratam grahanam sthananiscayartham
madhyamagatyanusaranasali kopi kalpitagraho jyotirvidbhih
svikriyate | tena ddau sakalagrahanam madhyasthananyeva
sadhyani bhavanti 1°

The distance of average daily motion is called mean motion and the
average point found out through the calculation of average motions
to the intended date is named as mean position (grahamadhyama).
For example, the maximum of sun’s daily motion is 61 kalas and
minimum is 57 kalds. Hence, it is understood that the mean motion
is 59 kalas and the mean position for ten days is 590 kalas.

The Tantra and Karana texts make the mean position to the

? Ganitaprakasika.

3 Suddhadrgganita.

* Ganitanirnaya.

* Ganitanirnaya.

¢ Ketakigrahaganita Bhasya.



CALCULATION OF LONGITUDES OF SUN USING TRADITIONAL METHODS | 133

intended date by adding grahabhoga prepared for ahargana to
grahadhruva. According to tantra method, the true positions of the
planets to the starting point of Kali-yuga are grahadhruvas and
in the case of karana method, those are made to the cut-off date
(karanarambha).

We can calculate ahargana to 14 April 1995. Hence, the intended
date accepted here is 14 April 1995. As per the karana method, a
cut-off date is to be taken. Here, I accepted the independence date of
India, i.e. 15 August 1947 as the cut-off date, which is also explained
in the text, Suddhadrgganita of V.P.K. Poduval.

PROCESS 1: CALCULATION OF AHARGANA
ahargana (A) = Intened date (ID) - karanarambha (KA)

ID = 14 April 1995
KA = 15 August 1947
A = 14 April 1995 - 15 August 1915

= 47 years and 242 days
Total days in a solar year = 365.25636051’
47 years = 47 x 365.25636051 = 17167 days
Total days of ahargana = 17167 + 242 = 17409 days

Grahabhoga (the distance of travel of the planet in a particular
period) is to be calculated. The period of revolution of the sun is
365.25636051 days. From this, we can calculate the daily average
motion of the sun. The circumference is 360° or 21,600 kalas. The
sun takes 365.25636051 days for a revolution of 21,600 kalas. The
daily average motion = 3600/365.25636051 = 0.985609113 degree or
59.13654719 kalas. Hence, it is clear that the sun takes 0.014390887
degree (-) to revolve a day.

PROCESS 2: CALCULATION OF GRAHABHOGA
Grahabhoga (GB) = (A) - (A x0.014390887)

7 Wikipedia Dictionary, internet.
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A = 17,409 days
= 17409 - (17409 x 0.014390887)
= 17409 - 250.5309518 degree
= 17158.46905 degree
= 7 rasi 28 degree 28 kala 9 vikala
A total of 30° is named a rasi, a degree has 60 kalas and a kala has
60 vikalas.
PROCESS 3: CALCULATION OF GRAHAMADHYAMA
(MEAN POSITION OF THE PLANET)
Grahamadhyama (GM) = GB + grahadhruva (GD)
Here, GD is the true position of the sun at KA.
GB = 7 rasi 28° 28 kala 9 vikala
GD = 3 rasi 29° 29 kala 35 vikala
= 11 rasi 27° 57 kala 44 vikala

grahadhruva accepted in the text Suddhadrgganita is prepared
to the sunrise time of 77° latitude. But, the geocentric longitudes
of the planets prepared by Positional Astronomical Centre are to
5.30 a.m. (IST).

The sunrise time on 14 April 1995 at 77° was 6.17 a.m. Hence,
we want to correct the difference of time in grahamadhyama.
PROCESS 4: CORRECTION IN GRAHAMADHYAMA

Time of sunrise at 77° = 6.17 a.m.

Time given by PAC = 5.30 a.m.

Difference = 47 minute (-)

GB for 24 hours (1440 minutes) = 0.985609113
47 / 1440 x 0.985609113
0.032169186 degree
1 kald and 56 vikala (-)

GB for 47 minutes
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Corrected siirya madhyama = 11 rasi 27° 55 kala 48 vikala

Two corrections are needed in grahamadhyama, i.e. carasarskara
and pranakalantara samskara. The meeting place of the earth and
the sky is known as horizon. At the eastern horizon the sun rises
and the western horizon the sun sets. The duration between the
sunrise and the sunset is named as daytime and in reverse it is called
night. At the place, where the 0° latitude comes the duration of
daytime and night is equal to 12 hours, this is only in the equinox,
but in other days there will be variation. At the place, where the
latitude is other than 0°, the 12 hours of daytime will change. In
the equinox also the change happens. This variation is corrected
by carasamskara.

We feel that the celestial sphere moves from the east towards
the west. The ecliptic, which is also revolving with this celestial
sphere, contains 21,600 pranas. The difference between nadivrtta
and krantivrtta is named pranakalantara samskara.

PROCESS 5: CORRECTION OF CARA AND PRANAKALANTARA

1. First add the ayanamsa to madhyama, it will become sayana

madhyama

ayanamsa =  23° 47 kala

madhyama = 11 rasi 27° 55 kala 48 vikala
sdyana madhyama = 0 rasi 21° 42 kala 48 vikala

2. Bhuja (side of a triangle) of sayana madhyama =0 - 21 - 43 (-)
caraphala for 0 rasi 18° 45 kala = 181 kala
caraphala for 0 rasi 22° 30 kala = 217 kala

Difference between 0 rasi 21° 43 kala and 0 rasi 18° 45 kala
=178 kala

Difference of caraphala between 0 rasi 22° 30 kald and 0 rasi
18° 45 kala (for 3° of 45 kala = 225 kala) = 36 kala

caraphala for 178 kala = (36/225) x 178 = 28
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caraphala for 0 rasi 21° 43 kald = 181+ 28 = 209 kala (-)

. Bhuja of the sayana madhyama =0 - 21 - 43 (-)

pranakalantaraphala for 0 rasi 18° 45 kala = 88 kala
pranakalantaraphala for 0 rasi 22° 30 kala = 102 kala

Difference between 0 rasi 21° 43 kala and 0 rasi 18° 45 kala =
178 kala

Difference of caraphala between 0 rasi 22° 30 kala and 0 rasi
18° 45 kala

(for 3 degree 45 kala = 225 kala) = 14 kala
pranakalantaraphala for 178 kala = 14/225 x 178 = 11

pranakalantaraphala for 0 rasi 21° 43 kala = 88 + 11 =99
kala (-)

. Aharmana samskara: The two results of cara and pranakalantara

are to be multiplied by the mean motion of sun and then
divided by the circumference of the circle. It becomes
aharmanaphala.

cara = 209 kala (-), pranakalantara = 99 kala (-)
Total of these two = 308 (-)
aharmanaphala = 308 x 59.1361/21600 = 51 vikala (-)
Correction to madhyama

=11 rasi 27° 55 kala 48 vikala

=11 rasi 27° 54 kala 57 vikala

Next step is the equation of centre (mandaphala sariskara). It is
a correction to the mean position on the basis of the view from the
centre to planet. Here, we calculated the mean position of the sun.
But we cannot see the sun at the mean position in a particular time.
The true position of the sun will be either in advance or in behind
of the mean position. When the planet’s position is calculated using
mean motion, it is called mean planet and the true point where
the planet is observed, it is true planet. The mean planet and true
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planet join at the aphelion and periphelion. The mean planet will
be in advance of the true planet, when they revolve in between
aphelion to periphelion and it will be reverse at the other side. The
correction between the positions of true planet and mean planet
is called mandaphala samskara.
PROCESS 6: CORRECTION IN THE APHELION
Aphelion of the sun on 15 August 1947 = 2 rasi 18° 55 kala 42 vikala
Correction of sun’s aphelion = 1/1885 kala for a day
Correction for 17409 days = 17409 x 1/1885
=9.2355 kald = 9 kala 14 vikala
Corrected aphelion of the sun to 14 April 1995
=2 rasi 19° 4 kala 56 vikala.

The maximum variation of mandaphala is named parama
mandaphala and it is calculated as 6928 vikala. First, we want to
know the difference between the aphelion and the sun’s mean
position and then it is to calculate mandaphala for that difference.
The difference between aphelion and the sun’s mean position is
called mandakendra. When aphelion is subtracted from the mean
position, we get mandakendra and mandaphala is to be calculated
to that point.

PROCESS 7: CORRECTION IN MANDAPHALA

Mean position of the sun on 14 April 1995
=11 rasi 27° 54 kala 57 vikala

Aphelion of the sun on 14 April 1995
=2rasi 19° 4 kala 56 vikala

mandakendra =9 rasi 8° 50 kala 1 vikala
Maximum mandaphala (for 3 rasis) = 6928 vikalas

Bhuja of mandakendra
= 2 rasi 21° 10 kala 8 vikala (+)
Mandaphala for 2 rasi 18° 45 kald = 6769 vikala
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Mandaphala for 2 rasi 22° 30 kala = 6851 vikala

Difference between 2 rasi 21° 10 kala and 2 rasi 18° 45 kala =
145 kala

Difference of mandaphala between 2 rasi 22° 30 kala and 2 rasi
18° 45 kala (for 3° 45 kala = 225 kala) = 82 vikala

Mandaphala for 144 kala = 82/225 x 145 = 53

Mandaphala for 2 rasi 21° 7 kala = 6769 + 53 = 6822 vikalas (+)
6822 vikalas = 1° 53 kald 42 vikala (+)

True position of the sun = mean position + mandaphala

Mean position of the sun on 14 April 1995
=11 rasi 27° 54 kala 57 vikala

Mandaphala of the sun on 14 April 1995
=0 rasi 1° 53 kala 42 vikala

After the correction, true position of sun
=11 rasi 29° 48 kala 39 vikala

When we add ayanamsa to the corrected true position of the
sun, that will be the sun’s geocentric longitude on 14 April 1995,
5.30 a.m. (IST). Ayandrisa on 14 April 1995 is 23° 47 kala. Hence, the
result will be 0 rasi 23° 35 kala 39 vikala. As per PAC, it is 23° 35' 18.

From this experience, it is proved that we can calculate the
accurate and true geocentric longitudes of the sun, using our
traditional methods.
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Aryabhatiyam

A Contribution to Astronomy

Narayanan Nampoothiri N.T.
yatha $ikha maytiranam naganarm manayo yatha\

tadvad vedangasastranam jyotisarh murdhni sarsthitam i

Like the crests on the heads of peacocks, like the gems on the
hoods of the cobras, astronomy (mathematics) is at the top of
the Vedanga Sastras.

Tue above verse shows the supreme and singular importance given
to astronomy over the other branches of knowledge in the Indian
tradition. Like many other branches of secular knowledge the
origins of the science of astronomy in India have to be traced back
to the Vedas. In the Vedic lore, Jyotisa is one of the six auxiliaries
(sadargas) of the Vedic corpus of the knowledge.

The six Vedangas are Siksa (Phonetics), Vyakarana (Grammar),
Chandas (Metrics), Nirukta (Etymology), Jyotisa (Astronomy) and
Kalpa (Rituals).

Mathematics was generally treated as a part of Jyotisa. Vedarnga
Jyotisa is the earliest astronomical text available to us.

Siddhantic Astronomy

There was a long gap between the period of Vedarga Jyotisa and the
Siddhantic period. Systematic development in planetary astronomy
started with Paficasiddhantika (five systems of astronomy), composed
as an anthology by Varahamihira (ce 550). The five systems are:
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1. Paulisa, 2. Romaka, 3. Vasistha, 4. Saura, and 5. Paitamaha.

Date and Place of Aryabhata

Aryabhata obliges us by clearly mentioning the year of his birth as
also composition of his famous text. He says:

satyabdanam sastiryada vyatitastrayasca yugapadah

tryadhika vimsatirabdastadeha mama janmano ’titah

When sixty times sixty (i.e. 3,600) years and three quarter yugas
have elapsed (i.e in the running Kali-Yuga) twenty-three years
have then passed since my birth.

According to K.S. Shukla, Aryabhata was exactly 23 years of age
on 21 March 499, Sunday. In other words, Aryabhata was born on
21 March 476.

Aryabhatiyam

Aryabhatiyam is consisted of four parts (padas): Dasagitika, Ganita,
Kalakriya and Gola.

GITIKAPADA

The first part consist of thirteen stanzas of which ten are in
Gitika metre and hence the name. In this part we are introduced
to:

1. The large number of time (kalpa, manu, yuga)

2. Circular units of arc (degree, minute)

3. Linear units (yojand, hasta and angula).

As he wrote in this chapter:
vargaksarani varge 'varge 'vargaksarani kat namau yah!
kadvinavake svara nava varge 'varge navantyavarge val

In the Sanskrit alphabet the letters ka to ma have been classified into
five vargas: Kavarga, cavarga, tavarga, tavarga and pavarga. These
letters are therefore referred to above as varga letters. These are
supposed to bear numerical values of 1 to 25.
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The letters ya to ha are called avarga letters. These letters bear
numerical values like ya = 30, ra = 40, la = 50, va = 60, $a = 70, sa =
80, sa = 90, ha = 100.

Aryabhata gives a unique method of representing huge number
by using the alphabets. This is different from the popular katapayadi
system adopted by later astronomers. The advantage of Aryabhata’s
method is the beauty in expressing large number.

Aryabhata’s Yuga Theory

Aryabhata makes use of the yuga theory to expound the motion of
the heavenly bodies. Aryabhata doesn’t subscribe to the concept
of creation or destruction of the universe. Contradiction the
popular traditional belief based on Puranas and Smrtis. The time
is a continuous existence without beginning and end, i.e. it is anadi
and ananta.

Aryabhata dispenses with the queer traditional theory of the
yugas. He replaces it with simpler and astronomically more viable
theory.

1 kalpa = 14 manus
1 manu = 72 mahayuga (instead of 71)
1 mahayuga = 4,32,000 years
In this arrangement 1 kalpa = 1,008 mahayugas (instead of
1,000) since 1,008 is divisible by 7, every kalpa commence on the
same weekday. Aryabhata completely dispensed with time spent

in “creation” and the “twilight” periods. In this pada, Aryabhata
discussed about sine (jya) of angles, etc.

GANITAPADA

This pada contains thirty-three stanzas dealing with mathematics.
This part deals with the following important mathematical topics:
geometrical figure, their properties and menstruation, problems
on the shadow of Sarnku chaya. Arithmetic progression, etc. simple
and compound interest, simple, simultaneous quadratic, square
root, cube root, rule of the three, etc.
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The Value of T

The ratio of the circumference of a circle to its diameter is a
constant, denoted by  its value is given by Aryabhata in the
following stanza:
caturadhikari Satamastagunarn dvasastistatha sahasranam|
ayutadvayaviskambhasydsanno vrttaparinahah
— Aryabhatiyam 2.10

Add 4 to 100 multiply by 8 and add 62,000. This is approximately
the circumference of a circle, whose diameter is 20,000.

This means a circle of a diameter of 20,000 units has its circumference
approximately equal to (100 + 4)8 + 62,000, i.e. 62,832 so that we get
7 = circumference/diameter
= 62,832/2,000 = 3.1416

Itis remarkable that Aryabhata is the first Indian mathematician
who has given the value of © which is correct to four decimal places.

KALAKRIYAPADA

The third part of Aryabhatiyam contains twenty-five slokas explaining
the various units of time and the methods of determination of the
position of the planets for any given day. Calculations concerning
the adhikamasa, ksaya tithis, speeds of planetary motions and the
weekdays are also included in this part of the text.

Time Divisions and Circular Divisions

varsadvadasa masastrimsaddivaso bhavet sa masastu |
sasthirnadyo divasah sastisca vinadika nadi

evam kalavibhagah ksetravibhagastatha bhaganat
Ayear consists of twelve months, a month consists of thirty days,
a day consists of sixty nadis and a nadi consists of sixty vinadikas.

A sidereal vinadika is equal to sixty long syllables or six
respirations. This is the division of time.
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GOLAPADA

This fourth part contains fifty stanzas. In this chapter he
discussed about the important features of the ecliptic, the
celestial equator, the node, etc.

Earth’s Shape and Rotation

Now even a child knows that the earth is spherical and that it
rotates about its own axis causing day and night. But it took
thousands of years in the history of science to discover these
truths. It was believed strongly for long that the earth is flat and
that it is stationary while all heavenly bodies revolve round that
all important mother earth.

bhiigola sarvato vrttah — Aryabhatiya 4.6
In the following stanza Aryabhata states:
bhiigrahamanam golardhani svacchdyaya vivarnitani|
ardhani yathasaram suryabhimukhani dipyante i
— Aryabhatiyam 4.5

Halves of the globes of the earth, the planets and the stars are
dark due to their own shadows, the other halves facing the sun’s
bright light.

It is creditable that Aryabhata was the first among the Hindu
astronomers to recognize that the earth and other planets are not
self-luminous, but receive and reflect the sun’s light.

Again Aryabhata is the first among the Indian astronomers in
stating that the rising and setting of the sun, the moon and other
heavenly bodies are due to the relative motion of the earth caused
by the rotation of the earth about its own axis.

Eclipse
chadayati $asi saryam Sasinam mahati ca bhiicchayal
— Aryabhatiyam 4.37
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The moon eclipses the sun and the great shadow of the earth
eclipses the moon.

Conclusion

Mathematics is like an ocean rough, boisterous and fearful on the
surface, but having pearls and gems of the purest ray serene in the
bottom. From the finite, mathematics leads us on to the region of
the infinite.

The credit of systematizing the knowledge of astronomy
and mathematics existed prior to him and providing them a
social foundation surely goes to Aryabhata, Like Plato in Greek
philosophy, Aryabhata is the uncrowned emperor of Indian
astronomy and mathematics.
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Indian Astronomy

in Direct Contrast to that of the West
With Special Reference to Siddhanta Sarams$a

B.H. Tukaram

The earth is neither rotating around its own axis nor orbiting the

sun.

In reality the sun, moon, stars are going around the stationary,

spherical earth just as observed and as our ancient astronomical
texts say. But for the manuscript heritage of Indian astronomy,
which was handed over to us through generations by our maharsis,

we would have fallen prey to the assertions of mainstream science’s
existing deceitful, fraud-ridden, unverifiable and state-funded
model of the universe, the so-called heliocentric model. Let me
elaborate pointwise:

1.

There is no proof that the earth rotates on an “axis” daily
and orbits the sun annually.

. All the precise calculations for the space programme are

based on a non-moving earth.

. All of the precise calculations describing eclipses are based

on a non-moving earth.

. Indeed calculations, based on navigation, satellite movements,

on anything which demands accuracy, are formulated on the
basis of a stationary earth.

. As per Marshall Hall, who wrote a book, The Earth Is Not

Moving, which is published in USA, no experiment has shown
the earth to be moving at thirty-two times rifle bullet speed
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(RBS) in solar orbit and 250 times RBS around a galaxy. One
would think such speeds would flap one’s collar a little even
if the “science” establishment says no!

Nowadays, this idea is picking up in the West. The logic against
moving earth is overpouring. The learned listeners may take pains
to go through Hall’s book.

Our Itihasas, Puranas and astronomical texts all said long ago
about the geocentric model of the universe.

In Ramayana, while telling the greatness of Hanuman to Rama,
Sage Agastya says:
asau punarvyakaranar grahisyan siryonmukha prastumanah
kapindrah
udyadrirerastagirim jagama grantham mahaddharaya-
naprameyah!
— Uttara Kanda 36.45

Which tells us that Hanuman learnt vyakarana and got his doubts
cleared by sun god, moving along with him from east to west.

In Mahabharata, priest Dhaumya narrates various facts about
the universe to King Yudhisthira in Vanaparva:

enamtvaharaharmerum saryacandramasau dhruvam |
pradaksinamupavrtya kurutah kurunandana |

0! son of Kurus! the sun and the moon, everyday, go round this
Meru, coursing in an opposite direction.

Jyotimsicapyasesena sarvanyanagha sarvatah |

pariyanti maharaja girirajar pradaksinam ||

And O sinless one! O mighty monarch, the other luminaries also
go round this king of mountains in the self-same way.

evamesa caranpartha kalacakramatandritah |

prakarsan sarvabhiitani savita parivartate | |

O Parthal Ranging thus, the sun unerringly turns on the wheel
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of time, influencing the created things.

santatagatiretasya naisa tisthati pandavai
adayaiva tu bhitanarn tejo visrjate punahi

His course is unceasing, he never rests, 0 Pandaval withdrawing
the energy of all beings, he again renders it back.!

Now let us take a look at our Siddhanta books which reflect the
greatness of our ancients.
From Siirya Siddhanta:

param jyotistamah pare siryoyam saviteti ca |
paryeti bhuvananyesu bhavayan bhiitabhavanah | |

This Sun, likewise named Savita, the supreme source of light
upon the border of darkness — he revolves bringing beings into
being, the creator of creatures.

rathe visvamaye cakram krtva sarmvatsaratmakam |
chandarsyasvastatra yuktva paryatatyesa sarvada | |

Having made for his chariot, which is composed of the universe,
a wheel consisting of the year, and having yoked the metres as
his steeds, he revolves continually.

madhye samantadandasya bhiigolo vyomni tisthati |
vibhranah paramarn $aktirm brahmano dharanatmikam

Quite in the middle of the egg, the earth globe (bhigola) stands
in the ether, bearing the supreme might of Brahma, which is of
the nature of self-supporting force.?

From Aryabhatiyam:

vrttabhapafijaramadhye kaksyaparivestitah khamadhyagatah |
mrjjalasikhivayumayo bhiigolah sarvato vrttah |

! These English translations are taken from the book of Pratapacandra
Roy, which was published by Oriental Publishing Co., Calcutta.

2 This translation of the verses is taken from the book of Ebenezer
Burgess, Siirya-Siddhanta: A Text Book of Hindu Astronomy.
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The globe of the earth stands (support less) in space at the centre
of the circular frame of the asterisms (i.e. at the centre of the
bhigola) surrounded by the orbits (of the planets). It is made up
of water, earth, fire and air and is spherical (circular on all sides).?

From Paficasiddhantika:

paficamahabhiitamayastaraganaparijare mahigolah |
khe ’yaskantantastho loha havavasthito vrttah ||

From Mahasphuta Siddhanta:

Sasi saumya bhrgu ravikuja guru $ani kaksyavestito bhaksyantah |
bhiigolah satvanarh subhasubhaih karmabhirupattah

The above verses also are in support of the geocentric and
stationary universe.

Our ancients were well adept in the vedha of the planets, i.e.
they used to find with utmost accuracy the true sayana longitudes
of the planets with the help of their own instruments which were
explained in our Siddhanta books. Jagannatha was the last one as
per the records who wrote a Siddhanta text with the necessary
corrections in the mean positions of the planets with the help
of yantras like bhitti-yantra, yantra-saramsa, rama-yantra and
jayaprakasa-yantra along with the other regular yantras of the earlier
Siddhantic texts. He also calculated the maximum declination of
the ecliptic.

He says in his Siddhanta Saramsa:

atra yantraih paramakranti niscayah krta 23° 28" |

The maximum declination of the ecliptic was found to be 23° 28'.

anyo’pi kascidagre niscayari kartumicchati cettenapi yantraih
krantyadinam niscayah karyah

yatosya kalantarena vyavastha bhinnd astil

3 This translation is of K.S. Shukla and K.V. Sarma, in their book,
Aryabhatiyam of Aryabhata, Published by Indian National Science
Academy, New Delhi, 1976.



INDIAN ASTRONOMY IN DIRECT CONTRAST TO THAT OF THE WEST | 149

Anyone who wants to decide the declination, etc. of the planets,
in future, has to observe through yantras and take into account
the observations of one’s time as they keep varying with time.

ye vedhe ayati sa eva grahah phaladano ayanamsah 19°

47' Sake 1652 vedhitagrahesu Sodhyah | tada te grahah

nirayandvasisyante| ayanamsanam gatistu saptabhirvarsaih

eko 'msa niscitasti
Which means only those planets, whose longitudes are corrected
as per vedha, are effective in giving the desired results. Ayanamsa
19° 47" has to be deducted in the year ce 1730.

Ayanagati (rate of precession of equinoxes) is 1° per 70 years,
i.e.0°0'51.43". Even Bhaskaracarya in his Siddhantasiromani says:

One has to accept the rate of precession of equinoxes of one’s
time.

Presently, it is 0° 0' 50.27", i.e. 1° per 72 years approximately. The
ayanasiinya year is 421 Salivahana Saka, i.e. ce 499 as per our Indian
astronomical texts. Therefore the present ayanamsa should be
21° 7', but not 24° 1' as is being calculated by Rastriya Paficanga
which is against Indian astronomy. Rastriya Paficanga took the
zero ayanamsa year as ce 285 which is against the view of our
astronomers. Even Varahamihira confirms in his texts that the
ayanamsa was zero in his time and in the calculation of kranti of
the planets, he takes ce 505 as zero ayanamsa year.

Finally, I conclude with these few words. The greatest
superstition of today is the thinking that until the age of Galileo
or Newton, man was ignorant. This fictitious belief has been
systematically spun by a section of the Western thinkers and
assiduously contrived by some of their Indian counterparts. Before
Darwin, there was Kanada in India, before Newton there was
Bhaskara and before any other physicist or biologist worth his name
came on the scene, there were sages like Parasara and scientists like
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Varahamihira who were creative innovators and who recognized
the simple but profound truth that man and the universe were not
unrelated. The strivings of these sages are our heritage and they
found the way by means of which we can unlock the doors of time.

Our ignorance, pride and prejudice come in the way of our
appreciating the wisdom of our ancients while we have acquired
a knack to nod our heads in approbation, if the same principles
come out of the mouths of the so-called modern scientists. This
unhealthy tendency should be put to an end.



14

Astronomical Knowledge
of the Telugu Classical Poets

M. Prabhakara Rao

yad vac vadanti avicetanani rastridevanam nisada mandra\
catasra tirjan duduhe payarmsi kva svidasyah paramar jagam
— Rgveda VIIL.100.10

Tre seer of this mantra is Nema, and the presiding deity of this
mantra is Vag Devi. The translation of H.H. Wilson, runs as follows:

When Vac, the queen, the gladdener of the gods, sits down (in
the sacrifice) uttering things not to be understood as she milks
the water and food for the four quarters (on the earth). Whither
now is her best portion gone?

The greatest importance of sarasvati mandala or vina mandala in the
Milky Way galaxy is that moon is rotating around the earth and the
earth is rotating around the sun. The sun, in turn going in a high
velocity of speed from south to north direction towards the star
Abhijit (Vega) in vina mandala.

Actually vina mandala and visnu mandala are one and the same.
This vina or sarasvati mandala which is located in the centre of Milky
Way galaxy is the celestial broadcasting station of radio waves for
the entire universe. This secret has been conceived by the Vedic
seer Nema in Rgveda.

Now, I will try to explain the Vedic mantra: vac vadanti avicetanani.
Vadanti means “uttered”. What was uttered? vac avicetanani. Sayana
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in his commentary on Rgveda explains thus: vac avicetanani = vijfiana
rahitan, aprajiiatanarthan, vadanti = prajiiapayanti.

Hence, avicetanani means avijiiatani. The exact translation of
H.H. Wilson is “uttering things not to be understood”. Monier-
Williams in his dictionary states “unintelligible” for the word vac
avicetanani.

Thus, we can arrive at a conclusion about the nature of vac in
the Milky Way (vina mandala).
Stage 1: cetand = caitanya, intelligible (jiiata)
Stage 2: vicetand = caitanyarahita, ajfiata (not known)

In Atharvaveda it is said avicetana means “senseless, unconscious,

dead”.
The opposite meaning of vicetand is avicetand.

Stage 3: avicetana = caitanyatita, avijiata (unintelligible) (utterance
not to be understood).

That which is caitanyatita (over and above the conscious)
varnandtita (inexplicable utterance) is the vagatita (= supramundane
vac).

Hence, we may arrive at a conclusion that avicetana vac is
entirely different from cetana vac (i.e. vaikhari), so, avicetana vac is
none other than para vac.

We may safely corroborate this concept with sahasrara padma in
the human mind of a kundalini yogi. Sarasvati mandala is none other
than sahasrara padma in the kundalini yoga. The hissing sound of
kundalini serpent is corroborated with avicetana vac in vina mandala.

That is why, in Lalitasahasranama it is said:

gambhira gaganantastha-gandharva ganalolupa-samagana

priya saumya-gurumandala rapini|
This entire verse points out to vind mandala, situated in the Milky
Way galaxy, which sends radio waves to the entire universe.
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In Latin language vind is called lyra, and in English language it
is “lyre”. Below this vina mandala there is a scene which is totally
covered by snow. Western scientists called it as Ring Nebula. Indian
seers called it padma (i.e. lotus flower).

The great poet Srinatha in his prabandha Srngara Naisadha
(1.100) called it as:

podavu migilina pondammi piivul
A lotus flower with its elongated twig.

From this lotus flower scene one star emerged. It doubled into two
stars and that two became four stars. These four stars are called
Caturmukha Brahma, God Brahma with his four faces. He is sitting
on the lotus flower. Brahma performed a great penance and created
Vac, called Sarasvati. This Vac, at the earliest stage, is called Para
Vac (supramundane Vac) which was unintelligible. This Vac is
described in Rgveda as vac avicetanani.

Hence, Vag Devi is called as:
mano vacamagocara

By mind or speech, it is a hard nut to crack.
antarmukha samaradhya bahirmukha sudurlabha

By internal penance only we may conceive the presence and not
by outward worship.

yato vdco nivartante aprapyamanasa saha
— Taittiriyopanisad

Our human utterance through vocal cavity (i.e. vaikhari vac) will
turn back to us, because mind’s capacity is very low to go to that
unreachable heights of truth.

The main reason for this unintelligible utterance is that in the
celestial space vdc is avyakrta (unsystematic). Moreover the vdc in
the parama vyoma is sahasraksara says Rgveda:
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gaurirmimdya salilani taksat ekapadi dvipadi sa catuspadil
astapadi navapadi bebhiivusi sahasraksara parame vyomani
—1.164.11

The sahasraksara parama vac: This thousand-syllabled speech is
called Sarasvati and she is in the form of salila (primordial waters
before creation) in the form of a stream.

ambitame naditame devitame sarasvati

She flows from brahma saras in the form of a stream. Brahmasaras
in modern psychology is collective unconsciousness. From this
collective unconscious state of mind the stream Sarasvati flows.
To that goddess all the poets pray for divine celestial inspiration
to produce best poetry in this mundane world.

In the classical Telugu literature the first and foremost poet
Nannayabhatta (ce 990-1055) described rdjaharmsa (Cygnus) on a
full-moon day in the August (Sarad rtu).

bhi satikin divam bunaku bolpasagarga Saratsamagamar
pa sakala pramodakaramai vilasille maharsi mandalo
pasita rajaharisa gati bhati prasanna sarasvatikam
bhyasana sobhitambagucu nabjajuyanamuto samanamai

First of all he praised dyavaprthivi dampatya as said in Taittiriyopanisad.
Rajaharhsa is nothing but hamsa in the Veda.
bibhatstinam sayujam hamsa
muhurapam divyanam sakhye carantam
— Rgveda

In the previous mantra, taksat means disturbance in the primordial
waters. This disturbance is controlled to steadiness by hamsa, i.e.
the avydkrta state of syllables is brought into vyakrta state. (Hence,
hamsa is called as nira-ksira viveka). Thus, Sarasvati will become
Prasanna Sarasvati.

hamsa = hag - msa

hag-msah Sucisad vasurantariksa sat
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— Rgveda

Near the Jyestha and Sravana stars, the Milky Way is situated.
This is the Ksirasagara, according to Vedic seers. Lord Visnu on
thousand-hood serpent reclaims on the Ksirasagara. Visnu is called
as Harikule$a (Hercules). Hence, among northern direction of stars
this Hercules can be seen. This is the paramapada or Lord Visnu.

tadvisnoh paramapadam sada pasyanti sirayah

Two Sanskrit Incriptional Evidences
Describing the Milky Way

We come across two inscriptions made. During the reign of Aravidu
dynasty of Vijayanagara.

1. Viraipaksa copper-plate inscription, ce 1576
2. Srirama copper-plate inscription, ce 1644

These two inscriptions describe the Ksirasagara (Milky Way)
in the celestial space.

Jjayati ksira jaladherjatam savyeksanam hareh|
alabanam cakoranam amarayuskarammah
— $loka 5

The moonlight is described like thus. The moon is born from the
Milky Way (Ksirasagara) and it is the left eye of Lord Visnu. And
it is the supporting pillar of cakora birds, and the angel’s life is
prolonged by the full-moon light.

yasyati praudhatejassavitara vimatadhvanta bhedinyudite
ksirarnantasputatara vikasatpundarikopamasyal
Svetachatrasya madhye kanaka lasika bhasate karnikabha
tasyopante maraladvyamiva vicalita ccamara dvandvamadste |
— Sloka 23

King Tirumalaraya’s valour is like the sun. Like the sun which
dispels darkness, he conquered his enemies. At that juncture in the
Milky Way white lotus $veta padma blossomed and that lotus looked
like a white umbrella ($veta chatra) in the middle of which golden
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spot shined like a karnika of the white lotus flower”. Very near to
this white umbrella there is a pair of swans which looks like a pair
of fans (white camaras) in the Milky Way.

Kalidasa in his Raghuvamsa says that a king’s royal attire
depends on three things. 1. Sasiprabha (moon decked plexy), 2. sveta
chatra (white umbrella), and 3. two camaras (two fans prepared
with the tail of camari mrga). All these three things are described
in the above verse.

Allasani Peddan Who Described God Brahma

Andhra Kavita Pitamaha Allasani Peddan, the first court-poet
of Krsnadevaraya, true to his title described Brahma in his
introduction to Manucaritra.

nalugu momulan nigamanadamuluppatilan bracandai
vatiila hatin janificu rodatodi guhavali . . . 11

In these two lines roda (hissing sounds), guha (unintelligible and
un-understandable) is our question in this context.

From the four faces of Brahma the Vedic chants are uttered but
because of the large gust of air surrounding Brahma the sounds are
becoming unintelligible and difficult to understand.

Sculptural Evidence

In the Mukhalingam Temple there is a beautiful sculpture of
Sarasvati, which is described as follows:

The remarkable carving of Goddess Sarasvati playing the vind is
done on one of the 895 pillars decorating the Sarasvati Mandapa
of Madura (Tamil Nadu). It is a great sculpture in the Nayaka style
belonging to fifteenth century. —Bharati,February 1926

Likewise in the interior ceiling of the mukhamandapa of the
Mahanandi Temple, a beautiful sculpture of Sarasvati can be seen
(Bharati 1947).

King Bhoja of Dharanagara who worshipped Vag Devi can
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be seen now in the British Museum, London. And Vi$ve$vara
Kavicandra, a rhetorician, who wrote Camatkara Candrika, started his
work eulogizing Vag Devi who is none other than Vedic Sarasvati.

Correlating with a Modern Painting

Beyond the boundaries of death there is heard an euphonic sound of
music. That all-pervading universal music is heard by the painter.
And he tried to depict that experience in a painting. This music
bears the existence of this universe which is sacred and celestial.
This universal rhythmic sound is called chanda or spanda. In Vedic
times it was called rtam, the modern rhythm. The word rta which
is an everlasting dharma, which bears this entire universe.

Chirico made a modern painting. In it a human skeleton is
depicted and that skeleton is holding a lyre (vina) in its hands. The
universal dharma is represented in the form of skeleton. A critic
says:

The artist is haunted by the unheard sounds of Apollo's lyre, the
music that has called him.

Correlation with English Literature

The oldest name for lyre is shell. In the Greek mythology the
goddess of speech is called Apollo. In the early stages, the shell of
a tortoise was used for preparing a lyre. Hence, shell is the oldest
name for lyre. Jubal first prepared a lyre with the tortoise’s shell.
It was a primitive lyre.

John Dryden and Thomas Gray recalled to their memories the
oldest lyre called the shell.

John Dryden (ce 1631-1700) in his elegy called “St. Cecilia”

says:

What passion cannot music raise and quell

when Jubal struck the chorded shell

His listening brethren stood around
and, wondering on their faces fell
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to worship that celestial sound

Less than a god they thought there could not dwell
within the hollow of that shell
that spoke so sweetly and so well
what passion cannot music raise and quell.

John Dryden also wrote a poem called “Alexander’s Feast” in which
he invoked the goddess of muse.

Thomas Gray (ce 1716-71) also in his poem “Progress of Poesy”
says:
Awake, Aeolian lyre, awake
And give to rapture all thy trembling strings
From Helicon's harmonious springs (lines 1-3). . .

0 sovereign of the willing soul
parent of sweet and solemn breathing airs
enchanting shell! The seven cares (lines 13-15)

Greek Philosophers and Their Contributions

Ptolemy, in the year ce 137 prepared Almagest, which is called
Ptolemy’s Great Catalogue. This work is a revised and enlarged
version of a catalogue prepared by Hipparchus in ce 140. In addition
to this Aratus who hails from Soli, wrote a book called Phenomena in
the year 280 sce. This work describes in detail about all the galaxies
in the universe.

For this work, Eudoxus’s astronomical work written in 370 Bce
is the basis.

What is a star? A self-luminous gaseous body is called a star.
Taittiriya Brahmana (1.5, 2.5) say:

salilam va idamantarasit yadantaram
tattarakanam tarakatvam |

From the primordial waters (salila) when creation was started, at
that stage some water bubbles with gas (vayu) inside became stars.
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According to modern astronomy, Albert Einstein says “Each staris a
sun”. In Indology also kotisiirya samaprabha, udyat bhanu sahasrabha
all these dictums confirm that there are crores and crores of suns
and ultimately each star is a sun.

Aratus in his book Phenomena described the Milky Way thus:

Broad and ample road whose dust is gold
And permanent stars as stars to thee appear
Seen in the galaxy, that Milky Way

Which nightly on a circling zone thou seest
powdered with stars

Edwin Hubble pointed out in 1925 that his 100-inch telescope of the
Wilson Observatory had located what are called stellar universes
in the form of spiral Nebulae. Our Milky Way is one of such spiral
Nebulae and it is estimated that it consists of about ten thousand
crores of suns among which our sun is a humble yellow dwarf! There
are gaints and super-gaints too among these suns. It is reported
that a super-gaint star could accommodate millions of stars like
our sun. Remember that the diameter of our sun is reported to be
8,64,000 miles, now imagine the dimension of a super-gaint star.

Again it is estimated that the universe consists of nearly ten
thousand crores of galaxies. This means that the universe consists
of ten thousand crores multiplied by ten thousand crores of suns
and as such is termed as metagalaxy. Also, light travelling at the
speed of three lakh kilometres per second and it is reported; takes
billions of years to reach us from the distantest galaxy. What a
wonderful universe we have stumbled into!

Ptolemy who hailed from Alexandria completely explained
about the Milky Way. Aratus in his Phenomena described vina
mandala as follows:

There is the shell but small, and this whilst yet

Encradled, Hermes pierced and called it Lyre

Fronting the unknown form (i.e. the kneeler) he set it down
When brought to Heaven.
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With bear eye an astronomer C. Easton surveyed the total Milky
Way and has drawn a big diagram. La Voie Loctec Dans L’ Hemisphere
Borcal in his boot. In the Milky Way galaxy Cygnus (harisa) was
drawn. Before him Hermann Kleen, Julius Schmidt, Heyes, Gould
Trovelout and Bodeckker tried their level best to explain the secrets
of Milky way.

Aratus in his Phenomena described the Cygnus (hamsa) as
follows:

There is in front another arrow cast
without a bow, and by it flies the bird
nearer the north and nigh a second sails
Lesser in size but dangerous to come

from ocean when right flie the Eagle named.

Modern Researchers
KARL GUTHE JOHNSKY: WHO FIRST DISCOVERED RADIO WAVES

In the twentieth century serious and a series of researches on
the Milky Way led to the discovery of radio waves emerging from
the galaxy. As a consequence radio astronomy, a new branch of
knowledge has been emerged.

Karl Guthe Johnsky (1916-50), an young scientist of 19 years,
working at Holmdell (New Jersey-America) joined in the Bell
Telephone Research Centre as a technical expert. He became the
father of radio astronomy.

Johnsky wrote three research papers on the “cosmic hiss”
emanating continuously from the centre of the Milky Way.

1. A Steady Week Hiss of Unknown Origin.
2. Electrical Disturbances Apparently of Extra-terrestrial Origin.
3. A Note on the Source of Interstellar Interference.

All these three papers were published in the Proceedings of the
Institute of Radio Engineers, in 1932, 1933 and 1935.

First of all he thought that continuous sound from the Milky
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Way is due to aerial disturbances, next he opined as sun, and later
to that of stars. Finally he came to a conclusion that interstellar
interference is the cause for the continuous sound.

On the researches of Johnsky, New York Times (5 May 1933)
published a news with a caption, “The New Radio Waves Traced to
the Centre of Milky Way” on the front page.

A commentator working in the American Radio Program
announced like this: “I want you to hear for yourself this radio hiss
from the depths of universe”. People listened to it for ten minutes.
A newspaper reporter described the “hiss” like this: “It sounded
like steam escaping from a radiator”.

Unfortunately Johnsky died in 1950 at the age of 44. His
contribution towards the radio astronomy is always remembered.
To put it in a nutshell:

Close to the centre of the Milky Way, in Sagittarius (Dhanus), it
was from here that Karl Johnsky first heard radio noise from the
stars. The circling planets singing on their way is very curious
to listen.

HARLOW SHAPLEY: THE MAPPER OF THE MILKY WAY

Harlow Shapley, a professor in the Harvard University, exactly
located the spot from which the cosmic hiss is coming out. It is
from the constellation of lyra (vina mandala), that is very near to the
star Vega (Abhijit). This sound is emerging continuously without
any interruption.

His discoveries about the Milky Way are as follows:
1. Our sun is also one of the stars in the Milky Way.

2. Hediscovered a new star Cepheid, with which he subsequently
discovered globular clusters around the Milky Way. The
arrangement of clusters gave him a clue to scale the distance
between the Milky Way galaxy and its centre point from
which the sound is emerging.
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Hence, Shapley is described as the mapper of the Milky Way. As
aDirector of the Harvard Observatory he with his associate Adelaide
Ames both prepared a book entitled Shapley-Ames Catalogue of Bright
Galaxies, which is an authoritative book on the Milky Way.

RAYAPROLU SUBBARAO

A pioneer among the modern Telugu poetry along with Gurajada
Apparao, Rayaprolu Subbarao (1892-1980) compared Telugu
language and literature with the Milky Way amidst other Indian
languages.

sobagu leyayu tarakala rasulaku naduma
darsaniyamau ksira pathambu pagidi
desa bhasa pravaha vidhikalalona
tenugupaya rafijilu tene tonukulada

— Andhravali

VISVANATHA SATYANARAYANA AND HIS
ASTRONOMICALKNOWLEDGE

A stalwart among modern Telugu poets who wrote more than 100
creative works to his credit, Kavisamrat Vis§vanatha Satyanarayana’s
(1895-1976) first poem “Andhra Paurusamu” (1916) starts with
the invocation of Sarasvati, who is residing in the Milky Way and
playing the vina continuously without any interruption.

sri padmakaracamaranila hrta svedama buvoumena di
vyapangammula nivu lokamula brovan vinda vayificu co

niparama nirantara dhvanita tantrinada santana
mamma palkificagadamma! visva jagadamba! rajarajesvari!

Why the Goddess Sarasvati playing the vina continuously?
Visvanatha answers that to protect and safeguard this mundane
world from the confusion and chaos. Speech is the pivot of the
human life. Without speech no human being survive happily. Clear
utterance of one’s idea in speech clears the confusion between the
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mutual friendship among the people. Hence speech is the divine
gift for human beings.

The third line in the above poem is most important in the
context which reveals the astronomical knowledge of the poet:

niparama nirantara dhvanita tantrindda santana

Nipa is a Sanskrit word which means a kadamba tree. This is also a
Sanskrit word. In Telugu it is called kadimi cettu. The upapakas of
Sakti or Devi cult worship Goddess Durga/Lalita, etc., who is sitting
under the shade of a kadamba tree. Hence, Goddess Durga/Lalita is
called as Kadamba Vanavasini, Kadamba Kusumapriya, Kadamba
Maiijari, Klapta Karnaptra Manohara (Lalita Sahasranama).

The flowers of kadamba tree are very small one like the
twinkling stars in the sky. Hence, the poet compared the fully
blossomed kadamba tree with the constellation of stars in the
Milky Way.

And the goddess is playing vina continuously. This continuous

performance without any interruption is described by the poet
like this.

nirantara dhvanita tantrinada santanamu

which means,

nirantara = continuous

dhvanita = sounding or resounding
tantrindda = stringed euphonic sound
santanamu = flow of musical notes

How the goddess looks is described by the poet as follows:

Divya apanga: By her divine compassionate, merciful looks, she is
playing vina (lyre), with a aim to protect the entire universe.

Visva Jagadamba: Visva means universe. Jagadamba means jagat
+ amba. What is jagat? This mundane world is called jagat. The
etymology of jagat is gacchatiti jagat. That which goes on without a
halt is called jagat. It is a continuous stream of human beings coming
and going. When the Goddess Sarasvati playing the vina (lyre), it
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means she is invoking the universal rhythm and dharma on which
this mundane world (jagat) stands and survives.

Amba means mother. Veda called goddess Sarasvati as Amba
and Devi. For the survival of our day-to-day life for ever, she is
playing the divine vina called kacchapi. The name of the vina of
Sarasvati is called kacchapi. The vina is compared with the six
cakras of kundalini yoga. The seventh one sahasrara is fixed, which
is in the form of thousand-petalled lotus flower with upside down
in the human brain.

Hence, we may arrive at a conclusion that Kavisamrat
Vi$vanatha, exactly knows the secret of celestial sound of vina
mandala which is continuously flowing to activate this entire
universe from the deep slumber. That is why Thomas Gray invoked
this divine muse like this:

Awake, Aeolian lyre, awake

In the same way Kavisamrat Vi§vanatha also says: palkificagadamma!
— O Goddess Sarasvati! give me this divine and sacred utterance
in my poetry to uplift this mundane world with a great message.

Conclusion

“The universe is a restless place: stars nebulae, galaxies and all the
vast gravitational system of outer space are incessantly in motion”,
says Albert Einstein (The Universe and Dr. Einstein).

The gods are always immersed in good activities. Those
incessant activities are represented in the Milky Way in the form
of a continuous cosmic music which has been developed into
several languages in the world for communication through which
we humanity achieved prosperity and welfare.
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Aryabhata on Truths of Astronomy

P. Chinnaiah

AryaBHATA (cE476-550) is one of the greatest astronomers the world
has ever produced. He was born in Pataliputra in Magadha, modern
Patna in Bihar. Many are of the view that he was born in the south
of India, in Kerala and lived in Magadha at the time of the Gupta
rulers. However, there exists no documentation to ascertain his
exact birthplace. There is no evidence that he was born outside
Pataliputra and travelled to Magadha, the centre of instruction,
culture and knowledge for his studies where he even set up a
coaching institute. However, early Buddhist texts describe ASmaka
as being further south, in Daksinapatha or the Deccan, while other
texts describe the ASmakas as having fought Alexander.

But there is no doubt that he lived in Pataliputra where
he wrote his famous treatise the Aryabhata Siddhanta but more
famously Aryabhatiya, the only work to have survived. Evidences
justify that in Taregana Bihar, Aryabhata set up an Astronomical
Observatory in the Sun Temple in sixth century. It is believed that
here he proposed the Heliocentric Model, and suggested for the first
time in history that earth revolves around the Sun. Aryabhata is
the father of scientific astronomy and mathematics of the Hindus.
He wrote his Kala-Kriya (calculation of time) here at the age of 23,
i.e. ce 499.

It is fairly certain that, at some point, he went to Kusumapura
for advanced studies and that he lived there for some time. Both
Hindu and Buddhist traditions, as well as Bhaskara I (ce 629),
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identify Kusumapura as Pataliputra, modern Patna. A verse
mentions that Aryabhata was the head of an institution (kulapati)
at Kusumapura, and, because the University of Nalanda was in
Pataliputra at the time and had an astronomical observatory, it is
speculated that Aryabhata might have been the head of the Nalanda
University as well. Aryabhatiya presented a number of innovations in
mathematics and astronomy in verse form, which were influential
for many centuries. The extreme brevity of the text was elaborated
in commentaries by his disciple Bhaskara I (Bhasya, c. ce 600) and
by Nilakantha Somayaji in his Aryabhatiya Bhasya (ce 1465).

Aryabhata knew that the earth spins on its axis, the earth moves
round the sun and the moon rotates round the earth. He talks about
the position of the planets in relation to its movement around the
sun. He refers to the light of the planets and the moon as reflection
from the sun. Aryabhata gives the radius of the planetary orbits
in terms of the radius of sun orbit as essentially their periods of
rotation around the sun. He believes that the moon and planets
shine by reflected sunlight: incredibly he believes that the orbits of
the planets are eclipses. He correctly explains the causes of eclipses
of the sun and the moon. The Indian belief up to that time was that
eclipses were caused by a demon called Rahu.

Bhaskara I who wrote a commentary on Aryabhatiya about 100
years later wrote of Aryabhata:

Aryabhata is the master who, after reaching the furthest shores
and plumbing the inmost depths of the sea of ultimate knowledge
of mathematics, kinematics and spherics, handed over the three
sciences to the learned world.

Aryabhata mentions in Aryabhatiya that it was composed 3,630 years
into the Kali-yuga, when he was 23 years old. This corresponds to
ce 499 and implies that he was born in ck 476.

Aryabhata is the author of several treatises on mathematics and
astronomy, some of which are lost. His major work, Aryabhatiya,
a compendium of mathematics and astronomy, was extensively
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referred to in the Indian mathematical literature and has survived
to modern times. Arya Siddhanta, a serious work on astronomical
computations, is known through the writings of Aryabhata’s
contemporary, Varahamihira, and later mathematicians and
commentators, including Brahmagupta and Bhaskara I. This work
appears to be based on the older Sirya Siddhanta and uses the
midnight-day reckoning, as opposed to sunrise in Aryabhatiya. It also
contained a description of several astronomical instruments: the
gnomon ($ariku-yantra), a shadow instrument (chdya-yantra) possibly
angle-measuring devices, semicircular and circular (dhanur-yantra/
cakra-yantra), a cylindrical stick yasti-yantra, an umbrella-shaped
device called the chatra-yantra, and water clocks of at least two
types, bow-shaped and cylindrical. A third text, which may have
survived in the Arabic translation, is Al-natf or Al-nanf. It claims
that it is a translation by Aryabhata, but the Sanskrit name of this
work is not known. Probably dating from the ninth century, it is
mentioned by the Persian scholar and chronicler of India, Abu
Rayhan al-Biruni.

Direct details of Aryabhata’s work are known only from the
Aryabhatiya. The name Aryabhatiya is due to later commentators.
Aryabhata himself may not have given it a name. His disciple
Bhaskaral calls it Aémaka Tantra (or the treatise from A§maka). It is
also occasionally referred to as Arya-satasta (literally, Aryabhata’s
108), because there are 108 verses in the text. It is written in the
very terse style typical of Suitra literature, in which each line is
an aid to memory for a complex system. Thus, the explication
of meaning is due to commentators. The text consists of the 108
verses and thirteen introductory verses, and is divided into four
padas (chapters):

1. Gitikapada (13 verses): Large units of time — kalpa, manvantara
and yuga — which present a cosmology different from earlier
texts such as Lagadha’s Vedanga Jyotisa (c. first century scE).
There is also a table of sines (jya), given in a single verse. The
duration of the planetary revolutions during a mahayuga is
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given as 4.32 million years.

2. Ganitapdada (33 verses): Covering mensuration ksetra
vyavahara, arithmetic and geometric progressions, gnomon/
shadows sarnku-chaya, simple, quadratic, simultaneous and
indeterminate equations.

3. Kalakriyapada (25 verses): Different units of time and a method
for determining the positions of planets for a given day,
calculations concerning the intercalary month adhikamasa,
ksaya tithis and a seven-day week with names for the days of
week.

4, Golapada (50 verses): Geometric/trigonometric aspects of the
celestial sphere, features of the ecliptic, celestial equator,
node, shape of the earth, cause of day and night, rising of
zodiacal signs on horizon, etc. In addition, some versions
cite a few colophons added at the end, extolling the virtues
of the work, etc.

Aryabhata’s system of astronomy was called the audayaka
system, in which days are reckoned from udaya, dawn at Lanka
or “equator”. Some of his later writings on astronomy, which
apparently proposed a second model (or ardha-ratrika, midnight)
are lost but can be partly reconstructed from the discussion in
Brahmagupta’s Khandakhadyaka. In some texts, he seems to ascribe
the apparent motions of the heavens to the earth’s rotation. He
may have believed that the planet’s orbits as elliptical rather than
circular.

Aryabhata correctly insisted that the earth rotates about its
axis daily, and that the apparent movement of the stars is a relative
motion caused by the rotation of the earth, contrary to the then-
prevailing view in other parts of the world, that the sky rotated.
This is indicated in the first chapter of Aryabhatiya, where he gives
the number of rotations of the earth in a yuga, and made more
explicit in the Goladhyaya chapter:
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In the same way that someone in a boat going forward sees an
unmoving (object) going backward, so (someone) on the equator
sees the unmoving stars going uniformly westward. The cause of
rising and setting (is that) the sphere of the stars together with
the planets (apparently) turns due west at the equator, constantly
pushed by the cosmic wind.

Aryabhata described the motions of the planets are each governed
by two epicycles, a smaller manda (slow) and a large Sighra (fast).
The order of the planets in terms of distance from earth is taken as:
Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn and the asterisms.

The positions and periods of the planets were calculated
relative to uniformly moving points. In the case of Mercury and
Venus, they move around the earth at the same mean speed as
the sun. In the case of Mars, Jupiter and Saturn they move around
the earth at specific speeds, representing each planet’s motion
through the zodiac. Most historians of astronomy consider that
this two-epicycle model reflects elements of pre-Ptolemaic Greek
astronomy. Another element in Aryabhata’s model, sighrocca,
the basic planetary period in relation to the sun, is seen by some
historians as a sign of an underlying heliocentric model.

Solar and lunar eclipses were scientifically explained by
Aryabhata. Aryabhata states that the moon and planets shine by
reflected sunlight. Instead of the prevailing cosmogony in which
eclipses were caused by pseudo-planetary nodes Rahu and Ketu,
he explains eclipses in terms of shadows cast by and falling on
earth. Thus the lunar eclipse occurs when the moon enters into
the earth’s shadow (verse gola 37). He discusses at length the size
and extent of the earth’s shadow (verses gola 38-48) and then
provides the computation and the size of the eclipsed part during
an eclipse. Later Indian astronomers improved on the calculations,
but Aryabhata’s methods provided the core. His computational
paradigm was so accurate that eighteenth-century scientist
Guillaume Le Gentil, during a visit to Pondicherry, India, found
the Indian computations of the duration of the lunar eclipse of
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30 August 1765 to be short by 41 seconds, whereas his charts (by
Tobias Mayer, 1752) were long by 68 seconds.

Considered in modern English units of time, Aryabhata
calculated the sidereal rotation (the rotation of the earth
referencing the fixed stars) as 23 hours, 56 minutes and 4.1 seconds;
the modern value is 23:56:4:091. Similarly, his value for the length
of the sidereal year at 365 days, 6 hours, 12 minutes and 30 seconds
(365.25858 days) is an error of 3 minutes and 20 seconds over the
length of a year (365.25636 days).

As mentioned, Aryabhata advocated an astronomical model
in which the earth turns on its own axis. His model also gave
corrections (the sighra anomaly) for the speeds of the planets
in the sky in terms of the mean speed of the sun. Thus it has
been suggested that Aryabhata’s calculations were based on an
underlying heliocentric model, in which the planets orbit the sun,
though this has been rebutted. Aryabhata’s work was of great
influence in the Indian astronomical tradition and influenced
several neighbouring cultures through translations. The Arabic
translation during the Islamic Golden Age (c. ce 820) was particularly
influenced. Some of his results are cited by Al-Khwarizmi and in the
tenth century Al-Biruni stated that Aryabhata’s followers believed
that the earth rotated on its axis.

Aryabhata’s astronomical calculation methods were also very
influential. Along with the trigonometric tables, they came to be
widely used in the Islamic world and used to compute many Arabic
astronomical tables (zijes). In particular, the astronomical tables
in the work of the Arabic Spainish scientist Al-Zarqali (eleventh
century) were translated into Latin as the Tables of Toledo (twelfth
century) and remained the most accurate ephemeris used in Europe
for centuries.

Calendric calculations devised by Aryabhata and his followers
have been in continuous use in India for the practical purposes
of fixing the paficanga (the Hindu calendar). In the Islamic world,
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they formed the basis of the Jalali calendar introduced in ce 1073
by a group of astronomers including Omar Khayyam, versions of
which (modified in 1925) are the national calendars in use in Iran
and Afghanistan today. The dates of the Jalali calendar are based on
actual solar transit, as in Aryabhata and earlier Siddhanta calendars.
This type of calendar requires an ephemeris for calculating dates.
Although dates were difficult to compute, seasonal errors were less
in the Jalali calendar than in the Gregorian calendar.

India’s first satellite Aryabhata and the lunar crater Aryabhata
are named in his honour. An institute for conducting research in
astronomy, astrophysics and atmospheric sciences is the Aryabhata
Research Institute of Observational Sciences (ARIOS) near Nainital,
India. The inter-school Aryabhata Maths Competition is also named
after him, as is Bacillus Aryabhata, a species of bacteria discovered
by ISRO scientists in 2009.
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Dana During Eclipses
An Epigraphical Approach

T. Surendra Reddy

Rererences to eclipse go back to the Rgvedic period. In Rgveda,
Svarbhanu (later became a synonymn for Rahu) is found and he is
considered as a demon and is said to envelop the sun with darkness.
The term Rahu is found for the first time in Atharvaveda. Chandogya
Upanisad also refers to the idea of Rahu devouring the moon during
the eclipse.! Various religious practices are associated with the
eclipses, be it solar or lunar. Some of the practices followed during
eclipses are bathing, fasting, putting darbha grass on prepared food,
offered oblations to the manes, prayers and japa. Wearing band
(patta) on the forehead and offering it to brahmanas afterwards is
prescribed for one in whose natal star the eclipse occurs. Besides,
there are certain activities forbidden during eclipse like indulging
in sex (maithuna), studying or recitation of Vedas.?

All Dharmasastra texts prescribe performance of sraddha at
the time of eclipse. They also assert that one should do dana at
rahu darsana. Dana done at the time of eclipse is considered as
highly meritorious. That is why we find a number of epigraphical
references to danas made on the occasion of eclipses. The present
paper is aimed at the study of this aspect based on the inscriptions
of the Vijayanagara period as a case study. The period of study is

! Jayasri Hariharan, 1995, Eclipses in Hindu Life and Thought, Madras, p.
1.
2 1bid., p. 54.
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from fifteenth to the seventeenth centuries. It is interesting to note
that the number of occasions of solar eclipse is comparatively less,
compared to lunar eclipses.

An inscription of Devaraya I records the grant of land to the
Goddess Talakanti Devi on the occasion of lunar eclipse by the
king. This inscription is dated Saka 1328 vyaya, Marga$irsa Sukla
15 (25 November 1406).° The donation was intended for providing
amrtapadi (sacred food offering) and arga-rarnga vaibhavas to the
deity.

An inscription of Krsnadevaraya, dated Saka 1440 bahudhanya
viksakha paurnami (25 April 1518) states that the well-known Telugu
poet Alsani Peddana gifted some land to the God Sakale$varadeva
of the village Kokata® on the occasion of lunar eclipse. It is stated
that he made the grant in presence of the God Mallikarjuna of
Bejawad on the banks of the River Krsna. Obviously he had holy
bath in the river at the time of eclipse. Here it may be noted that the
Dharmasastras state that taking bath, particularly in holy rivers at
the time of eclipse, is highly meritorious. The grant was made for
maintaining a perpetual lamp (nanda-dipa) in the temple.

An inscription from Raydurg (Anantapur district) dated Saka
1478 Nala, Karttika amavasya (2 November 1556) records a grant of
village called Baginaynipalli along with the asta-bhoga-teja-svamya
to the God Madhavesvara on the occasion of solar eclipse by a local
chief.’ The grant was intended for maintaining all services like daily
food offering, festivities of every dasami day, masotsavas, rathotsavas,
etc. Further, the grant was made for the religious merit (punyarm
ganu) of the donor’s overlord.

One of the inscriptions from the renowed Vaisnava ksetra
Sriperurhbudiir (Tamil Nadu) records the gift of income derived
from certain taxes to the God Adike$ava Perumal on the occasion

* South Indian Inscriptions, vol. XIV, no. 21.
4 1bid., no. 65.
5 1bid., no. 218.
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of solar eclipse which took place in Saka 1494, Angirasa, Asadha
amavasya (9 July 1572).° Obviously the tax income was in the form
of money. The grant was made for the conduct of worship of the
God Tiruvaradhana.

An inscription from Aminabad (Guntur district) records the
gift of half of the village Mullanguru for worship of offering to the
Goddess Durga-Parame$vari Mullanguru-Sakti on the occasion of
lunar eclipse which occurred on the parnima day of the Jyestha
month, cyclic year being bhava in Saka 1496 (4 June 1574).”

An inscription from Madhurapura (Anantapur district) records
the restoration of incomes in cash and grain from certain lands in
Devarapalli by one Chinnappa in favour of the God Chennake$ava-
Alagh-Perumal of that village on the occasion of solar eclipse, which
occurred on the amavasya day of Asadha in cyclic year of vikrti in
Saka 1512 (21 July 1590).2 The grant was made for the religious
merit of the donor’s overlord.

Another inscription from Anumpalli (Anantapur district)
records the grant of land to the God Yaganti$vara on the occasion of
solar eclipse. The inscription is dated Saka 1548 (current), krodhan,
Phalguna, amavasya (17 March 1626). However, the solar eclipse
mentioned in the inscription occurred a month earlier on the
Thursday, 16 February1626.° The grant was made by a uyyala-vahaka
Narandu, for maintaining a lamp in the temple, for the religious
merit of his parents.

The above few references attest to the practice of making
endowments in the form of village or land or money to temples
as it was considered highly meritorious. There are large number
of instances recording grants made on the occasion of eclipses in
the Indian history. It is interesting to note that often such grants

¢ South Indian Inscriptions, vol. XIV, no. 282.
7 Ibid., no. 285.
¢ 1bid., no. 302.
° 1bid., no. 319.
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were made for the religious merit of their own parents or the rulers
of land or overlords. Transfer of religious merit is unique to the
Hindu culture.

The Hindus follow the religious customs prescribed to be
observed during eclipses to a great extent. It must be noted that
even today Hindus take bath twice at the commencement time as
well as the concluding time of eclipses. Those who cannot afford
to have such a bath in holy rivers will certainly take bath in their
respective houses. Practice of putting a piece of kusa grass on food
items at the time of eclipses, as prescribed by the Dharmasastras, is
followed even today. Further, the Hindus avoid taking food during
the time of eclipse. In fact, their practice has a scientific reason also.
A comprehensive study of endowments made during the eclipses
over centuries is bound to be rewarding.
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Exploration of
the Science of Natural Disaster Prediction
in Ancient Indian Astronomical
Manuscripts

Pravesh Vyas
utpatah parthivantariksah sarh no divacara grahdah

Sam no bhiimirvepamana samulkanirhatam ca yat |
naksatramulkabhihatam Samastu nah $am no ’bhicarah
Samu santu krtyah |
Sam no nikhata valgah samulka desopasargah samu ni
bhavantu ||
— Atharvaveda Samhita 19.1.9.7-9

This means that strange things happening in the sky should not be
harmful for us. Like comets, asteroids, other strange lightening
objects, even when an asteroid is hitting any star, even when the
earth is shaking. But there should be no harm for people.

In this verse of Atharvaveda ancient seers are praying to the god,
that these kinds of strange things should not harm the people. This
verse shows that ancient seers knew the harmful effect of these
kinds of phenomena. In ancient India our intellectual ancestors
observed the sky very deeply. They wrote about every surprising
change in the sky and the effect of that particular change on the
earth and human being. They tried to calculate repetition of these
events. This desire of calculating was the only reason behind the
origin of Indian astronomy. As Varahamihira wrote in his legendary
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text Brhat Samhita:

tani subhasubhanimittani samanyani ca jagatah pratipurusari
parthive ca pratiksanamananyakarmabhiyuktena daivajfiena
cintayitavyani\ na caikakina sakyante "harnisamavadharayitum
nimittani| tasmdtsubhrtenaiva daivajfienanye ’pi
tadvidascatvarah kartavyah tatraikenaindri cagneyi ca
digalokayitavya\ yamya nairrti canyenaiva varuni vayavya
tasyascakaravarnasnehapramanadi graharksopaghatadibhih
phalani bhavanti|

— Brhat Samhita, Samvatsarasitradhydya, sloka 21

Which means that every second observation of the sky is very
necessary for the welfare of mankind, but a single person is not
able to observe the sky from all sides every time, so an intelligent
astronomer should appoint another four astronomers to observe
the sky. Because only by these observations future predictions
can be done. And this continuous observation of the sky, compiled
in various books of Indian astronomy, started from the time of
Vedas. Texts like Siirya Siddhanta, Paitamaha, Vasistha, Paulisa,
Romaka Siddhanta, Paficasiddhanta, Garga, Parasara, Vasistha Brhat
and Bhadrabahu Samhita were written. As the time passed, most of
these books got lost. In Adbhutasagara of Ballalsen many names of
ancient books and scholars are given, like the works of Pilukarya,
Bijavaya, Badarayana, Vidhugupta, Devala, Nrpaputra, thirty-six
works of Brahmarsi and many more:

granthe ’tra vrddhagargagargaparasaravasisthgargiyan |

barhaspatyabrhaspatikathasrutibrahmasiddhantan 11

atharvanadbhutasitasattrimsad brahmarsikrtih |

gargiyamatausanase kalavalistiryasiddhantau 11

vindhyavasi-badarayanosanah salihotravidhuguptasusrutan

pilukaryanrpaputradevalan bhargaviyabijavayakasyapan

— Adbhutasagara, Upodghata
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Table 17.1: Astronimical Manuscripts at ORI

SL. No. Manuscript No. Title

29256 P.10387/3 Indracapaphala
29259 P.10440/3b Indracapaphala Tika
29371 B.586/4 Uparagacintamani
30123 P.3804/18 Grahayuddhaphalam
31512 A.47/19 Pitamaha Sarnhita
31979 P.9942/4 Maha Sarhhita

32850 P.4665 Vrddhagargya Sarhhita
32853 P.4880/2 Vrddhayavanam
32854 P.5955/17 Vrddhavasistham
330120 P.5048/1 Sarhhita Siromani
31182 P.7629/1 Naradiya Sarnhhita

Our knowledge is limited only to the published books. Some of them
are still in the form of manuscripts in various centres in India like
ORIs (oriental research institutes). Table 7.1 shows names of some
unpublished manuscripts available at ORI Mysore.

Sarhhita texts are less studied and little famous among the
people due to which not much research is done upon Sarhhita
texts of Jyotisa Sastra. Today modern science has totally failed to
predict disasters, so they just do disaster management after they
take place. Our ancient seers, saw the nature as a living element
and they went up to every basic reason behind every change in the
nature, and after a deep and long time of observation they found
many methods of predicting natural disasters as well. After studying
the available Sammhita texts, I acknowledge various natural disaster
prediction methods they had put in place.

Ancient Disaster Prediction Methods
(Apadarh Pracina Purvanumanavidhayah)
» grahacarah (transits of planets)

« grahavarnah (colour changing of planets)
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+ grahayuddhah (planetary wars)

» grahodayastah (rise and set of planets)

* grahanam (eclipse)

« pratisiryah (monk suns)

« rohini-$akata bhedah (Rohini-Sakata-bheda)

+ ulkapatah (rings of meteors)

suryacandraparivesah (characteristics of halos)
digdahah (glow at the horizon)

vidyuttarangah (light)

meghakrtih (cloud formation)

ativrstih anavrstih pamsuvrstih
(various types of rainfall)

indrayudham (signs of rainbow)

» $akunam (omens through birds and beasts)
» tamasa kilakah (role of sunspots)

* candrasrigah (horns of moon)

» gandharvanagarah (signs of aerial city)

Grahacara (Transits of Planets)

Transit of planets in various naksatras indicates disasters on the
planet. These days astrologers use this method and some of them
made very accurate predictions also.

bhitva magham visakham bhindan bhaumah karoti durbhiksam|
makaram karoti ghoram yadi bhitva rohinim yati
— Brhat Sarmhita, Bhaumacaradhyaya, sloka 9

If Mars transit from Magha to Visakha naksatra, it creates famine
in the world.

saumyatvdstra sravisthasu sthite saure mahisthitah|
sarve pidam samrcchanti jana yanti yamalayam i
— Adbhutasagara, p. 241
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A study done by seven scientists (Ioannis Pappos, Konstantinos
Raikakos, Basiaka Eirini, Tsixli Anastasia, Moumtzidou
Panagiota, N. Tselikas and A.C. Boucouvalas) from Department
of Telecommunications, Science and Technology, University of
Peloponnese, Tripoli, Greece in their research demonstrated that
nearly all of the significant earthquakes (7+ Richter) between 2004
and 2011 have occurred on dates of planetary alignments within
k1 day. Table 17.2 lists the planetary alignment of 8+ Richter
earthquakes.

Grahavarna (Colour Changing of Planets)

In Sarnhita texts it is described that if colour of planets looks
different from their normal colour that will create problem in
various areas.
andajaha ravijo yadi citrah ksubdhayakrdyadi pitamaytikhah!
Sastrabhaydya ca raktasavarno bhasmanibhau
bahuvairakarascai
— Brhat Sarnhita, Sanai$caradhyaya, sloka 20

Table 17.2: Planetary Alignments of Specific 8 + Richter

Earthquakes
Date Alignments Magnitude  Deviation Region
03.11.2011  Jupiter-Mercury-Saturn 9 Near East Coast Honshu,
Japan
27.02.2010  Jupiter-Sun-Earth 8.8 Offshore Maule, Chile
29.09.2009  Earth-Moon-Jupiter 8.1 Samoa Islands Region
09.12.2007  Jupiter-Earth-Venus 8.4 Southern Sumatra,
Indonesia
04.01.2007  Mercury-Sun-Earth 8.1 Solomon Islands
13.01.2007  Jupiter-Mars-Mercury 8.2 East of Kuril Islands
15.11.2006  Jupiter-Venus-Earth 8.3 Kuril Islands
28.03.2005  Earth-Mercury-Sun-Venus 8.6 Northern Sumatra,
Indonesia
26.12.2004  Moon-Earth-Mercury- 9.3 Off West Coast of

Venus-Mars-Venus-Sun Northern Sumatra
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When Saturn looks like pinto colour in the sky that creates problems
related to birds. The same condition happened when “bird flue”
spread in the world.

Sikhibhayamanalabhe sastrakopascarakte
Kanakanikasagaure vyadhayo daityapiijye!
— Brhat Sarhitd, Sukracaradhyaya, sloka 44

When Venus looks like fire colour that creates fire disasters in the
world, and if blood colour causes war in the world.

Grahayuddham (Planetory Wars)

Ancient seers like Parasara described four types of planetary wars in
all Sarhhita and Siddhanta texts: 1. bheda, 2. ullekha, 3. amsumardana,
and 4. apasavya. Effect of war between different planets also showers
problem in various areas.

Sasijena Stirasenah kalingasalvasca pidyante
If Mars is defeated by Jupiter it will cause problems in Vahlika area,

and if it is defeated by Mercury it will cause problems in Siirasena,
Kalinga and Salva areas.

Grahodayasta (Rise and Set of Planets)

Rise and set of planets due to sun also indicates the disasters on
earth. If Venus set or rise in Karttika month, there will be no rain
for three months:

akale uditah sukrah prasthito va yada bhavet|
tada trisamvatsarikarh grisme vapetsarasu vall
— Bhadrabahu Sambhita,
paficada$o "dhyayah, sloka 5

Whenever Mercury rise, that causes problems on earth:

notpdtaparityaktah kaddcidapi candrajo vrajatyudayam |
Jjaladahanapavanabhayakrddhanayarghaksayavivrddhayail
— Brhat Sarmhita, Budhacaradhyaya, sloka 1
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Grahana (Eclipse)

Ancient scholars divided eclipses of sun and moon into ten different
parts: savya, apasavya, leha, grasana, nirodha, avamardana, daroha,
aghrata, madhyatama, tamo 'ntya.

If two eclipses seen from the same place in between a month
that will cause problem to the place:

sarvagrastau durbhiksamarakadau papasandrstau ||
— Brhat Sarmhita, Rahucaradhyaya, sloka 27

yadaikamase grahanar jayate sasisuryayoh!|
Sastrakopaih ksayam yanti tada bhiipah parasparam 1|
— Sugama Jyotisa, Sarhjiiadhyaya, Durbhiksayogah

During the time of Mahabharata war there were two eclipses seen
in one paksa (period of fifteen days):
caturdasim paficadasim bhiutapirvar ca sodasim |
candrastiryavubhau grastavekapakse trayodasim|
aparvani grahenobhau prajasamksipayisyatah!|
— Mahabharata, Bhismaparva 3.32

Pratistirya (Monk Suns)
If two suns seen in the sky, that also creates problems.

yadyupasiryakamasyam sandhyayamarthanasanam pracuram |
ksitipatikalahah Sighram salilabhayarm va bhavenniinam ||
— Vasistha Samhita, Arkacaradhyaya, sloka 22

Rohini-$akata-bheda
Rohini naksatra is a group of stars in the sky which seems like a
cart. If any planet pass through these stars, specially Mars, Saturn
and Rahu, that causes problems on the earth,
vrse saptadase amse yasya yamyo ‘msakadvayat |
viksepo 'bhyadhiko bhindyadrohinyah Sakatari to sah 1
— Surya Siddhanta, Bhagrahayutyadhikara, sloka 13
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rohini Sakatamarkanandano yadi bhinatti rudhiro "thava sikhi |
ki vadamiyadanistasagare jagadasesamupayatina sarmsayah | |
— Brhat Samhita
CASE1
Hiroshima: 6 August 1945 8:15 a.m. (Little Boy)
Nagasaki: 9 August 1945 11:01 a.m. (Fat Man)
Mars: 16 Ta 12' 57.75" , Rohini

CASE 2
WTC: 11 September 2001 8:45:00 New York
Saturn: 20 Ta 58' 22.17", Rohini

CASE 3

US Iraq War: 22 February 2003
North Node: 10 Ta 21' 12.86", Rohini
Saturn: 28 Ta 14' 19.03", Mrgasira

SOME OTHER EVENTS
Regina Cyclone: 30 June 1912 4:30:00 p.m. Regina, Canada (Saturn
6 Ta 47' 29.20")

Empire State Building Crash: 28 July 1945 9:40:00 a.m. New York
(Mars 10 Ta 33' 49.67", Rohini)

NASA Columbia mishap: 1 February 2003 14:00:00 (North Node 11
Ta 27' 41.94", Rohini)

Bhuj Earthquake: 26 January 2001 8:46:00 (Saturn 0 Ta, 11' 36.60")
US Civil War: 12 April 1861 (Mars 14 Ta 24' 58.31", Rohini)

Vietnam War: March-April 1972 (16 April Mars 20 Ta, Rohini)

Ulkapata (Rings of Meteors)

In ancient India scholars said asteroids as “Ketu” and described so
many types of Ketus. Like:
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dhuamrakarah supucchasca ketuvisvasya pidakah |

krttikasu samudbhiito dhiimaketuh prajantakrt
samvartaketuh sandhyayam trisira nestadarunah
— Sugama Jyotisa, Samjfiadhyaya, Durbhiksayogah

In Adbhutasagara of Ballalasen thousands of asteroids are described.
Even the time period of their rise:

Vasaketu: 130 years
Kapalaketu: 125 years, 45 days
Kaliketu: 300 years, 9 months
Paitamaha Calaketu: 115 years
Svetaketu: 110 years

After studying Adbhutasagara one can know for how long time
they were observing the universe. Because a person can’t see a
comet two times in his whole life and hundreds of comets described
in the text. Not even the years of their arise, but they also described
the good or bad effect on the earth:

diva patati yolka sa hanyaddesam sabhiipatim |

mahasantim tatra kuryadamrtarn visvabhesajim 11

— Adbhutasagara, Ulkadbhutavarta, p. 561

$akunam (Omens through Birds and Beasts)

There are a number of evidences in many Sanskrit texts that various
animals behave strangely before disasters. In Bhavisya Purana it is
written that there will be rain of frogs before disaster or a number
of frogs will be seen on the area. Same behaviour was seen before
the China earthquake. Even after the tsunami there were no dead
bodies of animals found in the area. Varahamihira also describes
strange behaviour of many animals in Brhat Sambhita.

sandhyadvaye 'pi mandalamabadhnanto mrga vihanga va |
diptayam disyathava krosantah samhata bhayadah |
— Brhat Sarmhita, Utpatadhyaya, sloka 67
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If beasts sit together facing towards sunset direction, it is a sign
of disaster.

svanah prarudanta iva dvare krosanti jambukd diptah |
pravisennarendrabhavane kapotakah kausiko yadi va 1
— Brhat Sarnhita, Sivarutadhyaya, sloka 16

If dogs are weeping facing towards the sun and foxes are making
noise near the city, and owls and pigeons enter the houses, that is
also a sign of disaster.

urdhvamukha vilokante vindyajjanapade bhayam

hesante suryamudviksya tada ‘gnibhayamadiset |
anyo ‘nyari samudiksante hesyasthanagata hayah 11
— Bhadrabahu Sarmhita, Caturda$o ’dhyah, slokas 151, 170

If horses continuously make strange noise looking towards the sun
or looking at each other, it indicates fear of the place.

Tamasakilakam (Role of Solar Spots)

In Sarhhita texts sunspots are called as tamasakilakas and also
describe that whenever these kind of spots are seen on the sun
surface, it will create problems to these areas:

chidre rkamandale drste tada rajavinasanam
ghatakrtih ksudbhayakrtpuraha toranakrtih
— Sugama Jyotisa, Sarhjiadhyayah, Durbhiksayogah
Those areas will be more affected where these sunspots are seen:
yasmin yasmin dese darsanamayanti siiryabimbasthah |
tasmimstasmin vyasanam mahipatinar parijfieyam 1\
— Brhat Samhita, Adityacaradhyaya, sloka 12

Historically, research has been conducted to link the eleven-year
cycle of the sun to changes in human behaviour and society. The
most famous research had been done by A.L. Tchijevsky, a Russian
scientist, who presented a paper to the American Meteorological
Society at Philadelphia in the late nineteenth century. He prepared
a study of the history of mass human movement compared to the
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solar cycle. He constructed an “Index of Mass Human Excitability”
covering each year from 500 Bce to ce 1922. He investigated the
histories of seventy-two countries in that period, noting signs of
human unrest such as wars, revolutions, riots, expeditions and
migrations, plus the number of humans involved. Tchijevsky
found that fully 80 per cent of the most significant events occurred
during the years of maximum sunspot activity. He maintained that
the “exciting” period may be explained by an acute change in the
nervous and psychic character of humanity, which takes place at
sunspot maxima.

Stuiryacandraparivesa (Characteristics of Hallows)

Ancient Indian scholars observed the effect of the hallows of sun
and moon very well. If hallow of sun is seen whole day there will
be death of people due to hunger and disease at the place where
it is seen:

adityaparivesastu yada sarvadinam bhavet |
ksudbhayam janamarifica Sastrakopah ca nirdiset 1|
— Bhadrabahu Sambhita, Caturtho "dhyaya, sloka 47

Digdaha (Glow at the Horizon or Earthquake Light)

This is a great field of interest now in modern science also that
people see strange light before earthquake. This is described in
our astrology books as digdaha.
daho disam rajabhayaya pito desasya nasaya hutasavarnah |
yascarunah syadapasavyavayuh sasyasya nasam sa karoti
drstah
— Sugama]yotisa, Satnjiiadhyaya, Durbhiksayogah

Vidyuta Taranga (Light)

Observation of various types of light can also indicate about the
upcoming problems in the area.

samantadyadi drsyeran diksu sarvasu vidyutah |
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saptaratram mahavarsam ghoraficaiva vinirdiset 11
— Mayitiracitrakam

If the light is seen in all the directions, that will cause flood and
rain for seven nights.

Meghakrti (Clouds Formation)

In Brhat Samhita Acarya Varahamihira describes the special
formation of clouds before earthquake:

praharanasadrsairjaladaih sthagitah sandyadvaye 'pi ranakari |
mrgamahisavihagakharakarabhasadrsariipaisca bhayadayi ||

— Brhat Sarnhita, Adityacaradhyaya, sloka
35

calitacalavarsmano gambhiraviravinastadidvantah |
gavalalikulahinibha visrjanti payah payovahdh
— Brhat Sambhita, Bhitkampalaksanadhyaya, sloka 17

Since 1994, Zhonghao Shou, a retired Chinese chemist living in New
York, has made dozens of earthquake predictions based on cloud
patterns in satellite images and claims to have 70 per cent accuracy.
Stress and friction in the ground can vaporize water long before
the earthquake happens, according to Shou, and clouds formed
through these mechanisms are distinctively shaped.

Shou predicted in August 1999, 7.0 magnitude quake in the
Mojave Desert, east of Los Angeles. He studied cloud patterns
and shapes. Also on 25 December 2003, one day before the Bam
earthquake, Shou predicted an earthquake of magnitude. 5.5+
within 30 days over a fault line in Iran.

Indrayudha (Signs of Rainbow)
If two or more than two rainbows are seen from a place that will

give problem to the area.

avanigadhamacchinnam pratikiiladhanudvayam |
nrpantakrddhi bhavedanukilyari na tacchubham 11
— Narada Sarhhitd, Indracapalaksanadhyaya, sloka 8
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Candrasrnga (Horns of Moon)

If the horns of moon are affected by other planets that gives fear
of weapons and starvation on the earth.
yada ’kase srngadvayamamrtarasmervidhivasa-
dadhovaktrarh vyaktam dinakarakaranamapagame |
kharamsoh santapanalasatasikhabhirvikalita
nard hahakaram disi disi lapanti ksititale | |
— Vanamala, Caturtho "dhyaya, sloka 14

Gandharvanagara (Signs of Aerial City)
Structure like a city in the sky also causes problem for the place:

gandharvanagaram diksu drsyate 'nistadam kramat |
bhiabhujam va caminathasenapatipurodhasam ||

indracapagnidhtimabham sarvesamasubhapradam
citravarnam citrartiparn prakaradhvajatoranam

drsyate cenmahayuddhamayo 'nyam dharani bhujam |
—Narada Sambhita,
Gandharvanagaradar$anadhyaya, slokas 1-4

This phenomenon was seen in Russia in October 2009, and also in
Montreal in 2011. This kind of city was seen in the year 1887 near
New Holland, and the news was also in the newspapers. In Harivarmsa
Mahapurana it is described as a disaster-causing event.

Ativrsti, Anavrsti, Pamsuvrsti (Various Types of Rainfall)
sitena rajasacchannadiggramavanaparvatah |
yatha tatha bhantyete nidhanarm yanti bhiimipah 1 |
— Narada Sarmhita, Rajolaksanadhyaya, sloka 1
The phenomenon which indicates the killing of landlords.
During research period, I came to know precious ancient heritages
in our astronomological (combination of astronomy and astrology)

texts. Even after great revolution in modern science, there is no
method for forecasting natural disasters. But after a deep and
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practical study of these topics (which have mentioned above), we
can give a new science to the world.
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< T Tiedes RO A g faegm wnfai.

Dr. Gorakh Prasad thereafter submitted a note containing
his definite proposals in this respect which was also circulated
amongst the members. He proposed that “23-15” be taken as
the ayanarmsa on the vernal Equinox day (21 March) 1956, because

this will reconcile most of the paricangas in India based on modern
constants.

T oI SIMHEree VST 3T Tai o] FHTEH WEeE 21-3-1956F
TETERIET Ffea 23°-15° STAHIYHe TfeaeHag] Way] TR,

6
FIUMH A (TOTARIET) T HToThdiaiy] SR “STamh-Hwhd
ORI " IFHC ST, Yad TeTehe Fe dF ety Mgy Hoifata
21-3-19567F “20°-2"” SAIYNE] AeTaeH HoaraR. Seata o=
3T fogie] 2fed TREARM dferadfan.

] AT e (Fe]) d5 7 @, T femmem o st
ITHERIFTE 19-1-1983 TRIF A1 ST S JTAT “TRNTET HIONTAED
TG {RHe ST 9wy Rfq 9 o 7 ° arwrdrs i fomfr 1
TEET agh fafermfer srmren fesmeiaremten-err a1

.

7

(AT, TS, T 3 TeTeTehe S ST8ig SehetauT S
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FeTeT o .
TSTe TaRIRITecaT SRR ARIehi 7183 gieears. SEve aF TeRamal
T foaiiere — FeHis gEuE weeredl, qEEEm §F 922 a e
3eaeH A, A, Tgg SR Ufeheiaeg, fRAR faeges, fesfs
fefmoi wlee wHfawmEt Areny @ems. gAwEge] sRgHie
UG H A TS TH TS SRR HIems. 7 TS 99,
TG T hoet el [agac], SR, Heds e § g
Fae] Fel ST FIedhiegae]. 376 AR 31 foaRkie e
T fafredas siffad smivedes stafe aRmmeeTe
A Ao faeepeiued ae o e Ties UReneRe] i, et
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HOTTEERT WIS FT 3id Orage]. € U2dell $37 7 eFqeI-ieh ST
oo 3.1416 (3.1429) 31 dfcadmrs. =7 Uleshc] TUIGETE. 7 THIHOT
/. ax?- by? = c(ax® + bx + ¢ = 0)7 WA ORI RFTgTEs I
AT, A, S ARIECehe] TACUNE. AT AT hifel TOTTHHIHIII
g Aleht WaSeaST Halge] 3igsheata 7t faeia diferom aftafs o,
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STMHREIATS. ax, by, c dfc THEHUR] Taar TR FHEE € IS Ferarasmm
g, 3icehTg, U7 U7 TieAfer] “hig” o WUell [ e JrdeheT $ah S s,

TRV dqaiiel ma9e fgafers. yfaet (i) smersorers
L. § WAk qgeanre]. fRa siiffe (V) Srewuor (Sfeen) @ e,
2 TeREA EIIEAh Hefdfam e 3Tera, IRenemieer e
B S N

e TOTTRTEN TRERTEEe] TaR= Elies et “aasa”
T TgpaeT®. STAYE FTeTell Siehi Aasashel T Ee. a9
Jehseh fasTas fasataars.
n et ey
AEFS TS 3 [IeIEId JART ST TARTieeTe. Seherh
VAT SR SRS,

3 =10, =100 3 =10,000, * = 10,00,000,
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%=1,9=2,7=3,9=4,3=30,¥=40,<7=50,9=60, =70,
¥ =80,7=90,% =100
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T UMAueR YR FEgA “TEEs” T STEAT s, (43,20,000 HAER).
T 25 YoAiRIc] gAY, STl Haeer, HIHTe], Telle], OIfel oideh 3Tad ISl
60 AT Uk TG, Sidl 3fieFehicreh ATEH 60 farrgem faufsrms. ifels 24
faferTet whrel. famTe el 7 T smaded THE afedTs.
TR e ST (38 ST, 360 fFoie SegTer i, TiHEe
T STaRerhsrra Tifaae Tehe FRar 1975, THE 199 docaresTiA 1 e
TS, FHTh 3TN 31 ATHRROT TS, U] 227 FHH Fars HafErs).

YT

TZq STIAAHIT T5q FHULEHNA — IS
e TR I® Tema (RS T2 H.) SraEET
TEIGIACE AL JHE Heoredd ReRT=e Temme] ufvemfqerm

TR e HepIrs.

JUHUTTIT AefiferaimsT SEve aes aws. GIhardsid aierm
AR FYREHAL.

3 Tad 1500 |.61 A8t O Wi EUoll Hoowd! 3fdfe Tor Hewy

FFARTITS, — B0, 375 e

TETE HEATAAT FAAG(CA AT R AT AT

iRty 4,967 A, 2™ 15,81 1/24 ASHR 1M TRIMe RedmRars.
RS 31 5 Hoog. § UG HURTY 24,835 Hese] FIT. 3MYHF
AFFHATHR 24,902 Hoog. AT1 HAHICATHeH Ugale TREFCT Hufd THehe™
IMIYE 3 Wi SEAEaS TR, Y aeey TR fqegedacer
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3% 55,753,366 T3 TARTETd G foafiers. 3is = Gfeadsm siemr.
A -TMFT
S ECl- Y g MRt foreT derit T el sifmem e
TR S, 1633@%%%@%@%%513@%3%@@356?
T FFHIFIT AT JONBNEIACT 371k T Foher Saeiaaredrs.
L B EU R IR IZ R I kI EH
AR S8 STAISTar

“HENZIE” GoREeAl SEIE T SR Ushig § Teilh 9ure. Sifi
MY =geRiA “wfey” 1 uftem wifgta, smve o9 239 we afad wem
Tuifater 3 HIents 6197, 4767 fuiRers. “Sfey” Ui Fenfaferm s
T, 2766 HUTET. € e e, Wikreee] JaRTEA] AT Ao
TR,
AT TS SATTHIUTE]
AEVE T STREWEER R UTGRIEghg e Ta9 STiashuretel i
TETEATS.
1. STHTRE VAT GoATATEd FHIaSHih 3Tege], gooiio (STeRTe)T

SIS,
2. 37 T Ufesher] sifdars.
3. ST Sreeats ShiAel-ih el i G wuiears.
4, ax - by = c GAMA FETSHIF FeT 3TF A TGS

5. “9” n foele] QAT 3.14146 3T TS, 3TMYFH Floidl [oo]ah
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6. I, Tegq eIk 3 Gl TS,
7. T BAURHTONS FHSI-Th 3Tih o Jroers.

8. I AT NI 3iteh G Hfeqonieas.
9. I TF TIFHIAT TGN FHPE, Fafd HEA T =98 AGR

AT AT FriTaTS.

10. 3fFeTs U UT SEACTCl 96d SO seasal difet I Yameieare

(STTheeTe, Igered, SEere )

11. 9RT TR 3isher] afeRasal (Fife=isHica, eE=ag M=

Tt dferanan o s,

T TREC AEWE T WG 3 T TSR] A9,
T, I, T L, TR, WA e, G, Fef I 290 T SHpED
OIS 3TeTeT SMThi e I9d Sk SFFqfs. 19T 476 Hifd ARGe
SffaFeg Jeqe TEYead 299 UeH e Fgyd IMEY I A
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[a¥a . (O
AleHlien RIGQUel sH{lidNikile]

A 7, TeHuE] [ TehrATe.
TSI Tae fFvifRe 21fs Ugs SRTerg. 31fS aFar AT Jgt Ugehis ?
G ST ST FeTell SARTTaTg TaT. AR I [t 1 e UgF Hietnis 2
SFHE TATCTHISA! SHHG YRG! TEai]id oS,

T g TEEel gaaead et

IAHITT T T 1 G@RIH — FARE 26.23-24

TR TR | § T e &7, efeh TSR ST B o Teriall Sarmers,
STHSTAHVAS Taame Mt T fexva gy Jfefs.
3iTeh Hedell ToaTeTe] ST, T 3TSgel Uit SHiHes Sgieaiidr 14 Taeaire]
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SRTAST
HIFARE 1298 TIEA o I[FeT FAHATg [y Feen SRmegH et
AL SRV o AR
TFerisffaaes @ies Gy Toug
TRy FHeheoT TTFA-TTE
— SToThis 18.9-10
USUETS] THAH STl JaAI. YAg HHel, Folg Hehdedl, T5e Fhehleahel,
(S & ancs B
©, (DS,
B ord0so|coen Bo|es
o DBOLD B (B0
oo™ %
SRTTEG AHT uRfera

TS, T, 4, YRT (TeeTes) T, =5 WA SA. s
fereciaeer Hifa, Jamy, Aege] A, 955 ohael gedeet greaesds
3 YT L dfe IEE AT aHERE T, TSR 14 €.
ST L. Hr] TGS, TR TS,

T Ted ARAES. FERISTAN Hiciig, Fshafam qeaierg.
ARSI SHIUGRIETS. IEFg TR Jag- THETHUse] A=y, e,
UfeqeTueet Re JUTg. TRAITHUld gHh EFg ¥,

FEAENGG G — OB ] THS.

FHIAATS.
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AfeTle 9 et JagT —

TR T AT
RISFHE] SATS. THYEE HHUs. W4 agffs (eritedfare) feorify. wwm
T TeTH FSTIH, TR hael 3iieh aRqg Wie=rg. (materialistic)
tffmfge sAfufdeer wEcaea sTeww] ulderg. i Tgam]
NP
T SRIYde] Rl Secaed YEANT A, TEhqde] Il deeded

IR g oS HIESUGANT hIgs THHF Hiciirarg. Teiaafd Fo1g

ElRUNIE)
AN, 14 ToooT IRVAATE HGNIS. UF TeTe] Sl ISE ATETRL 37 HigR
e,
2 foum siRmegt StraeRfar fHferdm afteifere wiadre] een Tagr.
TH WA, TEHT, IS S FS ATeHIR Ter foarars.
IS, W FaR s g T — a1el. 18.13

WG [AHAETA Hor=oll J2eTg. STeersT Aefcll SRMg e FHhe
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TRl HEATG WA FHA Aeq0T, ITSIe] SI-are. 37 o6 el Jart
JureIfAfe HEf ATeT Ao tgers.

U STETE FEAISTEITHAT: dTel. —18.15
AT, SRR 3 AT eIl SHif FHerar JFEHIT Sars. Tops
AT SAFDIFHR ScTeh SHTFhIFRL SR
TEEHERA GASTIRANE S2rg. WY e, faers Hid A

TS STETRTST AfeaT RS ASTaTg. gt TgeheTsh Teeiuehard
AfTTHAR 14 Teoe] TR STAATIRITE HIAANETG. HHTTSTE STIH.
TS,

SMTATHETHA ARSI} Gras Sars. aiies THRAAS ST
AT e

FAIERTSATT T G FHedT

TRTEIORA STFASTE e — Tare. 3.4
IMIEHEA ST I AeRSAUT IR aiFgH afasearmeans 5
YO WAl THfCArg — SIS, WM fufeiita @yl geeitise gedie
HUIRETS.

T TSTTET, IR ST

TS [ eRTSTHaTE — 3T, 3.40

AT A A A USTer IoTISIee. ST TEEEe JhHT TS e
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FTERTST- YS2ITAISHI00 S 319 Thiearg. TG HETEHe - TJeTHrh
RS,
) qeATHfeT sHTS PeR g
AT ST AeRTST B o7 — 37T, 4.2
YRGS, e TA ? THIT T¥RYG T T 7Tl qF1Te =g,
ST W TR JoUGe:
AR AT GATTRS T — 1T, 4.18
T[T | T T, T, TEF T STHAETA SR HTIATA Sa3[e] TS,
T TR TRI AT TeellT =t geelfyeh SRATEer. Sage] Huftara
STEISIS ST ATl el
7 Qo e Fea Satas: — ST, 4.21
“Z 5] Agg THN FeTAAE AeheS YA FeTel 3A1g. (G SeT). g
FHNFTTS. I A faxd weet e
SIS HHaee Aed I MRS, G, @equrg, dia eTmied Ok
A T TFFATT AN T |
I T YNNI IR fodr — e1area. 4.40
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3TE T ST TS e

et STETOT: WIRTT hrIcaHIagHAT — ST, 26.8

TN | g TALHIIGE FeTITeIRelT 7ol YS! 18T SASehiiien A FeeafT
WIge] =TS, AR Hie fafdaeiie wRomy 2 i sifefifs dia.

srfefeh i foamed 12 T, GEm SORGER] FuEes. § e
et ST SR T o

TR 6 e Haee

TS HTH FaRraglat — e, 33.17
12 9| [T T TSN Tet SYRIATERIS oIS,

SIF STAHshIeR! dele] THHET. FTRIl SI-arae Sy FHefar
P

© W0
$e, HIE»
Gy o
8%areddg (B0
E 83, (H&
EA) 206

FI IO G ST SRS
ToRmaTE 3T qaerseT
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SR STFSET SHfadTe] ISTARTSIARICHT TEaR ST s,
AT TFRTHTATIEAT TEHT T arfe St o]
FTHAS SRR YRISeRIeiel Jaferrg.
TR &AM qUIregeaada — &R, 2.50
TEwIe] H3TEeTg — U 4.2
TRl & JEdeRt fdemeshelsty = sfeorie
P JETET A TR aIeT: — Jewice e 9eg
RIS tifeaten feviiFerioet Hiq Tewticr Tege Jfs.
TR difediiakifeoy — Y. 15.22
T HIE TETerTe o UeUiHeR i earg.
T aRgar o Gl Afeoi — R, 17.24
TR T5Hecaet Hifd o 3 W 21 mY Igaee g areHis.
TMIEIgHEAH — IR, 19.15
TEHH A — Y. 36.5
TS TR S1ie ARk Seasmger] =R dgeel Temmer™is arear.
T 9% S TF W FrRed YHH
fos sraoTeRt Sy PaTeTeTEeH
A HeTHH WAfediT Henes
WTEARTET e faetiferas
. ey R
ISR ERTATe — I, 57. 1.3
SHTITEAT Tge qoetheld, YIS HRET UleT, THYAVHEETH Holedd],
o feashaleetale. ATge], T 3 T, $oje- Tertdre], e oo
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g AFRA=IAT JGIHh Soereli-ieh Hida Hegd Fuikmrg. 45 StmeTH
FeTEAT TSR TresHT, IT EHeH TS,

(’)l'iil'*h("\l)"i\l e edd dledd

AT Gl | FAHIHEAGAT — IF. 4.5

BSEISECISICE]

fereTramerd Susemw! wif s TR, 3fT geaep eiiaer =em.
YA AT T e
oAl el W Yo AR — T 4.52

i SaamTe e, gor-dieusearg. disgee WiRTgee Jorets
THeeTeAEATTe AEHUHE T Fiaee STHTHN EE Joord
g AHIRTE YA TEU[g Hicara g did
SreeetioreRT 3 | givatauafa — 5. 84.2
FYAT: GrAsHIdETR quliaea — IF. 54.28

3 fouim arcHishell SHquyRATaRe] Hi-awans. Hefd Sgenemited gett
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o . a o .
9||1_>i|'_'| ’:ﬂ_{?ﬁq Hllecd AdIH o<1

STl ST A4, SAAHT TSI Heediehiaeiie e e
T, TNTCTaee Sfefe T SSeRT . Ud TRqd T&Masd “Manuscripts
Heritage on Astronomy” 3% @i TAe] WM fawden Uzafe
TS 3 fawEs SuRierar]. S A S Gfden vifieRett Hige
R 1 “Wifeciell” e el Hiod 5. Sigdeet gl dkwhargHy,

“% TRTER SR Frew] UG . 3& A1 TR Hifde S
forg Hieten HeTger ARt fsifon srfeee gfemorer, sRiRifTe affermma —
e HfAfTgeeey. aMie e THaT® JSTemH (9, O sHferer SifHfw
TR HiEE, WIa, LA ANHEE Hferars.

% ST Hige e SAilheq 3 i diftasheers o], SiNaRE
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3TARH 37T Tl IIATRTAE Yol STU[ATE Wi YO, THac it faagiam
wig dfeder. sy Frel § SEK He! dXfh Tl B HUMGH
AAROHRE (FHaRiqet ER JhR) 99 fafay sm=auq gedeet wwmm,
EEAr FaTE AT ST Hlrs.

% FASYIC HiZeHIRe U SR TIRIE Ushieaas ? 3T e
EATHAGETS T, HIT, HUNGE 5619, 20 AAKATESH ARG HIS. I,
69 IR, 9F IAEHM, 319 FeT B JAIHIh TR FusTe
FAMEER. I, faamee TeEas a7 | Sieet AEharRl Heeieed sarTg
FLY. 4-39 YATSEAEH ART TS, Hrafee Sl Hige UERIE T

TRTTTR SRR 9. Sigaee ey . TaTe RHRETCT g2 fs. STufEerst
iRy, 3ffh & HicTge. aNeih T, B, I, W9 3HT 4 7o,
R, 3fa wREfaETe]. STiA] Tihel Ti hIchTIeTel Jal SeagaTe
TETHA (SFeT Y] ARideraT YR fefoshe) “afiedeis” .

T Af fovaee STYHE I YRR SIEer oftth w@TE, on

T SEE] S T WO T S uHer e, fog, e, me,
g 3 FqYATe] WAV FUA! eI, WHVES WPE. el e @i
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TR d2fs. U A TRATER] AHG AT T i Yedetd. g RS
HROTHIGS. FesdehIoell 4 SdTe] THIY] Jofareh fafeuidia. $ faem Seifuge]
U] ST T IR AR ST (SAAlfE) S%e® e Hanmeer am
IS A FHAAE AUTFRAS UF Ffears. oRIYHe]- WAV a3
T 3 T ey SHRET q9. HeT YSaehTeicl SqeTe] TRHTIICTSTsh
TR TeREETTeAnTeT e, Tererer], Mo, =IopTel damaredidrae. 36
TFhe AT T fagfaaae It geiasd i i Sraeishro auitge]
ST T, Sfeehe] T eI, Wgefare 25 Hotawdre], T I =90 26
o], 5. 3T Feidel T et § (Jerhioreien) diRg. (FgM e
I 31eRT). ARG AT Tt R FTeIeett oot At ey (fersarn)
witeR. ST ARt (R qard 3 93 e 1063 otk qhT — T
Tl <igAT%) AASIC] AT ST AeToe! e oS, S STV Sfeshia

FHTafEe AT HAYEe] Hif GRUE FECTAEAT 3 ATeh
3 3R] Gl oot SOt smfeheren aRene] g
FNife faien AFeR amRTeie! Ui 9 quies. Tyt sTuleeraee
wtifeat deTy HHITRT | et = qier seites 5 Jeifpe] tuger
TS, 3Tgdic T YO SHITel THgTe], TeTTe] FReR aferes. dife
i e ey oY e,

TR dieTarg T o] 31 SfRiE dfaras. STgate Fresa 19 Hed,
359 Th, 69 Hel fgerane gom g, <. . . . et TRemmganty aeReseaa
Iafeashad” @ — “. . . . Siierd ERuUTe sk Micarect Aarge g
SMERATE A,

" ST GIFTee FeP[IAR” — 31T TRE- A |
TTEISHANTE” (F.1.84.15). M HYTE (12 AACIAME) STRHR
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TR T, “ATHTA YAt FIEST FSIad: | A3 U AR Fefte qRia
g (%.1.25.8), (3£.10.85.13) fagame], @A TRE =h fammm=

ARk faa aRksta efa sreisTeten wfatas afgwrge dard,
TR IMTATAICH SN ARG 37T STHTBeTh TIATS. IgF TAT STaRTEN]

1. 3TATg Wfdfaen sfeew fawd. sigaeer 31fs & HifeHiqeR! AHE dfere

2. TIOT, S, TS VTS Ualt Sffehdl = SHieeita foee] e

NS S

3. UM STHAAAY S Heamepe] T,

T FTfedTITE FHETST SAATeT AR H ST Ffh e [RITTgig
M FRIgeasy. STat Ifd MU Aeogarghiaeal Hrlr Tt
3fieh g T Heuainie et (e AIgE- | qam% =%, 31
3Tt BRI(ERTE =shald) &g AT, 31 qareaas sAtmis R dfmETee
TETET] HFETIRIhdl qelEaee]T Argfos [agiqier= Fiha Trei=-res
Tl 3ider SRR, SR dig estrents faaferder gramgfer Toeet teg
AR STTTTE. Flafee TETdaest AEINTIEA Ihare JeaegAr

T FHS AN ARSI HHeAhel 35 WehRid geaed. Y|
TTEUAT (RIS T, AT Teiaag 3igE Jus. FHO FROTHaR ZITee
TR TREM (Fegrt Jerifasf) @, #i, gaeTg Hid el Srare
fotas wREs. (3 Foaadus Hfegid SRARH AR s
FEUSIA 0T STEATGIH SATAN YSHIT R Afceiec] SeReBIeA SR
REFHETE (FEETHUH TEA 36 HIETAG ANNGH FfGehi STz Ritemm
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wg) ARa FEIGRE — e AR, $O[g TRdied THEaiH=ih
U SEgl AICATS] 3 RIS STosIesdell §Re JHNTAIGar STTg.
gifAatee Afeamic e Togaredal, JIERT SFhIFhuIg Hier! ST
2fe Ty fowg®, TET GurHeaed cidee Sicies] JREee] ofd. ST,
TR IUFAHIR FRUMHRAT.

TP ARAFHCTRTHIS 3T FHRUMHIC ? FHEHA SR FHA STHATTHIE.
TGSt AT, ferreqor Shicaifas HHge] Toll FafderTor! JeahelegRT 372
IGFA SATASAN Tee] HfTREeERT gy Taae g Teate

et dfed Uerife uRfRafa ot giafafs afeccdaqm yauses. 5%
TAITTETg. 3T STEaee SHorTad Qe i M= e e qormoi
STURAT e del Teais. 3igeed —

AT BRI Sfs-3HTet . FAgee Fe] (e e Hfewget wifears
T, Tle o) AT ToTgehia faTsTetsl QRIOTCTeT STeFhgaFehel Tid TS
FHATETA! T TSI T ST FIE=RmS. 37 faem siifah ey

FgIoT i eI 37 AT (Wferte) AR S i
TR IRTeNT TGRS 31E 12 296 a6aefs (Ayfaie sieheg
Freoezp 31 TG TRIAHIRHEA SEIARIE T TAAT) TR STU[fot
gt aifd fFrara SRR AR ?) et o demie
TURTY 3tk Fifeedel a69 TR, $ [T TAEieis dofg. g delgetd
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3 Tt AeTaRoeiiich STEAcHehuReA O Jfeedelie Sl
Ty fq sfafeatt-ieh ameTa=arTeT | 31t iiaiaes HTHeT, A Jawurd
oo eToTTeTeEEteeT Al T AT RN A HhichiaT |,
M sEHNETE. T ey i fasre “Hie A1 IRRIE qRETFhieg
AT | SRl AR =] 31 9 Hieafaf @i 99 (Fe) digte
2T, 3, Aol Wy Jiokens STaeienT St i 653 T3
T SFFATIRIARF Hoetiee] HRugeegM MafTaenieutaree. qard
TR YU IGHA T AT A0S, STE-STCIghsI[g e i faieshTaeya
fafe MaTeTHien SaTerg .

T {geheIc] WG SerT $higs forafasd, gferenfe UM Higs Feafawrs.
I, STAATTI-FI[G 30 AWGA] TIRAT AIIFAYG T Tisharg
. TEdIe Yehiad Heed A Y SRAT SRESIT 3T HIAh a6

& offirg felfeTerRbret STV[e], Wiee], WHe, Teoeg Toe] UHeeTHich 0T STO[TeA
U 37 ACH=G. SF-3TAT eI, AT, Siqde], AHge] 3T 3ieh A Tgae
YRR qAGearareh arT [ (TaT sferedet) i g9, sigaee 7y o=
(TreTRTe)at dfs. 2Ta e TgvoT fearmiia TRT shia Tt fosanfsme s giee-
g, 3 TeTared ? SEe a9 T ST (W Te7-39hs WM
FE3) TGN Y 3T WEATg HEL. STAEG — “AT AT TG 3.
TR Gfee T Feehe (SFTIEIvoT yromarafeata Hfe feErs), e
TATES, 371k ToT YEe farangents Mioamsie.
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TH TR THE TG URHIR JelhRoTe, ifdehiereht=
foet sremta (et fafae wemeet wafae o) = (R faae. € uimt
YRl (209 VAT Re) qreeed wifds Eieemeemed ik
T, foaReTel UReieAs, WidheeAoeRoTE e Tl URIuHeh
AT T Afquiisarg. ofdg qd vmeee] Wed, deey, U e™
TgHIOTICT SR forarRie qopgeria- i afcare. i T
4T IR HIATATST WHHRTRTTG TG, T TSIEAT HIHUITT
T T SR AR Ao faaReeits afcrarg. sifa srewitfaEm
3 franfaraTeRTTe.

FTe (time) 32T, “THe” ST T Hiees Tida (Wed, deeq, i o i
o Se- (efeaie) 3fe sfished, ST = Sheeid vieh dieTae 3T Teife.
GHEA 3 HicTAc]s TR, AT iU HIToAEel TGS, Hciehrh
TR (space and time) SfawTsaTe]. € faware] 209 wdlfes AR
o Renfayenehar dogm, fosReRBiaeie Fent 49 Hieram quew
WA TRt qerg. T afgee ‘et s
(Freptents FeEgaeeiihepel € fawe BfFenis). SR stferRromeet giesh

R §g HIETTUH e TR Hid-h1el s 3HIE HIeTToHe =
I, Tl 18 TSRt 1 F1, 30 FIe] 1 Fes, 30 Fofe] 1 &7,
12 &oTe] 1 Tgd, 30 g 1 3R (= 139), 15 3FNmEw s el (15
TSTe]) (FTfeleh 7 TTe] 1 1R SR Teig) 21 sife 2 Tefre] 1 91, geermiarm

TH-TEAIEEe Heriaf-rie afaf o9 qRone. afeeT e
RIS AT foare] M-Heel SUel-UHed T steaefT
31 BRI 3HTHHeTITET Fare. 3T FY .
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e 3k IgAg (W SNSMISHT IS] T 3farg, Foekel 5.45.6,
5.21.16, 9.91.5 HACIRR Fe faterrergiooT, qrgfest, g&gfort Safa stenTg,
S TSP HAIAG). AT LA 3T 3T Hqors. T JHaae]
Ugaeerl 3T TSTe], TS FHGe] Uea® o FHNATTR SUEETEvaers
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=igiefeh UM Tfeahled Tl A FOER T,

TR TaTed o aRar T,

U7 Fiehell FRA aF dearsp Hiars.

AT A See] e HRATAIA.

STATEA TFHNET NG Ao, I6He] HEYe] SIS TMieirh
TS, ATy faepe] e afeasd @R ST

6. SR T ATATR T

7. P W A O[S,




STHIGA FHRIeA T TR | 313
8. YA aFuTed 31 Teaish He] 31 et 0.
g faem ST Tdeel @M faRTHe Getata Afg ger Sang
(i),
TR

FERfeE, fo., Measifader JeTmehe.

G
HTHERIE, TFHooe5, ATC, TR, I, fedias, 1933.
TR, TeoeTaioet, ST JgaHe] WER-HaeT, TRId, 5T, 1945.
T, T, FHS-HeERTe], YR, 5[, 1973.

ALHARE0T, hiteed, WA, 9RIA, 3%, 1951, freaRk, 1958.
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