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Foreword

Knowledge related to astronomy has been prevalent in India
since the Vedic period. Vedas especially Rk and Yajus along with
Brahmanas are testimony to this fact. As an example, Rg Veda verse
1.83.5 indicates the apparent motion of the Sun which is the cause
of life, cause of creation. In the great epic, Ramayana, there are
more than five hundred references of positions of planets starting
from the Bala-kanda where the birth of Shri Rama was described.
Astronomical references to planetary positions in the great war of
Mahabharata clearly point to this. Bhisma-Parva, Salya-Parva and
Udyoga-Parva abound with references of celestial phenomena.

Gradual discoveries related to astronomy contributed to its rich
heritage and they are recorded in writing during first to sixth century
C.E. Astronomer of India observed, systematically analysed and
recorded the positions of planets with the passage of time. And
thus the old Siiryasiddhanta was composed in 400 C.E. which was
widely accepted and followed throughout India. Later in the seventh
century, a modified version of old Siiryasiddhanta was composed.

The present publication, ‘Somasiddhanta’ is contemporary of the
new Sitryasiddhanta. The name of the author of the Somasiddhanta
is not known till date. The uniqueness of this Siddhantic text lies in
its encompassing all aspects of astronomy in a compact form.

Shri Somenath Chatterjee, an independent researcher on history
of science and astronomy, has done a commendable job by preparing
the critical edition of the Somasiddhanta. He has also explained the
text in English along with the diagrams, wherever necessary for
easier understanding of the content.

I am sure researchers and persons interested in astronomy all
over the world, will be benefitted by this publication. The Mission
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hopes this edition will encourage more researchers to work on other
manuscripts on astronomy for publication in future.

Prof. Pratapanand Jha
Director
National Mission for Manuscripts



3 a
(but)
®r

Guttural

Palatal

Cerebral

Dental

Labial

Semi-vowels

Sibilants

Key to Transliteration

3Ma
(palm)
ol

3T au
(loud)

& ka
(skate)
= ca
(chunk)
Zta
(start)
dta
(path)
T pa
(spin)
Tya
(young)
W $a
(shove)

VOWELS
gi g1
(it) (beet)
a1 Te
(play)
CONSONANTS
@ kha T ga
(blockhead) (gate)
B cha S ja
(catchhim)  (john)
3tha /S da
(anthill) (dart)
9 tha T da
(thunder) (that)
wpha < ba
(philosophy) ~ (bin)
Tra o la
(drama) (luck)
W sa H sa

(bushel) (so)

Su EA
(put) (pool)
T ai &l o
(air) (toe)
¥ gha Tna
(ghost)  (sing)
¥ jha < fa
(hedgehog)(bunch)
%% dha Una
(godhead)
o dha Tna
(breathe) (numb)
9 bha 9 ma
(abhor)  (much)
=* ] 9 va
(vile)
%Tha
(hum)

3 (—) m or m amusiira like samskrti/or somskrti

&: visarga=h

s Avagraha indicate elision of short vowel g, has no

phonetic value.

*No exact English equivalents for these letters.






Introduction

Development of Astronomy in Classical Age
(Aryabhata to Jiianaraja)

The one-thousand-year history and development of Indian astronomy
is quite fascinating, especially to the researchers and students of
astronomy. Vedanga Jyotisa (VJ) is the first astronomical text found
in India (1370 BCE) and no other reliable evidence other than Jain
texts is found up to Paitamahasiddhanta (80 CE approx.), which can
throw light to the development of astronomical knowledge.
Varahamihira is the first scholar who felt the importance of
astronomical manuscripts and compiled them in the first half of the
sixth century. Till date, the best evidence of ancient astronomical
knowledge of India contains in the Paficasiddhantika of Varahamihira
i.e. Paulisasiddhanta, Romakasiddhanta, Vasisthasiddhanta, Siirya-
siddhanta and Paitamahasiddhanta. It is no doubt a great work
indeed and Pt. G. Thibaut and Sudhakara Dvivedi translated this
whole work with an elaborate introduction which was published in
1889. After this no such work is found based on original manuscript.
S.B. Dikshit introduced a new idea of modern Paficasiddhantika. He
included Somasiddhanta and Brahmasiddhanta of Sakalyasarhhita
excluding Paulisasiddhanta and Paitamahasiddhanta. Dikshit said,
“The Paficasiddhantika included all the siddhantas excepting Soma-
siddhanta.” . . . these Siddhantas and those which are to be considered
now, are different, and this fact will be further corroborated by the
discussion which will follow. The Siddhantas whose study is going
to be made now are extant and different from those belonging to
the Paficasiddhantika group; and that is why the epithet ‘modern’
has been applied to them. Although there is no definite evidence
to show that there existed or still exist two Somasiddhantas, still it
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is completely similar to the other four, and it is desirable to study it
(i.e. Somasiddhanta) along with them.”"

The Paficasiddhantika was compiled by Varahamihira when
classical age (siddhantic era) started. The development of Indian
astronomical thought started in regular manner from Aryabhata
(b.476 CE). He completed his master-piece Aryabhatiya when he
was only 23 years old. He divided his book containing 121 verses
into four chapters: (i) Gitika-pada (13 verses): (ii) Ganita-pada
(33 wverses); (iii) Kalakriya-pada (25 verses) and (iv) Gola-pada
(50 verses). Aryabhata was the follower of Brahama School of
Indian astronomy.”> Bhaskara I, commentator or Aryabhatiya, says,
“This Acarya worshipped God Brahma by severe penance. So, by
his grace was revealed to him the true knowledge of the subjects
pertaining the true motion of the planets. It is said “Aryabhata who
exactly followed into the footsteps of (Vyasa) the son of Parasara,
the ornament among men, who by virtue of penance, acquired the
knowledge of the subjects beyond the reach of the senses and the
poetic eye capable of doing good to others.”

Aryabhata started alphabetical system of numerical notation
effective in expressing numbers briefly in verses, like khyughr
means 43,20,000 (Vs. 2. Gitika-pada). He also determines the
value of circumference-diameter ratio independently and called this
value only ‘approximate’. It is very interesting that at Kusumpur, a
remote village near Patuliputra (Patna), a student makes the table
of sine-difference which was unknown to Indian mathematicians at
that time. He has also stated geometrical and theoretical methods
for constructing sine-tables. (Ganitapada. V 11-12). The geocentric
concept was not changed by Aryabhata but he added that the earth
rotates about its axis and stars are fixed in space. Aryabheta observed
the period of one sideral rotation of the carth is 23 h 56 m 4.1 s
(Ganitapada, V-3). The corresponding modern value is 23 h 56 m
4 5.091. The accuracy of Aryabhata is remarkably high. Another
feature of Aryabhatiya is difference of astronomical parameters from
other astronomers. To him, Time is endless. (anadi and ananta). Time
division which was present in Suryasiddhanta or like astronomical
texts are modified by Aryabhata. At present it is difficult to think
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that a young man has so much profound knowledge on astronomy
by which he modified exisitng time division.

To explain the theory of planetary motion. He imagined, (i) in
his Gitika-pada chapter (Verse — 4) that in the beginning of current
yuga, which occurred on Wednesday, 32,40,000 years before the
commencement of the current-Yuga, all the planets together with
Moon’s apogee and the Moon’s ascending node were in conjunction
at the first point of the asterism As$vini (Piscium)®.

This assumption was revolutionary at that age. If the precision
of this hypotheses is not considered then also Aryabhata taught how
to think to explain an event. His innovative mind, keen observation,
mathematical aptitude make him extra-ordinary. Previous astrono-
mers performed four correction in the case of superior planets
(Mars, Jupiter and Saturn) and as many as five corrections in the
case of inferior planets (Mercury and Venus) in order to obtains true
positions. Aryabhata reduced the number of corrections from five to
three.

The development of thought of finding planetary distances are—

According to Suryasiddhanta

. mandakarna + $ighrakarna
Planetary distance = 5

According to Aryabhatia,

) mandakarna + §ighrakarna
Planetary distance = R

These characteristics of Aryabhatiya initiates a new school of
astronomy called Aryabhata School. Disciples of Aryabhata taught
this text with great ‘respect’, claiming higher accuracy.

Bhaskara I was the first scholar who wrote a commentary on
Aryabhatiya and threw light on astronomical theories and methods
of Aryabhata I and his earlier followers.

This commentary was the pioneer for propagating astronomy
school of Aryabhata. Bhaskara 1 wrote two books following
Aryabhatiya; (i) Mahabhaskariya and (ii) Laghubhaskariya. Maha-
bhaskariya starts paying homage to God Siva, planets and stars.
In the first chapter Bhaskara I gives the explanation of ahargana,
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various methods to obtain mean longitude of a planet. This text was
written following Aryabhatiya but a few formulae were separately
known to Bhaskara in the verses (13-19), Bhaskara gave a method
to calculate mean lougitudes of the Moon and the Sun without the
use of the ahargana. “Reduce the years (elapsed since the beginning
of Kaliyuga) to months and add to them the elapsed months (of the
current year). Then multiply that (Sun) by 30, and add the product to
the number of (lumar) days elapsed since the beginning of the current
month. Multiply that (Sun) by the number of intercalary months (in
a yuga) and divide by the number of solar months in a yuga reduced
to days. The quotient denotes the number of intercalary months
(elapsed). Delete the divisor and divide the remainder (called
adhimasasesa) by the number of lunar months (in a yuga); then
multiply the (complete) intercalary months elapsed by 30 and to the
product add the number of solar days (elapsed since the beginning of
Kaliyuga); then multiply that (Sun) by the number of omitted lunar
days in a Yuga and divided by the number of lunar days (in a yuga);
the remainder obtained is called ahnika (the residue of the omitted
lunar days i.e. the ayamasasesa). Then multiply the ayamasasesa by
the number of intercalary months (in a yuga) and divide by the (in a
yuga). Add the resulting quotient to the adhimasasesa, next multiply
the ayamasasesa called ahnika by 60 and divide by the number of
civil days in a yuga; the result is in minutes, seconds. The number
of months elapsed are to taken as signs, and the number of lunar
days elapsed as degrees. From thirteen times and from one time then
subtract severally the degrees, minutes etc., corresponding to the
adhimasasesa: the remainders are stated by the wise astronomers
to be the mean longitude of the Moon and the Sun respectively
conforming to the teachings of Aryabhata™.’

Bhaskara I implemented his new idea and used new astronomical
terms like ahnika, grahatanu etc. The very interesting parts of this
text is the deduction of fraction of the intercalary month in mean
lunar months and mean solar months, similarly fraction of the
omitted lumar day. These calculations help to increase precision
of astronomical thought. The eighth chapter is most important
and interesting in Indian astronomy because for its approach to
implement the knowledge of astronomy.
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Laghu-Bhaskariya® is the smaller work of Bhaskara I. The number
of verses is 214, just half of Mahabhaskariya. Laghu-Bharkasiya is
divided into eight chapters. The first chapter is devoted to the detailed
treatment of longitude-correction. The second chapter contains 41
verses and devoted to the calculation of the true longitudes of the
planets. Another feature of this text is making a rule for finding
the Sun’s altitude and Zenith distance, the midday shadow of the
gnomon with the help of the Sun’s declination and the local latitude
(V-27, 28; ch 3). Laghu-Bhaskariya (LB) is the complement of
Maha-Bhaskariya, a summary of Maha-Bhaskariya and it rejects
unnecessary rules given in Maha-Bhaskariya. These two texts have
been elaborately commented by Paramesvara, Siiryadeva yajavana.
The LB has been commented by Sankaranarayana (869 CE),
Udayadivakara (1073 CE) etc.

Soma-siddhanta was compiled at that time when modern Strya-
siddhanta had already copied. Its proof is also in the Ranganatha’s
commentary on Suryasiddhanta. It mentions the number of years
elapsed from creation up to the beginning of the present Kaliyuga
and directs us to “add the desired number of years elapsed from the
present Kaliyuga”.” The real date is not known but the statement
proves that this text was compiled in 6™ century CE.

Brahmasphutasiddhanta of Brahmagupta (b.598) exerted great
influence in the astronomical thought of western and modern
India.® Aryabhata started to think about mathematical astronomy,
observational astronomy, astronomical instruments and mathematics.
Brahmagupta started his works criticising Aryabhata. According to
S B Dirshit, ‘there is no harm in saying, on the whole, that all the
branches of the system which go to make the science of astronomy
in our country, appear to have been completely established in the
time of Brahmagupta’.

On the path of development of astronomical thought Brahmagupta
is another milestone after Aryabhata. Brahmasphutasiddhantais a text
book of astronomy containing 24 chapters. First 10 chapters contain
usual astronomical knowledge but next chapters are progressive and
these are innovative like ganitadhyaya, goladhyaya, yantradhyaya
etc. This is the new look on astronomy. Aryabhatia is the basic text
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to construct panchanga by the vaisnavas in the south. Brahmagupta
criticized Aryabhatiya but wrote his another book Khandakhadyaka,
on the basis of Aryabhatia. So, development of astronomical thought
in (approximate) 200 years, Aryabhat to Brahmagupta, is vividly
clear if we assume two peaks of Indian astronomy hill.

If we back to the Vedic age and after, we get there are so many
hints of astronomical knowledge in Vedic literature and thereafter.

1. Taittiriya Sarhihita and Satapatha Brahmana (SB) are the two
books of veda and Brahmana where readers can get the rudiments of
astromony. These two texts included the introduction of the planets,
twenty-four naksatras, cycles of seasons, concept of leap year, the
dimensions of yoga, solar and lunar years.’

Astronomical knowledge in the Satpatha Brahmana was studied
by many scholars. It is very interesting that Indians of vedic age
began to try to connect mathematics with astronomy. A considerable
part of SB deals with the alter construction in the agnicayana rite.
‘Agni’ is the year; therefore, this rite is about a representation of the
reckoning of the year. This twelve-day agnicayana rite takes place in
a large trapezoidal area, called the mahavedi.

Agnicayana alters are supposed to symbolize the universe.
Garhapatya represents the earth (SB 7.1.1.13) the dhisnya represent
space (SB 7.1.2.12) and the ahavaniya alter represents sky (SB
8.2.1.2). Ahavaniya was made in 5 layers. The first layer represents
the earth, the third the space and the fifth the sky.'” The second layer
represents the joining of the earth and space, whereas the fourth
layer represents the joining of space and sky. Time is represented
by the metaphor of a bird. The months of the year were ordinarily
divided into six seasons unless the metaphor of the bird for the year
was used when hemanta and $isira were lumped together. The year
as a bird had the head as vasant, the body as hemanta and $i$ira,
the two wings as $arad and grisma and the tail as varsa (Taittirtya
Brahamana 3.10.4.1, SB 10.4.5.2)."" The Ursa Major, Seven Rsis
were identified in vedic age. Rsis are not named in the Rgveda.

There is a mention of Visvamitra as being God-born. The
significant point is that the puranic reckoning system with a cycle of
2700 years, called Saptarsi era. It is known that Saptarsi era might
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have been known during Satapatha Brahmana times. The alter
is made in an area 7% times that of one purusa. With 360 years
considered one divine year, 2700 years equal to 772 divine years.
This theory led to the popularity of the system of 27 naksatras. It is
also significant that the epoch of 6676 BCE is exactly 3600 years
earlier that the starting point of 3076 BCE for the Saptarsi era as
accepted by the present scholars. Hence it is clear that at the time of
Mauryas, the cycles of the Saptarsi were counted back to 6676 BCE,
it appears that the new count that goes back to 3076 BCE.

It is well-known that Prajapati is a metaphorical representation of
time. It is also the year (SB5.1.1.1). So, time was represented by the
constellations in the sky or the process of life and death in the world.
The year was represented by the vedic stanza brhati, which consists
36 syllables forming four verses ($loka) (S.B.6.4.2.10). It is stated
that by using 15 gayatrT letters, one obtains the days of the year.'

It is clearly stated that the precession of the earth’s axis caused to
change slowly with time was expressed with the help of mythological
concept. Due to precession of the earth, prajapati, the year, marked
by the Sun rising in Onion at the vernal equinox, had moved towards
Rohini, his daughter.

To understand the astronomical knowledge in Satapatha
Brahmana, it is essential to study reference texts. The Rgveda
described five planets as gods, the Moon’s path was divided into
27 equal parts and the Moon took 27% days to complete the path.
Each of these parts was called naksatra. Naksatras were mentioned
in Taittirfya Samihita also. In later literature, the list of naksatras
was increased to 28.

A lunar day was reckoned from one moonrise to another and
it was called a tithi. The lunar or synodic month was measured
from full Moon to full Moon or from new Moon to new Moon (TS
7.5.6.1). Twelve lunar months constituted a lunar year. To preserve
correspondence between lunar and solar years intercalary months
were inserted at regular intervals (RV 1125.8). For reference, the
following facts from modern astronomy are:

Solar year = 365.25636 solar days

Moon’s sidereal period = 27.32166 solar days
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Lunar month = 29.530588 solar days = 30 tithis

Lunar year = 354.367 solar days

Tithis in a solar year = 371.06239

The Satapatha Brahmana is a compilation having knowledge
about astronomy, like time, Space, and Direction; the connection of
alters with astronomical explation etc. In fact, the main elements of
the astronomy of Vedanga Jyotisa are already contained is Satapatha
Brahmana. Satapatha Brahmana never tells the motion of planets
which are found in Siddhantic age.

2. Vedanga Jyotisa (VJ) is the first astronomical text in India,
belongs to the late vedic age. Lagadha was the complier. Evidences
allow that this book was complied in 1370 BCE (approx). It is the
text where astronomical calculations are initiated. Observational
inferences are compiled nicely; like increase in days and night in the
ayanas, omission of tithis, unit of time, solar & lunar year, divisions
of a savana day and length of day in two ayanas etc. The names of
the Moon’s asterisms (27) were known and used to indicate day.
This type of knowledge improved with time. The solar year was
known to have 365 days and a fraction more, though it was roughly
spoken of as having 360 days, consisting of 12 months of 30 days.

The system of V] is the same as that taught in the Gargasambhita.
The influence of VJ lasts up to Paitamaha siddhanta compiled in 80
CE condensed in the Paficasiddhantika. VJ gives the five-year Yuga
of 1830 days with 62 synodic months in it. It states in detail that in
a yuga there are 5 solar years, 67 lunar sideral cycles, 1835 sidereal
days, 180 tithis, 135 solar naksatras, 1809 lunar naksatras and 1768
risings of the Moon. It also mentions that there are 10 ayanas and
visuvas and 30 rtus or seasons. The astronomical calculations were
performed mentally day by day. According to VJ, the day is divided
into 124 parts. So that the ending moments of the parvas and tithis
can be given in whole units. The day is again divided into 603 units
called kalas, so that the duration of the lunar naksatras is given in
whole units as 610 kalas.

Accuracy of VI is remarkable and it can be examined. The VJ
states that 1830 civil days in a yuga, in which there are five solar
sidereal years and 62 synodic months. This gives 366 days for
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the year which is really 365417 days. 62 Synodic months, almost a
day more than the 1830 given, because at the end of one Yuga, the
amavasya (new Moon) must have been observed to occur on the day
next to the 1830™. Astronomers observed the last day of yuga and
Moon would have been observed in the sky at sunrise, showing the
day to be caturdasi.

The 1830 days period is divisible by 5, giving 366 days for the
year. This is divisible by 6, giving 61 days for each reason. The
ayana has 183 days. The two intercalay months, one at the end of
the 5™ ayana and the other at the end of 10™. Here correction is
needed. A day could have been added to the yuga and not counted in
the calculation, to make up 62 Synodic months. H. Krishna Sastry
Godbole, in his writing on Vedic calendar suggested the correct result
for religions calendar is essential. So, he allowed to accumulate one
day before correction, some suggest that the uncounted day might
have been placed at the end of the 5™ ayana.

Sir William Jones and Colebrooke were interested on V1J for its
application to determine Vedic chronology. Capt. Jervis investigated
the Indian measurement of Time and Prof. A Weber edited this test
with the different readings from the manuscripts available to him.
G. Thibaut interpreted the verses which was very difficult because
the terms used over there are not easy to understand. S. B. Dikshit,
M.M. Sudhakara dvivedi interpreted it in their own way. B. G. Tilak
wrote his asticle ‘Notes on the interpretation of the vedarga Jyotisa;
Criticisms and suggestions’ in 1914 when he was staying in jail in
Burma.

There are so many errors in translating the verses yet it is
good drive to interpret the verses as per their own observation.
Pt. Kupanna Sastri pointed out that B. C. Tilak, in verse Y-VJ 19,
committed a simple mistake of taking ‘Udvapet’ to mean ‘should be
added’, instead of ‘should be taken away’.!* Hence interpretation
was misleading. Present edition of VJ of both recensions have been
approved by scholars and a map of astronomical knowledge of late
vedic period has been cleared.

3. Varahamihira (VM) is the popular mort astronomer throughout
India. As an astronomer, his contribution is only the compilation of
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five siddhantic taxts or systems of astronomy. These are Paitamaha,
Vasistha Romaka, Pauli$a and Siirya. As regards its importance, he
gives the first place to the siryasiddhantc, and places the Romaka
and panlisa next, and declare that the remaining two definitely are
inferior to the former texts. It is the first compilation ever discovered
and it is the only compilation which indicates the state of Indian
astronomy in classical era. The Suryasiddhanta as summerized by
Varahamihira in his Paficasiddhantika differes from the system
prescribed by the Suryasiddhanta now available. Hence, two
versions of Siiryasiddhanta are now available, Stryasiddhanta is the
most popular text throughout India for the preparation of pafichanga.

The modern Siiryasiddhanta consists of fourteen chapters and
has an authentic notes of Parame$vara.

Modern Siiryasiddhanta: an analysis:
Modern Stiryasiddhanta (ss) explains Indian astronomical knowledge
in a good sequence. First two chapters have no titles, but first chapter
having 69 verses explains the mean longitude of planets and
second chapter having 68 verses explains true motion and true
longitude of planets which are the basic elements of Paficanga.
The special characteristics of PS are the description of those which
are most important and/or general nature. The whole text of the
SS is finished in 500 verses much less than other important texts,
Brahamasphuta Siddhanta — 10008 verses, Siddhanta Sekhara —
890 verses and Siddhantasiromani — 962 verses. It is a compilation,
different from Suryariddhanta of PS, of a period when Aryabhatiya
and Brahmasphutasiddhanta had already become popular. But
modern Siiryasiddhanta undoubtedly is the most popular book on
astronomy in India. A large member of works has been published
based on Suryasiddhanta. K.S. Shukla has brought out a list, though
incomplete, but scholars get an idea about the influence of SS.

4. Brahmagupta; Brahmasphutasiddhanta: a new look

Originality in thought process is proved in Aryabhatiya and then
Brahmasphutasiddhanta (Brh.s). Brahmagupta and Bhaskara [ was
contemporaries. Both of them developed their systems in the earlier
part of the seventeenth century. Brahmasphutasiddhanta was written
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in 628 CE and the commentary of Aryabhatiya by Bhaskara I was
composed in 629 CE.

The classification of the contents of astronomy in adhikaras
appears to be the original concept of Brahmagupta. The contents
are divided in 24 chapters containing mathematics and astronomy.
According to Brahmagupta’s statement, 1008 verses are included in
this text but M M Sudhakara Dvivedi edited consulting manuscripts
and added 14 verses.

Another compilation of Brahmagupta was Khandakhadyaka. It
was written by the author in his matured age. Here Brahmagupta
didn’t criticise Aryabhata. Here he wrote, ‘having made obesiance
to God Mahadeva, who is the great cause of creation, existence and
destruction, I shall disclose the Khandakhadyaka which will yield
the same results as the great astronomical treatise of Aryabhyata’.

In the Brahmasiddhanta, Brahmagupta accepts the astronomical
day to begin with the sunrise at Lanka, and the calculation of days,
months, years, yugas, and kalpas all begin from the first tithi of the
bright-half of the Moon and the first day is regarded as Sunday."

caitrasitaderudayadbhanordinamasavarsayuga kalpah /
srstayadan lankayarh samarm pravrttah dine’rkasya //

The ardharatrika concept of Aryabhata was adopted in Khanda-
khadyaka. Varamihira, when compiled his PS, edited some parts of
the text, like in Siiryasiddhanta. Here he also adopted the ardharatrika
system.'® In the first part of Khandakhadyaka, the astromomical
constants are same as Aryabhatiya but other topics are almost same
as Brahmashutasiddhanta.

Khandakhadyaka (KK) has two parts Purva (first) and Uttara
(Second). This text was studied by many scholars and there are many
differences in editions. Pt. Babua Misra edited Khandakhadyaka
with the commentary called Vasana-bhashya by Amaraja declared
that its first part consists of 115 verses but S. B. Dikshit states that
the first part consists of 9 chapters which contain 194 couplets.

The KK has adopted the length of the year 365 d 15 h. 3.1 m up
to given by the modern Stiryasiddhanta. The epoch in KK is 663 CE
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and the first lunar day of the light half of vaisakha falls on Sunday in
that year. KK agrees with the SS with respect of epochal positions.
In the second half of KK, according to Varuna, the commentator,
Brahmagupta has declared that he was going to compile a work
as good as that of Aryabhata. He did not agree in all items with
Aryabhatiya due to mismatch of the calculations with observations.
He has borrowed some important items from Aryabhatiya; the length
of the year, mean motions of planets, epochal positions and the
moment of the beginning of yuga. Brahmagupta did not accept the
system of Aryabhatiya but has simplified it in the Khandakhadyaka
proper. In the Uttara-khandakhadyaka, he further corrected some
of the results, given earlier in the Khandakhadyaka proper. As for
example, in the Khandakhadyaka, Brahmagupta assigns to the
longitudes of the Sun’s apogee the value 80°, whereas in the Uttara-
Khandkhadyaka he corrected it to 77°.

Na sphutamayyabhatoktam yastastatau vakshe /
bhanumati mandocca rasidvayanamsakasca saptadasa //

The accuracy of Brahmaguta is more than Aryabhata.

Bhagasitirinoccani $asinah padonakrta Sarakrtonad /
Bhaganadi dvitriradairvasunava yama nava gunaih sakalam // KK
I.13

The longitude of Sun’s apogee is 80°, inocca means mandocca of
the Sun. It we compare it with the present value, we get the longitude
of Sun’s apogee in 499 CE was 77 deg 19 min 44 sec. Brahmagupta
in the Uttara Khandakhadyaka, gave the near value of this modern
value but Aryabhata gives this value 78° which is less correct. In
the Khandakahadyaka, Barhmagupta gave the equations of the Sun
and the Moon at the interval 15° of arc of the mean anomaly, for
the first time in the history of mathematics, the improved rules for
interpolation by using the second difference.'® The rule applies to
the case of all functions hitherto considered in the Khandakhadyaka,
which are tabulated at the difference of 15° of arc of the argument.

The arguments are -
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a) the tabular differences of the Sun’s equation
b) the tabular differences of the Moons equation.
¢) the tabular differences of the ‘sines’.

5. Bhaskaracharya and his Siddhantasiromoni:

Now, we go through the works of Bharkavacharya or bhaskara II,
to get more accurate results of mathematical astronomy. Aryabhata
gave a table of 24 sines in a quadrant, which is alluded to be Lalla
in words.

Bharkaracharya follows the works of Brahmagupta and Sripati but
his own contribution is great. His master-piece Siddhantasiromani
is a milestone in Indian astronomy. The Siddhantasiromani (SS)
is divided into four main parts and each part is also divided into
chapters. The first part is termed as ‘Lilabati’ (patiganita) consists
of 278 verses. The next consists of vijaganita. The last two parts are
devoted to astromony; goladhyaya and ganitadhyaya. Goladhyaya
treats of all subjects related to planetary calculations. It consists
a chapter describing astronomical instruments for observations. A
short chapter, ‘description of seasons’ was written by the author
with great care. Actually, Bhaskaracharya has a great poetic feeling
which is expressed in his works. The part, known as ‘goladhyaya’
and ganitadhyaya’ are devoted to astronomy and mathematics
essential to astronomy. Goladhyaya consists of all subjects
related to planetary calculations and ganitadhyaya deals with
mathematics related goladhyaya, instruments of observation etc.
Bharkaracharya has adopted from the Brahmasiddhanta the number
of revolutions and the other elements related to astronomy but the
work, Siddhantasiromani has reached a high degree of excellence
on account of explanation of planetary theory covering all subjects
related to astronomy.

The period from Aryabhata I to Bhaskaracharya is regarded as the
most brilliant period so far as the development of Indian astronomy
is concerned. It is during this very period that the khaliphs of Bagdad
in their days of prosperity invited astronomers from India, got the
Indian works translated into Arabic and Latin.
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In this period the problem of ‘ayana’ motion was fully studied.
Bhaskaracharya was not savvy in observational astronomy. He con-
centrated on mathematical astronomy but his works contain nothing
new. He focussed on explanation of old theories. His study gives a
new approach on calculation of astronomy.

Karanakutiihala is a Karana work which Bhaskaracharya had
adopted 1181 CE as the epoch year. Bhaskaracharya regards his work
comparable to Brahmasiddhanta after the corrections recommended
by Rajamrganka were incorporated. Karanakutahala contains ten
adhikaras and 139 verses.

Ganes$a Daivajna was a very famous astronomier of 15" century
CE. His work Grahalaghava states how the planets agree with the
positions calculated from ancient works.

Saurorkopibidhuccamarhkakalikonabjo gurusatvayajo’srgrahu ca
kujajiiakendrakamarthayah sesubhagah $anih /
Sauktacarh kendramjajyamadhyagamitime yanti drktualyatarh //

- Madhyamadhikara, Grahalaghava

The speciality of the Grahalaghava is that it has away with the
use of sines and arcs. But the result found from this Karana work is
less accurate than earlier Karana works. Ganesa observes that the
places of planets calculated from previous works tally with these
observed places on application of certain corrections.

After that the last astronomer of classical age, Jhanraja, son
of Naganatha was born 1507 (1508) CE. Jhanraja has written
a work on astronomy called Siddhanta-sundara which has two
main parts, goladhyaya and ganitadhyaya. Jiianraja states directly
that the Siddhanta-sundara follows the previous astronomy book
Brahmariddhanta. Its auxiliary part, found as bijaganitadlyaya.
The Ph.D paper of Toke Lindegaad Kundson shows the study
of six chapters but it is a detail study. According to Pingree,
Siddhantasundara covers all the contemporary topics on astronomy
and following modern Stiryasiddhanta it is compiled as a hand book
or Karana work. It gives the epochal positions of planets and annual
rates of motion for finding the true places of planets. These positions
and the rate of yearly motion of the planets, completely follow the
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modern Siirya-Siddhanta. This journey of astronomy of Siddhantic
age ends at Jianraja. After him, the works were not remarkable and
nothing new. So, the evolution of Indian astronomy ends in 16®
century CE and again it becomes flourished in assimilation with
modern astronomy.

Somasiddhanta

Somasiddhanta is an astronomical text following Siiryasiddhanta, the
great popular Siddhanta till the classical age in India containing ten
chapters and 335 verses. It is referred in Ranganatha’s commentary
on Siiryasiddhanta and also in Kamalakara’s Siddhantatattvaviveka.
As usual the astronomical texts before Aryabhata, are all divine, and
so is Somasiddhanta.

This book starts from a conversation style between Candra
and Saunaka. According to date of compilation it can be assumed
easily that it existed before Brahmagupta, because a few verses
of Brahmasiddhanta are similar as Somasiddhanta. Again, in
Somasiddhanta we get the name Romaka, so it is later than
Romakasiddhanta. Another example of reference is Latacharya’s
own work which is similar to Somasiddhanta.

Manuscripts references:

Bhanderkar Oriental Research Institute — 208/A 1883 — 84 ff 10,
Nagari (B1)

Benaras — p 257, 171, ff 15 (B2)

Printed version - edited by Divedi, S., Jyotis Siddhanta Samgraha,
Benaras Sanskrit Series, No. 152, Benaras 1912

A short note on resource

Two manuscripts (B1 & B2) and a printed matter in Sanskrit series
BSS 152 have been collated to determine this critical text. These
manuscripts have many variations. Pt. Vidyesvari Prasad Dvivedi
noted a text on Somasiddhanta written by Mayurabhatta, resident of
Varanasi. Pt. Dvivedi did not clearly mentioned the address of the
manuscript. David Pingree, in his renowned work, Census of Exact
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Sciences in Sanskrit noticed that Somasiddhanta was found from
Bhanderkar Oriental Research Institute, Pune. Kamalakara Bhatta
in his work Siddhantatattvaviveka noticed this text. Pt. S. B. Dikshit
suggested Somasiddhanta as a part of new Paficasiddhantika as a
follower of Siryasiddhanta. The editor has collected manuscripts
from Bharderkar Oriental Research Institute, Pune.

This text consists of 335 verses as the following:

No of chapters Name of chapters No. of verses
1 Madhyamadhikara 53
2 Spastadhikara 47
3 TripraSnadhikara 35
4 Candrarkayoh grahanayanadhyaya 29
5 Parilekhanadhyaya 12
6 Nakshtragrahayogasamagamadhyaya 35
7 Grahodayastamanadhikara 20
8 Srangonnatyadhyaya 08
9 Patadhyaya 11
10 Goladhyaya 85
Total 335

The first chapter starts with the dialogue between Candra and
Saunaka. Candra starts with the knowledge of time and mean
positions of planets. In the verse eight a term gurbakshara is present
which is not found in siiryasiddhanta. In the verses 8 and 9, time
division is found;

10 gurbaksara =1 prana

6 prana =1 vinadi
60 vinadi =1 nadi
60 nadi =1 day

The advantages of this time division are that, one prana is how
much division of a day, one kala is how much division of a circle.
One day is equal to 21600 prana, 360 parts of a circle and 60 kalas in
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a part. Therefore 21600 kalas are in a circle. Vinadi is called pala and
nadi is ghatika. The day and nights of the gods and of the demons
are mutually opposed to each other. Six times sixty ahoratra make
a year and twelve thousand of these divine years and denominated
a quadruple age (chaturyuga). According to Somasiddhanta mean
motions of planets are like this:

Planet Number of revolutions Numberof revolutions
in 4320000 years in 1080000 yrs

Sun 4320,000 (verse 21) 1,080,000

Mercury 17,937,060 (verse 23) 4,484,265

Venus 7,022,376 (verse 24) 1,735,594

Mars 2,296,832 (verse 22) 574,208

Jupiter 364,220 (verse 23) 91,055

Saturn 146,568 (verse 24) 36,642

The ancient Indian astronomers introduced certain corrections,
bija, on planetary elements as explained below.
Mean motions of the planets are as corrected below:

Sun 0 4320,000 1,080,000
Mercury —16 17,937,044 4,484,261
Venus —12 7,022,364 1,755,591
Mars 0 2,296,832 574,208
Jupiter -8 364,212 91,053
Saturn +12 146,580 36,645

Examiningtheelements giveninthefirstchapterof Somasiddhanta,
it can be concluded that there are concepts of intercalary months, the
omitted lunar days, the sidereal, lunar and civil days. Verse 30 gives
the number of revolutions in a kalpa. From verse 31 to the rest verse
53 discuss the revolution of Sun’s apsis, the revolution of Moon’s
apsis and node etc.

Chapter two, deals with the method of computing true places
of the planets from their mean positions. The mean positions
of the planets are readily calculated by knowledge of their mean
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motions and the number of days (ahargana) that have elapsed from
a particular epoch at which their mean positions are known. Verse
25 discusses the rectifications of mean positions of five planets by
two equations known as mandaphala and $ighraphala. The Indian
astronomers were aware about the epicycle theory (nichocchavrtta)
and they introduced this theory to calculate the two corrections.
Aryabhata (verse 19-20, kalakriya) explained “All the planets
undoubtedly move with mean motion on the circumference of the
epicycles. A planet when faster than its ucca moves clockwise on
the circumference of its epicycle and when slower than its ucco
moves anticlockwise on its epicycle.” It means that a planet moves
clockwise on its manda epicycle and moves anticlockwise on its
§ighra epicycle. According to Somasiddhanta the dimensions of
epicycles are like this: (V 15-16)

Epicycles of the Apsis (Mandaparidhi)

Sun | Moon | Mars | Mercury | Jupiter | Venus | Saturn
14 32 75 34 33 12 42

Epicycles of the Conjunction (Sighraparidhi)
Sun | Moon | Mars | Mercury | Jupiter | Venus | Saturn
0 0 235 133 70 262 39

(All data are in degree)

It is observed that the dimensions of the epicycles at the end of
odd quadrants are smaller than those at the end of even quadrants
with the exception of Jupiter and Saturn. With the help of the
dimensions of the epicycles at the end of even or odd quadrants
given in the above table, correct epicycle of any intermediary place
can be found. The last portion of this chapter discusses 1) calculation
of sine and versed sine of declination, radius, etc., ii) calculation of
day and night of the planet etc. , ii1) calculation of dates etc.

Chapter three deals with three problems; dik, desa and kala i.e.
direction, position and time with respect to a celestial body. The
astronomical instruments play an important role for determining
different values of three, dik, desa and kala.
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Verse 2 of this chapter discusses the application of gnomon,
shadow. The square root of the sum of the squares of the gnomon
and shadow is the hypotenuse. If from the square of the hypotenuse
the square of the gnomon be subtracted, the square root of the
remainder is the shadow. This is a simple rule similar to Pythagoras
i.e. in a right-angled triangle the square of the hypotenuse is equal to
the sum of the squares of the other two sides. The triangle produced
by the gnomon as perpendicular, the shadow as base and the line
drawn from the top of the gnomon to the extremity of the shadow,
as hypotenuse.

Verse 28 explains the conceptual basis of agrajya which is known
as agra. It is defined as the difference any given shadow and the
visuvadhagraga. Verse 9-10 explains karani; ‘if from the square of
the radius, the square of the sine of amplitude be subtracted and the
remainder multiplied by twelve, and again multiplied by twelve, then
further divided by the square of the equinoctial shadow increased
by half the square of the gnomon-the result obtained is called surd
(karani).

Fourth Chapter

It is very important chapter in Somasiddhanta. It deals with eclipse
with geometrical concept how eclipse occurs, determination of time
of obscuration etc.

Fifth Chapter

Valana, the deflection of the ecliptic from the eastern point on the
horizon of the eclipsed body is discussed in detail. Valanagra, the
points marked on the circle of deflection, is another tool of this
chapter. To explain eclipse, marking of extremities of the latitude
for the contact and separation are very essential. In lunar eclipse
the extremities of the latitude should be marked opposite to their
proper directions. In the lunar eclipse, if the direction and latitude
of the deflection is the same, the deflection should be marked on the
eastern side of the north-south line. This is considered a very good
observation of Indian astronomers.
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Sixth Chapter

The Somasiddhanta has used two terms for almost same meaning;
Yuddha, samagama. Siiryasiddhanta used astamana in this respect
but in author’s view, in Somasiddhanta, setting (astamana) is not used
in same sense. The five planets which are known at that time have
samagama or yuddha with one another but with respect to Moon it
is only samagama. The spot of conjunction, the time of conjunction
are determined in a clear method. Following Stryasiddhanta this
text is very lucid in treatment.

Seventh Chapter

Interestingly, Somasiddhanta did not concentrate on any particular
heavenly event, as a text book all astronomical phenomena are
discussed here. This chapter deals with grahodayasta i.e. helical
rising and setting of these heavenly bodies. When a planet or star
comes into close proximity of the Sun it becomes invisible. This
phenomenon is known as astamana. The knowledge base at the time
of such astronomical texts is modern enough these are comparable
to any naked eye observation through out the world. Very nicely
it is discussed that to determine the helical rising and setting of a
particular planet it is necessary to know the interval to go under such
a stage. The difference between the visibility limit of time-degrees
and the calculated time degrees should be divided by the difference
of daily motions of the Sun and the planet. The result will be the
interval of days before or after helical rising or setting.

Eighth Chapter

It is an excellent feature of Indian astronomical text. Srngonnaty-
adhikara deals with daily rising and setting of the Moon, determination
of phases of the Moon. A very small chapter, only eight verses are
there but important in astronomical perspective.

Ninth Chapter

Astronomy is in true sense a subject which requires a cognitive
knowledge i.e. not only mathematics or physics or any other subject,
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but a totality of knowledge. Pata is a term which is translated by
Burgess as ‘to fall’ but it is used in Indin astronomical text as in
different mode. In Siiryasiddhanta this chapter consists of twenty-
two slokas but in Somasiddhanta it is eleven. Swami Vijnananda
truly explains in his Stiryasiddhanta that pata is occurred when the
Kranti of the Sun and the Moon becomes same.

Tenth Chapter

This chapter is very fascinationg. In all Indian classical astronomical
texts goladhyaya is full of questions, an approach of question and
answers. This treatment reached at highest peak at the time of
Bhaskaracharya. Somasiddhanta is not the exceptional. It starts with
questions about cosmology. It contains eighty-five verses most of
the verses are author’s question bank. The expert tried to explain
with a typical approach but this chapter in the later age deals with
spherical geometry. The approach of this book is slightly different
from Sturyasiddhanta. Somasiddhanta starts with a curiosity about
the mystry of this creature—how to create natural illumination, how
to construct our earth etc.

Explanationofafew Astronomical termsaccordingto Somasiddhanta:
1
Somasiddhanta, an astronomical text followed by Suryasiddhanta
discusses the concept of time and its divisions in the first chapter.
Like other ancient Indian astronomical texts Somasiddhanta starts
with mean daily motions of the planet (madhymadhikara). The
astronomical terms included in this chapter are explained below.

Metaphysical Units of Time: Divine and Demoniacal Day and
Year (verse 10); The day and nights of the gods and demons are
opposite to each other. The combination of day and night (ahoratra)
is designated as the day. The divine day consists of twelve solar
months and three hundred and sixty divine days constitute a divine
or a demoniacal year. A divine year is equal to 360 solar years or 360
* 360 = 129600 solar days.

Caturyuga (verse 12 -13): It is the amount of period consisting
of 43,20,000 solar years divided into four sub periods known as
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Krtayuga, Tretayuga, Dvaparayuga and Kaliyuga. The measurement

of each sub-period is obtained by dividing the entire period of a

yuga by ten and multiplying the quotient by four, three, two and one

respectively i.e. caturyuga components are in the proportion 4:3:2:1.
Thus the measurements of sub-periods are as follows:

Krta (4320000 x 4) = 10 = 1728000 years
Treta (4320000 x 3) =10 =12,96,000 years
Dwapara (4320000 x 2) ~10 = 8,64,000 years
Kali (4320000 x 1) = 10 = 432000 years

Life of Brahma (verse 20): Total span of the life of Brahma is
stated as 100 Brahma years. One Brahma year contains 360 Brahma
days. One day and night of Brahma is constituted by two kalpas.
One kalpa = 14 Manu, 1 Manu = 71 yuga, 1 yuga = 4320000 years.
(Manu = Manvantara)

Bhagana (verse 20): One which moves faster (§ighragami) passes
through the asterisms in a short time; one which moves slowly
(mandagami) passes through them in a long time. According to the
text the planets and asterisms move constantly from east to west at
a high velocity. The planets are stated faster or slower depending
on the smaller or larger routes they have to take according to their
relative position in the sky.

Sigrocca (verse 21): It means apex of fastest motion. The speed
of a planet is fastest at conjunction.

2
Trijya: Angles are measured in Indian system in rasis. A rasi consists
of 30 degrees. Trijya is the short form of trirasijya, so it consists of
90 degree. In astronomical texts trijya is measured in terms of kalas.
3438 kalas are in trijya.

Kojya: It is the short form of kotijya (cosine). It is the jya of the
complementary angle in a quadrant.

Lambajya: It is the term used to denote the kotijya of the latitude.

Manda Kendra and $ighra Kendra (verse 24 - 26) The circular
difference between the mandocca and the mean planet is called
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mandrakendra. The difference between the §ighrocca and the mean
planet is known as $ighrakendra.

Mandaphala and S$ighraphala (verse 25): The radius of the
mandaparidhi or the §ighraparidhi is equivalent to the sine of the
arc representing the greatest difference between the mean and
actual positions of the planet. If the difference in the positions of
the mean and true planet is due to mandocca, the epicycle is known
as mandaparidhi, and the difference as mandaphala. If the difference
is due to $ighrocca, the epicycle is known as $ighraparidhi and the
difference as Sighraphala.

3
Chayakarna (verse 17): The hypotenuse of the gnomonic triangle
whose two sides are gnomon and its shadow.

Karani and phala (verse 29 - 31): To find the angle of the cone of
the Sun lying in the intermediate direction, one formula is deduced.

Angle of the cone (konosanku) = square-root of the addition of
square of the karani and phala + phala

Positive sign is used for the Sun has north declination and
negative sign is used for the Sun has south declination.

This chapter deals with sufficient mathematical treatment as the
other Indian astronomical texts.

4
Chadakaisused here as the grahaka, the body to be obscured. The term
chedyakacomesfromthewordsplit,itisusedasdivisor. Theknowledge
ofprojectionisnecessarytounderstandpreciselytheeclipsedportionof
the disc. The projection is directed to be made upon a plane surface
of the earth where the midpoint is identified.

Grasa is used for obscuration or eclipse which is implied as the
old concept of eclipse as eating etc.

Pragraha and Moksa are appropriately used for ‘seizing upon’, or
first contact and the later is used for separation.

Nimilana means the total disappearance of the eclipsed body
within or behind, the eclipsing body and the first reappearance is
called unmilana.
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The theory due to account of projection of eclipses, that three
minutes of arc at the horizon, and four at the zenith, is equal to the
excess of above three minutes of the equivalent of a digit at the
zenith, being one minute.

5

Assuming that the observer’s position is in the north side while
looking straight southward. Comparing the different phases of the
eclipses, the mid-circle can be drawn taking its outermost point for
deflection. “Valana” means deflection. The problem is to identify
those points. At what point eclipse begins and what point it ends.
Valana gives the angle between the ecliptic and prime vertical.

It is required to represent the deflection of the ecliptic; an east-
west line is drawn on the part of greatest obscuration. The deflection
(in this moment) is determined by a secondary to the ecliptic, drawn
from north and south point.

In the lunar eclipse, if the direction of the deflection and the
latitude is the same, the deflection should be marked on the eastern
side of the north-south line. If the latitude is north, the defection
should be marked east or west from the southern point. When it is
south, the deflection marked from the northern portion is obscured.
When the latitude is north, the southern portion of the eclipsing
body is obscured, and vice-versa. In the eclipse diagram, the
centre of the eclipsing body is supposed to be on the great circle,
and for the mid-eclipse, the latitude of the Moon is to be marked
on the line joining the centre and the point of deflection. The rule
formed to mark the deflection from the northern or southern point
corresponding to the opposite direction of the latitude. The cause of
marking the deflection in the eastern side, if the direction both of the
latitude and the deflection is the same, in such a situation, the centre
of the eclipsing body lies on the western side of the NS line of the
eclipsed body.

6
This chapter is mainly occupied with such a definition of the
positions of the asterisms — to which are added those few of the
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more prominent among the fixed stars. The text here assumes that
the names of the asterisms and the order of the succession. The
identification of the asterisms is founded upon the positions of their
junction stars. The number and configuration of the stars forming
the groups are not stated in this text.

7

Helical rising and setting of the heavenly bodies are precisely the
same with those employed to denote their rising and setting. The
degree of visibility, if multiplied by 1800 and divided by udayasu
gives the result kshetrarnsas.

8

This chapter employs that the method of finding the interval from
sunset to the rising or setting of the Moon, method of determining
the Moon’s relative altitude and distance from the Sun at sunset. To
determine the illuminating part of the Moon’s disc from the new
Moon to the full Moon when the motion is less than 180 degree
from the Sun and when the excess of the longitude is more than 180
degree.

9

This chapter deals with the description of the malignant character of
the times when the Sun and Moon are in equal declination, upon the
same or opposite sides of the equator. This chapter is less important
in Indian astronomical texts. Burgess noticed in his translation and
commentaries on Sturyasiddhanta that this chapter in this text is not
explained properly.

10

This chapter is full of queries and answers. It tries to explain the
creative agencies, of the elements, form and disposition of the
stellar and planetary systems. It describes the form, structure and
divisions of earth, varying phenomena of night and day in different
latitudes and zones, revolutions of stars and planets, dimensions of
the planetary and stellar orbits.
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Word Numerals

0= ambara, kha, biyat, byoman, $unya, akas, gagana, abhra,
navas, purna

1 = indu, ku, candra, niakara, ripa, bhii, $asanka, praleyarasmi,
ahna, $asin, mah1

2 = aksi, advin, dasra, netra, yama, yamala, locana, paksa, kara,
yugala, yugma

3= agni, guna, jbalana, banhi, $ikhin, hutasa, dahana, rama, hotra,
puskara, pabaka

4= abdhi, arnava, krta, veda, ASrama, caturmukha, anghri, jala,
jaladhi, lavanada, jaladhara, yuga

5= artha, isu, bana, margana, aksa, indriya, bhita, visaya, $ara,
prana, sayaka

6 = rtu, rasa, anga,

7= adri, turanga, naga, parvata, bhiidhara, bhiimidhara, muni,
asva, svara, acala, ksitidhara, ksonidhara, Samudra, sagara,
divicara, dhatridhara, bhubhrt, Saila

8 = kunjara, gaja, vasu, bhujanga, sarpa, prakrti, dvipa, naga, ahi

9= anka, go, chidra, randhra, nanda, naraka, svargati, khecara

10 = dis, asa, kukabha, panti
18a, 18ara, rudra, $ankara, bhava, §iva, bharga
12 = arka, siirya, $anku, bhaskara, ravi, bhanu

13 = visva, atidvadasa

14 = indra, manu,

15 = tithi, dina

number | Suryasiddhanta |Paficasiddhantika | Mahabhaskariya |Khandakhadaka
16 asthi asthi, bhiipa asthi asthi

17 |- atyasti | ememeeeem | e

18 dhrti dhrti dhrti dhrti

19 atidhriti. =~ [ emeememeeees | e e

20 nakha nakha nakha nakha

Except these numbers,
27 = trighana, 49 = tana, 225 = tithivarga, 10000 = ayuta
are found.
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To understand mathematical astronomy in Indian context these
figures will be helpful.

Fig. 1:

PN =jya of PB arc
ON = kotijya of PB arc
BN = utkramajya of PB arc

Jya = sine X radius
Kotijaya = cosine x radius
Utkramajya = versed sine x radius.
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Yamyottaramandala
Samamandala
Samaprota

Khamadhya
Samacinha

29

Zl

Fig. 2:

(Celestial meridian)
=ZSZ/NZ
(Prime vertical)
=ZEZ/WZ
(Horizon)
=SENWS
(Zerith) =Z
(North Point) = N
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Fig. 3:
Yamyottaramandala (Celestial meridian) = ZSZ/NZ
Samamandala (Prime Vertical) =ZEZ/WZ
Samaprota (Horizon) = SENWS
Nadimandala (Celestial equator) = CEE/WC

Dhruvaprota (Secondary to celestial equator) = PE P/ W P
Dhruva (Pole of the celestial equator) =P
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Fig. 4:

Krantivrtta (ecliptic ) = AA/Ka
Kadamvaprota (Secondary to ecliptic) = BB /B
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Fig. 5:

Ksitija (Horizon) =SENWS
Ahoratravrtta (Diurnal circle) = DF D/ G D
Unmandala (Elevation) =PFP/GP

Somasiddhanta
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Fig. 6:
Aksamsa (elevation of the POK ) = CZ
Lambamsa (Colatitude ) = SC
Lambajya (Rsine of colatitudes) = N/C
Krantijya (Rsine of declination) = OH
Agra (Rsine of the amplitude) = 0G

San ku (Distance of projection of a heavenly body on the plane of
the celestial horizon from the planets rising and setting) = MM
/Sankutala = N/G
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z
C
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E o N
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Z,
Fig. 7:

Aksamsa (elevation of the pole) = Z C

Aksajya (arc of latitude) = OE
Lambamsa (colatitudes) =SC
Diameter of the horizon =SON

Diameter of the celestial equator = C O E/



Introduction 35

S
Fig. 8:
Natammsa (Rsine of Zenith distance) = arc ZT
Natarhsajya =jy(a) ZT
Unnatamsa (900 less Zenith distance) = arc TM

Unnatams$ajya =jyaTlM
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Fig. 9:

Udayajya (orient-sine; Rsine of the amplitude of lagna from the
last) =G A/

Madhyalagna (Meridian ecliptic point) = K

Madhyajya (Rsine of the Zentith distance of the meridian ecliptic
point) = Z K

Khamadhya (Zenith) = Z
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dinardhasanku (length of the perpendicular) = D M
ksitija (Horizon) = SN S
ahoratravrtta (Diurnal circle) =D D/ D

37
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Fig. 11:

ravikarna (Distance between earth’s centre and the Sun) =S E
ravivyasardha (Radius of the Sun) =S A
ravivimbamana (Angular diameter of the Sun) =A E B
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Fig. 12:

ayanakala=A B
ayanagraha = A
krantivrttameru = ¢
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Transliteration

Sri Ganesaya namah
Chapter I: Madhyamadhikarah

brhaspatisutam $antam sukhasinam priyaksanam |
abhivandyam munirdhiman $aunakah pariprcchati || 1 ||

bhagavan sarvasastrajfia sarvabhiitahite rata |
katham grahasthitiryavallagnakalavidhah kramat || 2 ||

uparagasca khetanam yogascaragrahah kramat |
graharksasvodayah patastatrapi grahariipinah || 3 ||

$rngonnatirjagatsrstisthitisamhrtayopi ca |
etanme sams$ayam chindhi bhavavannausadhipate || 4 ||

$rutva caitat trilokesascandramah $aunakoditam|
pratyuvaca mahabhaga idam vacanamadarat || 5 ||

maharse tvam samarthosi jiatumetadasesatah |
$rnu Saunaka vaksyami $astram paramadurlabham || 6 ||

vedangamakhilam srestham yatprstoham tvaya mune |
dasagurvaksarah pranah sadbhih pranairvinadika || 7 ||

tatsastya nadika prokta nadisastya divanisam |
tattrim$atarksamasah syat savanorkodayaistatha || 8 ||

tayaindavastattithibhih sankhantya saura ucyate |
tatha dvadasabhirmasairdinanadi vinadikah || 9 ||



Transliteration
sastirmadhuvasantadyairbatsarastu rturbhavet |
surasuranam taddivamahoratram viparyayat || 10 ||

tatsastih sadgana divyam varsamasurameva ca |
catustrihyekagunitam ptrvoktam divyasamkhyaya || 11 ||

dvadasabdasahasram tu yugavarsamiti kramat |
$atam tadrksamam tesamadau sandhyabhidhiyate || 12 ||

sandhyamsaste ca tatpiirvaparadharme pravrttayah |
sandhyasandhyamsgasahitam vijiieyam taccaturyugam || 13 ||

krtadinam vyvastheyam dharmapadavyavasthaya |
caturyuganam saika syat saptatirmanusambhavah || 14 ||

sandhikrtamitasyante dhatripindajalaplavah |
sasandhyaste manavah kalpe jiieyascaturdasa || 15 ||

krtapramanah kalpadau sandhih paficadasa smrtah |
ittham yugasahasrena bhiitasamharakarakah || 16 ||

kalpo brahmamahah proktam $arvari tasya tavati |
paramayuh $atam tasya tayahoratrasamkhyaya || 17 ||

sarvesameva jivanam $atamevayuriicyate |
tattacchvasapranakalastamasesavinirpayah || 18 ||

vikalanam kala sastya tatsastya bhaga ucyate |
tatrimsata bhavedras$irbhagano dvadasaiva te || 19 ||

prakcaraste grahastungah patah pratyakcarah smrtah |
pratyaksabhaganastesam pausnante bhaganastatha || 20 ||

kujarkigurusighranam siiryajiosanasam yuge |
plrnambaranabhovyomaradveda bhasaficayah || 21 ||

rasagnisurabanadri$ailarthah §itagostatha |
dantastarasanandaksinayanani kujasya ca || 22 ||
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jhasighrasya nabhastarkakhagatryankanagendavah |
brhaspateh khadasrasvivedasadvahnayastatha || 23 ||

Sukrasighrasya tarkadrivahnyakrtinabhodayah |
sanerbhujangasatpaficatarkabdhisitarasmayabh || 24 ||

indiiccasya trikrtyastabhujangamapayodhayah |
nagagniyamadrgvahnihastah patasya §itagoh || 25 ||

bhiisavanadinarkasya udayadudayastatha |
astanetrastasailendugogailadrisarendavah || 26 ||

bhanamastaksisarpadritridvihyastasarendavabh |
pragyayibhaganonaste yuge tasyodayah smrtah || 27 ||

$asimasa bhavantyeva siiryendubhaganantaram |
candrah khastakhakhavyomakhakhagnivyomasatdharah || 28 ||

sadvahnitrihutasankatithayascadhimasakah |
tithiksaya yamarthaksihyastavyomasarasvinah || 29 ||

sahasragunitam kalpe yadyuge tatprakirtyate |
stiryamandasya bhaganah kalpe saptastavahnayah || 30 ||

kaujasyabdhinabhonetra baudhasyastartuvahnayah |
jivasya khakharandhrani saukrasyarthagunesavah || 31 ||

gognayah $animandasya patanamatha kirtyate |
kaujasya manunetrani baudhasyastastasagarah || 32 ||

Jivasya krtasailendu Saukrasya trinabhonava |
Sanipatasya bhaganah kalpe yamarasartavah || 33 ||

kalpadau khakhavedadrikrtai ryaddivyahayanaih |
srjyate vidhina visvam tangeyadabdasaficayat || 34 ||

atha mahesvarasukhyo brahmanodhuna |
saptamasya manoryata dvaparante gajasvinah || 35 ||



Transliteration
khacatuskabhujangastasararandhranisakarah |
srsteratitah stiryabda vartamanat kaleratha || 36 ||

masikrtabdascaitradyairgatamasairyutah prthak |
adhimasahatah siiryamasairlabdhadhimasakaih || 37 ||

yukta dinikrta yuktastithibhirnihatah prthak |
ksayahaiscandramasapta viSodhyavamavasarah || 38 ||

savano dyuganah stryadittham yosau nagairhrtah |
stryadyo vasaradhiso lafikayamardharatrikah || 39 ||

siddhapuryam tu madhyahne yamakotyaminodaye |
varapravrttih sandhyayam romakayamiti sthitih || 40 ||

ratryarngaparato vacya prabrttih piirvadesaja |
lankayamanyatha pascattaddesantarakalatah || 41 ||

varapravrtterghatika dvighnyo vana hrtah kramat |
paficabhih khakhadinapat ksepa varadibhih smrtah || 42 ||

prakpaficodhatasesardhe kalahoreti nadikah |
dyuganastrimsata sadghnasastya dvitritaye phale || 43 ||

saike saptavisese te masavarsapati kramat |
yatha khabhaganaghnaha bhaganadigrahat kuhaih || 44 ||

dyugano bhaganabhyasto bhaganadi kuvasaraih |
bhaganebhyastatha bhuktih patascakradvisodhitah || 45 ||

guroratitabhagana dvadasaghna grhairyutah |
vartamanairgatebhyobda vijayadyah khasat hrtah || 46 ||

lankamervantarabhyastah kanci lohitakam sarah |
avantivatsagulmau ca tatparitendutegrahah || 47 ||

unmilanadatitadva drksiddham ganitagatat |

yada tada madhyagasya svasthanam pratyaganyatha || 48 ||
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desantaraghnah sastighnah svabhiiparidhina hrtah |
tannadika syattaddadyattabhya eva tadanyatha || 49 ||

talavargo mahikarna stadvargaddasataditat |
milam bhiiparidhisthoyam lambajyaghnastribhajyaya || 50 ||

bhaktah svakastena bhuktirdesantarahata hrta |
liptadi pragrnam pascat svangate sa svakah smrtah || 51 ||

svade$aja grahastepi madhyaratribhavah svake |
istanadohata bhuktih sastya svarnam gataisyayoh || 52 ||

vakrinah phanipah pascatpragyay1 vyomagah svakah || 53 ||

iti $Srisomasiddhante caturthe §aunakaprasne
madhyamadhikarah prathamal ||

Chapter II: Spastadhikarah

bhacakrat sasabatyamsah samabhiiya ca saiva hi |
adyagrakhandadvipardhe pindajya taddalabhidha || 1 ||

prathamajyaptakhandena khandah khandah parasya ca |
anyaparajyotyakhanda jyascaturvimsatisca hi || 2 ||

utkramat pindakah khanda utkramajyaptapindakah |
yadotkramena jyonantya jyardhapindah kramadam || 3 ||

tas§yanetrani gobdhyabdhistathartipanagartavah |
khankastau banastnyesah $aracandragunendavah || 4 ||

krtibanendavo gobhtimahidharahimamsavah |
digankacandrastrinavanakhah saptartudrkkarah || 5 ||

candranalabdhiyamala bananagasarasvinah |
astasvinaganetrani nandapafcabhagasvinah || 6 ||



Transliteration
nagadrinavanetrani krtastagagananalah |
saptatyastigunastarkapaficanetrahutasanah || 7 ||

prakrtitridasa netramunideva yathakramah |
navambarabdhibahula rupagnikrtapavakah || 8 ||

ibhatrigatyavasthascotkramajyam prabravisyatha |
$aila navasvinastarkarasa munipinakinah || 9 ||

dvidhrtih ksmotkrtirvedarthatri purnarasabdhayah |
godyrrtha diknagastryarthadvipah Sailaviyaddisah || 10 ||

ksmatyasticandra banabdhivisvestasvisarendavah |
atidhrtyadri$a $ano dhrtinandani$akarah || 11 ||

trihastasasinetrani devapavakavahavah |
astabdhitattvam Sailartubhanyankastanavasvinah || 12 ||

gunacandradvidahana vasutrikrtavahnayabh |
graham svatungat sam§odhyocchistam kendram pade same || 13 ||

gamya dorjya gatatkotiroje pade’nyatha bhavet |
lipta hrta tattvayamaih $ista jantarayorvadhat || 14 ||

tattvasvibhih phalam yojyam gatajyayam kaladikam |
ravermandaparidhyam$a manavo yamalagnayah || 15 ||

arthadrayo vedagunah surah siirya navarnavah |
kujadinamatho Saighrya visayanaladasrakah || 16 ||

gunavis$ve khasailasca hyutkrtirnavapavakah |
sadtanvinduhrta dorjya jiieya vrtta kujasya tu || 17 ||

arkendvormanuvahnabhrasasankaisca tribhajyaya |
anyesam jiioccamande’tha saighrye $ukre jiabhtibhuvam || 18 ||

ekajyaya rnam Saighrye jivarkyostaddhanam bhavet |
sphutavrttahate bahukotijye bhaganamsakaih || 19 ||
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phalajyo mandajo capam bhijjat phalakalah smrtah |
mrgakarkyadijasvarnavyasarddhe $ighrakotitah || 20 ||

phalajyato dohphalajya vargaikyadyat padam Srutih |
dohphalajya trijivaghni srutyaptam syattu taddhanuh || 21 ||

saighryam taddohphalam proktam capanayanamucyate |
asannajyathava $istam Sistam tattvasvibhirhatam || 22 ||

sungasungajyantaraptam sungajyasamkhyaya hataih |
tattvasvibhih samayojyam dhonurliptah prakirttitah || 23 ||

svarnam bahuphalam kendre mesajukadike grahe |
sighrarddhamandarddhakhage phalarddhakrtasangakah || 24 ||

madhye Saighraphalasyarddham mandamarddhaphalam tatha |
saighrarddham madhyage mande mandam $ighraphalaih kramat || 25 ||

bhaumadinamayam margo mandakarmaikamanyayoh |
bhanubahuphalabhyasta grahabhiiktih samuddhrta || 26 ||

liptabhacakraliptabhiraravat khacarepi tat |
natyantaradrggrahayoh sastighnam $esaliptikah || 27 ||

tadyutam kendrabhukterva grahavanmandakarmani |
yat phalam karkinakradau svarnam tajjyotisam gatau || 28 ||

Sighrakendragatistrijyaksusma karnoddhrtarnam |
Sighroccabhukteh syadbhuktirvakrabhuktirviparyaye || 29 ||

tadrnam madhyabhuktisca hitva sighroccabhuktitah |
sesarddhamadhyabhktyaikyam $ighrarddhagatirucyate || 30 ||

yuge ca satsataikatve bhacakram prak ca lambate |
tadguno bhudinairbhakto dyugano’yanakhecarah || 31 ||

tacchuddhacakradorlipta dvisatyaptayanamsakabh |
samskarya jiukamesadau kendre svarnam grahe kila || 32 ||



Transliteration 81
tatsamskrtagrahat krantilagnamapyunnatihsphuta |
harinakalabhagasca lagnam yastam tu sadhayet || 33 ||

grahadorjyadrigovi$vairhata trijyoddhrta dhanuh |
tasyah krantiridagyamya tatptirvaparabhagaja || 34 ||

krantyantaksepamanena grahanam saficaram kiyat |
tulabhinnakakupkrantiksepayogantaram kramat || 35 ||

Sukrajiapatayormandam phalam mandam trttyakam |
caturtham grahavacchaighryam patesvarkangirosrjam || 36 ||

patan grahebhyah $ighroccat prohya dorjya jhasitayoh |
candrat khatarakaih khankaih kharkaih sastya svabhaskaraih || 37 ||

nabhorkaistadayedantyacalakarnaih svakairbhajet |
vijyayendoh phaladhanurviksepah krantivatkakup || 38 ||

krantijya visuvadbhaghni trisaptasarasamguna |
kranteh kotijyaya bhakta dvighnam yatarahasavah || 39 ||

taccapam svadinabdhams$e svarnam yamyenyathottare |
ksepa dinarddhe kramaso bhanamapi vijistrayam || 40 ||

grahodayapranahata rasiliptahrta gatih |
svahoratrasubhihsvarnam cakrasurrjuvakritah || 41 ||

arkonacandraliptabhyastithayo nakhaparvataih |
gatagamya ca sastighna nadyo gatyantaroddhrtah || 42 ||

dhruvani $akunam caiva catuspannagamarddhatah |
kimstughnam krsnabhiitayascatvari karanani ca || 43 ||

babadinam tatah sapta carakhyakaranani tu |
masestakrttva ekaikam karananam prakalpayet || 44 ||

tithyarngabhogam sarvesam karananam prakalpayet |
gatagamyakalarasergatya hanistu samkrame || 45 ||



82 Somasiddhanta
samskrtayanabhagarkasamkramastvayanam kila |
snanadanadisu $restham madhyamam sthanasamkramabh || 46 ||

grahaliptastasatya bham gamyahanigataisyakam |
tatharkenduyuteryogo gatyaikena dinani tu || 47 ||

iti Srisomasiddhante spastadhikaro dvitiyah ||

Chapter III: Triprasnadhikarah

chaya vaisuvati ya sa nama madhyahniki ca sa |
tatharkena hite trijye visuvatkarnabhajite || 1 ||

aksajyalambajive taccape yamyeksalambane |
sankucchayakrtiyutermiilam karnonyathapi va || 2 ||

tulyabhinnadigaksams$akrantyorvislesanam natam |
taddostrijye hate stirye kotyaca harabhasruti || 3 ||

soumyaksona yadakrantiraksajya dvadasahata |
krantijyapta $rutirbhanau pracirekham samagate || 4 ||

samamandalakarnapta etaddvadasasamguna |
samamandalasankuh syadaksajyagunita narah || 5 ||

paramapakramajyapta bhujajya taddhant ravih |
krantijyestasrutighna ca lambaptagranguladika || 6 ||

visuvatya taddhanarnam yamye syaduttare bhuje |
anyatha va bhujo’nena disam samsadhonam bruve || 7 ||

krantijyavisuvatkarnabadhorkairagramaurvika |
trijyavargarddhatograjyavargonad dvadasahatan || 8 ||

punardvadasanighnacca labhyate yatphalam budhaih |
sankuvargarddhasamyuktavisuvatkarnabhajita || 9 ||



Transliteration
labdham tu karant nama tam prthak sthapayettu sah |
visuvacchayarkabadhadagrajyasamgunattatha || 10 ||

bhakta phalakhyam tadvargasamyuktakaranipade |
phalena hinasamyuktam daksinottaragolayoh || 11 ||

yamyayorvidisoh sankureva yamyottare ravau |
udak carati tasyarke sankusttittarayostu sah || 12 ||

tattrijyavargavislesanmiilam drgjyabhidhiyate |
svasankuna vibhajyapte drktrijyadvadasahate || 13 ||

chayakarnau tu konesu yatha svam desakalayoh |
konaprabhagakrtidalam yam hatva tribhajyaya || 14 ||

krantijyakonakarnaptam tacchayamanakam bhavet |
drgjya syatkrtitastyakta trijyavargatpadam ca yat || 15 ||

udakcarajyaya yukta trijyaya yamyayonita |
natotkramajyaya hina kranteh kotijyaya hata || 16 ||

trijyapta dvadasaguna visuvatkarnabhajita |
sankuh piirvavadevadichayakarnau svakadhike || 17 ||

abhistacchayayabhyasta trijya tatkarnabhajita |
drgjya tatpratilomedho tatajyadyodayonatah || 18 ||

tadutkramadhanuh purvaparajyasyurnatasavah |

madhyacchaya madhyabhuja trijyapta tacchravoddhrtah || 19 ||

natajya syannatabadhastattathahopratisthita |
tatstiryanabhaliptasca tadtyakrantiliptikah || 20 ||

dikbhede misritah samye visistascaksaliptikah |
tajjyakotibhuve jive aksalambanamaurvike || 21 ||

aksajyarkahata bhakta labdham ya visuvatprabha |
bhinnatulyavadhaksaikyavislesajyakramabhidha || 22 ||
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trijyapta munigovisvedhanubhakajibhatrayoh |
karkyadau prohya cakrarddhattuladau bharddhasamyute || 23 ||

tuladau prohya bhagananmayamesadinayakaih |
prakcakram calitam hina chayarkat karanagatat || 24 ||

pascaditagavasvarnam calamsastaddinantara |
chayarkagatasam$uddham chayarkobhayaliptikah || 25 ||

desantarakalabhanamanupatattathottara |
chayadoh krtivislesan mulam $ankustatha vidhauh || 26 ||

sankucchaya samasthane kalpyamadvadasangulam |
tacchayagram bhujavyasta disam sankubhujasrayoh || 27 ||

sthulasankus$ca prasarye madhye tattalasankuna |
pracirekham vilikhyedam vrttam tasmacca madhyatah || 28 ||

timina yamyasaumya ca vidigrekhe ca yuktitah |
caturasram bahih kuryat siitrairmadhyadvinihsrtaih || 29 ||

tatha disam bhujah prachi rekharddhai§ca samahatah |
bahudvayantare yatsyadayatayutivaddhanuh || 30 ||

vindutrayasprksiitrena sphutacchayabhramam sada |
khagastayorthagogaikah Saratyankahimamsavah || 31 ||

kramotkramadadhah sthapya mesallankodayasavalh |
svadesacarakhandona mrgadyah karkatadayah || 32 ||

svadesacarakhandanyah svodayadanupatatah |
lagnametairmadhyalagnam natairlankodayasabah || 33 ||

lagnagrahantaraprana vijiieyah kalasadhane |
stiryadune nisasesallagnarkadadhike diva || 34 ||

bhacakrarddhayuta bhanoradhikastamanat param || 35 ||

iti Srisomasiddhante triprasnadhikarastrtiyah ||



Transliteration

Chapter IV: Candragrahanadhyayah

yojakanam pancasastih sataghna bhaskarasya tu |
viskambho mandalasyendoh sasiti catuhsati || 1 ||

madhyagatya hrta spastagatighna vyasakau sphutau |
sphutarkamandalakala somasvabhaganahata || 2 ||

syadajabhaganairbhakta indoh sastistadananam |
bhasvadasakalascandrakaksayam tithiyojanaih || 3 ||

sphutarkabhuktirbhiivyasagunita madhyayoddhrta |
labdham stict mahivyasasphutarkasravanantaram || 4 ||

madhyenduvyasagunitam madhyarkavyasabhajitam |
viSodhya labdham siicyastu tamo liptastu purvavat || 5 ||

bhacakrorddho bhavedbhiita tatharkena pracalita |
urage grahanam yadva kriyabharddhadhikonake || 6 ||

chadakorkasya §ttamsuradhahstho ghanavadbhavet |
bhiicchayacchadakascandrascadyenyatra paristhitah || 7 ||

parvantakenduviksepam prohya bhiibhasasankayoh |
manaikyarddhadgrahanam syadanyatha madhyakalakam || 8 ||

paksantam dormadhyakalam yatharkasya tatha nahi |
masantara tadbimbam madhyasthakasadarsanat || 9 ||

prakpascallambanenonayuktam masanta eva tat |
madhyakalastu tadvacca spar§amokseti caranat || 10 ||

kimbhahararddhe stryendvordaksinottarasamsthayoh |
bimbamadhyagatam vyoma nahi lambanakaranam || 11 ||

purvaparasthayorbimbamadhyayorantaraparam |
kalaheturato lagnam jya ntyapakramasamguna || 12 ||
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lambajyaptodayajyestamadhyalagnanatajyaya |
hata tribhajyaya bhakta vargayos$ca na tajyayoh || 13 ||

bislesanmilamucyeta drkksepa iti samskrtim |
prohya trijyakrrtermiilarh drggatijyanaya harah || 14 ||

ekajyamadhyatovargalagnarkantaratosubhah |
chedena bhakto nadyadi lambanam candrastiryayoh || 15 ||

asakrt karmananena madhykale sthirikrte |
drkksepat saptavargaghnat trijyayavanatirbhavet || 16 ||

madhyalagnanatamsakhya diktulyentaradrkaya |
natya tatkrantirityetaccandre ksepah sphutah smrtah || 17 ||

tatprohyarkendumanaikyadalacchannam vivasvatah |
grahyagrahakamanaikyavislesarddhakrteh padam || 18 ||

viksepavargahinadyatsastighnam candrasiiryayoh |
bhuktyantarena sthityarddham vimardarddham kramena ca || 19 ||

tadiinapaksamasantat sparsanam ca nimilanam |
arkada rasakrccaivam moksonmilanamanyatha || 20 ||

bhanostallambanenaiva kalah spastah syureva hi |
madhyena ya taya spastasthityrddham spar§amoksayoh || 21 ||

istamadhyantara nadya tadita ravicandrayoh |
gatyantarena sastyaptah kotilipta ravestu tah || 22 ||

madhyasthityarddhagunita spastasthityarddhabhajitah |
sphutasthire ksepa vargaikyanmiilam karnottare padam || 23 ||

manayogarddhatah prohya grasastatkaliko bhavet |
istagrahanakalastu vyatyayo noktamargatah || 24 ||

aksabhaghna natajyaksakarnaptatasya karmukam |
velamsastasya yamyo ste purvapara kapalayoh || 25 ||



Transliteration
satrirasigrahakrantya yutonastulyabimbayoh |
disojavimala pragvattvangulanyabhakhadribhih || 26 ||

dinarddhaprana ekonadhrtya tacchannaliptikah |
bimbaksepadiliptasca bhavantyevangulani tu || 27 ||

svacchatvad dvadasamsopi grastascandrasya drSyate |
liptatrayamapi grastam tiksnatvannavivasvatah || 28 ||

stiryodayastasamaye yuktacchannopi bhaskarah |

1ti$r1 somasiddhante caturthaprasne candragrahanadhyayabh ||

Chapter V: Parilekhadhyayah

chedyakena vina yasmanna jiieyo yadupaplave |
vi§esotra pravaksyami chedakajfianamuttamam || 1 ||

samasthale nyastavinduh samah svarnangulena tu |
bimbayogarddhamanena grahyarddhena yathakramam || 2 ||

likhedvrttatrayam kosthe yathoktam sadhayedapi |
pragindorgrahanam pascanmoksorkasya viparyayat || 3 ||

pragarddhadhikasya vrttasya balanam tadyathadisam |
pratyagagrenyatha rekhe madhye tadbalanagratah || 4 ||

nitva rekhamadhyavrttayogat ksepam yathadisam |
ravindvorvivarantastam madhyasttre tadagratah || 5 ||

tatsiitre grahasamyogangasamoksau vinirdiset |
valanaksepadrktulyabalane pranmukham nayet || 6 ||

bhede pascanmukham rajia stadarkasya viparyayat |
tadagranmadhyage siitre madhyaksepam tadagratah || 7 ||
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grahakarddhena tadbimbenoparagasya madhyamab |
vyapaksepatrayagre tu yattada grahakah $asi || 8 ||

manaikyarddhestagrahanam Sesatulyasalakaya |
grahakamadhyadasya marge nirdistasthanatonuyah || 9 ||

chaya grahakabimbena grahanam sphutamadarat |
sarvada bhaskaracchannam krtam tvaryantu $§itagoh || 10 ||

dhtimram krsnam krsnatamram kapilam padaso bhavet |
rahasyametaddevanam susisyaya pradiyate || 11 ||

patopari likhitamjhanstaddhara yathadisam |
diSoryanti tatha kastham kalpayediti me matam || 12 ||

iti srisomasiddhante caturthaprasne parilekhadhyayabh ||

Chapter VI: Nakstragrahayuddhasamagamadhyayah

bhavantyatitadhisnyanam bhogaliptayuta dhruvah |
astabdhayo viyadvedah $aratarka munisa vah || 1 ||

ibhartha gobdhayostangah sadasvah $rutibhiimayah |
vedarthah sagararasah $tinyabanah bhorasah || 2 ||

catvarims$ad yuganagah gajagah sararttavah |
manavasca satsrutayo vaiSvamapyarddhabhogagam || 3 ||

apyasyaivabhijitprante vaisvante sravanah sthitah |
$ravanasyantyapado va $ravistayah svabhogatah || 4 ||

nabhonagasca sadvargo dvidvika nagaparvatah |
kranteh ksepalavastesam dasa dvadasa paficaca || 5 ||

udamasye paficadasa nava soumye rasanabhah |
samyendava udagbhage viyatsiiryastrayodasa || 6 ||



Transliteration
yamye riildrasca yamalah saugyabhage nagagnayah |
yamyedhyarddhatrayo veda nava sarddhesavah $arah || 7 ||

udaksastih khagnayasca sattrim$adatha daksinah |
adhyarddhabhagah saumyayam caturvimsatiriitkrtih || 8 ||

kham cagastyasitibhagairyamye ksine yamangatah |
sakhevairyamavimsamse mrgavyadhastu daksine || 9 ||

hutabhuk brahmahrdayam vrse dvavims$abhagagau |
astabhistrims$ata caiva viksiptavuttarena tau || 10 ||

purvasyam brahmahrdayadamsakih paficabhih sthitah |
prajapatirvrsante tu saumyestatrimsadamsakaih || 11 ||

apamvatsastu citraya uttaresaistu paficabhih |
brhatkificit tato bhagairapah sadbhistathottare || 12 ||

iti taragrahanam syurdhruvasamkhyanameva hi |
prayojanavisesosti na jane tatra ganyate || 13 ||

vrse saptadase bhage yasya yamyoms$akadvayat |
viksepobhyadhiko bhindyadrohinyah $akatam tu sah || 14 ||

taragrahanamanyonyam yuddham vatha samagamabh |
samagamam candradhisnyaih stryenastamayah saha || 15 ||

mandasighradhikaneta samyoge gatagamyayoh |
kalayorvakrinorvyastam pragyayinyodhiko gatah || 16 ||

bhuktyantarena bhuktighna grahantarakalahrta |
ekasmin bhuktiyogena vakrinyastu samedhikah || 17 ||

grahantarakalastadvadbhuktayogadinani hi |
viksepo visuvadbhaghnah siiryapto natasamgunah || 18 ||

dinarddhapta udakksepe svarnam pascimapiirvayoh |
daksinah prakpraticyaste taddrkkarma grahastu sah || 19 ||
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sabimba grahajakrantiksepaghnastrijyaya hrta |
satkrtyapta dhruvah svarnam bhadisorbhinnatulyayoh || 20 ||

dvittyametad drkkarma kecinnecchanti siirayah |
samaliptyoh punah karyavetau drkkarmayuggraho || 21 ||

etayorbhinnatulyamsaksepaikyantaratodhike |
manaikyarddhe bhavetam tu tulyasparsenyathanyatha || 22 ||

bhaganyam parito labdhaghnasgvivrtyamsavirasmayabh |
grahantaraikaviksepe bhage tasmin samagamabh || 23 ||

yuddhamams$uvimardakhyam paravyasamatonake |
ekotra cedanurdvaucedatra sthiilau samagamau || 24 ||

amsadhike tau prabalau yadi syatam samagamau |
amsadhike tu tau svalpau vidhvastau kutavigrahau || 25 ||
sthiilo jayl raS§mimams§ca jito yo guriidiptiman |
udakstho daksinastho va bhargavah prayaso jayi || 26 ||

vedognayo hyastayosta sastirgajabdhayah |
viskambhas$candrakaksayam bhaumadinam yathakramam || 27 ||

ekajyaghnascaturghnaste dvicatuskarnabhajitah |
sphutavyasah paficadasavibhakta manaliptikah || 28 ||

ekajyadvigunastemsa bhukta va bimbayojanam |
bhaumadinam tu margoyamevanukteh punah sphutah || 29 ||

svadrstanatanatasthane yatha dikbhramanam same |
sankudvaye sthapite tacchayamargantaram gatah || 30 ||

chayadisi svasaktyagre darpanastham mukham yatha |
tatha pasyed graham taraviksepantasamanvite || 31 ||

phalgunyorbhadrapadayostathaivasadhayordvayoh |
visakhasvinisaumyanam yogatarottara smrta || 32 ||



Transliteration
pascimottaratarayam dvittya pascime sthita |
hastasya yogatarasau $ravisthayasca pascima || 33 ||

jyesthasravanamaitrakham varhaspatyasya madhyama |
bharanyagneyapitryanam revatyascaiva daksina || 34 ||

rohinyadityamiilanam pract sarpasya caiva hi |
yatha pratyavasesanam sthiila syadyogataraka || 35 ||

itisrisomasiddhante caturthe
naksatragrahayuddhasamagamadhyayah
sasthah II

Chapter VII: Grahodayastamanadhikarah

atharkams$usamakrantamiirtinamalpatejasam |
udayastagate yau tatparijianam prakirtyate || 1 ||

avakrinadeh stryadibhadikah Sighragastatah |

pascadyantyudayam pracyamiinamastam parenyatha || 2 ||

stryastakalikau pascatpracyamudayakalikau |
divakaragrahau kuryad drkkarmatha grahasya tu || 3 ||

ubhayorantarapranah sastya kalamsakahrtah |
sasadbhayoh praticyam tu margoyam jyotisamapi || 4 ||

astamsascandrabhaumadyah atyastimunirisvarah |
asasthitim kramatproktah stiryadye kalajastvime || 5 ||

jhasukrayormahattvatte siiryo astau ca va krinau |
svatyagastyamunirvyadhaccitra jyestha punarvasi || 6 ||

abhijid brahmahrdayam trayodasabhiramsakaih |
hastasravanaphalgunyah S$ravista rohini magha || 7 ||
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caturdasamsakairdr§ya visakhasvinadaivataih |
krttikamiilamaitrani sarparaudrarksameva ca || 8 ||

dr$yante paficadasabhirasadhadvitayam tatha |
bharanitisyasaumyani sauksmyat cihsaptakamsakaih || 9 ||

sevani saptadasabhirdr§yadr§yani bhani tu |
kalams$airadhikairebhyo drSyanyalpairadar§anam || 10 ||

kalestamsantarah kalah kala gatyantaroddhrtah |
gatiyogena vakrinyaptastu varadikam phalam || 11 ||

yallagnadyatra kalamsastallagnasuhata gatih |
rasiliptahrta syatam kalabhukti tayoriibhe || 12 ||

yadva rasikalabhyasta hrta sa svodayasubhih |
ksetrams$a bhaskare svarnam pascatpraksvastabhaskarah || 13 ||

astarkakrantisamkhya ye grahasatvaradar§anat |
udayastameva kurvantyastarkarksadibhih kalah || 14 ||

karyam dvitiyam drkkarma nrnam pratyaksakarakam |
$astriyavyavahare tu lokam nisphalayojanam || 15 ||

abhijid brahmahrdayam svativaisnavavasavah |
ahirbuhnamudaksthatvanna lupyante arkarasmibhih || 16 ||

stryosuryadhikenyasminnapi sadbhani niksipet |
stryastakalikau kuryattau ca stryastataditau || 17 ||

itarantasthayanyabhirdhanarnam tatphalam tatha |
bhiiyo nadyo muhiirta cedasakrttabhirastatah || 18 ||

astarkamanatah pascadanyastaddivaso bhavet |
sasadbharkadinenyasminna sadbhani viniksipet || 19 ||



Transliteration
anyatsarvam prakurvita rasirirdhvamadhastatah |
udetyanya iti prokta udayastavinirnayah || 20 ||

iti $risomasiddhante grahodayastamanadhikarah saptamal ||

Chapter VIII: Srngonnatyadhikarah

arkendvoh krantivisleso yutistulyanyathadisoh |
tanmaurvikarkadyasrendustadiccha gunitonaya || 1 ||

madhyahnascandramakarnastatsthadiktvadavagudak |
dvadasaghnaksajivayam svarnam lambajyaya bhujah || 2 ||

padam tacchankuvargaikyat karnah kotistu bhaskarah |
bhaskaronendukalikascandrabimbangulahata || 3 ||

bhacakrarddhakalabhakta suklakrsnavimandali |
vahil yathadisam kastham madyavindoh prasarayet || 4 ||

vamam krsnam tatah pascanmukhikotikrtam tayoh |
madhye likheccandrabimbam kotikarnayuteh sphutam || 5 ||

karnasiicena dik $uddha bimbaparadi$asritam |
suklam va krsnasticena nitva tanmukhamatra ca || 6 ||

yamyottaradiso$capam likhecchrngonnatim vadet |
adau candrasya drkkarma kartavyam digviparyayah || 7 ||

uttare ca yathayogyamityahuh Sastrayoginah || 8 ||

iti $risomasiddhante §rngonnatyadhikarostamabh ||

Chapter IX: Patadhyayah

yatha tigmams$ucandrau sta ekayanagatau tayoh |
yoge cakre krantisamyam patah syat saca vaidhrtah || 1 ||
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bhinnavanagatau bhakhacchitagu tadyutau yada |
bhacakrarddhekrantisamyam mukhyapatastada bhavet || 2 ||

stiryacandramasau yavadanyonyabhimukham yada |
samghattanodbhavo bahnirvyatipata iti smrtah || 3 ||

yacchubhanam vinasaya nandativa patatyayam |
vyatipatah prasiddhotra safigabhedena vaidhrtah || 4 ||

sa krsno dartinavapurlohitakso mahodarah |
sarvaristakaro raudro bhiiyo bhiiyah prajayate || 5 ||

samskrtayanabhagarkacandrabhyam yattadidrsam |
laksanam bhavati prahurmukhyapatastatopi ca || 6 ||

samskrtayanabhagarkacandrayorasisamyutau |
bharddhatve bhaganatve va krantisamyoditayane || 7 ||

yato dvitiyasamkrantirgrahakrantigate gatih |
krantisamye madhyakalastadbhuktau jyantarena ca || 8 ||

sthityarddhamanayogarddham tenadyantam yathocitam |
viskambhadau saptadasa trttyomsasca yadbhavet || 9 ||

yogemsau ca vyatipatah prajvalajjvalanakrtih |
vyatipatotra yo ghorah sarvasobhananasanah || 10 ||

snanadanajapasraddhavratahomadikarmabhih |
prapyate sumahatpunyam tatkalajfianatastatha || 11 ||

iti srisomasiddhante caturthe patadhyayo navamah ||

Chapter X: Goladhyayah

amrtamsusca bhagavanmanasalocya yajjagat |
dr$yate sarvamevaitadidam vacanamavravit || 1 ||



Transliteration
ahameva param brahma paramatmajaramarah |
avyakto nirgunah sakst kiitastho yo nirafijanah || 2 ||

anadipurtiso ananto hyavanmanasagocarah |
satya eva param jyotiradvitiyasca kevalah || 3 ||

anandakayakaranavihino nirbhayah $ivah |
anoraniyan mahato mahiyan jfianavigrahah || 4 ||

manasah salilam jatam tanme sarvam pratisthitam |
mayyetra [Tyate sarvam natra karya vicarana || 5 ||

anadirmama piytsa prakrtirvi$vakaranam |
proktamapyakrtirnamna snanasanyasamadbhutam || 6 ||

no bhinnam napyabhinnam ca kutascidbhinnameva na |
bhinnabhinnam ca no yesam vayam va na bhavanapi || 7 ||

nobhayam kevalam svaccham brahmatmaikatvavadgrahi |
tamo niharakalpante nahi vetti sphutasphutam || 8 ||

vyoma $abdavati matra bhinnam tacchabdamatratah |
sparsatanmatranilobhiidriipatanmatrapavakah || 9 ||

rasatanmatrakadapo gandhatanmatrabhiiratah |
tattatsambalita matra etya sarvam prajayate || 10 ||

avaficikrtabhiitebhya etebhyah sotra paficakam |
vakpaficakam ca caikam syadekaikam jayate punah || 11 ||

tacca paiicamahabhiitasamyukto jfianasaktitah |
kriyasaktirmanah pranascasiccaitaccaturvidham || 12 ||

prano dasavidhah saptadasabhih sabdapiirvakaih |
lingam suksmamabhiit tena bhaktarto varttate yada || 13 ||

apaficikrtabhiitani samasritya parah puman |
akasavayutejombubhiimirevam sasarjja sah || 14 ||
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paresam dasame caikam tattaddandamasadmukham |
mayi paficikrtam bhiitam svalpakaryagunanvitam || 15 |

anye gunaikavrddhih syanmahattvat karanasya ca |
karanatsamsakaryasyadhyalpatvaditi nirnayah || 16 ||

anantaram tu mukhanam proktaniya tatha mahf |
bhimariipatsasrksitva brahmatmasisasiipadam || 17 ||

haimanamandakadinam sarvamantastamo matah |
hiranyagarbhoham namna tatragresacaranmahan || 18 ||

paiicananamahankaram brahmanam srstavan vibhubh |
vedan varasane tasmin sarvalokapitamahe || 19 ||

sa ca svayambhih sarvatma tatra gatva vanam samabh |
svayamevatmano dhyanam tadandamakarod dvidha || 20 ||

tabhyam sa $akalabhyam ca yavadbhiimim ca nirmame |
madhye disontariksam ca $asvatam sthanamavyayam || 21 ||

caksusognirdivanatham manasa candrama api |
tejobhiikhambuvatebhyah kramadangadarakadikam || 22 ||

sa sarvam vibhide vyoma punardvadasadha kriyat |
cakara namanamatmanamahamkaro bhartipinam || 23 ||

vibhajya krtavan siiksmam tato vi§vam caracaram |
nirmame devapiirvam tu gunakarma tadadikam || 24 ||

samantadandamadhye asmin bhiigolo vyomni tisthati |
tadantare putah sapta jiieyah patalabhiimayah || 25 ||

nirayastadadhodho va astavimsatikotayah |
tadiirdhvam satbhuvarlokah $obhante tasya parsvatah || 26 ||

grahataradilokaste tatra tatra svaradayah |
tisthantyadharasaktya ca tattadarhajananvitah || 27 ||



Transliteration
bhiigolamadhyago meriiriibhayatra vinirgatah |
manvindravedamunaya tirdhvah srotasa uttamah || 28 ||

urdhvastange vasantyete madhyastange mahasurah |
adhah $rotasa evanye madhyasrotasthitogirih || 29 ||

lavanabdhirgam paritya sthitosya mekhaleva hi |
tanmadhye yamakoti§ca puri lanka ca romaka || 30 ||

purvadya ca siddhapurt bhiipadantaritasca tah |
purtmevantaram viddhi bhiipadam viddhi $aunakam || 31 ||

sarvepyurdhvasthitakasadalpakayasca bhiitalam |
pasyanti cakrakaram tu na kapitthopamam mune || 32 ||

uparyatmanamapare tiryaganye mahitale |
adhogatram kalpayanti tesam kvordhvam kka capyadhah || 33 ||

uktanam visuvatytrdhvam purah kheta vrajantyamt |
na tasu visuvacchaya vyaksadesah sa tu smrtah || 34 ||

tatah sthanad dhruvo merorturdhvasthopi ca laksyate |
sthitaviva pratiyete merostadvadbhamandalam || 35 ||

dhruvonnatim bhacakrasya natiraksamitih para |
lamvatulyatvabhimukham yavadviddhi tadunnatim || 36 ||

bhacakradhruvayormadhye praksiptah pravahanilaih |
vrajantyajasramsannaddha grahakaksa yathakramam || 37 ||

pascadvrajantotijavannaksatraih satatam grahah |
Jjlyamanastu lamvante tulyameva svamargagah || 38 ||

praggatitvamatastesam bhaganaih pratyahangatih |
parinahavasadbhinnastadvasadbhani bhuijate || 39 ||

savyam bhramati devanamapasavyam suradvisam |
uparistadbhagoloyam vyakse pascanmukhah sada || 40 ||
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cumvakobhraminyayena uccapata adarsanah |
graha nanagatim kuryurdevata bhagnasritah || 41 ||

pravahah $vasanascetan svoccabhimukhamirayet |
evam yat pranmukham yanti taddhanam rnamanyatha || 42 ||

darasthitah svasighroccadgrahah $ithilara§mibhih |
savyetarakrstatanurbhavedvakragatistada || 43 ||

nrpasadvargapaficasadatyastisurasaih kujat |
antyakendrams$anicams$airvakrino yanti patavat || 44 ||

vakranuvakra kutila manda mandatara sama |
tatha §1ghratisighrakhya grahanamastadha gatih || 45 ||

mandadipaficasamjiasca vakre canyaih prakirtitah |
patopabhogoh khetanamuttarabhimukham nayet || 46 ||

grahah pragbhaganarddhastha daksinabhimukham tatha |
patabhyamapakrsyante sighroccam vudhosukrayoh || 47 ||

tacchighrakarsanattau tu viksipyete yathoktavat |
aste grahasya ksepante svakrantyantatprasaryate || 48 ||

bhuvrttam krantibhagaghnam bhaganamsavibhajitam |
avaptayojanairvyaksaduparistho graho vrajet || 49 ||

mesadavuditah siiryastrin rastnudaguttarah |
saficaram pragaharmadhyam plirayenmertivasinam || 50 ||

karkyadin saficaramstadvadhah pascarddhameva sah |
tuladimstrin mrgadimstrimstadvadeva muradvisam || 51 ||

ato dinaksaye sayamayananto viparyayat |
vyaksodgamam ca tiryaktvattrims$ata ca ksapapyahah || 52 ||

purato bhiicaturthamsamsvasthanadvasayadravih |
tattaddigbhyam tattaddis§amukham saficarayannapi || 53 ||



Transliteration
tattatpascimabhiipade udan merostu daksine |
madhyodayarddharatrastakalan kuryadravih kramat || 54 ||

anyatra devabhage tu hanivrddhi divanisoh |
anena pratyaham yamye vyastam devenyathanyatha || 55 ||

bhiimandalat paficadase bhagesaumyayane dvayoh |
nadisastya sakrdratrirdeve anyatra diva bhavet || 56 ||

anyatha ayanatpatoparatoyam bhasaficayah |
vartate viparito hi spastakrantyudbhavo hyudak || 57 ||

yamyam ceti punastasmattanmeroh santi yojanaih |
parato vasarasyapi sada vrddhiksayo bhavet || 58 ||

astonmandalamirdhvasthah pitaro darsanirgame |
svoparyakam prapasyanti tanmasam paitrkam dinam || 59 ||

kalpendubhaganah ksusma khatrayabdhidvipavakaih |
akasakaksa sa kaksa bhaktakalpabhasancayaih || 60 ||

kalpabhiivasaraih sarvabhuktiyojanameva sa |
yukta gatikalah sasthih ksmarkakaksa ca pascimah || 61 ||

vyasarddhayuktasamdhatri karnarddhona tadunnatih |
sattyeva jyotisam yogahatakalpa phalaya sa || 62 ||

krtva samantu bhiigolamabhistam daravantatah |
adharakaksadvitayam kaksa visuvati tatha || 63 ||

bhaganamsangulaistatra krantyantadangulairapi |
ayanadayanam krantih kaksante satdhruvadikam || 64 ||

acchadya suklavastrena yantrayuktan grahadikan |
nyastaksitijavrttam ca krtva yantram ca kalavit || 65 ||

bhiimim yadvahubhiryantram pratyksenakhilam gatam |
yasya krtvopari sthanamatmanastatra samsthitih || 66 ||
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kalante bhagnamakhilam krtva drstva grahadikam |
naste dive diva ratrau lokatritayage ksaye || 67 ||

Sete brahma svayam patre nyagrodhasya ksapasraye |
mahaniva divaptrne mahi sammudritakhila || 68 ||

srstva punarjagat sarvam karisyati yathatatham |
saktimatramca §esam tat jagacca pratisaficaret || 69 ||

svasvakarmanuriipam tu yathapiirvam tathodbhavam |
brahmanah $aradam ptirne $ataso yati tajjagat || 70 ||

sarvam karyam karane sve liyate sarvakaranam |
mayasavalitam brahma punah srstim karisyati || 71 ||

tattvamasyadivakyairyat samyakjfianam prajayate |
tena nasyati sa maya nanyatha kotikarmabhih || 72 ||

vinastovyakrtam svasthaniripaparamamrtam |
kiitasthamoksa ityuktam citram tatra vicaraya || 73 ||

samadhimarga evayam samsarajayakaranam |
etaddhyayan buddhiman syat krtakrtyah sa eva hi || 74 ||

iti guhyatamam $astram bhuktimuktiphalapradam |
adhigamya tatah somacchaunakah ptirnamanasah || 75 ||

laksadehasca dehaisca piirnacaksuh punah punah |
namaskrtva nisadevya vivaso gadgadasvarah || 76 ||

tustava $antah svagurim $antam savigraham munim |
jaya candramrtamso bho jaya $ankarabhiisana || 77 ||

jaya sarvajia sarvatman jaya sarves§vara prabho |
krtarthoham krtarthoham punyoham putavigrahah || 78 ||

dhanyoham vitasokohamityombrahmahameva ca |
acchedyohamadahyohamaumekamaham $ivam || 79 ||



Transliteration
aham visnuraham brahma §akrohamahamams$uman |
ahamagniraham vyoma sarvametadaham jagat || 80 ||

tvatprasadadgrahasrestha evametadavaimyaham |
trahi mamiti samprarthya pranipatya punah punah || 81 ||

guriim samarcayamasa gandhapuspaksatadibhih |
daksinam ca hiranyam ca bastrabhtisanaptirvakam || 82 ||

abhivadya namaskrtya param brahma puratanam |
jnatvedam munayah sarve somalayamanoratham || 83 ||

pratipranemurityanye jiianam papracchuradarat |
sa tebhyah pradadat pritah samyakjfianamaninditam || 84 ||

tadeva devastadbrahma vedacaksuh param $ubham |
adhyetavyam sada viprairtttamairvedavadibhih || 85 ||

iti $Srisomasiddhante caturthe goladhyayo dasamabh ||
|| samaptoyam granthah ||
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Critical Aparatus

Manuscripts consulted:
B1 Bhanderkar Oriental Research Institute

B2

Sanskrit college library, Benaras now in Sampurnanada
University

P1 Printed Text ed. by Vidyesvariprasad Dvivedi, Jyotissiddhanta-
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13.
14.

15.
16.
17.
18.
19.

samgraha

. sastimadhuvasantadyairbatsarastu rturbhavet B2

sadvirmadhuvasantadyairbastaro rtubhirbhavet B1

. {(dva) dasabdasahasram tu yuga}is absent in B1

. {Paradharme pra} is absent in B1

. caturyuganam in place of dréanam; ref. Bl & P1

. mirkhambaranabhovyomaradveda 4320000 B1, B2, P1

. rasagnisurabanadrisailarthah 57753376 B1, B2, P1

. dantastarasanandaksinayanani 229832 B2, P1

. nabhastarkakhagatryankanagendavah 17937060 B1, B2, P1

. khadasrasvivedasadvahnayastatha 364220 B1, B2,P1

. tarkadrivahnyakrtinabhodrayah 7022376 B2, P1

. Sanerbhujangasatpaficatarkabdhisitarasmayah 146568 B1, B2,

P1

. indliccasya trikrtyastabhujangamapayodhayah 488203 B1, B2,

P1

nagagniyamattagavahnihastah 232238 B1, B2, P1
mahesvaramukhyo divase brahmanodhuna (sukhyo in place of
mukhyo in P1), ‘divase’ is omitted in B1

phalajya mandajya (phalajyo mandajyo B1) P1
natyantarattaggrohayoh sastighnam $esaliptikah B2, P1

tadati kendra bhukta B2, (tadyutarh kendrabhukterva in B1)
tatharkena hate trijye B1, B2, P1

harabhasrutt B2
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20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

etaddvadasasarhguna B1, B2

labdham ya visuvatprabha B2, P1

mrgadyah B2, P1

yojokanam B2, P1 (yojananarm in B1)

sasiti catuhsati B1, B2

bhacakrarngo B2, P1 (bhacakranrngo in B1)
kriyabharngardvakonake B1, P1

masantara tadbimbam B2, P1 (masantare tadbimbern in B1)
lagnam jya B2, P1 (lagnarh jyarm in B1)

vargayosca na B1, P1

arkadva B1, P1

sphutasthire ksepa B2, P1, (sphutasthite in B1)
purvaparakapalayoh B1, P1

pragarngadhikasya vrttasya B2, P1, (pragmadhikasya in B1)
ravindvorvivarantastam B2, P1, (ravindraviparitasya in B1)
rajha B1, P1

bhaskarocchannam krtam B1, P1

tvaryantu B2, P1 (kharnatu in B1)

mandasighradhikaneta (B1, P1)

sabimba (B1, P1)

snanasanyatadadbhetam (this word is not clear in B1)
sphutasphutam B1, P1

pafncananamahankaram B1, P1



Translation with Notes

ch.l.vi14

Pay homage to son of Vrhaspati, sage Saunaka asked him to talk
about the positions, motions, time etc. of the planets and planet like
heavenly bodies (asterisms or like that).

v 5-6

After listening the queries Candra said to Saunaka that this know-
ledge is rare and those who are expert in Veda, Vedanga and Vedanta
can only learn this subject.

v 7-8

Candra starts with Time which is very important in astronomy. (He
first told the units of time) Ten gurvaksharas are equal to one prana,
six prana is equal to one vinadi, six vinadi is equal to one nadi sixty
nadi is equal to one day and thirty days equal to one month.

v 9-10

(These verses describe) the units of time in concise form i.e. month,
day, nadi, vinadi, season etc. The ahoratra (day-night) of asuras are
opposite from god’s ahoratra.

v 11-14

The combination of day and night six months duration each,
constitutes a divine day. Three hundred and sixty such divine days
constitute a divine year. A divine or demonical year is equal to 360
solar years. The origin of divine day and night has been identified
from the duration of darkness. Caturyuga is an amount of period
consisting of 12 thousamd divine years or 4320000 solar years. A
manvantara is constituted by 71 yugas.
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v 1520

A kalpa, the higher unit of measurement of time, consists of 14
manvantaras along with their twilights. One twilight means to
the period of kreta yuga proceeds the kalpa. So, there are fifteen
twilights in all in a kalpa. One kalpa is known as the day of Brahma.
The total span of life of Brahma is stated to be 100 Brahma years.
The small units of measurement of time are (again): sixty seconds
(vikala) make a minute (kala); sixty kala make a degree (bhaga)
thirty of degrees composed a sign (rasi) and twelve rasis make a
revolution (bhagana).

v21-24

In a yuga, the revolutions of the Sun, Mercury, and Venus and of the
conjunctions ($ighra) of Mars, Saturn, and Jupiter moving eastward,
are four million, three hundred and twenty thousand (4,32,0000);
of Mars, two million, two hundred and ninety six thousand, eight
hundred and thirty two (2,296,832); of Mercury, seventeen million,
nine hundred and thirty seven thousand and sixty (17,937,060); Of
Jupiter, three hundred and sixty four thousand, two hundred and
twenty (364, 220); of Venus’s conjunction, seven million, twenty
two thousand, three hundred and seventy six (7,22376); of Saturn,
one hundred and forty six thousand, five hundred and sixty eight
(146,568).

v 25-27

The Moon’s apsis (ucca) in an age, four hundred and eighty eight
thousand, two hundred and three; of its node (pata), in the opposite
direction, two hundred and thirty two thousand, two hundred and
thirty eight.

Of the planet like heavenly objects (asterism), considering risings
and settings, one billion, five hundred and eighty eight million, nine
hundred and seventeen thousand, eight hundred and twenty eight;
the number of risings of the asterisms and diminished by the number
one billion, five hundred and eighty two million, two hundred and
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thirty seven thousand, eight and twenty eight; gives the number of
risings of the planets of an age.

v 28-31

The lunar days are of one billion six hundred and three million
eighty; of intercalary months, one million five hundred ninety three
thousand three hundred and thirty six. Taking the civil days from the
lunar, the remainder is the number of omitted lunar days (tithiksaya).
The revolutions of the Sun’s manda (apsis) are three hundred eighty
seven; of that of Mars, two hundred and four; of Mercury, three
hundred sixty eight; of Jupiter, nine hundred and that of Venus, five
hundred thirty five.

v 32-34

Of the apsis of Saturn, thirty nine; the revolutions of the nodes,
retrograde etc. are that of Mars, two hundred fourteen; of that of
Mercury, four hundred eighty-eight; of that of Jupiter, one hundred
seventy four; of that of Venus, nine hundred three; of the node of
the Saturn, the revolution of a kalpa are six hundred and sixty-two
from the kalpa, forty three thousand and four hundred years before
the creation of earth.

v 35-39

The twenty eight ages that are past, and likewise the present golden
age, from their sum if subtract the sum of creation, divine years
started. The result is the time elapsed, one billion nine hundred fifty
eight million, and eighty thousand solar years. (To this adding the
number of years of the time, reducing the sum to months and add the
months of the current year) setting the result separately, multiplying
it by the number of intercalary months, and divide by that of solar
months, and adding to the last result the number of intercalary
months are found.

v 4046
In the Romakasiddhanta the positions and motion of planets is
indicated. Multiplying the daily motion of a planet by the distance
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in longitude (desantara) of any place and dividing by its corrected
value. Thus succession of the week-day takes place.

Multiplying the sum of days by the number of revolutions of any
planet, and divide by the number of civil days, the position of the
planet is determined. The places of conjunction and apsis of each
planet, and in like manner of the nodes, which have a retrograde
motion, subtracting the result from the whole circle. Multiplying
by twelve to the past revolution of Jupiter, adding the signs of the
current revolution (bartamanairgatestatha) and divide by sixty, the
remainder marks the year of Jupiter’s circle, counting from vijaya.

V 47-53

When in a total eclipse of the Moon, the emergence (unmilana) takes
place after the calculated time for its occurrence, then the place of
the observer is to the east of the central meridian. Multiplying by
the difference of the times of unmilana and nimilana in nadis the
corrected circumference of the earth at the time of observation and
dividing by sixty, the result indicates the distance of the observer
from the meridian. The succession of the week-day takes place,
to the east of the meridian, at a time after midnight equal to the
difference of longitude in nadis.

Spastadhikara

2.V.1-18
Pindajya is defined as the mathematical tool which is achieved by
dividing by tabular sines in succession by the first and adding them,
what is left after subtracting the quotients from the first and the
result is twenty-four tabular sines; three thousand four hundred and
thirty-one; three thousand four hundred and thirty eight; subtracting
these in reversed order, from the half-diameter, gives the versed-
sines. The size of greatest declination is thirteen hundred and ninety
seven; by this multiplying any sine, and divide by radius; the arc
corresponding to the result is said to be the declination.

07, 29, 66, 117, 182, 261, 354, 460, 579, 710, 1007, 1345, 1528,
1719, 1918, 2123, 2333, 2548, 2767, 2989, 213, 3438 are the
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utkramajya of 3% part of a circle. For mass and others, the degrees
of epicycle of the conjunction are, at the end of the even quardrants,
two hundred and thirty five, one hundred and thirty three, seventy,
two hundred and thirty two, thirty nine. The process of correction
for the apsis is the only one required for the Sun and Moon; for
Mars and other planets are processes that for the conjunction that
for the apsis, again that for the apsis and that for the conjunction, in
succession.

V. 19—

Multiply the base sine by the difference of the epicycles at the odd
and even quadrants, and divide by radius, the result is corrected
epicycle. By this corrected epicycle, multiply the base-sine and
perpendicular sine respectively, and divide by the number of degrees
in a circle; the arc corresponding to the result from the base-sine
is the equation of apsis. To the mean place of the planet applying
half the equation of the conjunction, likewise half the equation of
the apsis to the mean place of the planet and thus apply the whole
equation of the apsis and that of the conjuction.

Multiplying the daily motion of a planet by the Sun’s result from
the base-sine and dividing by the number of minutes in a circle,
the result of planet’s true place is determined in the same direction
applied in the Sun.

From the mean daily motion of the Moon, subtract the daily
motion of its apsis in order to treat the difference, applying the
result as an additive or subtractive equation, to the daily motion.
The equation of planet’s daily motion, is to be calculated in the same
way as the place of the planet in the processes for the apsis. Multiply
the daily motion by the difference of tabular sines corresponding
to the base sine of anomaly, and then divide by two hundred and
twenty-five. Subtracting the daily motion of a planet, corrected for
the apsis, from the daily motion of its conjunction, then multiplying
the remainder by the difference between the hypotenuse and radius;
then dividing by the variable hypotenuse; the result is additive to
the daily motion when the hypotenuse is much greater than the
radius, and subtractive when it is less, then the remainder is the
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daily motion in a retrograde order. When latitude and declination
are of same direction, the declination (kranti) is increased by the
latitude; when of different direction, it is diminished by it, to find the
true declination. Multiplying daily motion of a planet by the time of
rising of the sign in which it is, and dividing by eighteen hundred,
the quotient add to or subtract from, the number of respirations in
a revolution; the result is the number of respirations in the day and
night of that planet. Calculate the sine and versed sine of declination;
then radius, diminished by versed-sine, is the day radius.

From the number of kalas in the sum of the longitudes of the Sun
and the Moon are found the conjunction (yogas), by dividing that
sum by the portion of an asterism.

When declination (in the south) is multiplied by two, the day and
the night of the asterism may be determined.

Triprasnadhikara

3.V.1-10

Draw a line between east and west through an extremity of the
equinotical shadow, the distance between any given shadow and the
line of equinotical shadow denominate the measure of amplitude.
The square root of the sum of the squares of the gnomon and the
shadow is the hypotenuse. If from the square of the later the square
of the gnomon be subtracted, the square root of the remainder is the
shadow. The gnomon is found by the converse.

The sine of latitude, multiplied by twelve and divided by the sine
of co-latitude, gives the equinotical shadow.

Multiply the sines of colatitude and of latitude respectively by the
equinotical shadow by twelve, and divide by the sine of declination;
the results are the hypotenuse when the Sun is on the prime vertical.
If the sine of declination of a given time be multiplied by radius and
divided by the sine of co-latitude, the result is the sine of amplitude,
and if further multiplied by the hypotenuse of a given shadow at
that time, and divided by radius, it gives the measure of amplitude
in digits (angula). If from half the square of radius, the square of the
sine of amplitude be subtracted, and the remainder multiplied by
twelve, and again multiplied by twelve and then further divided by
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the square of the equinotical shadow increased by half the square of
the gnomon — the result obtained is called the surd (karafii).

If the sine of altitude of the southern directions (intermediate)
and the Sun’s revolution takes place to the south or to the north of
the gnomon, the sine of altitude is that of the northern intermediate
directions. The square root of the difference of the squares of that and
of radius is recognized the sine of zenith-distance. If then the sine
of zenith-distance and radius be multiplied respectively by twelve,
and divided by the sine of altitude, gives results of the shadow and
hypotenuse at the angles under the particular circumstances. The
day-measure radius is to be increased by the sine of ascensional
difference when declination is in the north or diminished by the
same, when declination is in the south. The result is day-measure and
this diminished by the versed sine of the hour-angle, then multiplied
by the day radius and divided by the radius, is the divisor (cheda).
Again being multiplied by the sine of colatitude (lamba) and divided
by the radius gives the sine of altitude.

In succession, the sines of one, of two and of three signs, the
quotients, converted into arc, being subtracted, each from the
following; beginning with Aries, the time of rising at Lanka.

Lunar Eclipse

4v 1-
Multiplying the earth’s diameter by the true daily motion of the
Moon and dividing by its mean motion; the result is the earth’s
corrected diameter. The difference between the earth’s diameter and
the corrected diameter of the Sun is to be multiplied by the Moon’s
mean diameter, and further divided by the Sun’s mean diameter,
then subtract the result from the earth’s corrected diameter and the
remainder is the diameter of the shadow. The earth’s shadow is
distant half the sign from the Sun, when the longitude of the Moon’s
nodes the same with that of the shadow, or with that of the Sun, or
when it is a few degrees greater or less, there will be an eclipse.
The Moon is the eclipser of the Sun, coming to stand underneath
it; the Moon moving eastward enters the earth’s shadow and the
later becomes the eclipser. Subtracting the Moon’s latitude at the
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time of opposition or conjunction from half the sum of the measures
of the eclipsed and eclipsing bodies, whatever the remainder is, that
is the amount obscured. Dividing by two the sum and difference
respectively of the eclipsed and eclipsing bodies; from the square
of each of the resulting quantities subtract the square of the latitude,
and taking the square root of the two remainders, these multiplied
by sixty and difference of the daily motions of Sun and Moon, half
of the duration and half of the time of total obscuration are found.

Multiply the daily motions by the half duration and divide by
sixty, subtract the result for the time of contact and add for that
of separation respectively. By the latitudes, the half duration and
half time of total obscuration are to be calculated, and the process
repeated. The middle of the eclipse is to be regarded as occurring
very close to lunar day; if from that time the time of half-duration be
subtracted, the moment of contact is found, if it is added, the moment
of separation. If from and to it is subtracted and added respectively,
in the case of total eclipse, the half-time of total obscuration, the
results are called immersion and emergence. If from the half duration
of the eclipse any given interval be subtracted and the remainder be
multiplied by the difference of the daily motions of the Sun and
Moon and divided by sixty, the result will be perpendicular. The
latitude is the base, the square root of the sum of their squares is
the hypotenuse; subtract this from half the sum of the measures, the
remainder is the amount of obscuration at a given time. If the time
be after the middle of the eclipse, subtract the interval from the half
duration on the side of separation, the result is the amount remaining
obscured on the side of separation.

As much remains after diminishing the Moon’s latitude by the
difference of the semi-diameters of the shadow and the Moon, so
much of the Moon’s diameter is visible in the sky.

Taking the sum of the aksavalana and ayanavalana, when they are
in like directions and subtract when they are in unlike directions,
then find the Rsine of that, this corresponds to the circle of signs.
Divide the nadis of the unnatakala by the true semi-duration of the
day and increase the result, they are obtained in an angula which is
defined as the measure of the central width.
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Parilekhadhyaya

5

Since, without a projection, the precise differences of the two
eclipses are not understood, I shall explain the exalted doctrine of the
projection. Having fixed, upon a well-prepared surface, a projected
point in the first place, with a radius of forty-nine digits, a circle for
the deflection is found.

Setting the result down in the two places, multiply it by the
number of omitted lunar days, and divide by that of lunar days, then
subtract from the last result and the number of omitted lunar days at
midnight, on the meridian of lanka is obtained.

Naksatragrahayuddhasamagama

6

Dhruva is defined as if the positions of asterisms in kala, if the share
of' each one be multiplied by ten, increased by minutes in the portions
of the past asterisms the results of the polar longitude will be forty
eight, forty, sixty five, fifty seven, fifty eight, four, seventy eight,
seventy six, fourteen, fifty four, sixty four, seventy four, seventy
four, sixty four, eighty six. Uttara-ashadha is at the middle of the
portion of Purva-ashadha, the position of §ravana is at the end of
Uttara-ashadha; §ravistha is at the point of connectionof the thirdand
fourth quadrants of $ravana, then in their portions, eighty, thirty six,
twenty two. Now their respective latitude, reckoned from the point
of declination of each, ten, twelve, five north, five, ten, nine south.
North six, nothing south, seven north, nothing, twelve, thirteen south,
eleven, two then thirty seven north; south, one and half, three fourth,
nine, five and a half, five north, sixty, thirty and thirty six south, half
a degree, twenty four north, twenty six degree, nothing for Asvini
etc. in succession. Agasthya at the end of Gemini, at eighty degree
south and Mrgavyadha is situated in the twenth degree of Gemini;
its latitude reckoned from point of declination, is forty degree south;
Agni and brahmahridaya are in Taurus, the twenty two degree. If
sphere constructed one may examine corrected latitude and polar
longitude. Of the two phalgunis, two bhadrapadas, one of each is
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stated to be in northern; that which is the western and the northern
stars, of each second-situated in westward, Sravistha is in west.
Of Jestha, Sravana, Pushya likewise Revati is in the southern. Of
Rohini, Punarbasu and Mula, it is eastern, in each case the junction
stars are sthula than others.

Udayastadhikara

7

It is required to get knowledge of risings and settings of the
heavenly bodies of inferior brilliancy compared to Sun. The planets
whose longitudes are greater than the Sun, go to their setting in the
west; when it is less, setting in the east; Mercury and Venus are
retrograding. Svati, Agasthya, Avijit, Brahmahrdaya etc. rise and
set at thirteen degrees. Hasta, Sravana, Phalguni, Sravistha, Rohini
and Magha become visible at fourteen degrees as well as Visakha
and A$vini. Krittika, Anuradha, Mula, and likewise A$le$a and Adra
are seen at fifteen degrees; the pair of Asadhas, Bharani, Pu$ya and
Margyasirsa are seen at twenty one degrees; the rest of the asterisms
become visible and invisible at seventeen degrees.

Srigottaradhikara

8

The Moon is visible at twelve degree distance from the Sun in the
west or invisible in the east. Adding six signs to the longitudes of
the Sun and Moon respectively, the ascensional equivalent in prana
is obtained; whereas if the Sun and Moon are in same sign their
interval is ascertained in kalas. Thus multiplying the daily motions
of the Sun and Moon by the result in nadis, then dividing by sixty,
and adding to the longitude of each corrected value for its motion,
thus their result in prana is obtained. Of the declinations of Sun and
Moon, if the directions are the same, take the difference, whereas
in the contrary case take the sum. The corresponding sine is to be
regarded as south or north, according to the direction of the Moon
from the Sun. Multiplying the result by the hypotenuse of the Moon’s
mid-day shadow, and when it is in the north, multiply by twelve,
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when it is in the south add it to the same. The result, divided by the
sine of colatitude gives the base, in its own direction; the gnomon is
the perpendicular; the square root of the sum of their square is the
hypotenuse.

Patadhyaya

9

When the Sun and Moon are in the same side of any solstice, and
when the sum of their longitudes being a circle they are of equal
declination. When the Sun and Moon are in opposite side of any
solstice, their declination are the same. Vyatipata is defined by the
difference of vaidhrti. Being black, of frightful shape, bloody eyed,
big bellied, the source of misfortune to all, it is produced again and
again. Thus the knowledge of the time of occurrence is obtained.
When the equality of declinations of the Sun and Moon takes place
in the near of the equator, the aspect may then occur a second time;
in the contrary case, it may fail to occur.

Goladhyaya

10
This chapter is the part of cosmogony, geography and creation.
Astronomy related terms are used here and approach is like a
student asked the teacher about his questions. Like Stiryasiddhanta
it is not as the questioning method all over the chapter but there
are statements. In this astronomical text, mathematical as well as
geometrical concepts are there but there are so many myths included
in this chapter. ‘He, in the scripture, is denominated the goldren—
wombed, the blessed being the first existence, he is called as,
Aditya, the generator.” Goladhyaya has been flourished day after day
in classic India. It has been matured enough in Bhaskaracharya’s
Siddhantasiromoni. He compiled all the existing knowledge in the
part of his book. Here he used the spherical astronomy in a suitable
manner.

This chapter contains the description of creation. It describes the
phenomena of night and day in different latitude and zones, relation



Translation with Notes 115

of the motion of the circle of asterisms and of the planets. It gives
the relation between the orbit of the asterisms, the circle of the sky
and orbits of the planets. It gives the rule to determine the distance
of the planets from the earth. It also gives the length of the orbits of
the planets.

Oh God! tell me the creation of visible elements. Oh Parambrahma!
(you) are the supreme, unmanifested, free from qualities. From mind,
the eather, water, earth, wind, fire were produced. The creation of
this universe is absolutely dependent on these five elements.

Amonst them, first three elements are more important. In order to
the production of the creation, the supreme god creates aharmkaram,
Brahma (Pitamaha). Pitamaha bestowed the Veda as gift and
established Brahma in the middle of the Brahmanda, he revolves
and radiates light. From eyes, Agni; from mind, Moon; are born.
Again, dividing himself twelve-fold (rasi) further to asterisms,
(twenty-seven-fold) are manifested. Then he divided whole universe
in several parts mixing three properties (satta, raja, tama) in various
proportions and produced different forms of matter.

The earth-globe (bhugol) stands in the middle of the egg, bearing
the supreme might of Brahma. Seven cavities are within it (residence
of serpents and demons). The number of cavities is twenty-eight
and about these cavities, six spheres (imaginary) are there. On these
spheres, planets, asterisms, exist in their own pace. Meru is passing
through the earth globe and producing on either side. At the upper end,
Indra and other gods, the great sages (maharshi) while the demons
(mahasura) stay in the lower end and in between two, mountains
and occeans separate these two spheres (loka). Surrounding it one
side is great salted ocean, and mountains are referred as Yomakoti,
Puri and Lanka. In the eastward, the siddhyapuri (is situated), where
the sages (lived) there without trouble. The cities are situated at a
distance from one another of a quadrant of earth’s circumference
(grahakaksa). Above them when the Sun is in the equinoxes, then no
equinotical shadow (visuvachaya) is shown. In both directions from
meru, are two pole stars, fixed in the midst of the sky. These two
pole stars are fixed on the line of latitudes. Because of this position,
cities of colatitude are in 90 degree and at meru also equal degree is
maintained.
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In the half revolution beginning with Aries, the Sun being in
the hemisphere of the gods, is visible to the gods, but while in
the beginning with Libra he is visible to the demons. These two
hemispheres are (imagined) as the opposite to each other.

(The cause of planetary motion) Anywhere in the globe, everybody
while standing in a place thinks his place to be the uppermost. The
circle of asterisms, bound at the two poles, impelled by the provector
(pravaha) wind, revolves eternally, if any cause disturbs it (anyatha).
The motion of the planets is of eight kinds; retrograde (vakra),
somewhat retrograde (anuvakra), transverse (kutila), slow (manda),
very slow (mandatara), even (sama), very swift (§ighratara), and
swift ($ighra).

Multiplying the earth-circumference by the Sun’s declination,
and dividing by the number in a circle, (the result) in yojana, is
the distance from the place of no latitude when the Sun is passing
overhead.

The Sun, rising at the first of Aries, while moving on northward
for three signs, completes the former half day of the dwellers upon
meru.

While moving through the three signs beginning with Cancer,
(completes) later half of the day; he (accomplishes) the same for the
enemies of the gods while moving through the three signs beginning
with Libra and next with Caprion, respectively.

Hence, their night and day are mutually opposed to one another;
and the measure of the day and night is by the completion of Sun’s
revolution.

The Sun, during his northern and southern progress revolves
directly over a fifteenth part of the earth’s circumference, on the
both sides of gods and demons. There occurs once, at the end of the
Sun’s half-revolutions from solstice to solstice, a day of sixty nadis,
and (a night of the same length).

If the stated number of revolutions of the (Moon’s orbit), the
result is to be known as the orbit of the ether (akasakaksa), so far
does the rays of the Sun penetrate.
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The astronomical works of India are divided into two categories,
viz. the Siddhanta treatises and the Karana treatises.

The Somasiddhanta belongs to the first category. The Sabda-
kalpadruma, a Sanskrit encyclopaedia, mentions nine Siddhantas
viz. 1) Brahmasiddhanta, 2) Siryasiddhanta, 3) Somasiddhanta
4) Brhaspatisiddhanta 5) Gargasiddhanta 6) Naradasiddhanta
7) Parasarasiddhanta, 8) PauliSasiddhanta and 9) Vasisthasidhanta.
The other important Siddhanta alluded is Romaka.

Most of the siddhantas are lost. At the time of Varahamihira,
whose date is about 550 A.D. five prominent Siddhantas which
he considered worthy of notice were extant and he has given a
summary of those Siddhantas in his Paficasiddhantika. These are: 1)
Paitamaha, 2) Vasistha 3) Romaka 4) Pauli$a and 5) Saura.

The main aim of the Somasiddhanta is to give the astronomical
rules and not the explanatory process by which those rules were
derived. The style of the work shows that it is an abridged form of
some voluminous work where the entire process would have been
given with all definitions and explanations. The Somasiddhanta
omits all such details and states only the formulae with the chief
object of committing them to memory for summary calculation and
as the early Indian astronomical works this siddhantic text is full of
nice linguistic richness.

The astronomical features of the Somasiddhanta are as follows:

1. Yugas: One of the most important astronomical theories of
India is the theory of epochs, mentioned in the Somasiddhanta.
According to the epoch theory, a Caturyuga consists 0£43,20,000
solar years. Its sub-divisions being Krta, Treta. Dvapara and
Kali yugas consisting of 17,28,000; 12,96,000; 8,64,000 and
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4,32,000 solar years respectively. Seventy-one caturyugas also
known as Mahayugas constitute a Manvantara and fourteen
Manvantaras along with fifteen twilights equal to the period of
a Krtayuga constitute a Kalpa which is the day of Brahma, the
night being also of the same duration.

The basis and purpose of the division of time into the
epochs of long duration are purely astronomical. The main
purpose of the epoch theory is to calculate the mean annual and
daily motions of the planets to the most approximate value. The
complete revolutions of a planet in a Mahayuga are divided by
the civil days of that period which gives the mean daily motion
of the planet.

. Computation of Civil Days: It is for calculation of the mean

positions of the planets on a particular day of any period. The
Somasiddhanta has given a detailed method of computing the
civil days on the basis of which the other data such as the mean
positions of the planets their apices, nodes and conjunctions are
determined.

. Orbits of the Planets and their Distances

The Somasiddhanta gives the methods to know the orbits of the
planets and their distance from the Earth. The linear motion of
all the grahas is the same. Their angular motion varies according
to the distance of the planet from the Earth. Thus the planet at a
larger distance from the Earth will have a larger orbit. The orbit
of the other is obtained by multiplying the orbit of the Moon
by its revolutions in a Kalpa. The orbits of other planets are
obtained by dividing the orbit of the ether by the revolutions of
the respective planets in a Kalpa.

. Cause of the Revolution of the Heavens and the Planetary

Motions

The cause of the motions of the planets and asterisms is the
wind called Pravaha. The asterisms as well as the planets move
westward. But the asterisms move at a faster speed with the
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result that planets lag behind and appear as moving eastward.
According to the Somasiddhanta, the circle of asterism is tied
with both the poles and moves around them by the force of
the Pravaha. The orbits of the planets tied with the circle of
asterisms also move along with the asterisms.

. According to the Somasiddhanta, the annual rate of precession is
54 seconds (vikalas) whereas according to the modern concept
it is slightly more than 50 seconds.

. Eclipses:

The rules for calculating the various stages of the eclipses are
also correct to the most approximate extent. While determining
the solar eclipse the parallax of the Sun has also been taken
into consideration. The rules for determining the directions
of the contact and separation and the amount of obscuration
are undoubtedly correct to every extent and the methods of
projecting the eclipse on a map are perfectly in order.

. Junction and other States: the Somasiddhanta has marked the
positions of the prominent stars of the asterisms called Junction-
stars (yoga taras) because the conjunction of the planets with
the asterisms is determined with respect to them.

Other stars, the positions of which have been mentioned by the

Somasiddhanta are: Agastya, Mrgavyadha, Agni, Brahmahrdaya,
Prajapati and Apamvatsa.
These are only the salient features of astronomical aspect of the

Somasiddhanta.

Somasiddhanta

Bhaskara

Manusmrti

10 gurbakshara = 1 prana

18 Nimesas = 1 Kastha

18 Nimesa = 1 Kastha

6 prana = 1 vinadi

30 Kasthas — 1 kata

30 Kasthas = 1 Kata

60 vinadi = 1 nadi

30 Kalas — 1 Ghati

30 Kalas = 1 Muhurta

60 nadi = 1 day

2 Ghatis = 1 Ksana(muhurta)
30 Muhurtas = 1 day and night

30 Muhurtas — 1 day
and night
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After defining the divisions of time up to nadi, the Somasiddhanta
defines the measures of day, month and year of various types of time
reckonings in use in India, as follows.

Sidereal: Sixty nadis constitute a sidereal (naksatra) day and
night. Thirty such days constitute a month and twelve such months
constitute a sidereal year.

Civil: A civil (savana) day including night is the amount of period
taken from one Sun-rise to another

Thirty civil days constitute a month and 12 civil months constitute
a civil year.

Lunar: thirty lunar days constitute a lunar month. Twelve lunar
months constitute a lunar year.

Solar: the transit of the Sun from one sign of the zodiac to another is
known as sankranti which is equal to one solar month. Twelve such
months constitute a solar year.

Divine and Demoniacal Day and Year

Twelve solar months constitute a divine day. The divine day is
also considered as one demoniacal night and the divine night is
the demoniacal day. The combination of day and night (ahoratra)
is designated as the day. Three hundred and sixty such divine days
constitute a divine or demoniacal year is equal to 360 soar years or
360 x 360 = 129600 Solar days.

The concept of divine and demoniacal day and night has
originated from the duration of sunshine and darkness at the North
and South poles. The sunshine and darkness at the South Pole are
known as the demoniacal day and night respectively.

Caturyuga

Caturyuga is an amount of period consisting of 12 thousand divine
years or 43,20,00 solar years. This period is divided into four sub-
periods known as Krtayuga. Treta yuga, Dvapara yuga and Kali
yuga. The measurement of each sub-period is obtained by dividing
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the entire period of a yuga (i.e. 43, 20,000 solar years) by ten and
multiplying the quotient by four, three, two and one respectively.
Thus, the measurements of these sub-periods are as follows.

4320000 x 4
Kreta 10 =17,28,000 years
4320000 x 3
Treta 10 =12,96,000 Years
4320000 x 2
Dvapara 10 = 8,064,000 Years
. 4320000 x 1
Kali 10 =4,32,000
Total (Caturyuga or Yuga) | =43,20,000 Years

Yuga Morning twilight | Central period | Evening twilight | Total

Krta 1,44,000 14,40,000 1,44,000 17,28,000

Treta 1,08,000 10,80,000 1,08,000 12,96,000

Dvapara | 72,000 7,20,000 72,000 8,64,000

Kali 36,000 3,60,000 36,000 4,32,000

Total 43,20,000
Manvantara

A Manavantara is constituted by 71 yugas. At the end of each
Manvantara there is a twilight equal to the period of Krta Yuga
which is marked by inundation.

Thus, the period of Manavantara = 71 x 43,20,000
30.67,20,000 solar years
17,28,000 solar years

Period of twilight

Kalpa

The next higher unit of measurement of time is the kalpa which
consists of 14 Manvantaras alongwith their twilights. One twilight
equal to the period of Krta yuga precedes the Kalpa. 14 Thus there
are fifteen twilights in all in a Kalpa.
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So, one Kalpa = 14 Manvantaras + 15 twilights of the duration
of Krta yuga each
= 14 x 71 Mahayugas + 15 Krtayugas

15 x4
= 994 Mahayugas + 0 Mahayugas

1.M.Y.x4
10
= 994 Mahayugas + 6 Mahayugas
= 1000 Mahayugas
= 1000 x 12000
= 12,000,000 divine years
= 1000 x 43,20,000
= 4,32,00,00,000 Solar years

1 Krta =

Life of Brahma

One Kalpa is known as the day of Brahma. The equal amount of
period is his night in which the creation is deluded and remains
latent for a period of a Kalpa before it re-emerges.

The total span of the life of Brahma is stated to be 100 Brahma
years. One Brahma year contains 360 Brahma days (including
nights). One day and night of Brahma is constituted by two Kalpas
or 2000 Mahayugas

Time Reckoning: Now first define reckonings as well as the
purposes for which they are used:

1. Saura (Solar) Years: Due to the annual revolution of the earth
around the Sun the Sun appears moving from west to east on its
path known as the ecliptic. The ecliptic is divided into twelve
signs, corresponding to the signs of the zodiac. On the day of
vernal equinox (known as Mesa), when the days and nights are
equal the Sun is stated to be at zero degree, being at the equator.
After making a complete revolution the Sun comes again on
the equator. The time taken by the Sun in making a complete
revolution is known as a solar year
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2.

5.

Solar Month: the transit of the Sun from one sign to another,
during its course of revolution, is known as Sankranti. Thus,
there are twelve Sankrantis in a solar year. The interval of time
between two Sankrantis is known as a solar month.

. Solar day: The time taken by the Sun in travelling one degree

is known as a solar day.

The solar year measured on the basis of true equinox
regardless of its original position is known as tropical solar year
(sayana saura varsa)

. Solstices: From the time when the Sun transits in the Makara

sign, the Sun is said to be of northern progress (Uttarayana) up
to a period of six months. From the time of the Sun’s transit into
the Karka sign the Sun is said to be of southern progress upto a
period of six months.

Six Seasons: According to the Somasiddhanta, the seasons are
determined from the solstices. The six seasons of two solar
months each are reckoned from the Makara sign, the southern
solstice.

. Lunar-reckoning: The lunar-reckoning is not an independent

calendar but depends on the relative distance of the Moon from
the Sun. When the Moon comes into conjunction with the Sun,
it is said to be amavasya, the moonless night. As soon as the
distance between the Moon and the Sun becomes 12 degrees,
it is said to have past the one lunar day. When the distance
becomes 24 degrees two lunar dates are past. Thus, the lunar
dates increase in the multiples of twelve degrees. At the end of
15 such dates the Sun and the Moon become 180 degrees apart
and it is known as the end of the Pirnima. After thirty such
dates, the Moon again comes into conjunction with the Sun and
the ley is known as the end of the Amavasya. The lunar dates are
known as tithis. Thus, thirty tithis constitute a month, known as
lunar month and twelve lunar months constitute a lunar year.

. Intercalary months

In connection with the lunar-reckoning it is necessary to make
a mention of the intercalary months, in order to calculate the
mean and true positions of the Moon. In practice, we use 12
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lunar months in a solar year. But the number of civil days in
a lunar year is less than the number of days in a solar year
by about 10.89170 days. Thus, in about thirty-three months,
the difference of about one lunar month takes place. For an
adjustment with the solar calendar, the difference is reduced
by dropping the increase. This dropped month is known as the
intercalary month

. Sidereal reckoning:

Due to the rotation of the earth on its axis, the stars in the sky
appear as moving from east to west. So, the circle of asterisms
makes a complete revolution in about 23 hours, 56 minutes and
4 seconds. This period is known as the sidereal day. Thirty such
days make a month and 12 such months make a sidereal year.

. Civil (savana) Reckoning:

The civil day is determined by the interval from rising to rising
of the Sun. Thirty such days constitute a month and 12 savana
months constitute a year.

In ancient India the grahas were considered to be seven, the
Sun, Moon, Mars, Mercury, Jupiter, Venus and Saturn. They
were considered to be geocentric presuming that the planets
move around the earth.

Order of the Planets: In the Somasiddhanta, the planets are

stated to be revolving in the Brahmanda below the orbit of the
asterisms. Their orbits, according to the Somasiddhanta has
evolved the system of complete revolutions, called as bhaganas
of the planets in a Mahayuga or a Kalpa. The planets, however,
lag behind on their respective paths equal in amount. Therefore,
the planets appear as moving eastward and their daily mean
motions are calculated on the basis of their complete revolutions.
The daily mean motions of the planets differ because of the
difference in the measures of their respective orbits.
The underlying idea of this principle is that all the planets
move eastward at an equal linear speed and the linear distance
travelled by them in a day is the same. But their angular distance
varies dependent on the measures of their orbits.



General Notes 125

Saturn
Jupiter
Mars
Sun
Venus
Mercury
Moon

Somasidhanta’s View

The number of revolutions of the planets in a mahayuga, as
mentioned by the Somasiddhanta is as follows:

Graha Number of bhaganas made in a Mahayuga
Sun 43,20,000

Mercury | 43,20,000

Venus 43,20,000

Moon 5,77,53,336

Mars 2,96,832

Jupiter 3,64,220

Saturn 1,46,568

Revolutions of Apices, Conjunctions and Nodes:

There are variations in the motions of the planets which are
sometimes fast and sometimes slow. Therefore, the motion of a
planet calculated on the basis of the revolutions mentioned above is
only the average motion which does not tally with the actual motion
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of that planet. Therefore, to know the exact motion of a planet it is
necessary to mention their variable points viz. Mandocca, §ighrocca
and pata which are supposed to be responsible for the variation in
the motion of the planets. The mandocca and $ighrocca also move
eastward and ultimately complete the respective circles and reach
their original places of beginning. These circles are known as the
bhaganas of the mandocca and $ighrocca respectively.

The revolutions of the Sighrocca, mandocca and pata of each
planet, as mentioned by the Somasiddhanta are as follows:

Revolutions in a Mahayuga

Planet Sighrocca Mandocca Pata
Sun
Moon 4,88,203 2,32,238
Mars 43,20,000 - -
Mercury 1,79,37,060 - -
Jupiter 43,20,000 - -
Venus 70,22,376 - -
Saturn 43,20,000 - -

Planet Revolutions in a Kalpa

Mandocca Pata

Sun 387 -

Mars 204 214

Mercury 363 488

Jupiter 900 174

Venus 535 903

Saturn 39 662

This rule is based on the method of proportion. The sine of the
maximum amount of deflection according to the Somasiddhanta is
1397 kalas which is the sine of an arc equal to 23°-58°-31”. This
deflection is, when the longitude of the Sun is 90° and its sine is
equal to radius, i.e. 3438 kalas.



General Notes 127

Manda Kendra and Sighra Kendra

Definitions of mandocca (apsis) and §ighrocca (conjunction) are
known to us have been given. The circular difference between the
mandocca and the mean planet is called as manda kendra. Similarly,
the difference between the s’ighrocca and the mean planet is known
as the §ighrakendra. In the modern astronomy the terms anomaly
and commutation are used corresponding to the mandakendra and
Sighrakendra.

Bhiujajya and Kotijya

Sines and Cosines of the kendra (computed in the above manner)
are known as bhijjajya and kotijya respectively. For knowing the
bhijjajya and kotijya, it has first to be determined in which quadrant
(pada), the kendra lies. The first and the third quadrants are known
as visamapada and the second and fourth quadrants are known as
sama (even) quadrants.

If the kendra is in the odd quadrant, the sine of the travelled arc
is known as the bhijajya and the sine of the arc to be travelled is
known as the kotijya. If the kendra is in the even quadrant, the sine
of the arc to be travelled is known as the bhiijajya and the sine of the
travelled arc is known as the kotijya.

The angular difference of two places can be known either
clockwise or anticlockwise. In the Somasiddhanta. the difference
between the mandocca and the mean planet as well as the difference
between the $ighrocca and the mean planet is measured in the
clockwise direction.

Apsis
The planet if tied by the strings of wind is pulled by the apsis
towards it and according to nearness it will be greater. The wind
known as pravaha also pushes it towards the apsis. In this way the
planet pulled eastward or southward gets variation in its motion.
The speed of the planet is retarded near the apsis, the farthest
point and is accelerated near the other side of it which is nearest the
earth. The positions of the mean and true planets coincide on both
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the apsis. When the planet goes in the western semi-circle from the
point of apsis, it moves at a slower pace and therefore, its longitude
near the apsis is less than the longitude of the mean planet. The
speed gradually increases as the planet moves forward and becomes
equal at the quadrature with the mean motion. Thereafter the speed
of the true planet becomes more than the mean motion and becomes
the highest at the perihelion.

As the planet moves further on, the true motion remains more
than the mean motion till it becomes equal at the end at the third
quadrant. Thereafter the true motion becomes less than the mean
motion and becomes slowest as it reaches the apsis where the true
planet coincides again with the mean planet.

Conjunction:

The principle of the conjunction is the same as that of the apsis. The

only difference to be noted is that the conjunction is heliocentric.
From the statement of the Somasiddhanta, that in the conjunction,

the Sun attracts the planets and the motion of the planets accelerates

as they reach their perihelions.

Node (Pata):

Another governing factor in planetary motions as is the node. The
node is the point where the orbit of a planet appears as crossing the
ecliptic. There are two nodes opposite to each other.

The position of the node goes on successively moving westward
and makes a circle. It is known as the revolution of the node of
a particular planet. Its motion is very slow and a complete circle
except in the case of the node of the Moon, cannot be made in a
Mahayuga. So their revolutions are given for a Kalpa.
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Rise of the Planets in Eastern Horizon

The number of Sun rises in the east in a Mahayuga, then we proceed
in the following way:

Bhaganas of the asterisms

In a Mahayuga = 1,58,22,37,828

Bhaganas of the Sun to a MY =43,20,000
Risings of the Sun in the east = 1,57,79,17,828

This is actually the number of civil (savana) days in a Mahayuga.

Lunar Months in a Mahayuga

The lunar months in a Mahayuga are known by subtracting the
revolutions of the Sun from the revolutions of the Moon.

The synodic revolution of the Moon is known as the lunar month. It
is the period between the two conjunctions or the oppositions of the
Sun and Moon, which is slightly less than 30 days.

Intercalary Months in a Mahayuga

The number of intercalary months (adhimasa) in a Mahayuga is
known by the difference of the solar and lunar months.

In practice, we use 12 lunar months in a solar year. But the number
of civil days in a lunar year is less than the number of days in a solar
year by about 10.89170 days. Thus in about thirty three months, the
difference of about one lunar month takes place. To adjust with the
solar calendar, the difference is reduced by dropping the increase.
This dropped month is known as adhimasa.

The number of lunar months in a mahayuga
= Revolutions of the Sun—(synodic revolutions) revolutions of
the Moon
=5,77,53,336 — 43,20,000 (subtract)
=5,34,33,336
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The number of solar months in a Mahayuga = 4320000 x 12 =
5,18,40,000

The number of intercalary months in a Mahayuga = 53433336 —
5,18,40,000 (subtract) = 15,93,336

The number of Intercalary months can be known by the simple
arithmetical process of proportion:

Solar months in a Mahayuga: Adhimasas in a Mahayuga: Computed
solar months: Required adhimasas

or the required adhimasas = Adhimasas in a Mahayuga x computed
solar months

Solar months in a Mahayuga:

By adding the number of intercalary months to the computed solar
months, we get the lunar months. These months are converted into
days by multiplying by 30.

The popular name used for the civil days computed in the above
manner in the astronomical treatises of India are ahargana.

Mean Daily Motions of the Planets:

The mean daily motions of the planets can be known by dividing
the number of revolutions in a Mahayuga by the civil days in a
Mahayuga.

The period in which a planet completes a revolution can be known
by dividing the civil days by the number of revolutions in a
Mahayuga. The length of a revolution of the planets and their mean
daily motions are given in the table.



132 Somasiddhanta

Length of revolutions and Mean Daily Motions of the Planets

Number of Civil days in which
revolutions in a revolution is

Planets 4320000 years completed Mean daily motions

d. n. |v. |p. 0 (I (I |II IV
Sun 4320000 |365 15 |31 |3.14 59 |8 |10 |10.4
Mercury 1,79,37,060 |87 58 [10 |5.0 (4 |5 (32 |20 |41.9
Venus 70,22,326 (224 |41 |54 |5.06 |1 (36 |7 |43 |37.3
Mars 22,96,832  |686 |59 |50 |5.87 31 |26 |28 |11.1
Jupiter 3,64,220 4332 |19 |14 [2.09 4 |59 |6 |48.6
Saturn 1.46,568 10,765146 |23 |0.41 2 |0 |22 |53.4
Moon: Sid. rev| 5,77,53,336 |27 19 |18 |0.15 [13 |10 |34 |32 |3.8
Moon: Syn.rev | 5,34,33,336 |29 31 {50 |0.70 |12 |11 |26 |41 |53.4
Rev. of apsis 4,88,203 13232 |5 |37 |1.86 6 |40 |58 |42.5
Rev. of node 2,32,238 |6794 |23 |59 (2.35 3 |10 |44 |43.2

To Find the Mean Position of a Planet at a Given Place:

The mean positions of the planets found on the basis of the revolutions
of the planets and civil days belong to Lanka at midnight. To find
the mean position of a planet at a place other than Lanka corrections
are required to be made proportionately depending on the situation
of that place. For that purpose, the use of the following devices is
mentioned in the Somasiddhanta - lambajya, trijya, sphuta paridhi,
latitude of a given place and the daily motion of the planet.

Jya: If an object moves on the circumference of a circle, the angle
traced by it from its original place is measured on the centre of that
circle. This angle lies between the radii joining the centre with the
original point and the point where the object lies after travelling a
certain angular distance.

Suppose A is the initial point on the above circle from which an
object starts to move on the circumference of the circle and reaches
the point B. Then the angle ACB between the radii CA and CB is the
angle traced by the object. The portion of the circumferance AB is
known as the capa (arc) travelled.

AXis the X axis, YY” a perpendicular drawn on AX on the point
C Is the Y-axb.
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Let us draw a perpendicular BD on CA.
BD is the jya (sine) of the angle ACB or of the arc AB.

Y
B
X C D A
Y’
Fig. 13:

Trijya: Trijya is the sine of an angle of 90°. The angles in Indian
system are measured in rasis. A rasis consist of 30 degrees. Thus,
three rasis consist of 90°. The word trijya is therefore, the short form
of trirasijya.

Trijya in Indian system is measured in terms of kalas. It consists
of 3438 kalas.

Kojya (cosine): kojya an abbreviated form of Kotijya, is the jya of
the complementary angle in a quadrant. In the above diagram BE,
the sine of the angle BCY is the Kotijya, of the angle ACB.

Aksajya: If the angle ACB is treated as the latitude of a place, its
sine BD will be known as aksajya.
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Lambajya: Lambajya is the term used to denote the Kotijya of the
latitude, or the sine of the co-latitude. If angle ACB is the latitude of
a place, angle BCY is its co-latitude BE is the sine of the co-latitude
i.e. it is known as lambajya.

Desantara: Desantara is the longitude of a place measured east or
west from the standard meridian which in ancient India was that
which passed through Lanka. Longitudes are denoted by three kinds
of measurements. Viz (1) Linear measurement, (2) time measurement
and (3) angular measurement.

The prime meridian is supposed to divide the earth in two halves,
east and west since the full circle of the earth contains 360 degrees,
one half contains 180 degrees. The Sun apparently makes a complete
revolution of the earth in 60 ghatis (24 hours). Therefore, in one
ghati it travels 6 degrees or one degree is travelled by the Sun in
10 palas or 4 minutes. Therefore, a different of one degree in the
longitude makes a difference of about 4 minutes in time. Since the
Sun rises in the east, the Sunrise at any place lying east in another
place is earlier and later at any place lying west corresponding to the
longitudinal difference.

Method to know the Longitude:
According to Somasiddhanta, complete lunar eclipse was the proper
time to know the longitude of a place. There are four stages in the
process of an eclipse - (1) Beginning point of the obscuration of the
lunar disc (spar$a), (2) Total immersion (nimilana), (3) Beginning
of the emergence from darkness (unmilana) and (4) Freedom from
darkness (moksa).

The longitude in time can easily be converted into yojanas by the
following method.

Desantara yojanas = Time longitude % sphuta paridhi

60

The Sun makes a complete revolution of the sphuta paridhi on
which the given place lies in 60 ghatis.

The lunar eclipse is specially chosen for determining the
longitudes because it is easily observable and is also not affected by
the parallax.
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Inclination (Viksepa) of the Planets’ orbits:

The orbit of a planet intersects the ecliptic at two points known
as patas (nodes). From these points, the planet’s path is deflected
northward and southward respectively. This deflection of the path,
supposed to be caused by the nodes is known as the Viksepa.
This inclination increases upto a certain point after which it starts
decreasing and ultimately coincides with the ecliptic on the opposite
node.

Spastadhikara states the various types of Planetary Motions
Eight kinds of the motions of the planets have been mentioned in the
Somaasiddhanta. They are Vakra, Anuvakra, Kutila, Manda, Sama,
Sighratara, Sighra.

One of the most important devices for knowing the true positions
of the planets and other astronomical quantities is the sine of an arc.

The Somasiddhanta has described a unique system of determining
the sines of a quadrant. A quadrant is divided into 24 equal parts,
each part containing 33/4 degrees or 225 kalas.

The first sine of an angle of 225 kalas is known by dividing the
kalas of a rasi (30 degrees = 1800 kalas) by eight which comes to
225.

The second sine, that is the sine of an angle containing 450 kalas.

Utkramajya (Versed Sines)
The siddhanta has further given the method of finding the versed
sines which is very simple and original.

No. of Division | Sines of the Somasiddhanta Versed Sines
1. 225 7

2. 449 29

3. 671 66

4, 890 117

5. 1105 182

6. 1315 261

7. 1520 354

8. 1719 460
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9. 1910 579

10. 2093 710

I1. 2267 853

12. 2431 1007
13. 2585 1171
14. 2728 1345
15. 2859 1528
16. 2978 1719
17. 3084 1918
18. 3177 2123
19. 3256 2333
20. 3321 2548
21. 3372 2767
22. 3409 2989
23. 3431 3213
24. 3438 3438

The word used for sine in the Somasiddhanta is jyardha which is
often said as jya in the short form.

To find the Sines of given angles and vice-versa

The angle, whose sine has to be known, should, first be converted
into Kalas and divided by 225. The quotient is the preceding number
of divisions of sine (jyapindaka). The remainder is multiplied by the
difference between the preceding and the following sines and the
product is divided by 225. The quotient is added to the preceding
sine. The result is the sine of the desired angle.

To Find Mean Declination (Kranti)

The declination is the amount of deflection of the ecliptic from the
celestial equator, measured from the vernal equinox, measured from
the vernal equinox. If the Sun’s mean longitude is known the mean
declination can be found.

Sine of the longitude of the planet x1397
Radius

Declination = Arc of



General Notes 137

The sine of the maximum amount of deflection, according to
Somasiddhanta is 1397 kalas. The deflection is when the longitude
of the Sun is 90 degree and its sine is equal to radius, i.e. 3438 kalas.

True Daily Motion of the Moon:

For finding the true daily motion of the Moon, first of all the mean
daily motion of the apsis of the Moon is subtracted from its mean
daily motion. The result may be called as the correct daily motion.

The method is this that the difference of the sines corresponding
to the mean anomaly is multiplied by the daily motion of the planet
and divided by 225. The quotient thus obtained is the sine of the
daily motion. It is multiplied by the correct epicycle and divided by
the circumference (21600 kalas), as is done in the case of finding
the bhujaphala. The quotient thus obtained is the desired equation
of the motion. If the mean anomaly lies in the second or the third
quadrant, the equation is added to the mean motion and subtracted
if the anomaly lies in the first or the fourth quadrant. The result thus
obtained is the correct daily motion of the Moon. This deflection is
when the longitude of the Sun is 90° and its sine is equal to radius,
1.e. 3438 kalas.

If it is known that the mandaphala and Saighraphala of a planet
with respect to its apsis and conjunction respectively we can know
the true place of a planet.

True Daily Motion of the Sun:

True daily motion of the Sun can be found in the same way as the
daily motion of the Moon except this that the daily motion of its
apsis is not required to be subtracted from the mean daily motion of
the Sun and also of other planets obviously because of the fact that
the daily motion of the apsis of the Sun is practically imperceptible
and hence negligible.

True Daily Motion of Other Planets:

For finding the true dally motion of the other five planets, corrections
both with regard to the apsis and conjunction have to be applied.



138 Somasiddhanta

The correct daily motion found with respect to the apsis has to be
subtracted from the daily motion of the conjunction. The remainder
is multiplied by the difference of the radius and the last variable
hypotenuse. The result is divided by the variable hypotenuse. The
quotient is added to the daily motion, if the hypotenuse is greater
than the radius and subtracted if it is less. If the daily motion is less
than the subtractive result, the former should be subtracted from the
later, but in that case the motion will be retrograde.

Retrograde Motions:

When the planet appears moving in the contrary direction it is stated
as retrograde. According to the Somasiddhanta, the planet becomes
retrograde when, due to its distance from the conjunction on either
side, the cords connecting the planet with the conjunction become
slack, the force of attraction of the conjunction dwindles and the
planet becomes retrograde.

True Nodes and Latitudes of Planets:

When the true longitude of the planet is determined the true node
and latitude can also be determined on the basis of the data used for
finding the true place of the planet.

The method to find the true nodes of different planets:

To the mean nodes of Mars, Jupiter and Saturn, the equation of the
conjunction as acquired by the forth process is applied in the same
direction as in the case of me planet itself. To the nodes of Venus and
Mercury, the equation of the apsis as found by the process is applied
in the opposite direction. The result is the true node.

Diurnal Period of a Planet:

Due to the rotation of the earth, the planet appears rising above the
horizon everyday. The interval between two risings of the planet is
known as its diurnal period.
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The planets are measured along the ecliptic which is divided into
12 signs of the zodiac which also rise everyday successively in the
east above the horizon. The time taken in one complete revolution
of the zodiac is known as the sidereal day (naksatra ahoratra) which
is of the duration of 60 ghatis.

Day Radius (Dyujya):

The apparent path of the planet on which it appears moving daily
(due to the earth’s rotation) is known as diurnal circle (see V.24
(vi)). Its radius is called as dyujya.

Dyujya = Radius — Versed sine of true declination.

Ksitijya (Earth Sine)
The rule for knowing the ksitijya is given in the Somasiddanta as
follows:

Ksitijya = palabha x krantijya / 12

Carajya

Carajya is the correspondent value of ksitijya on the equator. The
time taken by the planet on its diurnal circle is the same as on the
celestial equator.

Palabha x krantijya
12

Carajya (Sine of ascensional difference) =

To find the Measure of Day and Night:

In Indian system, the time is measured in pranas which correspond
to the kalas of a circle. In a circle, there are 21600 kalas (360° x 60),
and the time taken by a planet in completing its rotational circle is
also 21600 pranas (60 ghatis % 60 palas x 6 pranas = 21600 pranas)
known also as asus.

The diurnal period of a planet is the measure of day and night
combined at the equator and all other places irrespective of the
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latitude of the place and declination of the planet. But the measures
of day and night separately at the places lying north or south of
the equator vary from those of the equator. The celestial equator
is divided into four equal segments by the prime vertical meridian
circle and the circle of the horizon - one from the eastern point to
the zenith, second from the zenith to the western point, third from
the western point to the nadir (the lowest point of the prime vertical)
and the forth from the nadir to the eastern point. Each segment is
traversed by the planet into equal duration of time.

Visuvadbha (Equinoctial Shadow)

The term is used for the mid-day shadow of the gnomon east on the
north-west line of the dial at any given place on the day of equinox.

In the later astronomical works, the most popular name for this is
Palabha or aksabha (the shadow of latitude)

Agra

The difference between any given, shadow and the visuvadbhagrga
is known as agra.

Values of Gnomon, Shadow &, Hypotenuse:
The values of these quantities can be found by the geometrical
process of a right-angled triangle. Thus,

Hypotenuse (Karna) = \ (Safiku? + Chaya>)

Safiku = \ (Hypotenuse® — Chaya?)

Chaya = V (Hypotenuse® — Safiku?)

Ayana calana

The Indians knew very correctly that the equinox is a variable point.
In a Mahayuga, the circle of asterisms oscillates eastward 600 times.
This number is multiplied by the days computed for the required
period and divided by the number of days in a Mahayuga, the sine
of the result thus obtained is multiplied by three and divided by ten.
These are found the degrees of the equinox at a particular day.
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The Somasiddhanta suggests to tally the precession of equinox
acquired by mathematics with the actual one by examining on the
days of solstices or equinoxes. As there are 600 oscillations in a
Mahayuga. i.e. 43,20,000 solar years, one revolution takes place in
7200 years and a quarter revolution takes place in 1800 years. By
this, we can find the yearly movement of the equinox:

If in 1800 years, the movement is 27 degrees, in 1 year the
movement is =27 / 1800 degrees = (27 60 x 60) /1800 = 54"

This rate of yearly precession tallies very nearly with the modern
rate of precession which is considered to be nearly 50.262 vikalas.

Latitude and Co-latitude

The latitude and co-latitude of a place can be found in the following
manner by the gnomon and its shadow:

(A) When the Sun is on the equator

Equinotical shadow x radius

(1) Sine of latitude (akajya) = —
Equinotical hypotenuse

Gnomon X radius

(2) Sine of co-latitude (lambajya) = —
Equinotical hypotenuse

The arcs of these sines give the respective latitude and co-latitude
of a place.

(B) When the Sun has Declination:

When the Sun has certain declination, the latitude of a place can
be known by means of the zenith distance and the declination of
the Sun. The distance of the Sun from the zenith on the midday,
when the Sun is on the meridian, is known as the zenith distance.
The distance of the Sun from the horizon on the meridian is the
altitude. The zenith distance can be found by means of gnomon
and its shadow in the manner analogous to its latitude. On the
days of the equinoxes, the zenith distance itself is the latitude
because Sun on that day is on the equator. Therefore,
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Mid-day Shadow x Radius
Hypotenuse (svakarna)

the sine of zenith distance (natajya) =

The True and Mean Longitudes of the Midday Sun by Zenith
distance:

If the latitude of a place and the Sun’s zenith distance are of the
same direction, their sum gives the declination. With the sine of
declination, the longitude of the Sun can be known as follows:

Sine of the longitude = (Sine of the declination % radius) / (sine
of extreme declination)

This rule is based on the proportion:
If the sine of declination is extreme,
the sine of longitude = Radius

If the sine of declination is as found,

the sine of longitude = (radius X sine of declination) / sine of
extreme declination

The arc of this longitude gives the position of the Sun in the
respective quadrant at the time of mid-day. If the Sun lies in the
Mesa, Vrsa and Mithuna signs, the arc itself is the true longitude.
If it lies in the Karka, Sirhha and Kanya signs, the true longitude of
the Sun is found by diminishing this arc from the sum of six signs
(i.e. 180 degrees). If it lies in any sign from Tula to Makara, the true
longitude is obtained by adding this amount to six signs. If it lies
in any sign from Makara to Mesa, the true longitude is obtained by
diminishing it from the sum of 12 signs. (i.e. 360 degrees).

The mean longitude of the Sun can be found by applying the
equation of apsis repeatedly in the reverse order.

Mid-day Shadow and Hypotenuse by Declination and Latitude:
First of all, is to find the zenith distance by of the declination and
the latitude. If they are of the same direction, their sum and if they
are of the opposite direction their difference is the zenith distance.
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Then the Sine and Co-sine of the zenith distance is calculated.
With the relation of these two values compared with the relation
of the gnomon and its shadow. The shadow and the corresponding
hypotenuse is in the following way.

Mid-day shadow = (gnomon x sine of the zenith distance) / (co-
sine of the zenith distance)

Mid-day shadow-hypotenuse = (gnomon X radius) / (co-sine of
the zenith distance)

Amplitude of the Sun:
The distance of the extremity of the shadow at any given time from
the Visuvadbhagra is known as agra.

The amplitude of the Sun-rise or Sun-set (i.e. the arkagra) can be
found by the following method:

Arkagra = (sine of the declination % hypotenuse of eq. shadow) /
gnomon

This relation can be put as follows:

Arkagra / sine of declination = hypotenuse of eq. shadow /
gnomon

It means the relation between the arkagra and the sine of
declination corresponds to the relation between the hypotenuse of
the shadow and the gnomon.

Base of the Amplitude:

If the Sun lies in the southern hemisphere i.e. if the declination of
the Sun is in the south, the base (bhuja) of the amplitude is obtained
by adding the karnagra to the palabha. If the Sun lies in the northern
hemisphere, it is obtained by diminishing the karnagra from the
palabha.

In both these cases the base is north. If the Karnagra is greater
than palabha, while the Sun is in the northern hemisphere, the base
is south and is obtained by diminishing palabha from the Karnagra.
At the time of mid-day, the shadow itself is the base.
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Hopotenuse on prime-vertical:

When the Sun is on the prime vertical (samamandala), the shadow-
hypotenuse can be found by either of the following two rules, given
by the Somasiddhanta

(1)Shadow hypotenuse = (sine of co-latitude xpalabha) / krantijya
(i1) ’ = (sine of latitude x 12) / krantijya

Prime vertical is the circle which goes through the east and west
points and the zenith of the observer. When the Sun is exactly on
this circle, the shadow of the gnomon remains on the East-West
line. Therefore, the distance of the extremity of the shadow always
remains at equal distance from the visuvadbhagra.

Sine of Zenith Distance (Drgjya) and the Sine of Altitude
(Konasanku), when the Sun is in the Intermediate direction.

When a great circle is described through the zenith and the object
in the sky, it is known as drkmandala. The sine of the arc intercepted
between the zenith and the object is known as drgjya, or the sine of
zenith distance. When the Sun is on the meridian the meridian circle
itself is the arnamandala and the zenith distance is the arc between
the zenith and the Sun on the meridian.

When the Sun is on the meridian, the sine of altitude has been
called as unnatajya. Here it is called in the text as Sanku.

When the Sun has south declination, it lies in the agneya (east-
south) direction in the forenoon and in the nairrt (south-west)
direction in the afternoon. When it has north declination, it lies in
the forenoon in the 1$ana (north-east) direction and in the vsayavi
(north-west) direction in the afternoon.

After having found the konasanku (the sine of altitude), the
drgjya (the sine of zenith distance) can be found as follows:

Sine of zenith distance = V(Radius? — Konasanku?)

Let us also explain it by the modern method applicable to
a spherical triangle. In the figure, the triangle ZPS is a spherical
triangle. Its three sides PZ, ZS and SP are the arcs of three great
circles. A spherical triangle is a figure described by the arcs of three
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great circles around the same centre and having the same radius.
Since the radius is constant it is denoted as unity. PZ is the arc of the
prime vertical meridian drawn through the poles and the observer’s
zenith. ZS is the arc of the circle drawn through the zenith and the
place of the Sun (S) and PS is the arc of the circle drawn through
the poles and the place of the Sun. ZS is the zenith distance and PZ
is the co-azimuth. Azimuth is a term used for denoting the arc of the
horizon from the northern point of the horizon to the place where the
drkmandala meets the horizon. If the arc PZ is extended it will meet
the horizon at N If the arc ZS is extended, it will meet the horizon
at T. Thus, the arc NT is the azimuth, denoted by the corresponding
angle NZT or PZS.

Antya: Antya is the sine of the arc of that portion of the equator
which lies between the point of intersection of the meridian of the
observer’s horizon and the equator and the prime vertical meridian.
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It corresponds to the sine of that portion of the arc of the diurnal
circle which is traversed from the sun-rise to the mid-day.

Nata: Nata is the angular distance measured on the equator from
the prime vertical meridian to the point where the meridian of the
Sun intersects with the equator.

Hour angle by shadow:
The sine of Zenith distance, sine of altitude, cheda. Hour angle etc.
can be found by shadow and hypotenuse.

Shadow x Radius

(1) Sine of zenith distance =
Shadow Hypotenuse

(2) Sine of Altitude = /Radius® — Drgjya
(3) Cheda = (sankux Trijya)/Lambajya

(4) Sine of Sun’s distance from the horizon (Unnatajya) = (Cheda %
Trijya)/Dyujya

(5) Natotkramajya = Antya — Unnatajya
(6) Natakala (Hour angle) = Arc of natotkramajya

The Path of Shadow:

The Somasiddhanta has given the method of drawing the path on
which the point of shadow moves on any particular day. According
to this method, three points of shadow have to be marked — first at
forenoon, second at noon and the third at afternoon.

Rising Times of Signs:
The ecliptic is measured along the zodiac which is divided into
twelve equal parts known as Mesa etc. Each sign consists of 30
degrees.

According to the Somasiddhanta the maximum declination of the
Sun from the equator is nearly 24 degrees (23.5 degrees according
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to the modern calculations) Therefore, the ecliptic is inclined to the
equator up to a maximum angle of 24 degrees measured from the
points of equinoxes when the ecliptic coincides with the equator.

On the day of vernal equinox (21st March) the Sun has zero
declination and rises exactly on the eastern point of the horizon. But
on the subsequent days, when the declination of the Sun gradually
increases northward, the Sun rises slightly in the north of the eastern
point of the horizon. This distance continues to increase till the Sun
traverses an arc of 90 degree (due to earth’s annual revolution around
the Sun). From 900 to 1800 the declination decreases gradually and
becomes zero when the longitude of the Sun is 1800. At this point
again the ecliptic coincides with the equator. From 1800 to 2700
the declination increases again but its direction is southward. From
2700 onwards, the declination starts decreasing and when the Sun’s
longitude is 3600, the declination becomes zero and the Sun rises
again on the eastern point of the horizon.

When the Sun is at the point of vernal equinox, it is stated to
be on the beginning point of the Mesa sign. Its ending point is at a
distance of 30 degrees on the ecliptic from the point of equinox. The
ending point of the Mesa sign is the beginning point of the Vrsa sign
and its ending point is at a distance of 600 on the ecliptic measured
from the point of vernal equinox. Similarly, the beginning point of
the Mithuna sign is at 600 and the ending point at 900 and so on.

Due to the daily motion of the earth on its axis, the signs appear
as rising consecutively above the horizon and making a complete
circle in about 24 hours.

Rising Time at the Equator:

The rising times of the signs at Lanka supposed to be at the equator
are the basis of knowing the rising times of the signs at other places.
The method to know the rising times of the signs at Lanka is as
follows.

The sines of the first, second and third signs are multiplied each
by the day radius of three signs and divided each by the respective
day radius. The arcs of three quotients are respectively the arcs of
the first sign; first and second signs; first, second and third signs.
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Thus, if the first arc is subtracted from the second arc, the result is
the arc of second sign. If the second arc is subtracted from the third
arc, the result is the arc of the third sign. Since one kala for an arc
is equal to one prana, the number of kalas in an arc is the number of
pranas taken in rising of that arc.

Rising asus of Mesa =

Arc of sin 30°(mesa) x Day Ra-dlus of three signs (90°) | (i)
Day Radius of 30°

Rising asus of Mesa & Vrsa combined =

Arc o f[sm 60°(Mesa & Vrsa) x Day Radius of (90 )]

Day Radius of 60°

Rising asus of Mesa, Vrsa and Mithuna combined =

sin 90° x Day Radius of (90°)
Day Radius of 90°

Arc of

] — Arc of radius  ...... (iii)

Thus, the rising asus of Vrsa = (ii) — (1)
The rising asus of Mithuna = (ii1) — (i1)

Rising Times of Signs at Any Given Place:

From the rising times of Mesa. Vrsa and Mithuna at Lanka the
portions of ascenstional difference (Carakhandas) of a given place
are subtracted, the remainders are the rising times of three signs at
that place. To find the rising times of Karkata, Simha and Kanya, the
portions of ascensional difference are added in reverse order to the
times of these signs at the equator. The times of the next six signs are
obtained by reversing the order of the first six signs.

Meridian Lagna (Madhyalagna):
Meridian lagna is the point of the ecliptic intersecting with the
North-South prime vertical at a given time.

The Method to find the meridian lagna:

If the hour angle is east, this arc should be subtracted from the
longitude of the Sun, if it is west, the arc should be added to be
longitude of the Sun. The result is the meridian lagna.
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When the Sun crosses the prime vertical meridian, it is known as
the mid-day. Therefore, the point of the ecliptic lying on the prime
vertical at any given time is known as the Madhya lagna. It is the
middle of the Diurnal circle above the east and west horizon. It is
also known as the tenth lagna because considering the lagna at the
horizon as the first lagna and counting eastward after making twelve
divisions of the ecliptic. The tenth part starts from the mid meridian.

Time from the Longitude and Lagna:

As given in the Somasiddhanta, the time at a particular moment can
easily be known by knowing the difference between the longitude of
the Sun and the lagna at the horizon . In this process the rising times
of the remaining arc of whichever is less and the rising times of the
travelled arc of whichever is greater are added to the intermediary
signs, the result is the time elapsed since Sun-rise.

Lunar Eclipse:

Lunar Eclipse occurs at the time of full Moon. This phenomenon
would occur at every full Moon if the orbit of the Moon coincided
with the ecliptic. But the orbital plane of the Moon is inclined at an
angle of 50 to that of the ecliptic. Therefore, this phenomenon does
not take place at every full Moon. It the entire disc of the Moon is
obscured by the shadow, the eclipse is known as total eclipse, when
only a part of it is obscured, it is known as partial eclipse.

Diameters of the Sun and Moon:
According to the Somasiddhanta the mean diameter of the Sun is
65000 yojanas and of the Moon it is 480 yojanas. These diameters
vary corresponding to the motions of the Sun and Moon. In reality,
the diameters of the Sun and the Moon never vary but appear to be
so depending on their relative distance with reference to the earth .
The correct diameters at any given time can be known by the
following method.

Mean Diameter x Correct Motion

Correct Diameter = -
Mean Motion
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The formula is based on the method of proportion:

Mean Motion: Mean Diameter :: True Motion: True Diameter)
Sun’s Correct Diameter on the Moon’s Orbit:
The Sun’s true diameter as projected on the Moon’s orbit can be
known by the following two methods.

Correct Diameter of the Sun xSun's rev. ina M.Y.
Moon's rev. in a M.Y.

(1)

Correct Diameter of the Sun x Moon's orbit
Sun's orbit

~

2

A/B

Suppose E is the centre of the earth. SA the ture diameter of the
Sun. MB its projection on the Moon’s orbit. The triangles AES and
BEM are similar.

Therefore
MB _EB
SA EA
MB — SAxEB
EA

EB is the radius of the Moon’s orbit and EA is the radius of the
Sun’s orbit. We know that the relation between the radii of the two
circles is the same as between their circumferences. Therefore,
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@ __ Moon's orbit
EA Sun's orbit

Therefore

_ SAxMoon's orbit
Sun's orbit

MB

Or Sun’s diameter on the Moon’s orbit

_Sun's correct diameter x Moon's orbit

Sun's orbit

Suci and the Diameter of the Earth’s shadow:
The word Suci has been used in the Somasiddhanta for the Earth’s
diameter on the Moon’s true orbit.

Suci — Earth's diameter x True daily motion of Moon

Mean daily motion of Moon

The formula shows that if the true daily motion of the Moon is
equivalent to its mean daily motion. Then the Suci is equivalent
to the earth’s diameter. It varies with the variation in the Moon’s
motion. It means the Suci is the diameter of the earth corrected with
reference to the Moon’s daily motion.

Occasion for Eclipses:

The shadow of the Earth remains at a distance of sic signs, i.e. 180
degrees. When the longitude of the Moon’s node is the same (or
even slightly more of less) as that of the shadow or that of the Sun,
there is an occasion for an eclipse. Such an occasion arises either at
the end of Plirnima or Amavasya when the Moon lies respectively
six signs apart from the Sun or on the same longitude.

In a period of one lunar month the Moon completes a full
revolution of the Earth. When the Moon comes at a distance, six
signs apart from the Sun, it is known as Pirnima. When it coincides
with the longitude of the Sun, it is known as Amavasya. Thus, in a
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month, there is one Piirnima which marks the end of the month and
one amavasya which marks the middle of the month. At the end of
Piirnima the Sun, the Earth and the Moon come in a straight line. At
this occasion the shadow of the Earth and the Moon lie on the same
longitude. The Moon is covered under the darkness of the shadow.
And the lunar eclipse takes place.

Determination of the Eclipsed Portion:

To determine the portion of the solar or lunar disc obscured, the
latitude (viksepa) of the Moon should be subtracted from half of the
sum of the Moon should be subtracted from half of the Sum of the
diameters of the eclipsed and eclipsing bodies. The remainder gives
the portion eclipsed.

In the case of the solar eclipse, the Sun is the eclipsed and the
Moon is the eclipsing body. From the sum of the angular measures
of their radii, the latitude of the Moon is subtracted. In the case of
the lunar eclipse, the Moon is the eclipsed and the shadow of the
Earth is the eclipser. From the sum of the angular measures of their
radii, the Moon’s latitude is similarly subtracted. If the remainder
is more than the measure of the eclipsed body the eclipse is total, if
less, the eclipse is partial.

Half-Duration of the Eclipse:

The half-duration of the eclipse from the beginning to the middle
has been termed by the Somasiddhanta as sthityardha which literally
means the half of the stay of the eclipse.

The Sum of the measures of the eclipsed and eclipser is divided
by two. From the square of the resulting quantity the square of the
latitude (viksepa) is subtracted. The square root of the remainder is
multiplied by sixty and divided by the difference of the true motions
of the Sun and the Moon. The result will be the time of the half of
the duration of the eclipse.

Half-Duration of Immersion:
The period during which the disc remains totally immersed is the
period of its immersion. Its half has been termed as vimardha. The
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method to find its value in terms of time is the same as above, except
this that the difference of the half of the measures of the eclipsed and
the eclipser is to be taken instead of the sum.

From half duration of the eclipse, longitudes of the Sun and
Moon at the time of contact are known by diminishing the respective
motion travelled by them during the half duration of eclipse from
the longitudes at the end of the parva. The method of calculating
motion from the half-duration of eclipse is based on the proportion.

60 ghatis: Daily motion: : Half-duration : Required motion

Half duration x Daily motion
60

Thus, the required motion =

Directions of the Eclipse:

For projecting the position of the eclipse on a map, the directions
of the eclipsed portion are required to be known. The north and
south postions of the eclipsed body are determined by drawing a
great circle (samaprotavrtta) through the north and South points of
the horizon passing through the eclipsed body. The east and west
directions are determined by drawing the east-west prime vertical
circle (samamandala) through the eclipsed body.

Since the eclipsed the eclipsing bodies lie on the ecliptic or
closely near it, the directions are determined by the deflection of
the ecliptic from the samamandala (east west prime vertical). This
deflection in angular amount has been called in the Somasiddhanta
as the valana.

The ayana valana is the deflection to the ecliptic from the equator
measured on the horizon of the eclipsed body. It is known as ayana
because the solstice (ayana) lays 900 away from the initial point. i.e.
the vernal equinox.

The rules to determine the aksa:

Ayana and sphuta valana, as prescribed in the Somasiddhanta,
are as follows

Natajya x Aksajya

Aksa valana = Arc of —
i Trijya
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Ayana valana = Declination of (longitude of the body + 900)

Sphuta valana = Aksa valana + Ayana valana

The sine of the sphuta valana is divided by 70 digits. The result
is the required sine of the sphuta valana

Parilekhadhyaya

The projection is necessary to know precisely the eclipsed portions
of the discs.

Marking of Valana:
Valana is the deflection of the ecliptic from the eastern point on the
horizon of the eclipsed body. This valana reduced to digits, should
be marked on the larger circle (valanavrtta) in the following manner.
In the lunar eclipse the valana at the time of contact should be
marked from the eastern point in the proper direction whether north
or south. But for the time of separation the direction of the valana
should be reversed.

Marking of the Deflection:
The points thus marked on the circle of deflection are known as
Valanagra or the extremities of the deflection.

Marking of Extremities of Latitude for the Contact and
Separation:

After the extremities of the deflection have been determined on
the defection as well as the aggregate circle, the extremities of the
latitude at the time of contact and separation should be marked on
the aggregate circle.

In the lunar eclipse the extremities of the latitude should be
marked opposite to their proper directions. In this case the eclipsing
body is the shadow of the Earth the centre of which lies on the
ecliptic. The Moon enters the shadow from its eastern side and
markes the contact on tis northern or southern part opposite to its
deflection from the ecliptic. It means if the latitude is in the north, it
will make the contact on its southern part, if it is in the south, it will
make the contact on its northern side.
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Marking of Deflection and Latitude for the mid-eclipse:

In the lunar eclipse, if the direction of the deflection and the latitude
is the same. The deflection should be marked on the eastern side
of the north-south line. If they are of the opposite direction the
deflection should be marked on the western side of the north-south
line. It should be noted that the deflection should be marked east or
west from the north or south point opposite to the true direction of
the latitude.

The point of deflection marked is to be joined with the central
point. On this line the latitude, measured from the central point
towards the point of deflection should be marked.

From the point of latitude, a circle with the radius of the eclipsing
body should be described. The portion of the eclipsed body cut by
the arc of this circle is the obscured portion.

Visibility of the lunar and solar Eclipses:

According to the Somasiddhanta the obscuration even of as small
a quantity as the twelfth part of the lunar disc is visible due to its
clearness. But due to the brilliancy of the Sun. The obscuration upto
the amount of three kalas is not visible.

To Draw the Obscuration at any Intermediate Position:
Atany given time between the contact and separation, the obscuration
of the disc can be marked.

Knowing by calculation the amount of obscuration for the given
time and subtracting it from the sum of the radii of the eclipsed as
well as eclipsing bodies and converting the remainder into digits we
get the intermediate position of the obscuration.

To Mark the points of Immersion and Emergence:

In the case of the total eclipse, the points of immersion and emergence
can also be known by the similar method as mentioned above. In
this case the diference of the radii of the eclipsed and the eclipsing
bodies has to be taken.
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Colours of the eclipsed Moon:

The colour of the eclipsed Moon varies from stage to stage. When
the eclipsed portion is less than half, its colour is smoky. If it is more
than half its colour is black. At the time of emergence its colour is
dark copper (krsnatamra). When the obscuration is total, its colour
is reddish-grey (kapila).

The Somasiddhanta has used three terms for conjunction (1)
Yuddha (war) (2) samagama (meeting) and (3) astamana (heliacal
setting). The five planets (i.e. the Mars. Mercury, Jupiter. Venus
and Saturn) have either yuddha or samagama with one another.
When they are in conjunction with the Moon, they are said to have
samagama and when they are in conjunction with the Sun, they are
said to be in the state of astamana (setting).

The five planets as different from the Sun and the Moon are
named as taragrahas (star-planets) because they appear as stars in
the sky.

To know whether the conjunction has just taken place:

The planets move eastward when their direction is proper. The
longitudes of the ecliptic are also marked eastward. Thus, the
longitudes increase when the planets move in their proper direction.
If they move in the retrograde direction, their longitudes decrease.
So, the following rules are deduced.

o If the longitude of the swift moving planet is greater than that
of the slow one and the direction of both is eastward, then the
conjunction would have taken place in the past.

e If the longitude of the swift moving planet is less than that of
the slow planet, it would mean that the conjunction would take
place in near future.

e If the planets are retrograde, the position will be contrary. That
1s, if the longitude of the swift moving planet is greater than that
of the slow planet, the conjunction is to take place; if it is less,
the conjunction has taken place.
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Spot of conjunction:

If the planets are moving in the same direction, then the distance
between the two planets should be multiplied by the daily motion
in kalas of the respective planet and divided by the difference of the
daily motions. The result will give the distance from the respective
planet at which the conjunction has taken place or will take place.
If the conjunction has taken place it should be subtracted from the
longitude of the planet.

It the distance equal to the difference in daily motions can be
covered by a planet by moving equal to its daily motion then,
Distance equal to the difference in daily motions: Distance travelled
in a day : : Given distance : Required motion.

Given distance x Daily motion

1.e. required motion = —— T :
Difference in daily motion

If the two planets are in opposite direction then the distance of
conjunction is obtained by dividing by the sum of the daily motions
the difference multiplied by the daily motion of the respective
planet. If the conjunction is yet to take place the result is additive to
the eastward planet and subtractive from the retrograde planet. If the
conjunction has already taken place, the process is to be reversed.

Time of conjunction:

The time before and after which the conjunction has taken place or
will take place can be found by dividing the difference of the planets
by the difference of the daily motions, if the planets are direct and
by the sum if they are retrograde.

True Conjunction:

The real conjuction takes place when the two planets lying on the
same kadambaprotavrtta also lie on the same circle drawn from the
northern point of the observer (samaprotavrtta)

On the equator, the pole and the north point are the same.
Therefore, there is no difference in the circle from the north point
and the pole through the planet. In other words, the aksadrkkarma
on the equator is zero. As the latitude increases the aksadrkkarma
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also increases and on the horizon this distance is equal to the latitude
of the observer. When the planets are on the prime vertical meridian,
then also the circle through the north point and the pole is the same
and hence the aksadrkkarma is zero.

Apparent Conjunction:

The apparent conjunction takes place when the two planets are on the
same samaprotavrtta. The two points, determined above, are on the
repective samaprotavrttas. For finding , when these samaprotavrttas
wil coincide, the point of conjuction and the time to that should be
calculated again by the relative motions of each planet. The new
point of conjunction will be the point of apparent conjunction.

Diameters of the Planets:

The diameters of the five Iesser planets viz. Mars, Saturn, Mercury,
Jupiter and Venus as visible on the Moon’s orbit are given by the
Suryasiddhanta as 30, 37+, 45, 525 and 60 yojanas respectively.
These measures divided by fifteen give their angular measures in
kalas.

True Dimensions of the Planets:
The rule given for knowing the true dimensions is as follows:

Divide the mean diameters of the planets by the Sun of radius and the
fourth variable hypotenuse and multiply by 2. Multiply the product
by radius. The result is the correct diameter of the planet. The rule
can be put in the following form:

Mean Diameter x 2 x Radius

True Diameter = -
Radius + Hypotenuse

True Diameter:
The basic proportion for finding the true diameter is:
True distance: Mean Distance: : Mean Diameter : True Diameter
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Types of Conjunction:

The Somasiddhanta has described five types of conjunction
depending on the way the planets come into contact. They are as
follows:

Ullekha: When there is only the contact (sparsa) of the planets, it is
known as ullekha.

Bheda: When a planet covers some part of another planet but both
appear as distinctly apart, the phenomenon is known as bheda.

Amsuvimarda: When the discs of the planets remain apart but their
rays mingle, the phenomenon is known as am$uvimarda encounter
(yuddha)

Apasavya: If the interval between the planets is less than a degree
and if one planet is faint, it is known as apasavya encounter.

Samagama: If the interval is more than one degree, the phenomenon
is known as samagma. If both the planets are powerful.

Conjunction of Asterisms:
To determine at which particular moment a planet is in conjunction
with an asterism, one particular point has to be marked. Thus, in each
asterism a particular star is chosen. When a planet cones into contact
with that star of a particular asterism it is said to be in conjunction
with that asterism. That star is known as junction-star (yogatara).
The twenty-seven divisions of the ecliptic are of equal length
each measuring 13° 20’ or 800 kalas. Thus the length of the arc of one
asterism as measured on the ecliptic is 13° 20’. The longitudes of the
asterisms are concordant with those of the ecliptic and the interval
between the beginning points and also between the terminating
points is 13°-20’. But the junction stars are not equi-distant from
one another and hence the interval between the junction-stars is of
varying length.

Polar longitudes of the junction-stars:
While calculating the time of conjunction of two planets, the interval
between their samaprotavrttas is required to be found by applying
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aksadrkkarma and ayanadrkkarma to the longitudes of the planets
as measured on the ecliptic. The same process is applicable to the
conjunction of the Junction-star and the planet.

Polar Latitudes:

The latitude is measured on the circle through the kadamba of the

ecliptic but in the case of the junction-star the latitude is measured on

the dhruvaprotavrtta as it is deflected away from the polar longitude.
The junction star, on the other hand, is a fixed star and moves only

around the pole of the heavens and its longitude is referred to that

point of the ecliptic where its dhruvaprotavrtta meets the ecliptic.

Calculation the time of Conjunction:

The process for determining the time and place of conjunction of a
planet with the asterism is almost the same as for the conjunction of
the planets

In the case of asterism only one drkkarma i.e. the aksadrkkarma
is required. As the longitudes of the asterism are polar, on
ayanadrkkarma is required. In the case of the planet, however, both
kinds of calculations are required.

After knowing the places of the samaprotavrttas of the planet
and the asterism on the ecliptic, the time for conjunction should be
calculated treating the motion of the asterism as zero because the
asterism is fixed on its place.

When a planet or a star comes into close proximity of the Sun it
becomes invisible. This phenomenon is known as heliacal setting
(astamana). When the interval between the Sun and the planet
increases so that the planet becomes visible again it is known as
heliacal rising (udaya)

Three planets viz. Jupiter. Mars and Saturn have slower motions
than the Sun. Therefore, they set when the Sun approaches them.
When the longitudes of these three planets are more than that of the
Sun, these planets set in the west. If their longitudes are less than
that of the Sun, they rise again in the east.

The proper direction of the plenets and the Sun is eastward,
whereas their daily revolution is westward. Thus the planets having
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greater longitude than that of the Sun rise and set later than the Sun.
The planets become visible in the Sky after the setting of the Sun. As
the Sun’s distance from these planets becomes small, these planets
are visible slightly above the western horizon after the Sunset. When
the distance further decreases, the planet appears setting in the west
and remains invisible in the successive period. When the Sun, owing
to its faster motion. Goes further ahead on higher longitudes, the
planets rise in the east earlier than the Sun. It is known as their
heliacal rising.

To determine the heliacal rising or setting of a planet, the
difference between the rising or setting of the Sun and the planet is
required to be known.

The Somasiddhanta has laid down that if the rising or setting of
a planet is in the eastern direction then the longitudes of the Sun
and the planet at the time of Sunrise should be calculated. If either
of these phenomena is in the west, then the longitudes at the time
of Sunset should be calculated. Then the apparent longitude of the
planet should be known by drkkarma.

Determination the Helical Rising and Setting

For determining whether a particular planet is heliacally rising or
setting, it is required to be known at what maximum interval, the
planets go under such a stage.

Planet = Maximum degrees of setting / rising

Mars 17°

Mercury 12° when sets in the west and rises in the east
14° when sets in the east and rises in the west

Jupiter  11°

Venus 80 when sets in the west and rises in the east 100 when
sets in the east, 10° when sets in the east and rises in the
west

Saturn  15°

In the case of Marcury and Venus two different limits of visibility
have been given for each. When these planets come on their inferior
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conjunction, their distance from the earth increases. Their discs
appear smaller and the limits of visibility increase. When they
come on the superior conjunction. They become nearer to the earth
and their discs appear larger with the result that the limits of their
visibility decrease.

Interval of Time:

With the help of the time degrees of the planet and the Sun and the

time degrees of the maximum limit of visibility, the interval before

or after the heliacal rising or setting can be known in terms of time.
One sign consists of 1800 kalas. The rising time of any portion

of this sign will be proportionate to the rising time of the entire sign.

Thus, we can put the proportion in the following form:

1800 : Rising time of the sign : : Daily motion: Reqd rising time.
Rising time of the sign x Daily Motion

1800
Difference in time-motions: One day : : Difference in Kalamsas
: Required days.

or Required time =

1x Difference in Kalamsas

or Required days = — — ;
d Y Difference in time motions

Difference in Kalamsas

Difference in time motions

If the planet is retrograde the sum of the time motions should be
taken.

The interval of time can also be found by converting the
kalamsas into the corresponding arc of the ecliptic. In this process,
the kalams$as are multiplied by 1800 and divided by the rising time
of the concerned sign. The result will be the longitude on the ecliptic
technically named by the Suryasiddhanta as ksetramsas.

The rising time of the Sign : Kalas of the sign: : Kalamsas :
Required arc of the Sign
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Or the required arc of the Sign

_ Kalas of the Sign x Kalamsas

Rising time
1800 x Kalamsas
Rising time

Rising and Setting of the Stars:

Stars are fixed and so they are approached by the Sun. Their setting
takes place in the west and rising in the east. The time and setting
should be calculated in the similar manner as of the planets except
that in this case, only the motion of the Sun has to be taken into
account.

Heliacal Rising and Setting of the Moon:

The rules for determing the helical rising and setting of the Moon
are the same as applicable to other planets. The daily motion of the
Moon is greater than that of the Sun. Therefore, its helical rising
takes place cn the western horizon and setting on the eastern horizon.
When the interval between the Moon and the Sun calculated on the
time circle in the previous way (kalarmsas) becomes less than 12
degrees, these phenomena take place.

Daily setting and Rising of the Moon:

In ($ukla-paksa) the Moon becomes visible in the sky immediately
after the Sun-set its position in the sky being dependent on its distance
from the Sun. On the last day of the krsna paksa (i.e. amavasya) the
Sun and the Moon are on the same longitude, the Moon rises with
the Sun and remains invisible.

In the Sukla-paksa the longitude of the Moon increases and it
rises later than the Sun and consequently sets in the western horizon
after the Sun-set. As the longitude of the Moon increases day by day
the interval between the Sunset and the Moon set correspondingly
increases. Thus, by knowing the difference in the longitudes of the
Sun and the Moon, we can calculate the interval of time between the
setting of the Sun and the Moon.
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The rules for calculating the time after which the Moon will set or
rise after the Sun-set in the $ukla-paksa and krsna paksa respectively
are:

The longitudes of the Sun and the Moon at the time of the Sun-set
should first be known. Six signs should be added to the respective
longitude so as to know the difference in the points of the ecliptic on
the eastern horizon. Then by applying the processes of aksadrkkarma
and ayanadrkkarma, the apparent longitude of the Moon is to be
calculated. Then the ascensional equivalents in respirations of their
interval (lagnantarasu) will be found. This difference in ascensional
equivalents should be converted into time degrees by dividing by
sixty. If the Sun and the Moon are in the same sign. The ascensional
equivalents can be treated as the time minutes.

Iluminated Portion of the Moon:
The method to find the measure of the illuminated portion is as
follows:

The longitude of the Sun be subtracted from the longitude of
the Moon, the result should be divided by 900, it will be the mean
measure of the illuminated part of the Moon. This multiplied by the
Moon’s digits (angulas) and divided by 12 gives the correct measure
in digits of the illuminated part of the Moon. The illumination of the
Moon is proportionate to its distance from the Sun. The last limit
being 1800, The diameter of its disc is considered to be of 12 digits.
Therefore, the proportion -

Revolution of 1800 : 12 : : Revolutions, equal to the distance :
Corresponding illumination.

Therefore

The corresponding illumination

12 xDifference in the Longitudes
B Rising time 10800

_ Difference in the Longitudes

B 900

The correct illumination be found by the proportion
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Therefore, the Correct illumination

_ Mean illumination x Correct Diameter
B 12

Patas:

There are two patas, namely the Vaidhrti and the Vyatipata. A
position of the pata comes when the Sun and Moon have the same
declination, or in other words, when they are equi-distant from the
equator. Such an occasion arises when the Sun and the Moon are at
the same distance from either of the equinoxes or solstices either
side.

When the Sun and the Moon are upon the same side of either
solstice having equal declinations, the sum of their longitudes
becomes 360. This position is known as Vaidhrti.

When the Sun and the Moon having equal declination are upon
the opposite sides of either solstice, the sum of their longitudes
becomes 1800. This position is known as Vyatipata.

Since the equality of the declinations has to be determined
with respect to the apparent equinoxes or solstices, the degrees of
precession (ayanamsas) should be added to the longitudes of the Sun
and Moon. Then the declinations should be calculated for the time
when the sum of the longitudes becomes 360 or 180.

The Time preceding and following the pata:
The pata takes place when one body is in the odd and the other in
the even quadrant. If the Moon is in odd quadrant i.e. in the first or
third. The Sun should be in the second or fourth for the occasion of
the pata to take place. In the odd quadrant the declination increases.
Whereas in the even quadrant it decreases. Thus, if the Moon is in
the odd quadrant, its declination is on increase, whereas in the even
quadrant, the declination of the Sun is on decrease, If the declination
of the Moon in the odd quadrant is more than that of the Sun, it
means the pata has already taken place.

In case the correct declination of the Moon is known by taking the
difference of latitude and the declination. The position is reversed,
such a situation arises when the declinations of the Moon and the
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ecliptic are of opposite directions, In such a case, as the declination
increases, the distance of the Moon from the equator decreases.

Repetition of Corrections for equalisation of Declinations:

For knowing the exact longitudes of the Moon and the Sun at which
their declinations will be the same the process of approximation
should be applied, after knowing the longitudes of the Sun and the
Moon, when their sum will be either equal to 360° or 180°.

The sine of declination at the longitude of the proposed pata
should be multiplied by radius and divided by the sine of the greatest
declination. Its arc should be added to the longitude of the Moon, if
the pata is to take place and subtracted, if it has already taken place.

Daily motion of the Moon : Daily motion of the Sun : : Given
motion of the Moon : Required Motion of the Sun

Thus, the additional motion of the Sun will be found by
multiplying the additional motion of the Moon by the daily motion
of the Sun and dividing by the daily motion of the Moon. This
additional motion should be added to or subtracted from the Sun’s
longitude as done in the case of the Moon.

The time of pata before or after midnight:

If the finally corrected longitude of the Moon is less than that of its
longitude at midnight, it would mean that the pata would occasion
before midnight; if more, it would take place after midnight.

Duration of the pata:

Duration of the pata is calculated in the manner analogous to the
duration of the eclipse. Take the half of the sum of the diameters of the
Sum and Moon. Multiply it by sixty and divide by the difference of
the daily motions. Subtract it from the time of the corrected longitude,
which is the middle of the pata the result will be the beginning time
of the pata. If added, the result will be the time of its end.

Occurrence of the Patas near Equinoxes and Solstices:
When the patas take place in the proximity of the equinoxes. Sun
being in the north and the Moon being in the south, there will be two
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patas in succession, the other being on the day of amavasya when
the Moon will approach the Sun in the north. There will be no pata
near the solstices as due to the latitude of the Moon, the declinations
cannot be equal.

Junctions of the Asterisms:

The last quarters of ASlesa. Jyestha and Revati are the junctions
of the asterisms. The first quarters of the asterisms succeeding the
above asterisms are known as Gandanta. Thus the first padas of
Magha. Miila and A$vini are Gandantas.



Concluding Remarks

As other astronomical texts Somasiddhanta starts as a conversation
between Soma (Candra) and Saunaka, the son of Brhaspati. Saunaka
requests Soma to tell about the heavenly bodies. Soma answered
that this knowledge can be acquired by them who are experts in
Veda and its auxiliary literatures.

Why Veda? Somasiddhanta was compiled after Aryabhata and
before Brahmagupta. At that time Veda was the store of knowledge
of every side of life. It demands time, patience and knowledge of
literature. Astronomical texts were rare at that time. If we consider
Vedanga Jyotisa as the first astronomical text, then astronomical
knowledge was very rare, probably due to this reason Candra made
this comment.

The first chapter is devoted on madhyamadhikara. Candra started
with the concept of time. ‘Gurvaksara’, the term was found first used
in Somasiddhanta as a small unit of time. 10 gurvaksara = 1 prana

6 Prana = 1 Vinadi
6 Vinadi = 1 nadi
60 nadi = 1 ahoratra
30 ahoratra = 1 masa

Ahoratra means day-night and this unit of asuras is opposite from
gods ahoratra.

In Indian astronomy, in seventh century CE, big number was
imagined, siddnantic texts are the proof. The combination of day
and night for six months duration constitutes a divine day, three
hundred and sixty such divine days constitute divine year. A divine
or demonical year is equal to 360 solar years. These verses indicate
the use of large number in Indian society.
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The number we calculate.

6 x 30 = 180 days = 1 divine day
360 x 180 days = 1 divine year

Caturyuga is a large unit of time equal to 4320000 solar years
and a manvantara is constituted by 71 Yugas. Let us imagine at the
seventh century CE, Kalpa which is equivalent to 14 manvantaras
was along with their used twilight. It is the unique feature of Indian
astronomy.

The time division is very useful to understand the planets’
revolution. It is now very well known that these numbers were
written by words. There are many doubts about this number-concept.
In the books of western scholars, except who studied the specific
area of Indian astronomy and mathematics, the scholastic attitude of
Indian astronomers is absent. But historians only acknowledge that
concept of Zero (Stinya) was introduced by Indian mathematician.

It is very interesting that Indian astronomers compiled books
depending not only on observation but also knowledge of astro-
physics. Example of this thought is the concept of apsis.

Imagination: If the planet is tied by the strings of wind (pravaha),
it gets variation in position. Not only position the author explains
the motion of the planet considering pravaha.

The rule is concerned with the relative positions of the mean and
true planets. The verses explain A
that the speed of the planet is T
retarded near the apsis, the farthest
point and is accelerated near the
other side of it which is far from M
the earth.'

Let A is the apsis and A, its
opposite side. At A, the position
of the true and mean planets is M
the same. As true planet T moves A
towards B in the eastward direction Fig. 1
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difference between these two planets is maximum. But when the
true planet crosses B. It accelerates and covering the gap reaches A'
where these two planets coincide. In the western post of the circle,
the opposite action is shown. This pull and push action were not
clearly explained by the author, but we get the hints of his thought
about attraction and repulsion of the planets.

Moon’s apsis in an age, four hundred and eighty-eight thousand,
two hundred and three and in the opposite direction, two hundred
and thirty-two thousand two hundred and thirty-eight.

The questions are how the author of Somasiddnanta find these
data? Even other Siddhantic texts didn’t throw any light on this
matter. Western scholars tried to explain it as the influence of western
thought. It is hard to imagine that astronomy at that age calculated of
the apsis of Saturn 36 revolution of the nodes. But the verses prove
this. To historians of astronomy it is very interesting area.

Pt. S.B. Dikshit, in his master piece, Bharatiya Jyotisa Sastra, told
that the age of Somasiddnanta is in between 5" or 6™ century CE. It
is because Somasiddhanta noticed Romakasiddhanta and there are
the few verses which are included in the Brahmasphutasiddnanta.
Romakasiddhanta was influenced by yavana, and this statement
was accepted by the historians. Romakasiddhanta was first shown
in the Paficasiddhantika of Varahamihira. Here the author indicates
that the position and motion of planets were calculated correctly.
Romakasiddhanta deals with Sun, Moon and Rahu.? It also gives solar
eclipse, but not lunar eclipse. In chapter VIII of Pancasiddhantika,
the first verse demonstrates the decrmination of mean Sun in
revolutions. It is obtained by multiplying the days from epoch by
150, deducting 65 from the product, and dividing by 54,787.

1.e. Mean Sun = (Days from epoch x 150 — 65) + 54,787.

Pt. K. Sastry explains it with numerical example for easy under-
standing. But another requirement is to search the historiography of
Indian astronomy.

The madlyamadhikara of Somasiddnanta ends with a verse
‘vakrinah phanipah pascatpragyayl vyomargah svakah’. The
peculiarity is that Somasiddanta was written in anustup metre and the
editor did not find the other half of the verse from two manuscripts.
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Somasiddhanta is an important text without mentioning the name
of the author but analyzing the verses it can be assumed that the
author was not only a scholar of astronomy and mathematics but
was a language expert. Comparing other Indian astronomical texts,
it is found that a verse which meaningwise is almost similar to a
verse of other text, but his verse is exceptionally more lucid. The
construction of this text is conversation type, Soma to Saunaka.
S B Dikshit noticed, a group of siddhantas led by Siiryasiddhanta
are one of the milestones of classical Indian astronomy. The
Pancasiddhantika included all siddhanas except Somasiddhanta.
So, it can be concluded that Somasiddhanta was compiled later. The
version of Sudhakar Dvivedi exceptionally good for understanding
but there is some omission from the manuscript. Perhaps this
compilation was based on a copy of single manuscript.

It is important to notice that many verses are similar but there
are many contents to treat the subject differently. For example the
triprasnadhikara chapter is based on mathematics but in this book
mathematical treatment is not so detail. The indication is absolutely
right but it demands detail analysis. There are so many areas which
are in concise form but in Lunar eclipse chapter, number of verses is
more than Siiryasiddhanta, and also in descriptive manner.

1. Stiryasiddhanta on Astrolinguistic study, Dr. Sudhinant Bharaduaj, Parimal
Publication, Delhi, 1991) p. 160

2. Paicasiddhantika of Varahamhira with translation & notes, T.S. Kupanna
Sastry, P.P.S.T. Foundation, Adyan, Madra, 1993, p. 181



Appendix

Astronomical Technical Terms

1. Adhikamasa

2.Agrajya

3.Aksa(or) Pala
4.Aksa Drkkarma

5. Aksakarna

6. Aksavalanam

7. Antya
8. Asta
Ayanabindu

10. Ayana-Drkkarma :

11. Ayanarm$am

A month gained by the lunar reckoning over the
solar. This is located in that lunar month which
does not contain a Samkramana.

The Hindu sine of the arc of the horizon in
between the rising point of the Sun and the east
point.

Latitude (Terrestrial)

The arc of the ecliptic between the point of
intersection of the ecliptic with a secondary
through the star to the prime vertical and the
point of intersection of the ecliptic with the
star’s declination circle.

: The hypotenuse of the gnomonic triangle

when it’s shadow is equal to what is called
Visuvat-chaya.

The angle at the point of the star in between
the declination circle of the star and a
secondary to the prime vertical through the
star.

The Hindu sine of an arc of the celestial
equator corresponding to Hrti.

Setting or heliacal setting.

Solstice.

The arc of the ecliptic intercepted between its
point of intersection with the star’s declination
circle and the secondary to the ecliptic through
the star.

The arc of the ecliptic in between the vernal
equinoctial point and the Hindu zero of the
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12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.
24.

25.

26.

27.
28.
29.
30.

Ayanavalanam

Barhaspatyamana :

Bhaga
Capa
Carajya

Candra-masa

Chaya or Bha
Chayabhuja

Chayakarna or
Bhakarna
Chayakoti

Dhruva

Dhruvaka
Dhruva-
protavrttam

Digjya

Dorjya or
Bhujajya
Drgjya
Drg-lambana
Dvaparayuga
Dyujya
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ecliptic i.e. the first point of the zodiacal sign
called Asvini.

The angle at the point of a star, between its
declination circle and the secondary to the
ecliptic through the star.

The time taken by Jupiter to reside in a Rasi, on
the average, is called a jovian year. This falls
short of a solar year.

A degree.

Arc.

The Hindu sine of the arc intercepted between
the east point and the declination circle of a
rising star or planet or the Sun.

The time between two consecutive full Moons
or New Moons.

Shadow cast by the gnomon.

The projection of the shadow on the east-west
line.

The hypotenuse of the gnomonic triangle
whose two sides are the gnomon and its shadow.
The perpendicular from the extremity of a
shadow on the east- west line.

The star near the celestial pole or the celestial
pole itself.

The celestial longitude.

The declination circle.

The Hindu sine of the azimuth measured by
the angle between the prime vertical and the
vertical of a star or a planet.

Hindu sine of celestial longitude.

The Hindu sine of the Zenith distance.

Total parallax.

Twice the period of a kaliyuga.

The Hindu cosine of declination or the radius
of the celestial equator to be R equal to 3438
units.
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31.

32.
33.
34.

35.
36.

37.

38.

39.
40.

41.

42.
43.
44,
45.

46.
47.
48.

49.
50.
51.
52.

Dyujya-vrtta or
Ahoratra-vrtta
Ghati or Nadi
Grahana

Hrti or IstaHrti

Kadamba
Kadamba-
protavrtta
Kaksamandala

Kala

Kala or Lipta
Kaliyuga

Kalpa

Kramajya
Karna
Karnagrajya
Ketu

Kranti-Vrttam
Ksitija
Lagna

Lambana
Mahayuga
Manvantara
Naksatra

Somasiddhanta

The diurnal circle of a star or a planet.

An interval of time equal to 24.’(minutes)
Eclipse.

The Hindu sine of the arc of the diurnal circle
from a point of the same up to the plane of the
horizon.

Pole of the ecliptic.

A secondary to the ecliptic through a star or
planet.

The deferent of a planet or the circle with the
earth as centre and radius equal to 3438 units.
The Hindu sine in the diurnal circle corres-
ponding to the Sttra (given bellow).

A minute of angle.

The period consisting of 4, 32,000 mean solar
years.

Dvaparayuga is twice Kaliyuga; Tretayuga
thrice and Krta four times. All these put together
constitute a Mahayuga. 71 Mahayugas make
one Manvantara. 14 Manvantaras with what
are called Sandhi periods on either side equal
to a Krtayuga or thousand Mahayugas make a
Kalpa.

Hindu sine of an angle.

Half of the duration of a tithi.

The Hindu sine Agrajya

The diametrically opposite point of Rahu. Rahu
also means the circular section of the earth’s
shadow at the Moon.

Ecliptic.

The Horizon at a place.

The Rasi which rises at any moment or the
rising point of the ecliptic.

Parallax in longitude.

The Sum of four yugas.

A period equal to 71 Mahayugas.

Astar. Also the time, this elapses as the longitude
of the Moon increases by 13.5 degrees starting
from the zero point of Asvint



Appendix

53.

54.

55.
56.
57.

58.
59.
60.
61.
62.

63.

64.
65.
66.
67.
68.
69.
70.

71.

72.

Naksatra-masa

Pata

Praci
Pracyapara
Rahu

Rasi

Sanku
Sanku-cchaya
Saura-masa
Tithi

Trijya

Udaya

Vighat or Vinadi :

Viksepa
Visuvatbindu
Visuvat-Vrtta

Vrtta or Mandala :

Yasti

Yoga

Yuti
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The time taken by the Moon to go from Asvint
again to ASvini.

The point of time when the declinations of the
Sun and the Moon are equal and of the same
sign or the opposite sign. Also it means the
point of intersection of two great circles.

East point.

East-west line.

The point of intersection of the Moon’s path
with the ecliptic (ascending point of the Moon’s
path). Also it means the circular section of the
earth’s shadow at the Moon.

An arc equal to 30 degree (on the ecliptic).
Gnomon.

The shadow cast by the gnomon.

The time when the Sun occupies one Rasi.

The time taken by the elongation of the Moon
to increase by 12 degree starting from zero.
The Hindu sine of three Rasi’s or 90 degree
equal to R or 3438 units.

Rising or heliacal rising.

One sixtieth of a ghati.

Celestial latitude.

Equinoctial point.

Celestial equator.

A circle.

R2-Ayanavalanaja?. Yasti has another meaning
namely the length of the perpendicular from a
point on the diurnal circle on the plane parallel
to the plane of the horizon through the point
of intersection of the diurnal circle with the
unmandala.

The time which elapses when the sum of the
longitudes of the Sun and the Moon to increase
by 13 10/3 starting from zero.

Conjunction.
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