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Al-birGni in his book on India has referred to a large number of books by
Indian astronomers and mathematicians. Amongst these is a mention of
Karanasdra of Vatesvara. Copies of this book are not available in India.
But another book of Vatesvara has been recently discovered and some
chapters published. This is Vatesvara Siddhanta. From. this it is clear
that Vatesvara was a follower of Aryabhata although some of the constants
given by him are slightly different from those of Aryabhata. Al-birtni
quotes from Karanasdra the method of calculating adhimdsa which can be
explained only with the help of the main book of Vatesvara now published.
Al-biriini also gives the revolutions of the Great Bear according to Vatesvara
as given in the Vafesvara Siddhanta. He also discusses the method of
obtaining the angle subtended at the earth by the shadow of the earth at the
orbit of the moon. This topic is not included in the portion of the main
book of the Vatesvara now published but is similar to the method first given
by Brahmagupta. The birth-place of Vate§vara is not known though in his
main book he gives Saka year 802 as the year of his birth, There are some
indications that he belonged to Kashmir,

Abu’l Raihan Al-biriini* has a very high opinion of Hindu philosophy,
mathematics and astronomy and in his book on India has given accounts of a
large number of Indian astronomers and their books on mathematics and
astronomy. One of these is Karanasira of Vatesvara. Manuscripts of this
book have not been so far reported from anywhere in India. On page 156
(Vol. 1) of his book Al-birtini writes:

‘Another one by Vittesvara, the son of Bhadatta (? Mihadatta) of the
city of Nagarapura, called Karanasdra, i.e. that which has been derived from
the Karana.’

*Abu’l Raihan Muhammad ibn Ahmad al-Biruni (or Bairuni). Born in Khwarizm (Khiva)
in 973; sojourned a considerable time in India, died in 1048, probably at Ghazna in Sijistan
(Afghanistan). He was by birth a Persian and a Shiite; his religion was tempered with agnostic
tendencies, but his national, anti-Arabic feelings remained very strong until the end. Traveller,
philosopher, mathematician, astronomer, geographer, encyclopaedist, one of the greatest
scientists of Islam, and, all considered, one of the greatest of all times. His critical spirit,
toleration, love of truth and intellectual courage were almost without parallel in mediaeval
times., His main works were: (1) the Chronology of Ancient Nations, written in 1000, (2) an
account of India (Tarikh al-Hind), composed in Ghazna ¢. 1030, (3) an astronomical encyclo-
paedia, (4) a summary of mathematics, astronomy and astrology. He translated several
works from Sanskrit into Arabic and, on the other hand, transmitted Muslim knowledge to the
Hindus.
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It had not been so far possible to know anything regarding this Vittesvara
as no book by him had been published or noticed anywhere. M.M.Pt. Sudha-
kara Dvivedi wrote in A.p. 1892 in his Ganaka Tarasigini as follows:

‘Yatha brahmaguptendryabhotadingm khondanam krtam tathaive vated-
varena svasiddhante bahutra brahmaguptakhandanam krtamasti asyaiva “kajon-
mano’stau. sadaldh samd yayurs” tyading vartomanasyo brakmana ayuh sarddha-
varsastakam gatamiti matam asye siddhantagrantho mayd sampirno na drstah
goaliyaramahdrajasyasritasya sribalajyotirvido gehe’yamastiti $rutva tatrasakrt-
patram presitam parantvadydvadhi kimapyuttaram na praptam’

‘As Brahmagupta refuted Aryabhata and others, in the same way
Vatesvara in his siddhanta has refuted Brahmagupta in many ways. It is his
opinion that eight years and a half of the age of the current Brahma have
already passed. I have not seen the whole of his Siddhanta book. Hearing
that there was a copy of it in the house of the astronomer Sri Bala attached
with the Maharaja of Gwalior, many letters were sent but till now no reply has
been received.’

Vatesvara Siddhanta

Some sections of Vagesvara Siddh@nta have been now published by the
Indian Institute of Astronomical and Sanskrit Research, Delhi, and it is
possible, as will be shown presently, to identify the author of Vatesvara
Siddhinta as the author of the book Karanasira mentioned by Al-birini. But
it is unfortunate that Pt. Sudhédkara Dvivedi did not indicate where he had
seen even fragmentary copies of the book as the present edition is based on
only one copy which was prepared from one manuscript in the library of the
Lahore University and the editing leaves much to be desired.

According to Al-birtini, Vittesvara (or Vatesvara) was the son of Bhadatta
(? Mihadatta). Now in the Persian script Mahadatta can be also read as
Mihadatta in the absence of proper diacritical marks or even as Bhadatta if
me is taken to be ba which is very probable. Fortunately Vate§vara has
given his parentage in the very first page of his Siddhanta. He says:

¢ Brahmavanindubudhadukradivakarara - jivarkasanubhagurin pitaraw ca-
natvd

Brahmam graharksaganitam mahadattas@nurvaksye khilom sphufamativa
vatesvaro’ham’

‘I, Vateévara, the son of Mahadatta, after having bowed to the God, earth,
moon, Mercury, Venus, sun, Mars, Jupiter, Saturn, the constellations, the
teachers and my parents, give a clear account of the whole of the Brahma
mathematics of planets and constellations.’
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The commentators have explained Brihma mathematics as the mathe-
matics of Brahmagupta, although it was known to Pt. Sudhakara Dvivedi from
what little he had been able to know about Vatesvara’s book that he was a
great critic of Brahmagupta and had devoted the whole of the tenth chapter of
Madhyamadhikar to point out the faults of Brahmagupta. Actually Vatesvara
was a follower of Aryabhata and by Brahma mathematics he alludes to the
mathematicg propounded by Brahms, one of the three gods of Hinduism, as
has been done by Aryabhata in the last stanza of his book Aryabhatiyam.?
But the editors have tried their best to make the constants given by Vatesvara
the same as those given by Brahmagupta and his followers as will be clear
from the meaning of the following stanza.:?

¢ Yadyugotthamiha paryayadikam tadgajabhragaganendu taditam,
kalpajom khakhanakhagrah@hotam tadbhavetkamalavistardayusi’

‘In this book the revolutions, ete., in a yuga (mahdyuge) multiplied by one
thousand and eight become those to be obtained in a kalpe and that (i.e.
kalpe numbers) multiplied by seventy-two thousand become the numbers in
the life of Brahma.’

First the editors changed gaja (8) into bhuja (2) and then made it zero
and performed all their caleulations on this basis. Other examples of this
from Madhyamadhikara have been pointed out by T. S. Kuppanna Shastri.?

The Kgepa Year of Karanasira

More light is thrown on the identity of Vatesvara as the author of Karana-
sara when we consider the astronomiecal calculations adopted in this book as
reported by Al-birdini. Al-birini complains about the bad translation of the
book in his possession and then gives the following quotation:*

‘He subtracts 821 from the years of the Sakakala. The remainder is the
basis. This would be the year 132 for our gauge year. He writes down the
number in three different places. He multiplies the first number by 132
degrees. The product gives the number 17424 for our gauge-date. He
multiplies the second number by 46 minutes, and gets the product 6072. He
multiplies the third number by 34 and gets the number 4488. He divides it
by 50 and the quotient represents minutes, seconds, etc., viz. 89’ 46”. Then
he adds to the sum of degrees in the upper place 112, changing the seconds to
minutes, the minutes to degrees, the degrees to circles. Thus he gets 48
circles 358°41’ 46”. This is the mean place of the moon when the sun enters
Aries.

‘Further, he divides the degrees of the mean place of the moon by 12.
The quotient represents the days. The remainder of the division he multi-
plies by 60, and adds thereto the minutes of the mean places of the moon.
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He divides the sum by 12, and the quotient represents ghatis and minor por-
tions of time. Thus we get 27°23’ 29", i.e. adhimasa days. No doubt this
number represents the past portion of the adhimdse month, which is at present
in the course of formation.

‘The author, in regard to the manner in which the measure of the adhi-
masa is found, makes the following remarks:

‘He divides the lunar number which we have mentioned, viz. 132° 44’ 34"
by 12. Thereby he gets as the portio anui 11° 3’ 52” 50" and the portio mensis
0° 55" 19" 24" 10*. By means of the latter portio he computes the duration of
the time in which 30 days sum up as 2 years, 8 months, 16 days, 4 ghafis, 45
chashaka. Then he multiplies the basis by 29 and gets 3828. He adds thereto
20 and divides the sum by 36. The quotient represents the #@naratra days, viz.
1065.

‘However, ag I have not been able to find the proper explanation of this
method, I simply give it as I find it, but I must remark that the amount of
7887
10622

It is clear that the first paragraph of the above quotation gives a method
of calculating the mean longitude of the moon when the sun just enters the
Aries. The second gives the number of adhimase days in the current year.
The third gives the number of edhimdse days per annum and per month and
then gives the time after which an adhimase on the average ought to occur.
It also gives a method of calculating the @nardtra days. It will now be shown
how the numerical figures given above can be derived from the astronomical
constants given in the astronomical books of Aryabhata and his followers.
But before doing that it is necessary to point out that due to the copyists the
number of adhimasa days is given as 27¢ 23 ghatis and 29 pales. Tt should
actually be 29¢ 53 ghafis and 29 palas.

In a karanagrantha, a certain year is taken as the starting year and the
positions of planets, etec., are given for that year and then methods are given for
calculating these in the succeeding years. Here 821 Sake year has been taken
as the starting year and the position of the moon at the end of this year has
been given as 112°. Also the number of years after 821 is to be multiplied by
certain numbers which can be obtained by the constants given by Aryabhata
and astronomers of his school. According to them the moon makes 57763336
sidereal revolutions in 43,20,000 years. It then follows that in one year the

17
moon must have made 13 complete revolutions and be at the point 132° 46 5

@nardtra days which corresponds to a single adhimise month is 15

in her path. According to Brahmagupta and his school, the moon makes
57753300 revolutions in the same number of years. Hence according to them
it will have made 13 complete revolutions and be at the point 132° 464’ in
her path.
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Also the ksepa or the additive constant of 112° can only be obtained from
the number of revolutions given by Aryabhata and his school. Taking 821
Saka year as the starting point means that 4,000 years of the Kali era have
elapsed and at the beginning of Kali both the sun and the moon had just
entered Aries. In 4,000 years, the moon has made 53475 complete revolutions
and is at the point 112° in her path. According to Brahmagupta and his
school, the moon should have made 53475 complete revolutions and be at the
point 100° in her path.

For calculating the number of adhimase days per annum, one should

’

17
divide 132°46”40” 48" and not 132°46’ 34" by 12 as 46 - will be equal to

25
46’ 40" 48'”. The rest is straightforward calculation.

Regarding the dnaratra days, Al-birini seems to have missed the point
that the Karana gives direction only for calculating the number of @nardtre
days which are the fractions of a day per year. In 43,20,000 years, the
number of omitted days according to Vatesvara are 25082520. Hence in

25082520 20021 . _
43,30,000 — ° 36,000 which differs

If we neglect the latter the difference in the actual and

one year the number of omitted days is

29 7
from 5 %by———m,OOO'
calculated number of days will be less than one even in one thousand years.
Hence Vate$vara recommends that one should multiply the number of years
by 5 in one place and in another multiply it by 29 and divide it by 36 and then
add the two.

Al-birfini seems to have missed the first part of calculation from his badly

translated copy of Karanasara. In 4,000 years the additive constant will

20
be3—6.

Revolutions of the Great Bear

Another proof of this identity is obtained when we consider the revolu-
tions of the Great Bear. Vated$vara says in his book:5

¢ Kamalavistaravakirasaroruhasphutagirabhihita muniparyayah
Ya iha tanapi vacmi yugodbhavan dyucaralabdhavaro bhujago’stayah’

‘1, Vateévara, who have been given a boon by the planets, state the revolu-
tions of the munis, as declared clearly by the lotus-like mouth of Brabma,
to be one thousand six hundred and ninety-two.’

Unfortunately the commentators have dismissed the phrase meaning one
thousand six hundred and ninety-two as useless and connected this stanza
with the next where the author speaks of the number of revolutions of the
apogee of the sun, Mars and Jupiter.
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Considering the calculation of the position of Great Bear, as given in
Karanasdra, Al-biriini says, ‘Subtract 821 from the Soka Kala. The remainder
is the basis, i.e. the number of years above 4000 which have elapsed since the
beginning of Kaliyuga.

‘Multiply the basis by 47 and add 68000 to the product. Divide the
sum by 10000. The quotient represents the zodiacal signs and fractions of
them, i.e. the position of the Great Bear which was sought.

‘The addition of 68000 prescribed in this rule must be the original position
of the Great Bear at the beginning of the basis multiplied by 10000. If we
divide 68000 by 10000, we get the quotient 6%, i.e. six zodiacal signs and
twenty-four degrees of a seventh sign.

‘It is evident that if we divide the 10000 by 47, the Great Bear has wan-
dered through one zodiacal sign in 212 years, 9 months and 6 days, according
to solar time. Accordingly it wanders through one degree of a sign in 7
years, 1 month and 3 days, and through one lunar station in 94 years, 6
months and 20 days.’$

Only two other Indian astronomers have spoken of the revolution of the
Great Bear. According to Vardhamihira, the Great Bear makes 1600 revo-
lutions in mehdyuge. According to Aryabhata II, it makes 15,99,998 revo-
lutions in 1000 mahayugas, i.e. 1599-998 revolutions in a mah@yuge. As has
been observed by Pt. Sudhakara Dvivedi” in his commentary on Maha-
siddhanta, the calculation of the position of Great Bear at the time of the
reign of Yudhisthira as given by Vardhamihira in his Vrhatsamhita® leads to
the result that the Great Bear was in the seventh lunar mansion. According
to the figures of Vate§vara also it will lead to the result that the Great Bear
will be in the seventh lunar mansion. But according to Vardhamihira the
Great Bear was in the tenth lunar mansion. Hence these statements cannot
be reconciled with each other. However, the figure 1692 leads to the figures
ag stated by Albiriini.

In 4320000 years, the Great Bear makes according to Vatesvara 1,692

. . o 1692 x 12 .
revolutions. Hencein 10,000 years it will pass through——-zg—;i— = 47 zodiacal
gigns. Also in 4,000 years up to Saka year 821, it will have passed through

47x 4 4 . L1
—1>(;-— = 93 zodiacal signs, i.e. one revolution and 6% zodiacal signs which is

the additive constant according to Albirini.

ANGULAR S1zE oF THE EARTH’S SHADOW

Finally Al-birfini has referred to the determination of the angle subtended
at the earth by the shadow of the earth at the orbit of the moon. The
method is:?
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‘Multiply the bhukti of the moon by 4 and the bhukii of the sun by 13,
Divide the difference between the two products by 30, and the quotient is
the diameter of the shadow.’

Most astronomers, including the Suryasiddhanta, give this angle in terms
of the daily angular speeds of the sun and moon. Only Bhaskara I has given
it in terms of the angular speed of the moon only. But the others, includ-
ing Sdryasiddhanta, give only different variations of a formula first due
to Brahmagupta.l® Even Brahmadeva in his book Karanaprakise'! gives
the same method although he otherwise follows Aryabhata and Lalla.
Bhaskara I in his commentary on Siddhantasiromans has given a justification
for that formula.12

It is difficult to say what formula Vatedvara has given in his Vafedvara-
stddhanta. But we can easily derive his formula from the diameter of the
earth and the sun and the distance between the centres of the sun and earth
and of the earth and the moon. The diameter of the shadow at the moon is
given by the formula:

Diameter of shadow = Diameter of the earth
(diameter of sun—diameter of the earth)
"~ distance of the sun/distance of the moon
Putting down the values, according to Aryabhata, we get the diameter of the
4410 yojana—1050 yojana
5,17,53,336/43,20,000 -

To get the angle subtended we have to divide the above by the distance of
the moon from the earth which is 2,16,000/2» yojanas and then convert it
into minutes. It will then be found that the first term is slightly less than
4/30 of moon’s angular speed in minutes and the second term is slightly less
than 13/30 of the angular speed of the sun. The angle then can be approxi-
mately taken to be that given by Vatesvara, the difference between this value
and the actual value being only of the order of 1/3200 of the angular speed of
the moon.

shadow = 1050 yojana—

Year of Composition of Karanasira

One point which requires consideration is the time when Vatesvara wrote
this book Karanasdra. According to his own statement, he was born in the
Saka year 802 and wrote Vatesvara Siddhanta at the age of 24, ie. in the
Saka year 826.12 If he actually wrote Karanasire in the year 821 then it
would have been written before his bigger and more authentic book. He
would have then based the constants entirely on the older books of Aryabhata
school and not introduced his own idea about the revolution of the Great
Bear and the angle subtended by the shadow of the earth. Also the number
of omitted days according to Vateévara is different from that of Aryabhata.
It appears, therefore, that he wrote Karanasira later than 826 Saka year and

3
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took 821 as the starting point for the sake of convenience of calculation.
But it is difficult to say in which year it was composed unless we can unearth
a copy of it either in India or abroad.

BIRTH-PLACE OF VATESVARA

Finally, we have to consider the place which Vate§vara belonged to. At
the end of each adhikdra of the printed book we are told that Vatesvara be-
longed to Anandapura. Inthe introduction the editors say that Anandapura is
ingide the Punjab but then throw some doubt by saying that it is not certain
that Vate$vara belonged to this Anandapura or some other Anandapura.

Vatesvara cannot definitely belong to this Anandapura as this place was
known as Makhoval before Guru Teghabahadur bought it from the hill states
in A.D. 1664 and established a Gurudwarae there and named it Anandapura.
The evidence of Karanasire points to the fact that he belonged to Kashmir
as he gives the latitude of Kashmir as 34° 9’ which is very nearly the latitude of
Srinagar.1* Also the name Vate$vara is not very common in the rest of India
and we have on the evidence of Rdjatarangini that there was a Sivalinga of
the name of Vates§vara near Srinagar which one of the kings of Kashmir
used to worship daily.! Also Al-biriini says that he belonged to the city of
Nagarapura. Now names are liable to change a little during the course of
one thousand years. But there is a village between Srinagar and Punch of
the name of Nigarapathari, of which the latitude is 33° 55’. This latitude is
s0 very close to 34° 9’ that I am tempted to believe that this was the native
place of Vatedvara.

Some Astronomical Constants according to Aryabhata, Brahmagupta, Vajesvara and

Stryasiddhanta
Value according Val i Val din; Value according
Constants 1: g alue according Value according to Sarya-
to Aryabhata to Brahmagupta to Vatesvara siddhanta
Rovolutions of the
constellations .. 1582237500 1582236450 1582237560 1582237828
Revolutions of the
sun . 4320000 4320000 4320000 4320000
Revolutions of the
moon .. . 57753336 57753300 57753336 57753336
Number of intercalary
months .. 1593336 1593300 1593336 1593336
Number of omitte
days .. .. 25082580 25082550 25082520 25082252
8 lunar motion 4 lunar motion 8 lunar motion
— 25 solar motion — 13 solar motion — 25 solar motion
Angular size of earth’s ..
shadow 60 30 60

3B
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