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begins simultaneously for any place of the earth, if y > x,
then he should know that he lies on the east of the primary
meridian because his Sun-rise happens to be earlier than
the Sun-rise on the primary meridian. Also the difference
y—x gives the Degdntara corvection in fime for his place.
The converse is the case if he happens to lis on the western
side of the primary meridian. The time at whioh the
eclipse takes place on the primary meridian after the Sun-
rise there which is obtained by computation is called Drik-
grabapa - Kila; whereas the local time after Sun-rise
observed by the observer is called pragrahapa-Kila, Their
difference is therefore the Dagantara correction in time.

TXC
If the Des'antara is to be gob in yojanas, “%(6‘ is the

answer, where T=y—x and C is the rectified circumference
of the earth, for, if a difference of 60 ghasis be there for C
yojanas, what should be the distance in yojanas in order
that the difference is T"? The answer is as given above.

Hence fo obtain the positions of the Sun and the
Moon at the beginning of the eclipse at the locality we

TXdm

have to add or subsract as the case may be 60 where

Om is the daily motion of she Sun or the Moon, and T is
y—x cited above, for, ‘‘ If in 60 ghatis the motion be Jm,
what would it be in T ? ** is the rule of three for which the
answer is as stated above,

Now the question is when the week-day begins for the
locality. It must be noted clearly, that in Hindu Astro-
nomy the moment of Sun-rise at the primary meridian
alone is to be reckoned as the beginning of the week-day
universally, This convention is alopted for convenience.
Thus the astronomical week day for any locality does not
-begin from the Sun-rise of the locality, bus may begin
earlier or later. This difference is given by y — x oited
above.
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There is yet another subtlety in the commencement
of the week-day, arising out of the latitude of the place.
The former analysis pertains to the longitudinal difference.
The difference arising out of latitude between the local
Sun-rise and the Lanka-Sun-rise is given by what is called
Chara-Kila. Bince the week-day begins at Lanka Sun-rise
and the looal Sun-rise differs from the Lanka Sun-rise not
merely by a longitudinal diffsrence but also by a latitudis
nal difference, to compute the actual beginning of the
week-day before or after the local Sun-rise, we have to take
into account both the differences cited above. In other
words, computing the local Sun-rise and also the Lanka
Sun-rise, we have to decide the beginning of the week-day
before or after the local Sun-rise.

Verses 7,8. The correction called Bijakarma for the
planetary positions.

The number of years from the beginning of the Kalpa
divided by 12000, the remainder, or the difference of the
divisor and the remainder whichever is less is to be divided
by 200. The quotient in minutes of are, multiplied by
3, 5, 5, I5, 2 respectively is a negative correction in the
positions of the Sun, Moon, Jupiter, Venus, and the lanar
apogee and multiplied by 1, 62, 2 and 4 gives the positive
ocrrection in the positions of Mars, Mercury, the lunar
Node and the Saturn respectively.

Comm. By the phrase ‘ The remainder or the diffe-
rence of the remainder and the divisor ’, it is plain that the
corrections positive or negative increase for 6000 years and
decrease for the next 6000 years. Bhiskara gives no reason
for these corrections, but, we have to construs these correc-
tions on the following rational grounds. Bhiskara,
however, says that the corrections were accepted by him on
the basis of Agama, This Agama —stipulation was there
in Brahma-Sphuta-Siddhinta and was later incorporated
by S'ripati also in his Siddhanta~S'ekhara and as such was
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accepted by Bhiskara also. However, in Brahma Sohuta
Siddhanta both as ficst published as an edition of M. M.
. Sulhakara Dwivedi -and later by the late Rimaswarupa
Sarma in 1966, the verses 59, 60 of Madbyamadhikira
suggest that the corrections are negative in the case of all
the planets; whereas both Sripati and Bhaskara mike them
positive in the case of the latter four viz. Murs, Meroury,
the lunar Node and Saturn., By this we have to construe

that Sripati and Bhaskara must have had before them a
text which should have real %’ in the place of ‘=’ in the
last pada of verse 61. M. M. Sadhakara-Dwivedi did not
notice this anomaly of the positiveness of the ceorrection
with respect to the latter four, but he remirked, however,
that there was a prosodial lapse in the last pada of verse
61, for which he offered a suggestion that instead of T,
we had better read ¥2:—This suggestion, no doubs, rec-
tifies the prosody of the verse, but not the the anomaly
cited above which was not noticed by M. M. Sudbakara
Dwivedi. So, we have offered our own suggestion namely
that in the place of =¥ as mentionsed aboye if we read %%,
we not only rectify the prosodial error but also the anomaly
referred to. Ramaswarapa S'arma notied the anomaly bat
did neither refer to the prosodial error nor offsr a aorrse-
tion. It seems that Ramaswarupa Sarma did not verify
jhe corrections stipulated from the verses 91, 92, 93 of
Madhyamadhyaya of Siddhanta Sekhara. In this latter
work, there is another anomaly namely that in the case of
Mercury, the number 62 is the multiplier and not 52.
Makkibhatta, the ancient commeatator had before him a
text which read 62 in the plase of 562, in all probability, a
mistake of the seribe. M. M. Sudhakara Dwivedi is repor-
ted to have later pronounced that 52 must be the correob
figure when this was brought to his notice as this numbar
53 was found both in Brahmagupta and Bhaskara. As re-
ported by the editor of Siddhanta S'ekhara Pandit Babuaji
Mishra, who mentions this latter pronouncement of Sudha-
kara Dwivedi bis teacher, also says that Sudhikara Dwi-
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vedi suggested the reading fime in the place of fzra of
vorsa 93 of Siddhanta Sekhara, The fach that Makkibhasta
commented FIARSTN as [EA TS TN shows that he did
not consult Brahmasphuta Siddaansa in this place; also,
he must have had a manuscripi before him whish saribad
fgx& in the place of igZmx. Using @ 7 &, indiserstely
is not uncommon in many books of North India, from a
long time and the scribe of the manuscript probably haviag
used & in the place of g and then by an oversight a
latter seribe having inverted &€ as T&, Makkibhatta must
have commented like that.

Incidentally a remark may be made hare about Makki-
bhatta. He was evidently a keralite becauss he used lettars
to signify numbers as wa3s a common practice among the
Kerala Astronomers, and as he also commented upon Britad-
Bhaskariya, Farther, it is interesting to nots that he
wrote in his commentary under verse 39 of the S3.hani-
dhyaya of Siddbanta S'skbara viz. ‘wgAETICIESEAL

qraaita gtgarfa arfqar ”, © g 7 wegal wafa” ete”. This
idea shows that he a,ceepted Aryabhata's varse * A3ty qfy:
etc’ implying that the earth is rotating.

Bhiskara says that the Bija correction mentioned was
purely based on Agama and Upalabdhi (meaning aushority
and observation’). M. M. Sudhikara Dwivedi scems to
bave reiterated the samse as reported by Babuaji Mishra, in
a foot-note. Kamalakara, condemned this Bijakarma as
it was unwarranted and had no proof,

A rational explanation as to why this Bija-Karma was
prescribed either by Brahmagupta himself or some autho-
rity which he seems to have accepted may be given as
follows. The small differences in the numbers of sidereal
revolutions or what is the same the minute diffsrences in
the accepted daily motions of the planets aad the assump-
tion of & conjunction of all the planets and planetary
points at the beginning of Kalpa, which is beyond proof,
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resulted in a difference between the computed planetary
positions and their observed positions. 8o, the originator
.0f this Bija-Samskara, noting the differences in his own
time devised a formula, which could account for those
differences. But this formulation was bound to go wrong in
later times ag long as the daily motions are not correoted
to the minutest extent possible and as long as the fuada-
mental basis of the conjunction of all the plansts and pla-
netary points is not proved. This seem3 to be the reason
why 80 may texts were written ingcorporating small diffe-
rences in different times a3 reported by Gapgsa (1507 A.D.)
in his work Brihat-Tithi-Chintamani in the words *‘ The
calculations of planetary positions according to the
methods indicated by Brahma, Vasishtha and Xasyapa
Siddbhantas beld good in their own times, but grew obsolete
later; Then Maya, the demon at the end of Krita obtained
the science from the Sun God, which again grew obsolete
in this Kaliyuga wherein pardsara began to hold the ground
for a good length of time. Then Aryabhata rectified the
methods; when even those methods grew obsolete, Durga-
Simha, Varaha Mihira and others set them right. Again
Brahmagupta came into the picture to rectify the methods
by his own observations. Then Came K&sava (Gafiesa’s
father) who rectified further. After a lapse of sizxty years,
his son Ganesa has now to correct the Science, If this
#lso grows obsolete (as it is bound to) in course of time, let
others again rectify it by observing conjunctions of the
Moon and planets with the asterisms.”

Obsoleteness arises oub of two contexts, one a justifi-
able situation and the other based upon a wrong premise,
The first is as follows. Suppose as a first approximation
we take the length of an year as 365 days. We will bave
committed an error nearly } of & day, so that the error
accures to a day in 4 years. Thus the convention of the
leap year arose so that during four years we give a day.
more to February. Here again we have overestimated the:
error hy nearly zjoth of a day. Hence in 400 years the
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above correction leads to an error of a day. 8o, it is
that we pronounced that out of the years 20C0, 2100,
2200, 2300 A.D., the year 2000 A.D. alone is a leap year.
and not the remaining, the convention being that the
number of the century, here 20, must be also a multiple
of four, On this back-ground, suppose We prepare a
manual called a Karana grantha taking the length of the
year to be 365°256 days. It works alright for some btime
but in the course of 400 years the error will have reached
to as much as one day. Thus a manual like the above
works only for a short time and the approximation made
gradually brings in a divergence on account of which such
a manual grows obsolete. That is why one Narasimha who
happened to prepare a manual in 1333 Saka year (1411AD)
opens his work with the words * {afaas awmoiia afse®r-
gagfion sQd wgar afers, fasiyy agruy, Agdfegnda
acfeRaggar Tadd 1gzal frag srcginag ™ ie. “In as much
as a manual named Tithi-Cakra prerared by one Mallikar-
juna Sari long ago, based upon the Stryasiddbanta has now
diverged far from the Stryasiddbanta (on account of the
approximations made transcending the limits of negligibi-
lity) I, the son of one Singaya belonging to a place named
Nau-puri (probably Vada-palle of the East Godavary Dt.)
am rectifying it and bringing it to accord with the Surya
Biddbanta again.”

This kind of obsoleteness arising out of inevitable ap-
proximations that have to be made in the preparation of
manuals is permissible. But Suppose the premise of the
manuals itself is incorrect, then the rectification of the
manuals is no good so long as the data given in the pre-
mise are not corrected. There are two fundamental
detects in the ancient works according to a modern analysis
namely (1) The Supposition that all the planets were in
conjunction at the Zero-point of the Zodiac in the beginn-
ing of a Mah3yuga (2) Small variations in the constants
like the daily motion of the planets and the like.  Accord-
ing to the modern interpreters of Hindu Astronomy the
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first premise was no% correct, According to them, somis
astronomers having observed the daily motions of the pla-
, pets or what is the same the sidereal periods of the planets
to a suffisiently good approximaition caleulated bick or
extrapolated a date on which thess planets should have
been in conjunction at the Zero-point of the Zodiac. The
extra~-polated date wa3 naturally wrong to some exten’ be-
cause the sidersal periods found could not bubt be correct
only to a particular degree of approximation. Thus a little
alteration in the number of sidersal revolutions alone or
the number of days in & Mahayuga made to suit the obier-
ved positions at a particalar epoch would be only a tinksr-
ing of the problem and not a true solution, Thus Hindu
Astronomy could be saved and its msthods eould still be
followed provided instead of trying to presums a date ab
which all the plansts ware in conjunction (No doubt in the
long bosom of timse, such a presumption also could not be
ruled out) correct!y observed positions of the planebs by the
help of modern instraments were taken a3 the basis of aa
epoch and thereafter using more correst valnes of the
constants such as the sidereal revolutions, maximum eq1a-
tions of centre and maximum S'izhraphala, oblignity of the
ecliptic eto, The second defect cited above thus biing
romoved, and the original premise bsing changed, the
nethods of calculation still hold good and there would ba
%0 necessity to be going on with tinkerings of the problem,

The Bija-correction whish we are comrmsnting upon
was rightly criticised by Kamaldcara as irraticnal though he
himself fanatically tried to uphold Sarya Siddhiata. Hven
today there are a good nmamber of the tralitional Hinda
Astronomers who do hold that the Sdrya Siddhinta was
revealed to Maya at tha end of Kritayuga in spite of the
fact that scholars like M, M. Sudhakara Dwivedi pronoun-
ced that it was an extra-polated work shorily aftar ths time
of Brahma-Guptacharya. It is interesting to note t.b'a#
Ehiaskara, a very rational astronomer, had bzefore bim
the verse © famemay T WAl =% arg Tfasad™ of the

13



a8

-Barya Siddhanta (verse 9 ch. 8). - He did not give it the
interpretation that was later put upon it through the
4wo, subsequent lines * agY: {3ar” etc., which lines were
not there evidently in Bhaskara's time, Without these
two latter lines the rate of precession was too swall to be
accepted by Bhaskara and so he chose to follow Munjila
rather than the Sarya Siddhanta. Our Traditional astro-
nomers today have no reservation to accept the greatness
of Bhaskara and worship him though they do not question
what necessity Bhaskara had to write another treatse and
that too basing it upou the Agama accepted by Brahma-
gupta and not Sarya Siddhanta, when there existed Sarya
Siddhanta before him and from which he had no objection
to quote verses like * %TZI® AT HFE YIA:" eto. (verse I
ch. 2.)

The Bija-correction first incorporated by Brahma-
gupta and later followed by a good number of astroaomers
because Sripati and Bhaskara accepted it, will not be accep-
table to modern astronomers, though it might have worked
well at the time of Brahmagupta and for some years later.
The reason is that it is construed only asa tinkering of the
defect as explained before,

It is also to be noted that the originator of this Brja-
correction did not make it secular i.e. valid for all time
increasing without a limit, for, then, the respective
corrections transcend all limits and render the corrections
meaningless. Bo, he said that the corrections would bs
increaring for 6000 years and therealter begin to decrease
to nothing. They were Zero at the beginning of the Kalj
because all the yugas are multiples of 12000 years. Also
the maximum correction is in the case of Mercury
520% X 52=1560"=26°  Let us see how far this is justifi-
able. The daily mean motion of Meroury as given by
Bhaskara is 4°~5" - 32"~ 18"" - 28" whercas as per modérn
gstronomy it is 4° -6’ ~ 873" approxly. So there is a posi
ive error of 5" which will accrue to 18'-35" ip
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course of 200 years, But as per the Bija-oorrection if
should be 52°. Henos it is a fact thas there is & positive
Lerror but not so much as indicated. But it must be noted
that Mercury’s orbit has the highest eccentricity of as
much a3 .2, and the observer who stipulated the correction
must have observed when M roury was near-its. perihelion,
where the error could have been as much as indicated and
even more. Similarly on close analysis it could be proved
that the Biji-correction should have bzen as indicated,
say, roughly about 8500 Kali era, which might be roughly
the date of its stxpulatxon

Verses 9, 10, Concluding verses of the Madhyadhlkara.

If the work is m3de more voluminous by describing
various methods which are easy auad interesting to un-
intelligent people, learned men look down upon such a work
as indulging-in unneeessary verbosity. Hence the volume
of a work does not add to itis greainess; So I have made my
work neither voluminous nor brief-worded, The reaon is
that both the intelligent as well as the unintelligent psople
are t0 be enlightened.,

For the sake of clarity of exposition, different ingeni-
ous methods being used in such a way that the work does
nob exceed the normal limits of the previous works, and in
oorpora,mna a3 far as possible unit numoarabors, fractions
having num :rators and denominasors mutually prime, using
methods of interpolation and reduction, miking use of
different kinds of denomina‘ors and numerasiors in many
ways, this kind of treatment must ba given to a work of
this nature by an intelligent man.

Comm. Easy.

Before we proceed to the next chapter, we shall add
here tables of astronomical constants as given by diff-rent
authorities, which will help eomparison and appreciation of

the work,
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SPASTADHIKARA — RECTIFICATION
OF PLANETS

Introduction, In the Bhaganidhyiya section of the
previous chapter Bhaskara gave under the Caption Bbhaza-
nopapatti his proofs as to how the ancient is might have
obtained the number of sidereal revolutions of tha~planets
and the planstary points called apogees or aphelia and
Nodes, But in trying to give those proof:, he was aware
and he confessed also in so many words that some of his
proofs at least were obsessed by what is called Itargia-
risraya-Dosa i.e. ‘‘answer bagging the question” It is
worth-hearing his words in his commentary under verses
1-6 of the section cited above —* Tha’ the planets, and the
planetary points perform so many revolubions in & Kalpa,
is essentially conveyed by the Agama i.e, the Sdstra (which
is to ba taken on faith), That Azama, got diversifizd ie.
there are many varsions of tha’ Szience, diua to tho defacts
of scribes, the teachers and the studznts and du2 to a long
lapse of time from the originators of the Agama. Thab
being so, the question aris2s as to which of the versions is
b0 ba trusted as the right aathority, If it bs said so, in
mathemacics only an agama which oould be proved also
ghould ba taken as aushority. Sach a numbir of revola-
tions as are obtained by proof, i3 to be accepted. Even
that eou'd not be (a proof) ; for, a great scholar could jist
uaderstand the prool a1d by that proof alons, it is not
possible to know the exact number of revolutions (in a
kalpa), for, a man’s longevity is not much, Ia the proof
that could possibly be given, the planet’s position is to be
observed aad noted every day, during the ‘entire course of
its revolution. Thus Saturn Completes its sidereal re-
volution in about 3) years. The apoges of the Sua aad the
aphelia of the planets have their revolution® running into
hundreds of years. Hence the abservation of one com)lete
revolution (of sush a planstary point) is bagond the capa-
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oity of a mortal. Hence great astronomers accept such an

agamsa as;would give results which acoord with observations
durmg their times, and such a one as was formerly accepted

by a very. intelligent astronomer. Then they produce their
own works exhibiting their own Skill in the Science and
refuting wrong notions of others. Their idea is ‘ Liet the
Agama we take as an authority be whatever it would be
Let us show our own skill in the course of our work-"; just
a8 in this work, the agama accepted by Brahmagupta is
taken on faith as the authority. Then it might be argued
“ Better not attempt at trying to prove how the numbers
of sidereal revolutions were arrived at. Hven if a proof be
‘attempted, that proof would be obsessed by the * Itaretara-
Srayadosa’ (cited above). Nevertheless we shall give-a
“brief proof, “ That * itargtarasrayaddsa ® is apparently a
dosa i.’e"an a.ppa.ient defect; for, different proofs could
not be adduced s1multa.neously The proof wxll now be
given’’,

" These words indicate that even such a highly rational
and supremely mﬁelhgenﬁ astronomer like Bhaskara could
nob set a.sude his faith in our dgama and attempt at a pure

and rlgorous proof, which would not invoke the agama-Let
‘us see where in his proof he does commit the so-called
'iﬁsi,réfai'aé'faya'dosa and where he invokes the agama.
Also we shall try to’ oonshrucb a proof, of course to a good
extent on the lines on which Bhaskara tries t6 give his
proof, but at the same we shall not invoke the zgama,
where he does, buﬁ try to proceed purely on a rational basis.
We shall take up the proof under verse 18, in its appropriate
context. We shall now proceed with the text upto that
point, which. gives a. brief sketch of the Hindn trigono-
ooebry. - -
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Verse 1. In as much as true positions of the planets
alone are required to decide auspicious moment; for
journeys, marriages, celebrations pertaining to temples,
astrology and the like, weshall now give the methods of
rectifying the mean positions of the planets so as to aceord
with their observed positions.

Comm. Clear.

Verse 2-9. Obtaining the sines of the angles and
tabulation of the sines.

The planet deflected to the true position from the
mean lies at the end of a half-chord (which is the Hindu
sine of an angle) so that many processes pertaining to &
planet are carried through Sines of angles; hence the
word half-chord alone is connoted in this work wherever
the word Jya meaning & chord is used.

The lengths of these half-chords (or the Hindu Sines)
for angles increasing from 0° to 90° at intervals of 33° are
as follows—225’, 449, 671, 890, 1105, 1315, 1620, 1719,
1910, 2093, 2267, 2431, 2585, 2728, 2859, 2977, 3084, 3177,
8266, 3321, 3872, 3409, 3431, 3438. The ub-kramajyais or’
the Hindu versed-sines are respectively 7, 29, 66, 117, 182,
261, 354, 461, 579, 710, 863, 1007, 1171, 1345, 1628, 1719,
1918, 2123, 2333, 2548, 2767, 2989, 3213, 3438.

The word Tribhajya or Trijya is half-diameter, The
word jya khandas used by pandits connote the differences
between suocessive sines.

Comm. There is a difference between modern trigono-
metrical sines and the Hindu sines as detailed below (Ref,



106

Fig. 6

fig. 6 overleaf). Let (0) be a circle i.e. a circle with centre
‘0’. Let AB be an arc called ‘ Chapa’; let BC be drawn
perpendicular on OA; then BC is half of the full chord
BD (known as jyi). The half-chord Ardha-jya is itself
spoken of as jya for convenience and is the Hindu-sine of
the arc or chapa AB. In Hindu trigonometry ‘angle’ is
connoted by the arc corresponding to it and as such spoken
of as chapa. OC is spoken of as the Hindu-cosine or Koti-
*jya and CA is called the ut-kramajya or the Versed-sine.
The radius O B is called trijya and let us connote it by R,
To differentiate between the modern terms and the Hindu
terms, we use the words H. Sine, H. Cosine, H. vers-sine
for the Hindu sine, the Hindu cosine and the Hindu vers-
sine respectively. Also the radius R is generally taken to
be 3438’ which, we know to be the approximately the
minutes in & radian. To talk of a length in minutes ag-
pears rather odd but no confusion need be there, for, an arc
of length R subtends 8438 at the centre. It is called Trijya
for the reason that it is the H. sine of 3 Rasis or 90°
A Rasi is equal to 30° because the ecliptio circle of 860°
is divided into 12 Rasis Mesha, Vrishabha eto. meaning

14
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Aries, Taurus ete. The names of the Rasis in Sanskrit
snd the modern English words we use for them have the
same meaning, which raised a suspicion in the minds of
mauy orientalists that the Hindu Astronomy drew upon
the Greek. Many scholars of Indias assert that the Greeks
derived this knowledge from the ancient Hindus; but we
shall not enter into the controversy here. It may be noted
also that the Sanskrit names of week-days have the same
meaning &8 Sunday, Monday ete.

On the basis of taking trijya equal to 3438’, the other
H. sines or half-chords are also expressed in minutes.
Grenerally twenty-four H. Sines are given in a quadrant
and o obtain the H. sine of an angle intermediate, a for-
mula for interpolation also is given. Also the method of
ealculating the H. sines for every degree is given, as we shall
gee shortly. In the table of 24 H. sines, the first is H. sine
3°-45’ or H. sine 225" and this is approximately taken

N
as 225’ beeause in fig. 6 if AOB=3°-45’, the H, sine BC
will be almost equal to the are AB. The H. Vers-sines
are also given to get the corresponding H. Cosines easily,
for, H. Vers sine 3°-45 = R— H. Co3 3°-45 = 7’ means
H. Cosine 3°-45"=3431=H. sine (90°-3%°)=H,, where we
use the notation H r to mean the rth H. Sine.

Now we propose o give here some essential formulae
used by the Hinda astronomers, as given in the goladhyays
by Bhaskara under the caption jyotpatti-krama. Inciden-
tally it may be noted that H. sine @ =R sine § where sine
is the modern sine of the angle §°, Similarly H, Cos §=R
Cos @ and Hvers =R vers §. Thus when we have an equ-
ation of the type. Sin ® = Sin ¢ Cos z + Cos ¢ sin z sin a
in modern astronomy arising out of the famous spherical
triangle PZS where P is the Celestial Pole, Z the Zenith
and S the position of the Sun or a Star, the Correspond-
ing " Hindu formula would be R®* H Sin = RH Sin ¢
Heos Z + Heos ¢ Hsin Z Hsina,  Ocoasionally the
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radius is taken to be 120, and the eorresponding H sines
are called Laghu-jyas or simpler H sines used where great
acouracy is not required. Sripati took the radius to be
3270 units in addition to 120 as did Brahmagupta, Munjila
took 488’ and some others some other values also, Oub of
these 3438’ alone has a right significance (Vaigswara took
3272)

Bhaskara says under verses 1 to 5 under Jyotpathi-
Vasani in the Goladhyiys that the Hindu astronomsars got
the values of the main H sines of 30°, 45°, 60°, 18° and 36°
by inscribing regular polygons in a cirele. They are
called the pancha-jyakas or the fundamental H sines.
Prom these the others were caloulated according fo the
methods given by Bhaskara as follows.

To start with, we have the fundamental formula
H sin’@+H cos’@ =R’ (from fig-6) I
In addition to this formula, Bhaskara gives another
formula (verse 10, 11 Ibid) H Sin /2
0 +FHvers’ =
In the commentary under the above verses, he has given
the method by Whlch 1I was obtained (Ref. fig. 7) BM =

H sin @ where AOB 0;also AM = H vers § and AB*=
AM?® + MB®. Let N be the mid-point of AB.
= AN = Hsin §/2
Hsin /2 = 3AB =3 ¥ AM* + M
= 4 « Hsin® @ + H vers* § which
proves the first part of IL. Again from the right—angled
triangle ABC, AB* = AM-AC = Hvers § X 2R

-3 \/ém%\/;

which proves the sscond part.
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Fig. 7

In the Commentary under verses 1—25 ibid, Bhaskars
tells us how formulae I and II are used to construct the
table of 24 H sines. To start with, the four H sines of 30°,
45°, 60° and 90° which may be denoted by the symbol Hr
where =8, 12, 16 and 24, are known. Now using the
formula IT, H, is obtained from Hy, H, from H, and H_
from H, Similarly from H,,, H; and Hy are successively
obtained. Now using formula I, Hy,, Hy,. Hy, Hy Hy, are
obtained respectively from H,, H,, H,, H; and H;. Now
again from H,, Hy,, Hy;, we obtain using formula IT H,), and
H;, Hy;, Hyrespectively. Formula I gives again H,,, H,,, Hy,,
H,, from the above. H,, gives H; and H, gives H,, using
tformula II and I respectively. Thus the table is Completed.

Then Bhizskara poses the problem as to how a table of
the H sines could be computed when a quadrant is divided
into 80 equal parts, He says that formula I and II do not
suffice in this behalf and shows how they do not, as follows
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in the same commentary cited above, To sbart with, the
H sines of 18°, 30°, 36°, 45°, 54°, 60° are known. They are
respectively H, Hy,, Hy, Hy,, Hm, H,,. Also Hy i.e. H sin

*90° = R is also known. Formulae I and IT will help us to
derive,

from By, H; and from H,, H,, ; also from H,, we derive
H

From H,,, H; and from H;, Hy; and again

from H,, H, and from H,, H,, are derived.
The remaining H sines sixteen in number cannot be got
from either of the formulae.

To meet the situation Bhaskara gives other formulae
of his own discovery as he says ‘ yagdsa faRrzasarg”
i.e, “ I shall tell something more than this. These formulae
he gives in the verses 12 to 15, They are

gin /%0 £\ _ /R"+ RHSnx

sinx +Heiny) + (Heosx—Hoosy) IV

«/(HCOSX-—'H‘Sinx)g: H Sin (45 — x) v
o 2
R -?.E%E‘i? — H Sin (90 — 2x) VI

These formulae correspond to the modern formulae

sin (A7

(Cos x — Sln x)' — Sin (45 — x)

) ,\/(Sin x + Sin y)* + (Cos x — Cos y)*
2

1—-2 Sm x == Cos 2x respectively
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These formulae imply & knowledge of the expansion of
8in (x + y) which is given in verses 21, 22 in the form
H Sin (x + 3) = H Sin x HCosy% HCosx HSin y
The formula H Cos (x + y) is got from VII by putting
90 — (x + y)forx + y.

To construct the remaining sixteen H Sines Bhasgkara
directs us to use his formula IV wherein taking x = 27°,
and y = 15° we bave H, which gives H,;. From Hy we
have H,,, H, and H, from H,. Then Hy, Hy and H,y are
got from H,,, H,, and H; respectively. From H, again we
bave Hg, and H, which in turn give give Hy, and H,,. H,,
gives H,, which in turn gives Hy,. . Hy, similarly gives Hy;
which in turn gives H,,, Thus the table is complete.

Verses 16 to 20, (Ibid.) give us the method of con-
structing the table of 90 H sines in a quadrant, through
the formula H Sin (x +1)° =

This formula is got evidently by interpolating from his
knowledge of H Sin 3° and H Sin 33°. He also gives
that H Sin 5°% is wore correctly equal to 224’, 51“.
In the table of 24 H Sines, he gives the formula
H = Hr (1 - 4—;;1) + H Cos x, X -0 which could be
similarly got by interpolation.

The determination of H Sin (A+B) from H Sin 4,
H Sin B, H Cos A, HCos B is called Sam3isa-Bhavana
and that of H Sin (A—B) is called Antara-Bhavani,
whereas computation of H Sin 2A from H Sin A and
H Cos A is called Tulyabhavana. The word Vajrabhyasa
is used for ‘Cross-multiplication’ in this context.

We shall now prove how the formula for H 8in (x+1)°
led Bhaskara to arrive at the differential formula
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3 (Binx) = Cosx dx. Since H Sin (z4+1)°=H Sinx +
HCosx X HSin1°
N R

HSinx*=HCosx X

&pproiimately, HSin(x +1)0 —
HS8in1°
R

= H Cos x X & constant.

Hence Bhaskara could see that the variation in the
function H Sin x is proportional to H Cos x. Let it be now
required to find the increment in H Sin x for an increment
Ox in x where dx < 60’. Let H Sin (x+1)°—~H Sinx =
60' X HCos x
R
Then Bhaskara argaes “If for an increment of 60', there
is an increment of y, what shall we have for dx ?*,

The answer js YOX _ 80 X HCosx &z H Cosx dx.

60 R 60 R
Hence H Sin (x +9x) —HSBinx = 3 (HSinx) =

H Cos x X %{ which corresponds to § (Sin x) = Cos x x.

= y where y is called the Bhogya-Khanda.

Bhaskara is thus the first mathematician to have perceived
this differential formula 500 years before Newton and
Leibnitz.

Tn the context of the preparation of the table of 24
H Sines which was there in Aryabhatiya as well as Surya-
giddhanta, we have to offer the following remarks,
T'he method of the constrnction of this table was the
subject-matter of some study by 8. N. Naraharayya and
A. A. Krishnaswami Ayyangar’. In this study it was
supposed that the method was based on finite differences
according to the verses of the Saryasiddhanta 15 and 16
of chapter II. The articles referred to reveal the difficulty
in constructing the sine-table following this method.
Some subsidiary corrections in the verse “uomfamsy fase
[

1. S. N. Naraharayya—Journal of Indian Math. Society, Vol, XI—First
Series Pages 105-113.

2. A. A. Krishnaswami Ayyangar—J. I. M. S,, Vol. XV—First Series
Pages 121-126.
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quoted
from the Brahmsa Siddbanta by Ranganitha in his com-
mentary of Stryasiddhinta were alluded to in the articles-
cited but no satisfactory mathematical explanations were
given by them. We shall give hereunder a satisfactory
explanation of the matter discussed in the articles.

In the first place it may be noted that in the table of
those 24 H sines, the sixteenth as given by Bhaskara
namely 2977 is more correct than that given in the Surya-
giddbhanta namely 2978 (Lakshmi Venkateswara press edi-
tion 1956 Bombay).

In the course of the Commentary under the verses 15,
16 of the Stryasiddhanta, Ranganatha gives the hint which
must have been at the back of the mind of the author of
the Stryasidhhanta when he gave the rule to construct the

H Cos
R

table oited. Just as & (H Sin 9) = 686, Similarly

the formula & (H Cos 9) = :E——S—%ﬁ——@e must have

been known to the author. The negative sign means that
the successive differences of the H sines namely 225, 224,
222, 219 etc. are decreasing and also that the successivy
differences of these differences are increasing acocording to
the H sine. Just as Bhaskara could see that the H sines
were increasing and the successive differences of the
H sines were in Kotijyanupata i.e. in direct ratio to the
H Cosine at their respective place, similarly, the author of
the Stryasiddbinta could see that the second differences
ocited above were in Kramajyanupata as hinted by Ranga-
natha.

From the formula & (H °°5R9 ) 9) = —H 5%199 o0

putting = 90°, we have the second difference numeriocally
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X
R S 4o~

Ranganatha made a2 mistake in taking this to be

= 14" — 43" — 30"

2
= 16' — 16" — 48’" — Hven %Q- is approximate

and a more correct value of the second difference would be
14’ — 47” approximately, Ranganatha then argues that
taking this second difference to be 15 for the H sine 3438
‘ what will it be for the H sine 225’ ?° The answer would
be 16 X 226 _ 156 X 26 _ 375

3438 %83 3
8o, the second difference in the beginning of the table
happens to be 1" ie 3%% This led the author of the Surya

siddhanta to use the words * afgasmaesi@””. This being
an approximate formulation, naturally necessitated a second
formulation where the approximation led to an error of 1’
through the verse ““ wmfamea fazusw etc.” This second
formulation intended to make a aorrection, was done in
the wake of a correct calculation through the formulae I
& 1I which were known even prior to Bhaskara.

Verses 10, 11, To find the H sine of an intermediate
angle. Suppose it is required to find the H sine of an
~angle 0° ie O X 60°. Divide this by 225; the quotient
R XD
225
remainder, and D the difference between the previous and
next H sines, added to the previous H sine gives the H sine
required,

where R is the

gives the previous H sine. Then

Comm. The formula is evidently based on an applica-
tion of rule of three.

Verse 11. To find the angle when the H sine is given
Suppose the H sine of an angle is given to be z'. Subtract
the greatest H sine that oceuld be subtracted from this,

16
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Suppose the H sine of §° oould be subtracted. Leb the
r X 225
—5
between the previous and next H sines, added to § gives
the angle corresponding to x'.

vemainder be ¥r. Then where D is the difference

Comm. Evidently this is the converse of the previous
process and this also is based on Rule of three.’

Verses 12—15. The H sine of the obliquity of the
ecliptic taken to be 24° is 1397. Now, the successive diffe-
rences of the H sines will be given (on the basis of taking
R = 120) which are known as Laghu-Jyis intended for
ease in Computations, namely 21, 20, 19, 17, 15, 12, 9, 5, 2.
These are given for intervals of 10° so that if it be required
to find the H sine of x°, let ¢ be the quotient and r the
remainder when x is divided by 10. q gvies the number
r XD

0

of the previous H sine. Then where D is the next

difference or jyakhanda as it is called, added o the previous
H sine gives the required H sine. In this table the H sine
of 24° is 48' — 45", Also the H versines in this table are
got by the reverse differences. To get the angle 9° for a
given H sine say x’ subtract the sum of as many ditferences
(Jya—Khandas) as could be from x. Let the remainder
be r. Then © >]§10 where D is the next jyi—Khanda’
added to the previous angle upto which the jyakhandas
have been subtracted, gives the required angle. The H sine
will b2 more accurate if the Bhogya-Kbanda or the next
H sine—difference is reotified (as per the rule of interpola-
ion next given).

Comm, Hvers @ = R—H Cos § = R—H sin (90—0)
go that H verse 33° = 3438 —H sin (863°) = 8438 —3431=17
ag given in the previons table. Similarly in the above table
of Laghu-Jyas, H vers 10° = R — Heos 10° = 120 — H
gin 80° = 120 — (21 + 20 + 19 + ... + 6) = 2 &0 that the
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above differences in the reverse order give the H versines,
The rest of the contents of the verses is simple, the process
, ses being based on the ‘ Rule of three’,

Verse 16. Rectification of the next H sine difference
known as Bhogya—EKhanda.

The difference of the previous and the following H
sine —differences being multiplied by the remaining degrees
and divided by 20, the result is subtracted from the arith-
metic mean of the previous and following H sine-differences
to give the rectified H sine —difference, in question.

Comm. This is a formula for interpolation which
agrees with the interpolation formula given by Ball in his

spherical astronomy on page 18 in the form y = yo + E

—

(y1 — yo) + E(Lz——hnh) (va — 2y, + yo). This formula is

a re-statement of the formula enunciated by Brahmagupta
in his work Brahma Sphuta Siddhanta as wall as Ustara-
Khandakhidya in the form * TadRI@ISFFATIB ARSI
gafafrucy:, aglirs gare swagaifas dwag” wherein in
the place of ten—degree-~interval, a fifteen~dsgres—-interval
ie 900'-interval was taken. Rule of thres is a linear for-
*mula of interpolation, whereas the above is a quadratio
formula reflecting much credit on the mathematical genius
of Brahmagupta.

We shall now see how the formula is applied and what
mathematical significance it has, Sappose it is required to
find the H sine of 24° from the previous table of H sine—
differences given for intervals of 10° — from the table H
gin 10° = 21, H sine 20 = 41, H sine 33 = 60 where R is
taken to be 120, Now to find H sin 24°, we are asked to
rectify the next H sine —difference namely 19°, where the
table is 21, 20, 19 ete.  As a first approximation, applying
rule of three H sin 24° = 41 + & X 19=43'6=43'—36".
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This is a crude approximabion, the actual vilue being
48" — 48" —14"'. Application of rule of three is justified
if the H sine—differences are uniform, but they are not so
being in a decreasing order. So, the following H sine—
difference namely 19’ is to be rectified so a3 to be applicable
at 24°. In other words we have to take such a H sine—
difference which will hold good at 24°, not at 20° or 30° —
from 10° to 20° the H. S. d. (H Sine —diffevence) is 20’,
and from 20° to 30° it is 19’. 1If that be so what will be
exactly at 24°? If should be less than 20" and greater
than 19’. Now the argument advanced by Bhaskara is that
the H Sine —difference at the mid-point of the 2nd and 3rd
B~ 105
The H sine —difference at the end of the third interval is
19. Then by the rule of three °If there is a decrease of
19'5 — 19 = '5, during the course of the 10° of the third
interval, what should the difference be for 4°? (where we

have to find the H sine at 24°) The result is 1% X '5=4—2¥‘01

which is given by the words ¢ qrAT 34T @rvamitf%ﬁa:
PuinfasAt q@zq . This decrease makes the H sine—
difference at 24°, 19'56 — %; = 193 at 24°—Now the argu-
ment to find the H sine at 24° is * If for an interval of 10°,
the H sine—difference is 19'3, what should it be for 4°?:
The answer is 7% X19'3=7'72. Hence the H sine of 24° ig
21-+2047"72=48'72=48" - 48" - 12" which is nearer the
truth 48 - 48" — 14" than what was obtained by the crude
rule of three namely 48" — 36",

differences namely 20 and 19 should be

Here we have to explain Bhaskara’s words more elabo-
rately, because, Kamalakara happened to criticise Bhas-
kara’s words in this context. Bhaskara Says *“ The H sine
difference at the end of an interval is the arithmetic mean
of the preceding and susceeding differences, whereas the
sucoeeding one is that which holds good at end of the suc-
ceeding. In between, we have to apply the rule of three to
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obtain the recfified difference,”” What Bhaskara means is
this, At the end of an interval, to obtain the H sine, it is

, enough to add the H sine difference belonging to that inser-
val to the preceding differences. Bub when it is required
to find the H sine in the interior of an interval, we have to
construe that the difference ab the end of the previous inter-
val is the arithmesic mean of the previous and succeeding
differences. There is apparently a self-contradiction in
Bhaskara’s words; for, at the end of the interval, according
to his own words, the diffsrence is that belonging to the
previous interval and not the arithmetic mean as postala-
ted. The contradiction will not be there when we read
Bhaskara’s mind that he means ‘“ When we require to find
the H sine in the interior of an interval only, the difference
al the beginning of that interval is to be taken as the arith-
mafic mean of the previous and the eurrent differences, and
that at the end of ths interval the current difference holds
good.”’

The truth of Bhaskara's statement could be seen
analytically as follows. The arithmetic mean of the prece-
ding and succeeding H sine difforences is (The context is to
rectify the third H sine diffsrence namely 19, for, we were

finding the H sine of 24°) é_B_jé-__B__Q (Ref fig, 8) where OA,

.AB, BC eto are the successive differences.
AB+BC _ Hsin20 —Héinl0 +Hsin30 — HS 20

_ Hsin30—HS10 _ R (Sin 30 — 8 10)
2 Y
H Cos 20 H Sin 10

= R X Cos 20 Sin 10 = R

The numerical difference of the preceding and succeed-
ing H sine differences is (i.e. FigereeziyT). AB -~ BCO
= (Hsin 20 — H 8 10) — (H sin 30 — H sin 20) =



118
2HCos16Hsin5 2HCos2 Hsinb _ 2 H sin &

R R )
(H Cos 15 —-H00825)=2H35in5 X 2HSin%‘OHsinB.

Let now X be the point where we are to find the H gine
(Here lot us take it as x° after the previous interval for
generalisation). Then Bhaskara’s formula would give

HCos20HSin10 _ 2Hsinb 2HsinQOHsin5Xx

R R2 x 20
— HCos QORH sin 10 _ o 2 Hsin 20 H sin? 5
2HCos520Hsin 5 HCos 5 1 .
- = = — @ X 5 X 2Hsin 20
Hsin® 6
_ 2Hsinb {H Cos20HCos 5 — l“xo XHsinQOHsinE}
R
R

put now successively x = 0°fand 10° to get the rectified
differences at B and C respectively; then those rectified
differences would be respeotively H Cos 20 H sin 10 and

2 Hsin 5 X H Cos 25. But AB+BC _ HCos 20 Hsin 10

R 2 R
(found above) and BC = H sin 30 — H sin 20 =
2 H Cos 25 Hsin b
R
at B and C are respectively what exactly has been stated by
Bhaskara. Hence Kamalakara's condemnation of Bhiaskara
is quite unjustified.

In other words the rectified differenoes;

Verse 17. To rectify the arcual difference to obtain
the are for a given H sine.

Bubtract as many H sine-differences as could be sub-
tracted from the given H-sine. Half of the remsinder
multiplied by the difference of the preceding and succeed-
ing H sine-differences and divided by the succeeding and
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the result being subtracted from or added to as the case
may be (added in the case of Hversines) the arithmetic
mean of the preceding and succesding H sine~differences
gives the rectified H sine-difference while finding the arc
for a given H sine.

Comm, Let the given H sine be that of 24° found
before i.e. 48'72. We could subtract 21 and 20 from this
and the remainder is 7°72; half of this is 3'86 which
multiplied by (20-19) is 83'86. This divided by the succeed-
ing difference namely 19 is *2 approximately. The arith-
metioc mean of the preceding and succeeding si 20—-%-19
= 19'6. If the above result is subtracted from this, we
have 196 — *2 = 19'3. If for 19'3 we have 10° increment
10 X 7'72

193
=10 X ‘4 = 4°. Hence the required are is 20° + 4° = 24°,

what shall we have for 7'72. The answer is

The proof is analogous to the previous proof. Having
subtracted 21 and 20, the remainder is 7°72, (Ref. fig. 8)

LX) Ha N3
.Y . PR . .
A & c » €
.
b .- R 20 19
o & 8 W P ©
& Ui . e & .. i
Fig. 8

go that BX == 7°73. Now during the course of the succeed-
ing interval of 19, there has been a decrease of 19'5 —
19 = 5 or to put it in general terms, daring the course of
y the succeeding interval BO there has besn a deorease
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!";;"__E -y =£—5—~thsre x is the previcus interval AB

X ';'-37 ig the H sine difference at B, Hence the argu-

wment is “If for y, there has been a decrease of x_—z;_y_,

what will it be for § (Here § = 7°72) ’? The answer is
X

pE= W1 0y

2 y 2

This result is to be subtracted from

= MR K T

g =)

2
i.e. ‘% is to be subtracted from 19'5 fo give the rectified
H sine-difference.

Verse 18. Definition of Kendra and assignment of
sign thereto.

The excess of the longitude of the mean place over
that of the apogee or aplelion as the case may be is called
the mean anomaly. The excess ¢f she longitude of the
point called Sighroccha over that of the planet rectified
by the first equation known as Manda-phala or equation
of centre is known as the Sighra~anomaly. The equation
of centre is positive or negative according as 180<m <360
or 0<m<180 where m is the mean anomaly. The case
will be reverse in the oase of the sign of Sighraphals, the
second equation.

Comm. g %3} @t mredaEd sAm " ie.
The Moon and the Sun could be rectified by the equation
of centre alone. This means that the Moon revolving
round the Earth directly and that the Sun revolving rela-
tively round the Harth are subject to only one correction
namely the equation of centre for rectification. In the
oase of the Sun, though the fact is that he is revolving
round the Barth relatively, assuming as Hindu astronomy
does that he is revolving directly round the Earth and

him to the eorrection of the equation of centre
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does not alter the mathematics that goes into his rectifi-
cation. According to modern astronomy the Sun and the
Moon, one relatively and the other directly go round she
Earth, in ellipses, the Harth being in one focus whereas in
Hindu astronomy both the Sun and the Moon are taken to
be going round the Earth in eccentric circles i.e. circles
whose centres do not coincide with the centre of the
BHarth. In fact, Bhaskara says in so many words ** qaheg
@g vaETersiy aw aa: eng, afesw g uafy @=ad arsww
ad T, gEi Fur A & waed naged audy, awag agd
fwaa TEaq THSAa@yE ie. The centre of the celestial
sphere coincides with the centre of the Earth. The centre
of the circle in which a planset goes does not coincide with
the cenfire of the Barth. Henae an observer on the surface
of the Earth finds the True planet’s position differing from
that of the mean planet, so that what is called the correc-
tion of Bhujaphala is to be made in the mean position of
the planet to get the True position.” Here it has to be
noted that the Bhujaphala mentioned stands both for the
equation of centre and the second equation known as
S'ighraphala as well. One may wonder how it could be so,
but it may be noted that in the formulation of both the
equations, the centre of the eccentric does nof coincide
with that of the Earth and also in both the cases the equa-
Jion contains the term H sine of the anomaly where the
word anomaly whether it be of the first or second equation
is known as ‘ Bhuja .

In the case of the othar plansts, the fact is that they
go round the Sun in elliptic orbits, the Sun being in one
focus. In Hindu Astronomy, we shall see that the centre
of the eccentric circle in which these planets are taken to
revolve coincides with the Sun. Hence, though the ancient
Hindu Astronomy postulates geocentric motion, the mathe-
matics that goes into the formulation of the second equa-
tion, makes the Sun’s centre the centre of planetary revolu-
tion. One may wonder again how the equation of centre

16
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formulated by Hindu Astronomy agrees with its formula-
tion in Modern Astronomy which enunciates elliptie
motion; but it will be seen that the eccentric-circle theory
also gives very approximately the same formula for the
Equation of centre. There is just one point of difference,
which does not matter. Whereas in Modern Astronomy the
mean anomaly is reckoned from the perigee or perihelion
as the case may be, it is reckoned in Hindu Astronomy
from the apogee or aphelion. The difference is made up by
prefixing the appropriate sign to the equation. The word
Mandsccha stands for the apogee in the case of the Sun
and the Moon and for the aphelion in the case of the other
planets and the word Manda kendra stands for the mean
anomaly in both the cases. In Hindu Astronomy the word
‘graha’ stands for not only the five planets Mercury to
Sasurn but also for the Sun and the Moon. Why that
word is applied to the Sun and the Moon as well is, that
both the Sun and the Moon also while moving among the
stars along with the five other planebs Mercury to Saturn,
wield an influence on the residents of the Harth. The
etymology of the word ‘ graha’ is JEACAI T garx AR
gr #g: ie. ‘that which seizes upon the {ates of the resi-
dents of the Earth’, with this etymological significance
only, even the lunar orbital nodes known as Rihu and
Kgtu are also taken to be grahas in Hindau Astronomy.
Hence translating the word graha as a planet and eriticis<
ing Hindu Astronomy for taking the Sun, Moon and the
lunar orbital nodes also as such is not right. In other words
the translation should be pronounced wrong. Uranus, Nep-
tune and pluto were not mentioned in Hindu Astronomy.

Wé shall now elucidate the eccentric and episyclic
theories of Hindu Astronomy, which will be seen to give
identical position to the planets. How they came to be
postulated will be also elucidated. Incidentally we deal
with the ‘ Bhaganopapatti’ or the proof of the numbers of
sideral revolutions of the various grahas enunciated in the
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beginning of the Madhyadhikara, Bhaganadhyaya in verses
1to 6. Even Bhaskara gave such a proof as appealed to
Agama ie. ‘Authority’, which proof therefore will not be
acceptable to a student of Modern Astronomy, who is likely
to question how the Agama came into existence.

How the Agama came to formulate the number of
sidereal revolutions of the grahas, we shall now see.

The forefathers of Hindu Astronomy (have been re-

e

ported to be eighteen in number in the famous verses * g¥:
AT =TrEt afamishn Toge wW@d ey aat aQfadg-
o g Riymeds waady gy 9T dasseEtRe:
saffazgresnadse 2 Of these Brahmagupta mentions
Brahma-Siddhanta, which he reports to have resascitated.
Varaba Mihira gave a version of the old Suryasiddhanta,
mentioning that it accorded with observations. Aryabbata
says that he revived his system from the then existing
ocean of knowledge both good and spurious. The fact that
none of these outsbanding astronomers mentioned that
they had derived their systems from & foreign source, and
the reasonableness in presuming that all these three could
not be impostors, make the author of this work feel
strongly that there should have been some works in the
,name of Agamas extant long before these Acharyas. The
argument that the crude Vedanga-jyotisa alone should
have existed before Aryabhata, simply because, no other
work worth the name has been discovered, may not be
correct. It is quite possible that crude works could exist
side by side with advanced scientific works, just as even
nowadays we have thinkers and works of a primitive type
existing along with highly advanced thinkers as well as
scientific works).

Bhaganopapatti. In the first place, the forefathers of
Hindu Astronomy must have noticed very easily that the
Moon bas a motion among stars, for, this could be detected
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even by a lay man during the course of a single night. So,
the period of a single sidereal revolution, could be roughly
recognized by noticing the conjunction of the Moon with
a luminous star. Having thus observed a good number of
sidereal revolutions, which could be done even with the
naked eye, the average period could be arrived at with
sufficient accuracy within the course of a few years.
Having thus obtained almost accurately the average of a
sidereal revolution of the Moon, the sidereal revolution of
the Sun could have been arrived at as follows. The
moment of an eclipse solar or lunar could be observed with
the naked eje.~Observing a good number of eclipses within
the course of a few years, the average of a lunation could
be easily arrived at very accurately, for, in between the
eclipses of the same nature an integral number of lunations
elapse. That the Sun also has a motion among stars must
have been noticed eclearly during the course of a few
monbhs,'for, observing at Sunseb the star that was rising,
it ghould have been noticed gradually even during the
course of a month, that the Sun must have teen approach-
ing the star or vies versa and as the'stars were found to
keep the distances amongst them constant, it was the Sun
that was approaching the star and not the star it was that
was approaching the Sun. Having decided thus that the
Sun was woving among stars from west to Hast, the
approximate period that the Sun took to complete a side-
real revolution was arrived at. Then, as both the Sun and
the Moon were having east ward motion, and as the Moon
bas a more rapid motion, the arc by which the Moon over-
takes the Sun during a day was roughly noticed. Thus
arriving at a rough estirnate of a lunation within which
a conjunction of the Moon with the Sun recurs, it was
noticed that the excess of the sidereal revolutions of the
Moon over thore of the Sun gave the number of lunations.
Since a correct estimate of both a sidereal revolution of the
Moon as well as that of a lanation were previously arrived
at, the number of sidereal revolutions of the Sun during
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the course of a certain period were computed whereby a
correct estimate of a sidereal solar year was arrived ab.
T_hls period could also be checked simultaneously by obser-

» ving the interval between the heliacal risings or settings of
a partioular star of the Zodiac as well, Thus far, we have
seen how the sidereal periods of the Sun and the Moon
were determined very accurately. It may be noted that
these periods as determined by the Hindu astronomers
were correct t0 a good number of decimal places.

When once the Sun and the Moon were found to be
having eastward motion among stars, and when it was
discovered that there were other luminous bodies like the
Jupiter and Venus etc. moving among stars, it was
attempted to determine their sidereal periods, It must
have been done as follows. In the first place, it was
noticed that these other luminous bodies which were five in
number, namely Mars,  Mercury, Jupiter, Venus and
Saturn, were found to be having retrograde motion also
unlike the Sun and the Moon. As these five bodies were
looking like stars they were named Tara-grahas i.e. grahas
looking like stars. Also a distrinction could be drawn very
easily between Mercury and Venus on the one hand and
the other three on the other, for, the former were always
found oscillating about the Sun, never parting from him
%hrough long distances. Thus during the course of a suffi-
ciently long interval, the geocentric sidereal periods of
Mercury and Venus coincided with that of the Sun. In
other words, it was taken that the geocentric sidereal
periods of Mercury and Venus also were taken to be an
year. This is clear from the statements made by sll the
Siddhintas that in a Kalpa of 432000000 years the Sun, the
Mercury and Venus all the three make 432000000 sidereal
revolutions, Then with respect to the other three planets
Mars, Jupiter and Saturn, it was noticed that they were
having a pre-dominantly longer period of direct motion,
though there was a retrograde motion for some time. This
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gave the clue to arrive at an approximate estimate of their
'sidereal revolutions. But the correct estimates were arri-
ved at not by observing their conjunctions with stars, for,
that would take a very long period of observation in the
case of Saturn, but, by observing a good number of their
heliacal risings or settings. The interval between two
consecutive heliacal risings or settings being a little grea-
ter than an year, ten or fifteen observations could be done
very easily by a single person. Then the aforesaid argu-
ment given in the case of finding the sidereal revolution of
the Sun, was also advanced in the case of these three
planets Mars, Jupiter and Saturn. Let x° be the arc that
the planet covers during the course of a day. Let a° be the
arc covered by the Sun during the same period which was
previously known and that correctly. So, during the
course of a day the Sun overtakes the planet by (a - x)°.
Hence to overtake 860°, the period S was computed. This
period was observed as the interval between two consecu-
tive heliacal risings or settings and known as the synodic
36u

period. 8o, from the equation = §, the value of x

could be arrived at, wherefrom p the sidereal period was
determined. This sidereal period could be also determined
in another way. Noting the distance covered among stars
by a planet during the course of a synodic period, using
rule of three, the sidereal period could also be arrived au
with a good accuracy, for, the retrograde motion affects
equally each synodic period. An average of such determi-
nations made in two ways could give the sidereal periods
of Mars, Jupiter and Saturn with a good amount of accu-
racy. It will be noted here, that the average of a good
number of geocentric sidereal periods in the case of these
planets (called Superior) is also the heliocentric sidereal
period (for a proof of this statement reference may be made
to page 80 of the author’s ‘A critical etudy of the ancient
Hindu astronomy, published by the Karnatak University
Dharwar). It is why the sidereal periods of these planets



127

as given by Hindu astronomy tally with the heliocentric
sidereal periods given by modern astronomy. This is also
one of the reasons why heliocentric motion of the planets
could not be detected by Hindu astronomy, and also why a
statement was made that “In the case of Mercury and
Venus the Sun was the planet. and they are termed as
Slighrdechas, whereas in the cass of Mars, Jupiter and
Saturn, they are the planets while the Sun plays the part
of S'ighroecha “ Faamawr g i Mseaaw=:, agHa:

L & aivgaER” (An elucidation of this state-
ment will be given shortly)

In the case of the planets Mercury and Venus (Inferior
planets) one may wonder how under the geocentrie theory,
gheir heliocentric periods could be arrived at, though they
were not recognized as such but were pronounced as the
“ geocentric periods (not considered as heliocentric)’* of
two points known as their Sighroochas. Here we come
across the peculiar concept of a Sighroecha which arose
out of the fact of postulating a geocentric system in the
place of the heliocentrie. This concept is to be elaborated,
in as much as confusion is there in the minds of many
interpreters of Hindu astronomy in this behalf,

In the first place let us consider as to how the rectifi-
cation of the Sun and the Moon, known as sphutikarapa
was achieved. Having got their sidereal periods, their
mean daily motions were calculated. Also a period was
conceived, during which this Sun and the Moon would per-
form an integral number of revolutions. This period was
termed as a Mahayuga (or simply a yuga as we hereafter
name it) whose duration was estimated as 4320000 solar
years. That the yuga is an integral L.C.M, so to say of
the sidereal periods of the Sun and the Moon (also of the
other planets as we shall see shortly) could be seen from
the statement of the Surya Siddhints JR I=zrHIoTi
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@a@sﬂgﬁ[qr:, ﬁ;?%gm'}ami waaon: ggarfaany , T Y
Tantateigas geradon: ” ie. ‘In a yuga, the Sun the
Mercury and Venus perform 432000 sidereal revolutions as
well as the Sighrocchas of Mars, Jupiter and Saturn,
whereas the Moon performs 57753336 revolutions’ (It may
be recalled here that the Mercury and Venus are oseillating
about the mean position of the Sun; also it will be noticed
that the Sun playing the part of the Sighrocchas in the
easge of Mars, Jupiter and Saturn, their S'ighrdcchas are
also deemed as making the same number of revolutions as
the Sun. In as much as the Sighrocchas in the case of
Mercury and Venus are looked upon as different from the
planets, so in the case of Mars, Jupiter and Saturn also. the
Sighrocchas are taken as different Divine entities though
coinciding with the Sun in position). However smaller
periods could be conceived as integral L.C.M’s of the sid.-
real revolutions of the Sun and the Moon, but a presump-
tion sponsored by a sense of orderliness in the Cosmos,
that the planets should all have been started from the Zero
point of the Zodiac, made the integral L.C.M. to be of
such a dimen:ion as 4320000 solar years in which period
the other planets also would have made an integral num-
ber of sidereal revolutions. Here ‘in this poins the tradi-
tional Hindu astronomers place their faith in the Agama,
which said that the planets were all started at the Zero-
point of the Zodiac in the beginning of the yuga and were
ordained to return to the same point at the close of the
yuga. HKven a rational astronomer like Bhaskara, appa-
rently placing faith in the Agama, while adducing a proof
in the name of Bhaganopapatti, states that after obtaining
the mean daily motions of the planets, caloulates them
for the period of a Kalpa taking it on trust that the planets
were started at the initial point of the Zodiao in the begin-
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ning of the Kalpa, A modern astronomer, however, ques-
tions the assumption that the planets were all started at the
first point of the Zodiac, and even though they might all
have been in conjunction at that point in some remote
past, whether it was the inibial point of the reported Kalpa.
Proceeding on the basis of the reported initial conjunction
of all the planets at the first point of the Zodiac, and caleu-
lating the number of days that have elapsed from the begin-
ning of the yugs, the mean positions of the Sun and the
Moon were computed. Noticing that these mean positions
did not exactly accord with the true observed positions, the
ancient astronomers tabulated the differences befween those
mean and true positions. These differences were found to
be zero at two diametrically opposite points, and maximum
roughly at two points differing by a quadrant from them.
To account for these differences, the thought that occured
to their minds was that probably the Sun and Moon did
not move in a circle whose centre coincided with that of
the Harth but were moving in an eccentric circle i.e. a
circle whose centre is at some other point than the Earth’s
centre. This surmise could be made because unequal
motion was accountable only on varying distance from the
Harth’s centre and a celestial body appearing to move
fastest must be nearest whereas the same appesring to
move slowest must be farthest. Thus in the first place
seeing no reason for non-circular mo'ﬁionsﬁ a.m‘i also expeo-
ting the celestial bodies to move only in cl‘rcles, fo’:’ a
circular motion appealed to them as the most ideal momo?,
the ancient astronomers later postulated an eccentric
circular motion with respect to the Sun and the Moon.
This postulation appeared to give good results as seen

below.
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Fig. 9

FRocentrio cirele theory.—Let E, be the earth’s centre;
let M,PA, be the circular orbit in which the planet (here
the Sun or the Moon) moves with a uniform motion. This
planet is termed the Madhyagraha or the mean planet.
Let M,A,P, be the actual orbit of the planet whose centre
E, is removed a little away from E,. Since the centre E,
is moved in a vertical direction away from E,, every point
of the eccentric circle (E,) will be vertically over the
gorresponding point of the mean circle. Thus M, will be
the position of the actual planet where M, is vertically
above M, the mean planet, Join EM; to out the mean
circle in P. 8ince A, is the position of the actual planet
farthest from E, the Earth’s centre, the planet should have
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the slowest motion there. So this point A, is termed
Mandoccha, Manda because i is point where the planet is
slowest and Uccha because it is the highest or the farthest
point from the Earth’s centre. Corresponding to this
Mandoocha in the eccentric circle A, is termed the
Uccha in the mean circle, Also p the point where EM,
the line joining the Harth’s centre to the actual planef
and called the Mandakarna, cuts the mean orbit is taken
to be the position where the apparent planet is situ-
ated. Thus ‘p’ is seen to be deflected from the mean
planet M, towards the Mandoccha on which account
the Mandoccha is considered to be aftracting the planet
‘” Dawdwr waf”’ as Bhaskara puts it. The angle

A,E,M, is spoken of as the Manda-Kendra or the mean

anomaly and it is equal to ZgﬁzMgl - Zzl/il\g,Aﬁ = longi-
tude of the planet minus the longitude of the Mandoccha,
where E,Z; and the parallel E,Z, are directions towards
the Zero-Point of the Zodiac. This accounts for the
statement ‘gg=Ra @Ay 7€ wvga’ (of the verse under
elucidation) i.e. the excess of the longitude of the planet
over that of the Mandoocha is termed Mandakendra.
While M, is termed the Madhya-graha in the mean
orbit,” M, is termed the prativritta~Madhyagraba, and
Jof spagtagraha as might be deemed, while p is spoken
of as the spastagraha or the True planet or apparent
positiion of the planet. The word Prativritta stands for the
eccentric circle. Now M,P the difference between the
Jmean and True positions is spoken of as the Mandaphala
which corresponds to the modern ‘Equation of Centre’.
To find its value draw perpendiculars PN, and M,N, on

~ Triangles B,M,;Q, and M, M,N, are evidently similar

Henco MaW@s — MyN, 80 that M,N, = =1 x M Q, =

EM, MM, EM,

r A ~
R H sin M,E_ A, (1) (which is equal to » Sin E, in modern
terms) Now in the case of the Equation of centre which is
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generally a small quantity M,N: is taken to be equal to
PN,. If, however, this approximation is not made, PN,=
M,N, X E,P (

by the zimilarity of the triangles E, PN, and
E, M,

- PO .
E, M, N,) eo thal the actual equation of cenbre is B H sin

E, X % — L HSin B, whex: K = Mandakarna B, M,. As
M, moves {rom A, to P, the equntion of centre as given by
(1) gradnally increascs from Zero to a maximum r when
E, = 90° and decreases from this saaximum to Zero when
E, = 180°. Thus from what was noticed from the tabulated
diffarences between the computed mean positions and
cbserved Srue positiorns, the fict that those differences
vanish at A, as well as P, the diametrically opposite point
of the Mandoccha (no& ecalled Sighroccha, for this word
Sighroccha will be seen to have altogether a different
concotation) was verified. The maximum value of M, N,
‘r” is termed the Antyaphala-jya or the H sine of the maxi-
mum equabion of centre from which the are could be found.
In the case of the Sun and the Moon from the maximum
differences between the computed and observed positions,
their H sines were found and taken to be equal to 4’ in the
respective cases. From this value of 7, the circumferences
of the circles whose radius equals 7, were found and termed-
as Mandaparidhis. Why the circumferences were found is
that in all positions of M,M,, the value of M,M, = 7 (in a8
much as the corresponding points of the two circles will be
as much distant as the centres of the circles from each
other so that BB, = MM, = Constant = ) so that M,
will always lie on a circlo whose centre is M, and radius 7.
This cirele is known as the Manda-NichocchaVritta or an
epieycle, where the word Nicha stands for the P, which is
nearest the earth, and the compound word Manda-
Nichdecha-Vritta means that circle which makes the planet
occupy the Nicha and the Uccha points; the word Manda
pertaing to the Manda-phala or the equation of centre in
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contradistinetion to the word Sighra which we shall
shortly deal with,

In modern astronomy the equation of centre is given
approximately to be equal o %e sin m where ‘m’ stands for
the mandakendra so that » = %. It will be shortly seen
from a subssquent table that this formulation of the equaa-
tion of cenire gives results which closely accord with their
modern values. The true or apparent posifions of the
Sun and the Moon could be obtained fairly well from the
above formulation, so that it is stated that wwz@d} Tpay
It AFYRSATAN Le., the Moon and the Sun could be re-
ctified by the equation of centre alone.” This is quite in
order for, the Sun and $he Moon may be saken to be going
round the Harth in ellipses, with the earth in one focus,
the former relatively and the latter directly.

After having formulated the method of rectifieation in
the case of the Sun and the Moon, the nexi question was
with respect to the Tara grahas i.e, Mercury, Venus and
Mars, Jupiter and Saturn. As these are going round the
Sun and the Sun going round the earth relatively, the
process of rectification got complicated. In the first ins-
tance, the ancient astronomers must have tabulated the
differences between the mean computed positions and the

«observed true positions. In the case of Mercury and Venus,
the oase appealed different from what it was in the case of
the other thres planets, for the simple reason that the
mean positions of the former were taken to coincide with
the mean Sun. This meant that for rectification, the
elongation had to be computed and added to or subtracted
from the mean position of the Sun to get the apparent
geocentrioc positions of Mercury and Venus. The analogy
of the method of the formulation of the Mandaphala is
taken here also by imagining (1) eccentric circular motion
and (2) postulating an Uccha. In the case of the Manda-
phala, the equation was zero when the mean planet coinci-
ded with the Mandoccha. Here the equation is zsro when
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elongation is zero, i.e. when the apparent geocentric posi-
tion of the planet coincides with the Sun, who is taken to
be the mean planet. Naturally therefore the Ueccha is
taken to coincide with the Sun the mean planel, when the
planet is in conjunction with the Sun. The maximum
equation was had in the case of the Mandaphala when the
arc between the Uccha and the mean planet was a right
angle. So, here also, the maximum equation i.e. the maxi-
mum elongation should be had when the Uccha is a af right
angle from the Sun. Thus an Uccha was postulated with
the following criteria namely (1) It should be a poing
moving in a geocentric circle (2) It should coincide in
direction with the Sun when the planet is in conjunoction
with the Sun (3) It should be removed by a right angle
from the Sun when the elongation is maximnom (3) It
should be removed from the Sun by 180° again when the
planet coincides in direction with the Sun (4) It should
have a longitude exceeding that of the Sun by 270 when
again the elongation is a maximum on the other side and
finally (5) It should complete a circle with respect to the
Sun when again the planet coincides in direction with the
Sun,

When such a point was conceived it is clear that this
Uccha is not the same as the planet, a3 some have mis
construed, because while the planet oscillates about the
Sun by a particular angle (29° in the case of Mercury and
45° in that of Venus) in Uccha completes a cirole with
respect to the Sun and further as Hindu Astronomy postu-
lated geocentric motion, the Uccha is a point construed as
going in & geocentric circle. By the above postulation the
synodic period of the Uccha is equal to the period of oscil-
lation of the planet about the Sun. But the latter period
is no other than the synodic period of the planet so that
the synodic periods of the Uccha and the planet coinciding
their sidereal periods should be equal. In other words the
Uccha so conceived is a point other than the planet going
round in a geocentric circle and having a geocentric side-
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real period equal to the heliocentric sidereal period which
again means that the geocentric longitude of the Uccha is
»the heliocentric longitude of the Planet. Thus the radius
vector to the planet from the Sun is parallel to the geocen-
tric radius veotor of the Uccha. This accounts as to how
the heliocentric sidereal periods of Mercury and Venus
could be found under a geocentric concept and also as to
how the heliocentric planets are themselves spoken of
as their respective Ucchas, while their mean planet is the
same as the Sun. On this count it was mentioned by the
Hindu Astronomers gg&ay: o g3l w¥q & aaamEy ie.
The mean Planet of Mercury and Venus is the Sun himself
where as they are themselves spoken of as their Ucchas,
The phrase ‘they are themselves’ in the above statement
is significant as it connotes that the word ‘they’ stands for
the heliocentric planets, though it was uct sfated in so
many words. Shortly we shall see also that the centre of
the eccentric circle coincides with the centre of the Sun
also and applying Bhaskara’s statement ‘afenagya wafa
@Y AISE AW FAY° i.e. the centre of the circle in
which the planet moves does not coincide with that of
the Harth’, the Sun was, though unwittingly taken as the
centire of the Planetary motion., Thus we see how even
the geocentric postulation also could help computation of
the Planetary positions, the mathematics behind revealing
heliocentric motion. What Copernicus achieved was that
he identified that the point about which the planets revol-
ved which was construed by the Hindu astronomers as an
imaginary point not coinciding with the earth’s centre,
was no other than the Sun himeelf.

In the case of Mercury and Venus the so-called
S'1ghra-phala came to be discovered first and we shall pre-
sently see why their elongation was called Sighra-phala
and how the Uccha postulated as above came to be termed
Sighroccha. Since initially -the equation was to be zero,
when the Planet and the Uceha coincided with the Sun
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and then the elongation has to increase as the Uccha
gained over the Sun, the initial conjunction was the
modern Superior conjunction. The other position of the
Uccha when again the elongation i‘e. the equation is Zero'
must be therefore the Inferior conjunction. Also at the
motion of Superior conjunction, the planet must be having
the maximum daily motion, as it is clear from a heliocen-
tric figure that at that point the relative motion of the
planet with respect to a geocentric observer is the sum of
the velocities of the planet and the earth. Henee this
Uccha is spoken of as the S'ighroccha also because the
Uccha being a geocentrically moving peint having hslio-
centric angular motion, its velocity is always greater than
that of its planet namely the Sun. The word Uccha is
applied because at the Supsrior conjunction the planef is
farthest or highest from the earth. The excess of the
longitude of this Uecha over the longitude of the planet ie.
the Sun is known as the Sighrakendra or anomsly as it is
said in the verse under commentary ‘|EITT TEIA TAY
aiisrkrga’. Thaus in the case of Mercury and Venus, the
S'ighraphala came to be discovered firsi. This being dis-
covered, formulated as will be shortly shown, and applied
to the mean Sun as the planet, still it was found that there
was a difference between the computed position and the
observed position. Such differences were tabulated. By
analogy from the case of the Sun and the Moon, it was
thought that there should be also a Mardoccha here also,
so that the point indicated by the position of the mean
planet after being corrected by the equation where the
above tabulated difference was zero, was identified as the
Mandoccha, From the H Sine of the maximum difference
taken as the radius of the Manda epicyele, its circumference
was then computed.

In the case of the superior planets, we have already
said that the geocentric sidereal periods accord with their
heliocentric omes. Calculating the mean position of the

and finding its difference from the observed true
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position, such differences were tabulated. It was discovered
that these differenge almost vanished when the planet was
in conjunction with the Sun and attained a maximam
-when the elongation was nearly a right angle from an
analogy from the Manda-Karna i.e. process of obtaining
the Manda-phala. Since the differences attained their maxi-
mum value when the elongations were nearly a right angle
it could be seen that the Sun played the part of the Uccha
in this case. As the Sun has a quicker motion than the
planet and also as at conjunction the planet bas the quick-
est motion relative to the Earth while it is farthest from
the Earth the Uccha ie the Sun here, iz termed Sighroccha,
The excess of the longitude of the Sun over that of the
planst is termed accordingly the Sighra-kendra and the
S'ighra-phala the equation was formulated as will be shown.
Applying this Sighra-phala to the mean position, the diffe-
rences sbill found between the position so obtained and the
observed true position were tabulated. The point indicated
by the above position where the difference was found to be
zero, was identified as the Mandoccha, and through the
maximum difference, the Mandaparidhi was formulated.

In the above discourse, we have tried to give an
account of how the originators of Hindu Astronomy
could give us a ‘workable system, We never assumed thaf
*an Agama gave us the numbers of sidereal revolations of
the planets or the measures of the epicycles Manda or
Sighra. Bus in the explanation given by Bhaskara uader
Bhaganopapatti, one will notice that when Bhaskara gave
the proof of the Moon’s sidereal revolutions, he said that
having got the true positions of the Moon on two conse-
outive days, the mean positions were computed from the
true by an inverse process of applying.the equation of
centre, and getting the mean daily motion of the Moon
from those mean positions, the number of sidereal revolu-
tions in a Kalpa were obtained. Here the Upapatti or the
proof adduced by Bhaskara was not a proof but only a
verification in as muoh as (1) he assumed the formulation

18 '
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of the Mandaphala from the Agams without pointing out
how it was formalated and (2) he assumad the period of a
‘Kalpa nnd that at the beginning of the Kalpa the planets
were all in conjunction at the ficst poiat of Aries. Similarly
in the Upapatti adduced by Bbaskara with respect to the
Mandocchas of the planets, he assumed the formulation of
Sighra-phala on the basis of Agama without proving how
the concept of S'ighra-phala was arrived at by the founders
of Astronomy and how the difference between the observed
apparent positions and the computel mean positions, was
resolved into two equations the Mandapha'a and the S'ighra-
phala. In the proof adduced with respect to the Sighroccha
of Mercary and Venus also Bhaskara did not mention
anything as to how their heliocentric sidereal pariods could
be obtained but simply assumad the formulation of the
Mandaphala and S'ighra-phala as already being there on
the basis of Agama.

We shall now proceed to describe the method of formu-
lation of the S'izhra phala with respsct to the five Tara-
grahas, star planets namely Mercury, Venus and Mars,
Jupiter, Saturn and show how so different a set of geomet-
ries of the ancients and the moderns the one grocentric
and the other heliocentric could give identical formulation
with respsct to S'ighra-phala, Let us consider the case of
Mercury and Venus in the first instance.

Having taken the mean Sun to play the part of the
‘Graba’ in the case of Mercury and Venus and having
formed a concept of S'ighroceha as mentioned before, whose
geocentric period of revolution was determinel, without
suspecting it to be the heliocentric sidereal period of the
planet the ancient Hindu astronomers assumed by analogy
from the case of Mandaphala with respect to the Sun and
Moon, that the czntre of the circle in which these planets
revolve does not coincide with the centre of the Eartk. In
other words, they continuned eccentric circle theory here

go that without suspecting heliocentric
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their mathematics led to them to make the centre of the
eccenbric cirole coincide with the Sun himself. On this
basis alone it was given to Copernious to formulate helio-
centric theory, sponsored by a thought that the Heavenly
Sun could not be deemed as a satellite of the * Mandane’
Earth.

(Re'. fig. 9). The same figure 9 will also serve the pur-
pose to obtain the S'ighraphala, only M; M, will be now on
the right hand side of the Sighrocchas A; A,, for, the latter
will be taken to be in alvance of the mean planats Kakshi-
Vrittiya Madbyagraha M, (ie. mean plauet of the deferens)
and prabi-Vrittiya Madhyagraha M, (i.e. mean planet of
the ecceutric). The points A, add A, are theusslves eallod
the Kaksha-Vrittiya S'ighroecha and prati-Vrittiya S'igh-
r5ocha respectively. As was shown in the case of the
Mandaphala from the eccentric figure 9, M, N, =
:él H sin (Kendra) so that PN, = Rr H sin (Kendra) X —13
Antyaphalajya X Sigbrakendra]ya

S'ighrakarna
We shall take this for elucidation in the appropriate
context.

= -IE H sin (Kendra) =

Verse 19. Three Rasis each of 30° constitute & quad-

rant, and there are four quadrants in a circle which are res-

' pectively odd, even, odd and even. In the odd quadrants

the Kendra covered is itsell called Bhuja whereas in the

even ones, the complement theresf is called Bhuja. Also,
the complement of the Bhuja is called the Koi.

Verse 20. R — H sine = Co. H versine and R —
H cosine = H versine aad R — Co. H versine = Hsine,
R — H versine = H cosine.

Verse 21. Also ¥R* — Hsine® = H cosine,
= Hsine. Similarly
Dyujya, ¥ B' — Dyujya® = Kranijya; VB — Drig-jya*



= Sanku, VR? — Sankn® = Drig-jya. In all the ocagses
oited above, the radins R happens to Le i1z hypoteause.

Comm. The convestion in vesse 19 corresponds to .
saying in modern trigonometry that sin 90 + @ = cos g
sin (180 — @) sin P, sin 130 +9 = —sin P, sin 270 — 9
= — 008 §sin270+ 9= —cos0,sin350 —f = —sin§.
In Hindu trigonomesry the sign is uanderstood and not
explicitty mentioned.

Krautijya, Dyujya, Drig-jya and Sanku, are respecti-
vely Hsin 9, H cos 9, H sin Z, H cos Z where ¢ is decli-
nation and Z the Zerith-distance of a celestial body.
Taking the radius of the celertial equator to be R, the
radins of the diurnal circle of a celestial would be equal
to B X cos @ = H cos  which is called Dyujya because it
is the radius of the diurnal circle.

Verse 22. The lengths of the circumferences of the
Manda—epicycles are respectively 13°-40', 31°~ 36/,
70°, 88°, 33°% BO,* for the Sun, Moon, Mars, Mercury,
Jupiter, Venus and Saturn.

Comm. Bhaskara has given thee measures reportedly
on the basis of Agama or anciont authority. The peculiarity
of measuring the circumferences in degress less than 360°,
is due to the idea thai these circumstances are measured in”
relation to hat of the deferent or Kaksha Vritta taken to be
860°. In other words, circumference of tha epicycle of a
planet as given above : cirsumference of the mean orbit ::
X : 360 = radius of the epicycle : radius of the mean orbif
where x is the measure of the circumference of the planet-
ary epicycle. It may be mentioned once again that the
radius of a planetary epicycle is the measure of the greatest

* The printed book of Brahma Sphuta Siddhanta gives in the case of
‘Saturn 30° only which might have bzen the mistake of the scribe (Vide
verse” 36, Spashtadhikara B. S.). 1n the place of LFATAT: it ought te
have been”
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equabion of centre pertaining to the planet which may be
taken to be equal to 2¢ as a first approximation where ¢ is
the eccentricity of the elliptic orbit of the planet.

It may be further mentioned hers that in Sarya-
siddhanta, as well as elsewhere in this work, the circum-
ferences are given to vary continuously. This variability

ouriously achieves ellipticity in the orbit as may be seen
as follows.

In the oase of the Sun, the epicycle has a periphery
of 14° when m = 0 or 180° and of 13%° when m = 90° or
270 according to Suryasiddhinta, where m is the Manda-
kendra or mean anomaly. At any arbitrary point, where

o

Fig. 10
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the mesun anomaly i m the periphery is given to be
20" H sin m.

14° — 7 The corresponding radius will there-
. 20. Hsinm _ = . o
fore ke 7 T i r — H sin m (say) where r

;—47»;—' (Ref. fig. 10) Let ¢ b3 the carth’s centre, A the posi-

tion of the apygese EE, = the radius of bthe epicyocle meas-
ured along €A, B any arbitrary position of the msan planes
and b the position of the planet in the epicycle. Here the
radius Bb is not equal fo the max, radius equal to EE, i.e,
r but equal to » — H sin m. Take K, as the origin and
E,A as the y—axis and a rerpendicular to E A through E,
namely E,x as the positive direction of the X-axis. If the
mean anomaly BEA be m, thea the coordinates of the true
planet are given by x = BL = Hsinm (1)y = E,L +
Bb=EL—EE, +r — 2Hgsinm =Heosm — r + (r —
AHsin m = H cos m — ix.

.y -+ ix=H cos m (2) Squaring and adding I
and IT x* + (y + 1x)® = H sin’m + H cos’m =R?

x* (14+2%) + 21zy + y* = R® which is an ellipse
with centre E,

Verses 28, 24, 25.  The peripheries of Sighra epicycles,
The perlpherles of the epicycles of the star-planets Mars,
Mercury, Jupiter, Venus and Saturn are respsctively
243°-40/, 132°, 68°, 258° and 40°. The H sine of the Manda
mean anomaly of Venus being multiplied by 2 and divided
by 843, and the result being subtracted from the periphery
gives the rectified Manda periphery. The H sine of its
Sighra mean anomaly keing multiplied by 5 and divided
by R, and the result being added to the S'ighra periphery
gives the rectified periphery. The smaller of the H sine or
H cosiue of the Sighra anomaly of Mars being maltiplied
by 6% and divided by H sin 45° and the result in degrees
being subtracted from or added to as the case may be,
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the aphelion gives the rectified aphelion. The S'ighra peri-
phery being reduced by the above degrees gives the recsified
'S'1ghra periphery in case the Sighra anomaly is 90° < m
< 180 or 270° < m < 380°.

Comm. In the commentary Bhiskara adds that in the
case of Venus the Mandaperiphery of 11° as given is at the
end of even quadrants whereas at the end of odd quadrants
it is 9°, wherefore the enunciated recsification. Similarly
in the cagse of his Sighraphala, the periphery of 245° men-
tioned is at the end of even quadrants whereas at the end
of odd quadrants it is 263° and so the suggested rectifica-
tion. Again in the case of Mars, the aphelion as computed
is the same at the end of all quadrants whereas in the
middle of the quadrants it i3 to be increazed or decreased
by 62° when the anomaly is a3 stated. Also in the case of
this Mars, the S'ighra periphery mentioned is at the ends of
quadrants. In the middle of the quadrants the periphery
is to bareduced as suggested. In all these interpolations
Bhiaskara accepts the Agama as eaunciated by Brahma-
gupta.

We shall deal with the geometrical nature of these
S'ighra peripheries shortly in the appropriate place.

Verse 26. To obtain what are called Bhujaphala and
Kotiphala both ia the case of Mandaphzla as well as S'ighra-
phala. The H sine and H cosine of the Maada or Sighra
anomalies maltiplied by the respective peripheries and
divided by 360°, or multiplied by » and divided by R gives
the Bhujaphala or Kotiphala where » and R are respectively
the radius of the Manda or Sighra peripheries and R the
radius of the deferent taken to be 3433/. If the radius
3438/ be respectively mulitiplied by the Manda or S'ighra
peripheries and divided by 360°, the result will be the H sine
of the maximum Mandaphala or Sighraphala, known as

in either case.
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Comm. As per the formulation.

. _,HsinmXcl__:Heiner
Bhu]aphala = *-—-—*-3—‘6—0——‘ WR

. Heosm X ¢ _ Hceosm X7
Kotiphala = 360 = )

o

in the case of Mandaphala or Sighraphala where ¢ = peri-
pbery of the Manda or Sighra periphbery, r=Antyaphalajya
defined above R = 3438/ and m stands for the Manda or
S'ighra anomaly. These Bhujaphala and Kotiphala will
be used in their respective contexts.

Verses 27, 28, 28. Calculation of what is known as
S'ighrakarna.

(H Cosm + r)* + H Sin® m = K*® (1)

(R + Kotiphala)® + Bhujaphala® = K? (2)
R* +r* + 2R X Kotiphala = K?(3)
RP+1*+ 2r X HCosm = K* (4)

The -arc of the H Sine of the equation of centre is
ocalled the Mandaphala.

Comm. Ref. fig. 9. From triangle E MM, (E,M, +

M,N,)* 4+ M,N.* = E,M,;? = K®. But M,;N, = Kotiphala
and MyN, = Bhujaphala defined previously so that we have
the second formula for K enunciated above. From the
similarity of the triangles E,M,Q, and M,M;N; we have
M,N, MM .
TQ = Br w that AN, =& X M,Q,; Since M,Q, is
called the Bhuja, the corresponding M,N, in the Antya-
phalajya triangle is called the Bhujaphala. Similarly
M,N; is called the Kotiphala.

Aga-iﬂ (ExQn + QlQﬁ)B + Mngﬂ = ElMﬁa Where ExQ: -
H Cosm, Q,Q, = M,N, = » and M.Q, = M,Q,=H Sin m
From this we have the first formula enunciated, '
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Again expanding (E,M, + M,N,)?, (E,M. + M,N,)?
+ M,N.* = E,M,* we have the third formula; similarly
expanding (E,Q, + Q.Q.7, (B.Q, + Q.Q.)° + M.Q.° =

E:M.? we have the fourth formala.

Since the S'ighraphala has been defined to be equal $o

"EH Sin m, we have had the necessity of knowing the

value of K. The convention of signs mentioned in the
formulation in the words ‘@rav TMErT FHI Iy seavy’
is due to the fact that cosine is positive in the fourth and
first Quadrants and that the Kotiphala becomes negative
in the 2nd and 3rd Quadrants as could be seen by draw-
ing the figure in those Quadrants,

Now we shall prove what is most important, namely
that postulating an entirely different geocentric motion
how the Hindu Astronomers could formulate the S'ighra-
phala which accords exactly with the heliocentric theory,
assuming of course coplanar circular orbits. Let figures
11 and 12 pertain to the modern heliocentric geometry,

S

Fig. 11 Fig. 12

the former with respect to the Inferior planets Mercury

and Venus signified by V, and the latter to the superior

planets Mars, Jupiter and Saturn signified by J. Let fig. 13

pertain to the Hindu geocentric geometry desling with

both the Inferior and Superior planets as well. Inthe

‘heliocentric figures let S=Sun, E=Harth, SA=directon to
1i; the Zero-point of the Zodiac from the Sun, ™*?
19
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geocentrio direction towards Aswini. Let SV, EV?, be the
heliocentric and geocentrio directions of the Sighroccha
where V is the actual planet and V' an imaginary point.
Draw EJ’ 11 to 8J. Let the radius of the inner and outer.
heliocentric ocircles be respectively r and R. Let K be the
radius vector to the planet in both the figures.

Let in fig, 13, E,=Rarth’s centre, Ea=the centre of
the eccentric circle which we shall presently show to be
coinciding with the Sun’s position. Let M,, Ma represent
the mean planets in the deferent and the eccentrio known as
Kaksha-Vrittiya Madhyagraha and prati-Vrittiya Madhya-
graha. Let A, A, be the Sighrocchas in the deferent and
the eccentric. Let E,E, = » known as Antyaphalajya and
R the radius of both the deferent and the eceentrio. Let K
bé the radius vector to the planet known ag S'ighra-Karpa.
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We shall prove that m the Sighra anomaly of the Hindu
figure will be the samse a3 ‘m’ as marked in the heliocensric
figures. Sighra anomaly is defined as longitude of Sigu-

N\
roccha—longitude of the L—aB M, =2'E,A,
Pal
a' B,M,=m fig. 13. In the helioceniric fig. 11, since A’EV:

N\
18 the longitude of the Sighroccha, and A' E 8 the longitade
of the Sun treated as the Madhyagraha of the Inferior

e A A N
planet A'EV* — A'ES=V'ES=V8S§'=m=the Sighra ano-
PaN ~ e
maly. In fig 12, m=8'SJ=8BEJ=A'ES—A'EJ' = A'ES -

Eas
A 8 J = Longitude of the Sun treated as the Sighroccha
of the Superior planet minus longitude of the heliocentrio
planet known as Mandasphutagraha or ths planet rectifiad
for the Mandaphala or equabion of ecentre=Sighra anomaly
In the case of the Inferior planet the heliocentriec direclion
of the planet is equal to the S'ighroccha. Now consider the
hriangles ESV, JSE, E,M.M, of the thres figures. Evidently

ESV JSE E, M;M = 180 — m = Supplemsnt of
Sighra anomaly. If, further it is shown and (it will be
SV _SE _ MM
SE  8J

of the triangle E,M.M geocentric figure separately with
ESV and JSV will have been established. Taking this

shown subsequently) ® the similarity

AN
similarity to have been established, M, EM, known as

N ~
Sighraphala will be equal to SEV in fig. 11 and SJE in
fig. 12. In fig. 13, M, the prativritta Madhagraha is also
known as the pammarhhlka.cqaha or the actual planet where
ag p its geocentric position on the Kakshaimandala is . taken
to be the trae planet or apparent position of the planet, In
figures 11 and 12, EV and EJ are the directions o the
true planets V and J so that the angles between the Sphuta-
graha and the Madhyagraha (ie the Manda Sphutagraha =
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(in fig 11) and=A'EJ-

Sighraphala. Once the similarity of the triangles fig. 12 is
established, the equality of the Sighraphala will be establi-
shed. Also dus to the similarity mentioned above the for-
mulae for K as given in Hindu Astronomy should also
accord with that in the heliocentric figures. In fact in the
heliocentric figures K* = R® + #* 4 2Rr cosm = R*++* 4
3RH cosm which is indentioal with the four formulae given
before as per verses 27, 28, 29. It will be seen that the
epioycle (M,) with radins M,M, will be identical with the
inner ocircles in the heliocentric circles, whereas the
Kakshamandal (E,) with radius R will be identical with the
outer circles of the heliocentric figures.

Befors we proceed further, we shall annex the table
wherein the ratio »/R a3 given in Hindu Astronomy will be
seen to accord with that in modern astronomy.

; R
phety | | 8%
Periphery Peciphery °o23
: of the . 8928
Planet Sighra- of the Ratio  go'gp .
epicyole deferent [ 2 = '5 ;E =
{ C-E-
S R BE=Reaallal
!
Mercury 1382° 360° | 335="87 387
Venus 258° 360° ‘716 723
Mars 243%° 368° 1'5 162
Jupiter 68° 360° 53 5'2
Saturn 40°  360° 9 95
i ‘ j

In the light of this table the similarity of the triangles
E8V, and JSE with E:M.M. is now established.
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Formula for Sigkraphala from the heliocentric figures

In fe. m?lzginSEV ~

o e g = GoEsy o
% X sin m
X ey
, 8o STE N -
Infig.12 -= 7 sothat sin STE = =
sin BSJ K
Both these accord with the Hindu formula.

sin m

It will be interesting to point out here that in fig 11,
keeping the earth constant and supposing the San 8 to go
in & circle with centre B and radius ES, the orbit of the
Inferior planet V will play the part of the epicycle of
Hindu Astronomy. Thus in the case of the Inferior planets,
the epicyclic theory is only a diffzrent version of the helio-
centric theory. In the case of the Superior planets, how-
ever, (fig. 12) cut off BJ*=8J along EJ"parallel to SJ; then
J'J will ba parallel to ES just as M,M, is parallel to E,E, in
fig. 13. Then the circle with E as centre and EJ* as radius
corresponds to the deferent of fig 13, whereas the circle (J7)
with centre J* and radius J*J corresponds to the epicycle,
The circle with S as centre and radius SJ corresponds to
the eccentric,

Verse 30. The equation of centre pertaining to the
Sun, and the Moon using a simpler table of H sines where
the radius = 120 units. The H sines of the mean anomaly
a3 found from the simpler H sine table where radius = 120,
multiplied by 20, and divided by 1103 and 477 respectively
gives the equation of centre of the Sun and the Moon in

degrees.

Comm. The maximum equation of centre with respect
t0 the Sun is 2°-10/-81". Then the argument is “ If by the
H sine of the anomaly equal to the radius 120, we have the
above max. equation what shall we have for H sin m 2",
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- GO -~ " 219 .
The answer is Hsinm X 2-10-81" _ 247 X Hsin m

120 120
very approximately = -12——%—6 Heinm = 1—-?85 Heinm -

Similarly in the case of the Moon, the maximum equation
of centre is 5°-2/-8". By the same argument as above we
Hsinm x 1183 _ Hsinm X 20 _ Hsinm % 20

79926 %120 54000 477
1133

have

Verse 81. Rectification of the mean daily motion of
the Sun and the Moon.

The H cosine of the mean anomaly divided by 54 in
the case of the Sun and in the case of the Moon multiplied
by 4 and divided by 7 gives the increment or decrement in
the respective mean motions according as 90, << m < 270 or
270 < m < 360 + 90,

Comm. We have Equation of centre = ﬁ Hsinm =

E (say) so that differentiating 9K = ﬁr H cosm %’—l. But

ﬁ— H cosm is called kotiphala and om is called Kendra

gati so that OB = E@Bb&la_xﬁ@ed_r%ﬁi-
phala is negative when 90 < m <270 JE is negative but in
Hindu Astronomy we measure the Kendra not from perigee

a8 in modern astronomy but from aphelion so that the equ-

Since Koti-'

ation of centre is strictly — I% Hsin m if sign is also

taken into consideration. Hence 3B must be + ve. Since
M +E = 8 where M is the mean planet, B the equation of
centre and 8 the true planet 3S=gm-+-JE so that the true
motion is equal to the mean motion plus §E. As JE is-+ve
when 90 < m < 270 a3 mentioned above we have to add
this to the mean motion to get the true motion. This
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is called gatiphala or what is to be added to the mean
motion to give the true motion. Incidentally we have
commented on the contents of verse 37.

Verse 32. The Sighra phala with respect to the Star-
planets.
Heinm X r
R
the product of H sin m and r being divided by K the arc of
the result gives the S'ighraphals,

being multiplied by the radius R or

Comm. In the verse it is mentioned that the product
-of the Bhujaphala and the radius is divided by K so that the
MD_RIQ_X__’ the Stghra-

which is stated in the alter-

formula for the Bhujaphala being

Hsinm X r
K
native. We have already derived this formula before where
we got Hsin B, = E—[—SH]—III—{I—&'—"—‘ The arc of this will be
E, i.e. the Sighra-phala, (E, because we take E; as the

Mandaphala).

Verses 33 and 34, An alternative formulation of
Sighra-phala.

pbalajya will be

. Hsinm being multiplied by R and divided by K
and the difference between the arc of the result and
H sin m will be the S1ghra-phala. Here H sin m belongs
to the eccentric. The arc of the maximum S'ighra-phalajya
added to or subtracted from 90° will give respectively the
Quadrants and the H sine will have to be taken of the
elapsed Kendra or its Koti according as the Quadrant is 0dd
or even.

Comm. Ref. fig. 13. From the similarity of the tri-
angles B, M, N and E,PM,

B
=% X MN
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But PM is the E sine of m* where m' is called Sphuta
kendra (m is called the madhya-Kendra). Hence

Hsinm' = % X M,N= —g X Bhujajya {in the eccentrie)

S m! = HSin™ <% X Bhujajyi) = PA,

M,P = Sighraphals = M; A, — PA, = Kakshya-
mandala Bahu minus the cbipa m* — Here a clear under-
standing of the word Bahku or whast is the same Bhuja should
be had. The arc pertaining to the angle m in the eccentric
is known as the Bihu in the eccentric and that to the
angle m in the deferent as the Bahu in the deferent. When
0<m< 90, m is itself spoken of as Bihu; when 90 <m <180,
180—m is spoken of as the Bahu; when 180<m<270,
m — 180 is the Bahu and when 270<m<360, 360—m is
the Bihu. Thus the Bihu is that angle whose H sine will
be H sin m numerically. When it is said in the verse
‘ fasmgar woEA gsar’ the word Bhujs is the arc M,yA, as is
mentioned in the same verse ‘ ¥qrsx arg: Afanvezwa’. The
second part of the verse divides the eccentric circle into
such quadrants that in them Sighraphala increases from
Zero to a maximum, decreases again from a maximum to
zero, again in creases from zero to a maximum and again
decreases from a maximum to zero. Thus at A, of the
eccentric the Sighraphala is zero; at a,, it isa maximum
namely the arc be, where H sin bc;=a,0,=7»; Thus in
the course of A,a, the arc of the eccentric the Sighraphala
gradually inoreases from zero to & maximum and in the
course of a,3, the S'ighraphala decreases from a max to zero,
Again from asto s, it increases from ,zero to a max and
from 84 to A, it decreases from the maximum to zero, Thus
the quadrants in the case of Sighrapbala arc not of 90° but
arcs A8y, 884, 8935 and a;A, which are respectively of mag-
nitude 90° 4+ H Sin~», 90 — H Sin~*r, 90 — H Sin"'7 and
90+H Sin~'7. In the case of Mandaphala also, the quadrunts
should have been of the same magnitude if the un-called
Karnanupata bas been postulated i.e. reducing the Manda-
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phala from the extremity of the Karna to the extremity of
the radius in the deferent; but as this Karnanupata is not
adopted, the difference bexng negligible the quadrants are
all of equal magnitude i.e. each of 90°.

In the course of the commentary of this verse Bhaskara
mentions that for Mercury, as the mazimum S'ighraphala is
21°-81'-43", the quadrants arc of magnitude 3-21-31-43,
2-8-28-117, 2-8-28-17 and 3-21-31-43 respectively.

Also in the commentary Bhaskara adds that a, which
is the point of intersectiou of the eccentric with the hori-
gontal diameter E,b; the Sighraphala is mazimum and
that at that point the mean motion is itself the true motion

afa: wumr o¥

That the Sighraphala at a, and ag is maximum is
olear from the figure 13, where it is equal to the ares byc, and
bae, whose H sine is equal to . To prove that the mean
motion is itself the true motion, we have the equation
M, + B, = S where M, is the mean planet here or the
Mandasphutagraha or planet rectified for the equation of
centre, (by the equation M,+E,=M,, M, being the original
mean planet and E, the equation of centre) so that dM,+OE,
=98 where M. is the mean motion here, S the true
motion and M, is the variation in the Sighraphala; but at
*a, and 8, B, the Sighraphala being maximum JE, is zero.
Hence dM, = dS which means that the mean motion is
itself the true motion.

Verse 34. Latter half, 35 and 36 former half.

The mean planet rectified for the equation of centre or
Manda-phala is called Mandasphuta. Then subtracting the
longitude of the Mandasphuta from that of the respective
Sighroccha, the result will be the Sighra anomaly from
which the S'ighra-phala is to be obtained. Reotifying the
Mandasphuta for this second equation namely- S1ghraphala,
again obtaining therefrom the equation of centre effecting-
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this in. the original mean planet and again correcting for
S’-Ighré,pbala and repeating the process till a constant value
ig obtained, the true plazet is had with respect to the star-
planets other than Mars. But with respect to M-zs, let
first the mean planet be corrected for half of the equabion
of centre. Then make half of the correction of S'ighraphala,
Take the resulting planet to be the mean planet and again
finding the equation of centre, make this whole correction
in the original mean planet. Again taking the resulting
planet to be the Mandasphuta effect the entire Sighraphala.
Then we have the true planet.

Comm. The Suryasiddhanta stipulates the same kind
of correction in the case of all the star-planets.

g

R @IS ngd aay

o2 1" i.e. Inthe first place half of the Sighra.-
phala is to be effected in the mean planet; taking that to
be the mean planet and computing the equation of centre
hali of it is administered; taking the resulting to be the
mean planet and computing the equation of cenfre, the
entire equation of centre is now %o be administered in the
original mean planet; taking the result to be the Manda-
spbutagraha, and computing the S'ighraphala, it is to be
administered in full in the Mandasphuta. Then we have
the true planet, ’

In modern astronomy, the equation of centre is first
done and the result will be the planet in its heliocentric
elliptic orbit. To reduce it to the geocentric position, the
second correction is made which corresponds to the Hindu
S'1ghraphala. Thus the two corrections administered suc-
cesgively gives the apparent or true geocentric planet.

Though the mutual relationship as conceived between
the equation of centre and the Sighraphala in Hindu Astro-
nomy is deemed irrational by modern interpreters of Hindu

tropomy, there is some raionale in the process as ex-
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plained by this author in his work ‘A oritical study of

Ancient Hindu Astronomy’ (published by the Karnatak
University) page 98.

Verse. Cited from Goladhyaya.

The equation of centre is to be applied to the mean
planet to obtain the centre of the Stghraepicycle; then %o
obtain the true position the Sighraphala is to applied to the
Mandasphutagraha; hence the two equations are matually
related 8o that the true position is obtained after repeated
application of the two equations,

Comm. Explained above.

Versé 36 latter half and 37. The frue daily motion
of the planet is the excess of the longitude of the true planet
of the next day over that of the true planet of the previous
day.- " '

The Kotiphala being multiplied by the daily motion of
the Manda mesn anomaly and divided by the radius, and
the vesult being added to or subtracted from the mean
motion, gives what is called Mandasphutagati.

Comm. Already explained before. If M,, M, and S be
the mean planet, Mandasphutagraha, and the true planet
respectively, and if K. and E, be respectively the two equa-
tions, then ’

M,+E,=M,, M,4E,=8 so that"

Here M, =mean daily motion, dE,=daily variation
in the Mandaphala, 3M,=daily motion of the Mandasphuta
grahs or what is the same Mandasphutagati, E,=daily
variation in the second equation and &S = True daily
motion. o
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Lallicharya formulates the Mandasphutagati in a
different manner which is equally correct (Ref. verse 45
Spagtadhikara Sisyadhi Vriddhida “fwagar  zgafa:
HIFIET WG WA ie. M———K@ = Mandasphuta-
gati where ym=Madhyagati or mean motion and K is the
Manda Karpa equal t6 ¥R + 72 + 2 R 7 cos m

».  Mandasphutagati =

- dm X R 5 — 3
r I = om 2r
V lig E cOosS m + E’ ( 1 i R COB m )

—
=dm ( 1+ goosm ) negleoting the smaller term

2
- 5%,—, within brackets
= om T PEEBON gy gmT 05 My 3

— ®m T Kotiphala X Mandakendragati

Bhiaskara.

as given by

Verse 88. In the case of the Moon, obtaining the #rue
Moon for a particular moment and his daily motion for she.
day, the ending moment of the tithi near at hand is to be
computed with that daily motion, and the method of suc-
‘cessive approximations is to be used to rectify the ending
moment. In the case of the ending moment of the tithi be-
ing sufficiently far away, then it does not matter even if
the above daily motion is applied to get the approximate
ending moment. In as much as the Moon’s daily motion is
great and varies from moment to moment the motion
at the moment is to be used.

Comm. Strietly speaking the ending moment of every
tithi is to be computed by the method of successive approxi-
mation. That is why in the computation of eclipses,
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Moon’s hourly motion is given in modern almanacs. Since
i is very cumbrous to use the method’of successive approxi-
mation o determine the ending moment of every tithi, the
Hindu almanac-makers generally compute the ending
momenft of a tithi using the daily motion of the moon
computed for the moment of Sun-rise of the day. Only for
ritual purposes, the method of successive approximation is
used and also in the computation of eclipses.

Verse 39. Computation of the Sighragatiphala,.
Hsin (90—F,) X dm
K
motion of the S'ighrsccha, B, = S'ighraphala, dm = daily
motion in the Sighra mean anomaly, K = Sighrakarna,
and S the true motion of the planet. If &S is negative the
planet is retrograde.

— SR whara N jg the daily

Comm. This is mathematically an important verse,
and the proof given by Bhaskara really reflects his
genius. Before we attend to his proof, we shall give this a
modern treatment. (Ref, figs. 14, 15). SA and EA’ are the

v A

Fig. 14

heliocentric and geocentric directions to Aswini the Hindu
Zero-point of the Zodiac; 8 = Sun, E = Earth; V = In-
ferior planet Venus or Mercury; J = Superior planet; E =
S'ighra-phala, K = S'ighra Karpa; M = S'ighra anomaly.



Fig, 15

True motion of the planets = d (A’EV) or 3 (A'EJ)
N\
But 3 (A'EV) =8 (A'EV'n)and § (A'EJ) =3 (A'ES-n)

In the case of the Inferior planet & (A’EV*)=g (ASV)
= S'ighrsechagati and dn is Sphutakendragati where n is
called Sphutakendra, m being called Madhyakendra. In
the case of the Superior planet § (A’ES) = S'ighrsecchagati
because the Sun plays the part of Sighroecha in the case of
a Superior planet and dn = Sphutakendragati as before.
Hence in both the cases, Sphutagati==S'ighragati —Sphuta-
kendragati., We have now to find Sphutakendragati to -
obtain Sphutagati, as Bhaskara remarks rightly “‘warafas-

RT Tr&ar . In other words we have to find
On. From the figures XK cosn — R cos m = 7 (i) Differentia-
ting this we have — K sin n §n + cos n 9K + Rsin m dm
= 0 (ii), But K? = R® + r* + 2Rr cos m so that 29K X K
= — 9Rr sin md m (8) REliminating 3K between (2) and

(8) — Ksinndn — + R sin
. . . Va
i.e, K sin ndn = R sin mBm( 1— B cos n )

e (K — 7 cos
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But K — 7 cos n = R cos E,

Sn— Beinmdm X Boos B p g o Keinn

K " n
Cancelling §n = 13’3%@9 = E@BK——@@ as given by
Bhaskara. In the formula H sin B = i%i_n_r_z;’ Bhaskara

perceived the variability of both H sin m and K on
the right hand side and he exclaims *q fif FrzafasRa
FEAGal @iy, fEEaaaslt auaTgsseE guRaFaT
AN AEARIET WEN GO A AT TEARIRY, TR
FAlsly RO WA gy 9@l efAagaNd Ranr waq
AEmfanty: ®gay, qam Fegatats whFar” ie. “ The
variation in the Sighraphala is not entirely constituted

by the variation in m but also by that in K...... So
leaving the method of seeking RE through the formula

. __rHsginm
Hsin E = R
used the formula.

the great intelligent astronomers

Sphutabhukti = S'ighra Bhukti — Sphuta Kendra-
bhukti (Bhukti means gati) wherein it was'sought to obtain

A\
'the variation in Sphutakendra i.e. n in the figures.

We have given a proof of Bhaskara’s formula, which
ciroumvented finding S'ighragatiphala but which sought
directly Sphutabhukti, by using the modern heliocentric
figures. We shall now see how Bhaskara could deal with
guch a tough problem. Refer fig 16. Let P,, P, be two
positions of the planet on two consecutive days relative to
the Sighra A,, so that P,E,P, 18 the Sphuta Kendragati
spoken of. It will be noted that it is not Sphutagati be-
cause P,, P, are positions of the planet relative to A, which
ig itself moving (as rightly remarked by Bhaskara). It is
Sphuta Kendragati because A,E,P, and A,E,P, are the
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Kendras on two consecutive
days whereas Madhyakendragati

A -
is P,E,P,. Also, we have the
equatbion.

S'ighra — Sphutagraha =
Sphutakendra so that Sighra-
gati — Sphutagati = Sphuta-
kendragati. Hence Sphutagati
= Sighragati — Sphutakendra-
gati. So we have now to seek

Fig. 16

the value of PlEIf’g. Let P,a stand for the S'ighra-
phala of the first day which is equal to e f, f being the true
pia.neﬁ of the first day. E, d will be parallel to H, f because
P, e being parallel to B, E, and e f being equal to P, d, d f
11 P, e (parallels to E: E. cut off equal arcs on the two
eifoles). This may be seen also as follows. Since P, d is
taken to be equal to e f, e being the mean planet and f the

PaN ey
true on the first daye B, f = P, B, d. But BE, e 11 E, P,

A N\ A
eR,f=EPE, .. P, E.d=DE P E,and a.lﬁer-’
nate angles being equal E, P, 11 E,d. P, a is the H sine
of P, d where P, b is the H sine P, d. Looking upon P,P,

as an increment in P, d i.e. looking upon the Kendragati

FaN
P, E, P, as an increment in Sighraphala, Bhaskara uses

the method of Bhogyakhanda sphuti Karana to obtain the
Sphutakendragati. From the figure.

P,e=Pb —P,a = Hsin (G + dm) — Hsin B

— HsinE H_Ei)?,smfl*{_‘HcOﬂ EHsindm _gaom



161
Taking H cos 8 M = R and H sin §m =

H cos E dm
R

at the end of K; so to get the corresponding chord in

the deferent we do Karnanupita so that the result is

Hoos E dm % R _ Hoos Egm
R K K

We have cut short Bhaskara’s method of Bhogyakhanda

Sphutikarapa to make if clear to a modern student. Since

P.o is small, passing on from the H sine to the arc is not

necessary, for, the H sine of a small arc is equal to the are

itself.

P.c = This is at the end of E, P, i.e.

as given by Bhaskara,.

Bhaskara's argument, however, is as follows:—*“If for
225, we have Bhogya Khanda, what for §m? "’ The result
Fi—%gﬂ; Then B is rectified as follows:— When the
H cosine E is equal to the radius, i.e. initially in the H sine
table, the Bhogyakhanda is 225, then what is it for H cos B?”’
H cos B X 225

R
for B. Then if this be at the end of K what is it a$

" . Hcos B X 225 om
- 9 - >~ g
.uhe end of R? The result is R X T
R Hecos E X dm

is

The result is which we have to substitute

Before we proceed to explain ¢
we shall explain what Bhaskara pointed out as a mistake in
Lallacharya.

Verse 40. Let Mathematicians understand that what
formula was given by Lallacharya for S'ighragatiphala is
not correct. When the anomaly is 90° or 270° the gafi-
phala vanishes and there will be gatiphala at the points
where it ought to be Zero aceording to his formula.

21



162

Comm. Ref. verse 45, Spastadhikara, Sisya Dhi-
vrddhida

i.e.
} X R S'ighraphala Bhogyakanda
K X 225

= S1ghragatiphala.

Here the quantity within the brackets is §m. What
Lallacharya had in his mind is as follows. ‘If for the Adya
Khanda 225 we have H cos E = R, what shall we have for
the Bhogya Khanda of the Sighraphala ?” The result
would be [Hsin (B +225) — Hoin B | X % =

(HsinEHcosQ%—}—HcosEHsin225——HsinE> ., R
R

225
Taking H cos 226 = R and H sin 225 = 225 it would be
Hcos B X 295 X % = H cos E. So Lallicharya's
formula would become QI;—H X Hoos E as given by Bhas-
kara. The charge levelled at Lallacharya is due to the fact
that by the word ‘ Asu-chapa ’ by which Lallicharya meant

Bhaskara meant ‘«rg®Hig AT’ . When the
Kendra = 90 or 270, the Bhogyakhanda being Zero, the
S'ighragatiphala would be Zero. Also where it ought to be
zero namely (90 4 H sin’r) & (270 — H sin'r) it would not
be zero. If Liallacharya had really meant what Bhaskara
H cos mdm

allributed to him, the formula would be

it is very unlikely that Lallacharya would have meant this
wrong formula, for, even if K were taken by him to be
steady, (7' H;n m) —rH Oc;; mdm .4 Lallachar-

ya’s formula does not contain ‘r’. The only non-rigorous
part in Lallacharya's formula is at the point where he took
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H cos 226 = R and H sin 225 = 225 which is rather crude.
Bhaskara of course improved on this crudeness by taking
to be an increment in K.

In the commentary under this verse, Bhaskara,
having misinterpreted Lallacharya’s phrase sugata as
meaning APHFTAT and not as SYFPRFAMT which was
in the mind of Lallacharya, goes on recounting examples
where the wrong formula attributed to him would give
wrong results. So, we need not enter info those details,

Now we shall correlate Bhaskara’s formula with its
modern counterpart, Assuming coplanar heliogentric oir-
cular orbits for planets, let us see at what points two planets
appear mubuoally stationary, that is, have a Zero relative
angular velocity before they appear mutually retrograde.

Let 8 = Sun, E = Barth, J = Jupiter, u = Earth’s

3 linear velocity, » = Jupi-
N ter’s linear velocity » and
R the orbital radii of the
Earth and Jupiter reipe-
ctively, Let EB* and JJ°
be perpendiculars to EJ so
that when the relative velo-
oity of Jupiter with respect
to the Earth perpendicular
to BJ is Zero, Jupiter will

<E' appear stationary as seen
Fig. 17 from the Earth, This
means that u cos @ + v cos £=0 I
u _ = Co8é I
v cos O
But from triangle ESJ,
Recosg +Keos =71 III and

reosd +Kecoss =R Iv
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From IT[ & Iy 98¢ — 7008 ¢—R v
cos f R cos ¢p—

Equating %%—z——é from ITand V

;——————~°:: qu_ I: 80 that L =V i 11;‘;
S d = e
If m be the Sighra anomaly m = 180 — ¢

so that cos m = — (%%%) VI

Now we shall show that Bhaskara’s formula accorls with

Hcos E dm
K )

. = cos ¢
v

this Spagtagati = Sighragati — As per

Bhiaskara

H cos E gm VII
K
ie, Jupiter appeirs stationary as sean from Barth, if S1ghra-

Spagtagati = 0 if Sighragati =

The angular velocities of Earth and Jupiter are respect-

ively ’f and T that the Sun’s apparent velocity is also
“ and dm = Kendra gati = Sun's apparent velocity

minus Jupiter’s heliocentric velocity = i‘- - ”ﬁ
Substituting in VII
Stghragati = £ = ( u_v
1ghragati - K ;TR
w(H cos E Hco v
(T 1) = * ®
e g(HoosE HcosE v
L7 ) R
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But Hoos E = R cos BE = R cos ¢ (here) ¢ standing

forEand Rcosg — K = — roos @

50 that :ﬁ X —rcosh = ucos &

“uc0s @ +wucose =0
This is equation I derived from modern mathods, so thas
Bhiskara’s formula acaords with I and the rast follows as

before i.e, cos m = — (%R—”)
Ty u

Substituting the valuas of » and R for each of the pla-
nebs and noting that r = epioyelic radius or Autyaphalajya
R = 343%, 4 = moan velocity of the Sun and » = mean
velocity of the planet, we have the respactive values of m
when planets appear stationary or, what is the same we
could more easily use equation I noting that § =m — ¢
and thereby get the values of m for stationary values.

We shall give here some points of observation pertain-
ing to Sighraphala and S'ighragatiphala,

We have M, + E. =8 I where M. = Mandasphuta-
graha and E, = the S'ighraphala where from we have
M, +3E .= 98 IIi.e. Mandasphutagati + S1ighragati
phala = Spastagati (a) Let E, be maximum go that
OE, = 0, then M, = dS. This means that in the helio-
centrig figures 11 and 12, at the points a and b,: the
S'ighraphala being maximum, the Mandasphuta gati will be
itself the Spashtagati. This line ab, it will be seen corres-
ponds with the so called “Fwraearnfaigaitagaarnatar
i.e. the line cutliing the eccentric, drawn through the centre
of the deferent.

(b) The planet begins to retrograde only after the
Spashbagati vanishes i.e. after M, 4 OB, becomes Zero,
Taking dM, to be almost a constant since the Mandagati
phala is small, the negative value of §E, must cancel M,
in order that the Spashtagati may be zero. . becomes



negalive when the planet courses e acc of the smaller
segment ab, because E, decreases from & maximum value
to zero. As a mafbter of fact 9, nezatively increases along
ac and again increases from a negative minum at ¢ to Zsro
ab b as we course along cb (vide fig. 11 & 12). Thus the
planet will assum3 zero velosity ab swo points symmetrical
about ¢ and in between ab. In other words the planet will
ba retrograde along the arc d, od, not entirely along ab a3
somse have misconstrusd. Regarding E,, it ig clear that it
is zero at . then gradually increases to a maximum as the
planet traces S'a, the maximum bsing assum>d at a, then
it decreases from the maximum fto zero as the plinet
courses the arc ac. and then increases from zero to a maxi-
mum abt b and finally decreases from that maximum o
zero at S again. Koeping the Earth constant it wiil be
noted that an Inferior planel always goes anbiclockwise
whereas a Superior planet always goes clockwise. Also
it will be seen that the Sighraphala is positiva as the planet
courses the arc Sac, whereas it is negative as it coarses
cbS'.

(c) The values of tho spashtuzati at S and O will bs
respectively putting H cos E = R in the [origula.

e R
Spashtagati = Sighragati — I:‘T‘—E‘O%{EO—L—-H. Here fore

Sighragati we may put Uand U — V for §m, and putting
K =R+ ratSand R — rat C, tha values of the spash-
tagati would be

U-R(U-V) ,, U-R@U=Y). RV -+,

R+ R—17r " R-7r
RV —+U .
- respectively,
20> B0 i Ry — oY + RU — 20 >

R*V — RrU + 7RV — 120
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ie. if Y R(U—-V)>Rr(V—T). U—Vis+ ve and
equal to V — TU.

So the positive velocity at S’ of the planet will be
equal to its negative or retrograde velocity at C. A quan-
bity assuming values K, O, — K,0,K must have a value
numerically less than K in batween. Thus the velocity
direct or retrograds ab any point of the orbit is less than
$he numerical value of the velocity at S" and C.

Verse 41. Retrograde motion,

The planets Mars, Mercury, Jupiter, Venus and Saturn
will be retrograde when the Sighra anomaly assumes values
163, 145, 125, 165 and 113 respectively and the direct
motion again ensuss at (36U—163), (360 —145), (360 —125),
360 — (165) and (360 —— 113) respectively.

Comm. Since we have had the formula VI
U + Rv
rV + RU

noting that cos (180 — Q) = — cos § = cos (180 + @) the
stationary points are symmetrically situated with respect
to S of figures 11 and 12. As mentioned before substitut-
ing the values of U, V, », R for all the planets we can
prove the veracity of Bhaskara’s statement,

cosm = — ( ) for stationary points,

Verse 42. Heliacal rising and setting of planets.

Mars rises heliacally in the East by 28°, Jupiter by
14°, Saturn by 17° of S'ighra anomaly and set heliacally in
the west by degrees which are the differences of the above
and 360° respectively.

Comm. The Sun’s velocity being greater than that of
the Superior planets, the Sun overtakes them so that they
got in west and rise in the Hast. When these planets are
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situated within particular limits from the Sun, they will be
invisible in the rays of the Sun. As these superior plansts
will be near the Sun, near the moment of conjunction,
they will not be seen at conjunction and within particular
limits from the position of the Sun. The limits cited
above mostly depend upon their respective brilliance and
to some exfent upon their distances from the Sun too.
Their brilliance again depends upon the exbent of their
gibbosity. The formula given for the phase in modern

1-+cos EpS
2

E: = the S'ighraphala, phase =

2\
agtronomy is phagse = and noting that Eps =

L_f—(;‘)—m—@. Hence the Supe-
rior planets are always gibbous ie. the disc illuminated will
be always greater than 3, Though at conjunction E, = 0
and the entire discs of the major planets will be illumina-
ted, we cannot see them as they are immersed in the rays
of the Sun. As they emerge out of conjunction gradually
B, will be increasing so that the dises will be illuminated
lesser and lesser gradually. But K decreasing, the brilli-
ance will not be so mwuch effected. Along the arc ach (figs.
11, 12) the planets gradually gain in illamination and will
be brightest when they are in opposition both as cos E in-
creases and K decreases. In other words the Superior
planets appear more and more brilliant when they are’
retrograding, being most brilliant at ‘C’. The spherical
radii of Jupiter Saturn and Mars being in decreasing
order, their brilliance will be in decreasing order so that
they will be rising at distances from the Sun which are in
increasing order, The inverse square law of courses works
here but combining the two factors (1) the spherical radius
of the planet and (2) the inverse square law, we may take
it that Bhaskara’s numbers oited above namely 28°, 17°
and 14° for Mars, Saturn and Jupiter respectively accord
with trath, for, these numbers are given by Bhiaskara or
his authority Brahmagupta only after observing the planets
rising heliacally.
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That the positions of the planets while setting or rising
heliacally will be situated symmetrically with respect to
the Bun, goes without saying.

But one thing., In the chapter called Udayastamaya-

dhyaya, the degrees known as Kilamsas which are given
as the aros between the planets and the Sun for heliacal

rising or setting, are different from the numbers given
above, for, the latter are the values of the S'ighra anomaly.
In the case of Mars when the S'ighra anomaly is 28°, the
S'ighraphala will be 11°) so that the apparent distanace of
the planet will be 28°—11°=17° which are the Kalamsas
for Mars. Similarly in the oase of Jupiter, when the
S'ighra anomaly is 14°, the Sighraphala will be 3°, so that
the distance between the planet and the Sun as seen from
the earth will be 11°, which are given as Jupiter's Kala-
msas. Also in the case of Saturn, the Sighraphala for 17°
of anomaly will be 2°, so that the Kdlamsas would be 15°.

Verse 43. Mercury and Venus rise in the West by
50° and 24° of S'ighra anomaly respectively, and set in
the West by 155°, and 177° respectively. They rise in the
Hast by 205° and 183° of S'ighra anomaly and set there by
310° and 336° respectively.

Comm. Regarding the Inferior planets, they rise
heliacally in the East after Inferior conjunction and then
they are retrograde. They attain gradually the maximum
elongation in the East and after they revert to direct
motion, their elongation gradually decreases. They then
set in the Fast and heliacally rise thereafter in the West.
There again their elongation attains a maximum value;
then they begin to retrograde and gradually set in the
West only to rise in the Hast. This is all clear from the
heliocentric figure 11. When the Sighra anomalies of
Mercury and Venus happen to be respectively 50° and 24‘,
their S'ighraphalas would be 13° and 11° respectively, so
that they are themselves the Kalamsas, in as much as in
- a2
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the oase of the Inferior planets, the S'ighraphala will be
itseli their elongation eastern or western. Then they
rige in the West, being near Superior conjunction. When
again their Sighra anomalies equal respectively 165° and
177°, the same Sighraphalas will arise so fhat they set
heliaoally in the West., Then as the Sighra anomalies
attain the symmetrical values on the other side ie. (360~
155) and (360-177) ie. 205° and 183° the S'ighraphalas being
the same, they rise in the Hast. Again when they aftain
the values (360-50) and (360-24) ie. 310° and 336°, they
get in the East on account of the same S'ighraphalas or
Kilamsas.

Verse 44. When the Sighra anomalies have parti-
cular values, to decide when the planets rise or set helia-
ocally, we have to take the difference of those particular
values and the numbers given above for the respeotive
Sighra anomalies, convert them into minufes of are and
divide the results by the daily motion in the S'ighra ano-
malies in minutes of arc. Then we have the number of
days in which the rising or setting takes place thereafter.

Comm. Suppose it is required when Mercury rises in
the West. Suppose we want to compute this on a parti-
oular day when Mercury’s S'ighra anomaly is x°. Then
because we know that Mercury rises in the West when his -
Sighra anomaly is 50, we have to caloulate by how many
days the difference | x—50 | of the S'ighra anomaly would
be covered. Let the daily motion of the Sighra anomaly

be y’ per day, Then by rule of three Ix'"5g’ X 60 wi

ill
be the number of days before or after as the case may be
for Mercury to rise in the West,

Verse 45. To obtain the Mean planet knowing the
True.

Assume the True planet to be the Mean ; comptte the
Manda and Sighraphalas and applying them inversely,
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we have an approximation of the Mean planets, Treating
these as the Mean planets, again obtaining the Manda and
Sighraphalas and again applying them inversely and
repeating the process till constant values are obtained, we
have by this method of successive approximation the Mean
planets required.

Comm. The method of successive approximation is
clear.

Verse 46. To obtain the equinoctial shadow.

Convert the Ayanamsas into minutes of are, and
divide by the mean daily motion of the Sun; then we
have the number of days before the Maisa or Tula Sam-
kranti day, or before Makara and Karkataka Samkrants
days, when the Sun will be in equinoxes or Solstices
respectively. The mid-day shadow of the Sun cast by the
gnomon on such an equinoctial day, will give us the
equinoctial shadow required.

=
a r.— Comm. The palabha or equinoatial
shadow as it is called is the length of
the shadow cast by a gnomon taken
to be of 12 units in length, (measuring
& the shadow also in the same units), at
noon of an equinoctial day. In other

n words, if this shadow be of s units,
= olearly 1% = tan ¢ (Vide fig. 18).
5 w The Ayanamgas are the degrees of
Fig. 18 the arc of the ecliptic in between the

Hindu Zero point of the Zodiac and the
first point of Aries which is now behind the former due to
the phenomenon known as the precession of the equinoxes,
They are called Ayanamsas because the solstices are also
behind the Makara and Karkataka Samkranti points of
the Hindu Zodiac or points whioh have Hindu longitudes
270° and 90° resply, by the same aro. The Hindu astro-
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nomers came o know that the solstices are preceding by
observations made with the gnomonic shadow at mid-day
around the solstitial days. The day on which the maxi-
mum mid-day shadow is cast by the gnomon is the Winter
solstitial day whereas the day on which the mid-day
gnomonic shadow is maximum in the southern direction
(assuming the place to be of northern latitude and ¢ < w)
or minimum in the northern direction (¢ > w) is the
summer solstitial day. Caloulating the Sun’s longitude
on that day at noon, we know how far the solstitial points
have preceded behind the points of the Hindu Zodiac which
have Hindu longitudes 90° and 270°. The word stgaigr:
has therefore the meaning wgAfy@Iwasm: where the
Sam3sa may be viewed as a

Verses 47, 48. Calculating the five fundamental
H sines of a point of the Zodiac pertaining to a point of
the ecliptic,

The declination has to be computed from the sum of
the Hindu longitude of that point and the Ayanamsas.
Similarly if it be required to find the time before or after
the rise of a point of the ecliptic, we have to compute them
from the sum of the longitude of that point and the
Ayanamsas,

‘HsinQ4°><Hsin1=I

R
Hsin®d = Hecos § = Dyujya 1I
d = Hsin™* (H sin 3) | 1L
is'é X Hsin § = Kujya v
XR
H cos o
H sin~* (Charajya) = Charam VI

Comm. (1) Let rA® be the ecliptic where r =
Vernal Equinox, A = first point of the Hindu Zodiao,



in between r and o,
not shown in the figure
©® = the Sun. Let 7A =
a® = Ayanamsas defined
before so that r © =(a+1).
From the spherical triangle
r®M, by Napier's rule,
sind = (8in i1+ a) sine
which in Hindu trigono-
metry becomes H sin § =
Hsin (1 +a) Xsinw
R .
Jn Hindu Astronomy the
obliquity of ghe ecliptic was Fig. 19
taken to be 24°. The value
of the obliquity is now 23°-27" approximately and it has
been know that this has been decreasing. At the time
when the Hindu Astronomers observed this, it should
have been greater than 23°-27’ so that if it was taken to be
94°, their observations were not far from truth. This
means that the antiquity of Hindu Astronomy might be far
more than what the Moderns estimate it to be.

(2) How the formula I was derived in Hindu tri-
‘gonometry was as follows. Let “= be the summer solstice
2C, ©B, the perpendiculars dropped from = and © on
the line of intersection of the Hquatorial and Holiptic
planes namely rBC. Let perpendiculars be dropped from
<< and @ on the plane of the Equator. Let them be SN,

N\ Fay

©D, Join NC and DB. Then ®BD = =CN = the
dihedral angle between the two planes = @; C3 =

since in Hindu trigonometry H sin 90° = R, Also =N =
Hsin ZSE (in Hindu trigonometry) = Hsine; ©D =
Hsin ©M = Hsind; ©B =Hsinr® = Hsin (4 4 a)
where 2 is the Hindu longitude of the Sun and a =
Ayanamgas. It will be seen that ©D is a segment of the
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line of intersection of the planes PCM a plane perpendi-
cular to the plane of the Equator, and ®BD a plane per-
pendicular to the Ecliptic plane. Since <C 11 © B and
N1l ©D and BD® = CN—= = 90° 8o the two tri-
angles are congruent

R X Hsin g

OB oD
. 9B _ oD gain@
: =xie Bsin (24 8) = =507

‘=0
Hsin (2 +a) Heinw
R

Hsin § =

NC = =L = ¥0= —=N* = VR — Hsein’ p =

Hecos . =L is called Dyujya as explained below in
note (8).

Another way of looking at the similarity of the tri-
angles CSN and BOD is from the fact that they are
formed by the intersection of parallel planes, both of which
are perpendicular to the plane of the Equator. This idea will
be elaborated when we explain fig. 21, wherein the so-called
latiudinal triangles will be shown to be formed by the
intersection of the plane of the Equator and planes of
diurnal circles with the planes of the horizon and the
prime vertical. In fact, the plane of a great circle and
the parallel planes of the corresponding small eiroles form
the same dihedral angle with the planes of the celestial
sphere namely the planes of the meridian, horizon and
prime-vertical so that right-angled triangles formed by
their intersection will be all similar,

Formala II is derived from the formuls H sin® 8 +
Hcos’d = R’ derived from fig, 6 from which formula
formula III follows.
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(8) Why Hcos d is called Dyujyi in formula II
is olear from fig. 20 wherein p is the celestial pole, (C) is the

Fig. 20

celestial Equator and (C) is the diurnal circle of a celestial
body say the © ie. the Sun. Let ©N be the perpendicular
dropped from © on the plane of the HEquator so that
O®N = Hsin ©A = HeindCN = Hoos d =C0 =
radius of the diurnal circle called Dyujya (Dyu = day)
gwafear = gear (Madhyamapadalopi Sama3sa) formulae
IV, V and VI will be dealt with in the next chapter
Tripragnadhyaya more elaborately but one has to under-
stand what Charajya is to follow the subsequent verses of
this chapter so that we shall give its location and defini-
tion in the light of fig. 2l1. Leh fig. 21 represent the
celestial sphere in which SEN = Horizon, Z = Zenith,
N = Nadir Ez = prime vertical EQR = oelest.ia.l equator,



Fig. 21

PP’ = Polar axis, SBS’ = the diurnal ocircle of a celestial
body S; EW = the East-West line, SS’ = Udayastasttra
or the join of the rising and setting points S, 8/. This
88 is evidently a diameter of the diurnal ecircle which is
bisected by the plane of the horizon ; PEP’ is called the
unmandala or the Equatorial horizon. PSA is the decli-
nation circle of S cutting the Equator in A, EA is called
the charam whose H sine is called Charajyi. The H sine
of 8B in the diurnal circle is called Kujya so that as
corresponding lines in the diurnal cirole and the Equator
stand in the ratio H cos § : R,

Kujya H cos
Charajya R
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In the beginning of the Triprasnadhysya, Bhaskara says

Gl% Q%’ TMzIZaral, TE(Q?TW‘T}%‘%WRT T Sqrargsgaior
%ﬂmgaﬂ'ﬁ‘ aEaaSagan ie. In a place having a
latitude the diurnal paths of stars and planets will be
inclined to the fundamental circles of the celestial sphers
namely horizon, meridian and prime vertical and so their
intersection gives rise to' what are called latitudinal tri-
angles, in which the angles would be ¢, 90-¢ and 90
where ¢ is the latitude. Thus in fig, 21 the projections
of the triangles ESB, EDB, DSB, EDF, EBF, ESF and
EQG on the meridian plane will be all triangles in which
the angles will be @, 90-¢ and 90° so that they are all
latitudinal triangles. These are all similar to the funda-
mental gnomonic triangle gmn of fig. 18 wherein also the
angles are ¢, 90-¢@ and 90°. Here, there is one important
point to be observed. We have said “ their projections
are all similar™., In fact the corresponding spherical
triangles enumerated above are all apparently similar,
though they are not viewed in modern astronomy as
regular spherical triangles, because all the three sides of
the triangles are not arcs of great circles. It is not possi-
ble to apply Napier’s rules to these triangles for the reason
mentioned above. None the less, the property of simil-
arity of the projected right angled triangles is made use
of in Hindu Astronomy to obtain the magnitudes of the
sides-of the projected triangles.

BEW is called the prak-pratichi safra, S8/ the Uda-
yasta sdtra ; similarly if lines through F, B, D, A parallel
to EW be drawn, these stutras will intersect the meridian
planes in- pomf.s which constitute the projected triangles
mentioned above. Let us study these triangles which we
connote by the same letters with lowered indices. Thus
for example B, S, B, is the projected triangle of ESB
where of course E, will be the centre of the celestial
gphere. The lines drawn parallel to 85’ or EW through
B, D eto. will be denoted as BB/, DD, FF’ ete.

. 23
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In the triangle E, S, B,, E, S, is called Agrajy3, 8, B,
Kujya, and E, B, Krantijya. Of the sides of ESB. ES
and EB are arcs of great circles whereas SB is the aro of
a small circle. In the projected triangle E, S8, B,, E, 8,
will be equal to the perpendicular from 8 on Ew, which
will be Hsin (ES) and is called Agrajya; E; B; will be
equal to the perpendicular from B on Ew which will be
H sin BE and as such called Krantijya. But S, B: which
is equal to the perpendicular from S, on BB/ the diameter
of the diurnal circle is the H sine of SB in the diurnal
cirole and is called Kujya. It will be noted that the per-
pendiculars from S on Ew, and BB’ and the perpendicular
from B on Ew do not form a triangle by themselves buf
by the theorem of three perpendiculars, if SL be the
perpendicular from S on the plane of the unmandala ie.
the great circle EBP, and if LM be perpendicular from
L on Bo, SM will be perpendicular on Ew. Here the
respendicular SL will be the Kujya, and SM the Agrajya,
whereas LM is not actually the H sine of BE but is equal
and parallel to it,

Similarly take the spherical triangle SAE. This is a
regular spherical triangle because the three sides are arcs.
of great circles, Napier's rules can be applied to this
triangle and we have the formula sin SA = sin SE sin

-\ . . N
SEA or in Hinda form H sin SA — 280 SE 1: H sin B

or RH sin 8 = Agrajya X H cos ¢ ie, Agrajya =
RH sin
H cos ¢ I

Again sin EA = tan SA X tan E where H sin EA is
called Charajya and tan E = cot @ so that Charajya =
tan § tan ¢ in modern form, and the Hindu form is
R tan O tan @
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Hoeos § Kujya
F =
rom I B Onarajya 8o that

H cos
R

Kujya = X Rtand tang = H<ird tang III

In Triprasnadbyaya, the elements of all the eight
latitudinal triangles are found by using their similarity
with the fundamental gnomonio triangle. The important
elements that will enter into computation are (a) Charajya
(b) Kujya (c¢) Agrajya (d) Taddhriti ie. S: F, the proje-
ction of SF on the plane of the meridian (e) Sama-Sanku
= E: F, = Hsin EF (f) Krantijyi = E, B, = H sin EB
= Hsin® (g) Lambajya = Hsin QS = Hecos ZQ =
H cos ¢ (h) Akshajya = Hsin ZQ = Hsin ¢ (i) B: D,
= Ud-Vritha-Sanku = H cos ZB (j) Dinardha-Sanku =
H oos Zq. The following points will be noted.

(i) In the triangle B, Q G, the projected triangle
of EQG on the maridian plane, noting that H,
is the centre of the celestial sphere E, Q = R,
QG: = Heos g and E, G: = Hsin Z2Q =
H sing.

(ii) 8,f;, = Hsin SB + H sin fB (both the H sines"
pertaining to the diurnal circle.

(iii) Sama Sanku is the H cosine of the Zenith-
distance when the Sun or ocelestial body is on
the prime-vertical.

(iv) BD is an arc of the great circle ZB, so that the
Unmandala Sanku is the H cosine of ZB.
(v) Dinardha — Sanku = H cosine ZQ.

(vi) These Sankus arc the H sines of altitudes or
H cosines of Zenith-distances and they are in
the planes of the respective great circles,
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(vii) Lambzmsa-ch3pa is the are of the colatitude
QS where 8 is the South point so that Lam-
bajya is the H sine of QS or H cosine of ZQ.
This Lambajya will be seen to be the diameter
of a small circle parallel to the Hquator and
passing through Z,

Verses 49-51. A different method of obtaining
chara.

This chara can be had by the so-called chara-segments
of the locality using a process similar to that of finding
the H sines of the smaller table of nine H sines using

% where 4 is the Sayana longitude of the Sun (i.e. The

Hindu longitude plus the arec of ayaniamsas is called the
Siyana longitude or the’modern longitude measured from
y along the ecliptic to the Sun). Find the charas of 30°,
60° and 90° of the ecliptic measured from v. Subtract the
first from the second, the second from the third.. Thus we
‘have C30°, C60°-C30°, C90°-C60°, (where CQ° signifies the
‘chara of 0°) which are called chara-Khandas or chara-sag-
ments. The equinoctial shadow multiplied by 10, 8, 3%
gives the approximate values of the chara-segments in
Vinadis (a sidereal day is divided into 60 nadis and each
nadi consists of 60 Vinadis). The chara-segments thus
measured in Vinadis are rather approximate. If further
exactitude is required, better take the arc in units each
of which rises in th of a Vinadi (This %th part of a
Vinzadi is known as a prana ie. the duration of the
interval between two inhales of a healthy person reckoned
as 4" of time).

Comm. The charas of 30°, 60° and 90° of modern
longitude ‘are the valuss of the arc EA, (Ref. Fig, 21)
when S has longitudes 80°, 60° and 90°. We have the
folmula ' :

Charajya = Rtan @ tan ¢
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Taking the equmoetml shadow equal to 1 Angula

means tan ¢ = 5. As charajya is proportional to tan ¢,
for any equmocma.l shadow of s angulas, tan ¢ being

equal to -1-2 the charajya got above is to be multiplied by

S only to obtain the charajya in any place where the equi-
nootial shadow is s angulas. Putting the modern longitu-
des equal to 3U° & 60° if the corresponding declinations
be dy, O, 8in O; = sin 30 sin », sin §,= sin 60 sin w, Tak-
ing o = 24° and applying logarithmic tables

log sin §; = 9.6990 + 9.6093 = 9.3083 so that §,=11°-44’
log sin 9, = 9.9375 + 9.6093 = 9.5468 so that d,=20°-38’

Now from the formula for charajya cited above viz.
H sine (chara) = R tan § tan QS or sine (chara) =

tan ¢ tan §, putting tan ¢ = 7 and spplying tables,
usmg the values of & got above,

charajya for 30° = %4‘—4/
-and charajya for 60° = b_a.n_Q_Ol______Q—?ﬂ 8o that

log (sine chara) = 9.3176—1.0792 {for 30° and for 60°
log (sine chara) = 9.5768—1.0792. ,
Chara for.30° or C (30)° = 69/ and C (60°) = 1° - 48/
Converting these arcs into their rising times at the rate of
6/ per Vinadi, we have C (30°) = 10, and C (60°) = 18
tan 24°
12

log sin (C 90°) = 9.6486 — 1.0792 = 8.5694 so that
C (90°) = 2°-8’ = 213 Vinadis.

Noting 3=, sin (chara) for 90° = 80 that

Thus (C 3) = 10, C (60)—C (30) = 18 — 10 =8
.C (90°) — C (60°) = 213 — 18 = 8% so that the ohara
- Begments are respectively 10, 8, 3% as given by Bhaskara.



182

For a given place of equinoctial shadow equal %o s”, we
have to multiply 10, 8, 3%, by s, which will be the chara-
segments for the place.

The meaning of the first half of the verse 49 is as
follows.—Let the equinoctial shadow for a place be 3
Angulas. Then the chara—segments for that place are 30,
24, 10. These are three in number for a longitude 4 of
90°. If the longitude be 44° (say) then proceed as we have
done to find sin 24°, using the method of Bhogya Khanda
Sphutikarana with respect to the table of H sines namely 21,
20, 19,17,15, 12,9, 5, 2. Proceeding as directed the Sphuta

0o: (3 X14 _ T, T _
Bhogya Khanda for 14° is ( 30 — 5 30 5 = 282
14 x 28% _ 2002 _ 181 80 + 151 =

30 150 ®
Proceeding according to the modern formula we have
Charajya = tan O tan ¢ where ¢ = %, and sin J =
sin 44° sin 24°
log sin O = 9.8418 + 9.6093 = 9.4511; § = 16°-25
log tan $=9.4693 .. log sin (chara)=9.4693+log tan ¢
= 9.4693 + log 1% = 9.4693 — .6021 = 8.8672

.. Chara = 4°-14/ = gg—- = 49% Vinadis whereas we have

got by the Hindu method 43% which is near the truth.

Verse 62, To find the durations of day and night.

Fifteen ghatis increased or decreased by the Chara-
nadis, according as the Sun is in the northern hemi-
sphere or southern, gives half the day of the locality and
the difference of 30 nadis and the above half-day gives
half the duration of night.

2 :Comm. Ref. fig. 21. Let S be the Sun rising in the
hemisphere when his declination is north, Then
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N e
fro/:\n the figure APQ is the rising hour-angle=APE--
”\
EPQ = APE +-90° where 90° correspond to 15 nadis. So

-\

we have to add APE expressed in nidis equal to the rising
time of AE. Let us find the duration of the day for the
place where s=3" and when 2 of 8=44°; the latitude of
the place will be T4° (from tables) when A 44°, we have
found above that 42-20 Vipadis is the chara expressed in
time. Hence half the day=15-49-20 or duration of day
31-256; duration of night=28-35,

Note (1) In modern agtronomy we have the formula
cos b = — tan @ tan & where h is the rising hour angle.
Patting h = H + 90° where H stands for the arc EA of
fig. 21 cos (90+H)= —sin h = — tan ¢ tan d so that
sin H=tan ¢ tan & ie. Hsin (Chara) = R tan ¢ tand
which accords with the formula found before. The word
chara used for EA means etymologically Tfaasarazia fd-

~ 7 fa®1T: i e. the variation in 15 ghatis of the eqinnootial
balf-day on account of the Sun’s variation in declination,

(2)If ¢ =0, Chara =0so that duration of half-
day is 15 ghatis ie. on the terrestrial equator, whatever
be the Sun’s declination, the length of the day will be
always 12 hours.

(8) Let § =080 that ohara = O ie. whatever be
the latitude (provided ¢ » 90-9 as we shall see shortly).
the day and night will be each of I2 hrs.

(4) Let § be negative, so that the are connofing
chaas ie. EA will be above the horizon, and consequently
the duration of half-day will be less than 6 hrs. by the
time that is taken for EA to rise. This can be seen other-
wise also as cos b = —tan ¢ tan § = -+ ve so that k<{90°
which means half.day is less than 6 hrs.

(5) We could also treat the case when ¢ is negative,
but as this case is not in the purview of Hindu Astro-
nomers who had only India in their wind and as such
were concerned primarily with positive latitudes. If, how.
ever, we copsider & negative latitude, when @ is -+ ve, cos h
will be positive and if 9 is — ve, cos b will be negative.
This means that when the Sun is in northern lasitudes, the
southern latitudes will have their day less than 12 hours
and when the Sun is in southern latitudes, their day will
be greater than 12 hrs.
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Fig, 22

(6) Let ¢ +- & = 20°. (Ref. fig. 22) ie. imagine
the Sun to rise at N, the north point so that RN 4 NP =
O + ¢ = 90°. Then the Sun’s diurnal path will be entirely
above the horizon, which Wieans that what is called
¢ perpetual dsy ’ begins for that place on that day and lasts
ag long as § » 90 — ¢. For the same place, let § =
— (90 — ¢) = QS. In this case the Sun sets as S, and
what is called perpetual night begins and lasts $ill the
southern declination of the Sun is greater than 90 — .
The duration of perpetua! day can be found as follows
whioh applies to the perpetual night as well,

§=9%-¢
g

Fig. 23
(Ref. fig. 43). Let A be the point at which the
declination is 90— ¢ ; let S be the summer solstice and let
B be the point where again the declination is equal to
90—¢@. So long as the Sun traces the arc AB=2 AS=
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(90—1rA), there will be perpetual day. But sin § = sin 2
sin » so that sin 2

sin .

— T . Putt = — i = cos é .
= ene utting § = 90 — ¢, sin 2 e
Sin 1 = sin YA = cos AS .. cog AS = c_.oié

8in
S 2A8 = 2c0s87! (:{5—%) . Supposing AS expressed
in degrees and assuming the Sun goes along the ecliptic
with uniform motion, since he takes 365% days to trace

2 AS 365%
° t 2 AS, he & 1 = 22
360°, to trace e fakes 360 X 365% days 180

X cos™* (:fs é) which is the length of the perpetual day.

n o

Verse 52, The correction known as Chara.

The daily mofion of the planet being multiplied by
the chara expressed in asus and divided by the asus in a
day viz. 21659 and the result being subtracted from or
added to the planetary position at Sunrise according as
the Sun is in the northern or southern hemisphere. The
result is to be added to or subfracied from the planetary
position at Sunset.

Comm. The mean planets computed hold good at the
Sun-rise at Lanka i.e. at zero latitude; they have to be
converted o hold good at the local Sun-rise. In other
words in fig, 21, the mean planet computed is B which is
on the Lanka horizon, whereas we have to get S, the same
planet on the local horizon. The position of S is earlier
than that of B by the fime interval indicated by the are
SB which is measured by EA fthe chara because the
position B on the Lanka horizon is later than the position
S on the local horizon. If the mean planet moves in a
day of 21659 asus by the arc denoting its daily mean
motion, by how much does it move in the time of chara
expressed in asus ? The result is

. Chara in Asus X mean daily motion

24 21659 )
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This result is to be subtracted from the position of B
to get the position of 8. If the position B’ which is the
setting position at Lanka, and if we have to get S/ the
local setting position, in as much 8’ is later than B’ by
the same are, we have to add the above result to the posi-
tion B’ to get 8/, Here the asus in a day is given to be
21659 and not 60 X60x6=21600 because the mean daily
motion is during the course of the Savana day i.e. the true
solar day and not during the course of a sidereal day of
21600 asus. The Savana day exceeds the sidereal by the
time taken by the arc moved by the Sun during that day
which is very approximately 59/. Since a minute of arc
of the Equator rises in an asu i.e. in 4", so 59’ of the Sun’s
motion is covered in 59 asus which is to be added to 21600
asus of the sidereal day to get the Savana day approxi-
mately. It will be noted that this correction of chara in
the planetary positions is due to latitude of the place and
if the latitude is zero, it need not be done. Also if § = 0,
it need not be done, for, then, the Sun or the celestial
body whose § = O will be rising at E itself in which casge
the chara EA will be zero,

Verses 64, 55. The H sines of 30°, 60° and 90°, being
squared and deoreased by the squares of their respective
deolinations, the square-root of the differences being taken,
and the result being multiplied by the radius, is to be
divided by the respective H cosines of the declination.
The first of the three results, the difference of the second
and the first and the difference of the third and the second
will give us the rising times of what are called the Siyana
ragis of Mesha, Vrishabha and Mithuna; their reverses
will then give the rising times of the next three; then
the original ones those of the next three and again then
reverses those of the last three,

Comm. There are twelve Rasis in the Zodiac of equal
interval, Measuring from », and taking arcs of the
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ecliptic successively each of 30°, we have what are called
Siyana Rasis or Rasis taking the Ayanamsa into consi-
deration or in other words measuring from ». On ths
other hand successive arcs each of 30° measured from the
zero point of the Hindu Zodiac, constitute what are called
the Nirayana Ragis, The words Mesa, Vrisabha ete.
signifying the shapes of the constellations apply strictly
to the Nirayana Ragis. But nonetheless, by the conven-
tion what is called Upachara, we name the Sayana Rasis
also by the same names. In as much as the zero-points
of the Hindu Zodiacs is ahead of the modern zero-point by
an arc which is the arc of Ayanamsa or accumaulated pre-
cession, the words Sayana and Nirayana came into vogue.
Once upon & time approximately in Variaha's time or
rather 499 A, D, the two zero-points coincided and then
the Sayana and Nirayana Rigis were the same. Gradually
on account of the phenomenon of precession r preceded,
and today the distance between r and the Hindu zero-
point is about 20°-30’. Of late, there has been a big
controversy as t0 whati exactly the arc is and the Calendar
reform commniittee has adopted a value far more than what
conld be justified. The present author opines, that we
have no right to sef aside a statement of no less an astro-
nomer than Varghamihira who stated explicity ‘swSrarafe
ghangeTms  GEfeE, 1 saiunER SRegEmay,
QUEAAAd G0 FRIEY gRasay S®enEy  Awa
smqlram=af®: " i.e. True it is that once upon a time,
the Sun began his southern journey when he was mid-way
the constellation of Aslesa and his northern when he was
at the beginning of Dhanigtha, because it was stated in
ancient texts. (The allusion is to Vedanga Jyotisa
where it was stated as such) ; but now the southern journey
of the Sun begins from the point marking £ of the con-
stellation of punarvasu which is the beginning point of
the Karkata Rasi and this norther from the beginning of
Makara i.e. from the point marking 1th of the constellation
of Uttarasadha ; there has been a change from what was
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stated in the ancient texts ; let people verify this by actnal
observation”. Accepting an Ayanamga which goes
against the statemen’ of this great astronomer, who said
that he observed and called upon others to observe, is
really unwarranted, especially when the adopted Ayanamsa
of the Calendar reforma committee goes on the basis of
surmises and consensus. We shall deal with this topic
in further detail in an appendix to this work, because it
is a really important issue and bas been wrongly solved.
The importance of knowing the exact value of the are is
clear when we observe that from the correcily computed
planetary positions of modern astronomy this ayanimsa
is being subtracted to give the positions measured from
the Zero-point of the Hindu Zodiac. An error in the
Ayanamsa therefore vitiates the positions obtained by the
above method.

Coming to the poin$, the problem on hand is to
obtain the rising times of the Sayana Ragis at a place of
zero latitude i.e. what are called Lankodaya times of
Sayana Ragis (Ref. fig, 21). Let 78 = 30° so that rA the
equatorial arc gives the rising time of »S. We could have
the magnitude of this are by the formula derived from
Napier’s rules namely cos o = tan @ tan 2 I.

But as in Hindu trigonometry the tangent functions of

angles are not used, Bhaskara gave the following formula

Ngin®? 1 — sin® § I
cos 9

derived easily from formula I and the formulae cos 1 =

cos @ 008 9 IIT andsin d =sinlisine IV; for multi-

piying the right-hand sides of I and III we have cos w

Sina =

This formula could be

sin @ cos § . . .
o8B I = ————— l.@, 81N 1 608 w = 008 Q sin
tan osina
. gin 1 cos w .
S.sina= ————— V. ButfromIVsinwe =

cos O
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SmB 30 that c0s w = ,\/1“ s’y

sin sin® 1

~ain? 1 — gin? O. Substituting in V for cos w

sin 4
J we have
. Hsin?4 — in?d .
Hsina =R S1n H sin 8suna:
H cos
sin 4 X 1 1 Wsin?i1 — sin®d — gin®
sin 1 cos O cos

H cos O as stated.

- -
- ———

Fig. 24

But let us see how this formula was derived by the
Hindu astronomers. (Ref. fig. 24). Let 7S be an aro of the
ecliptic equal to 2. Let SM be dropped perpendicular from
S on the plane of the Equator so that SM = H sin g.
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From M drop a perpendicular ML on r= so that SL will
be perpendicular from S on r= by the theorem of three
perpendiculars. SL = Hsin 2. Also ML will be equal
to the perpendicular from S on the diameter of the diurnal
circle of S parallel to »= so that ML = SN = H sine of
the arc in the diurnal circle corresponding to Kr
. SW?=8L* — LN? = Hsin? 41— Hsin’
< BN=WVHsin"4 — Hsin®
<~ The length of the perpendicular from K on r= =

NH sin’ 1 — Hsin®
R X H cos §
the diurnal circle and the equator stand in the ratio of
Hecos :R (Vide fig. 20). But this 12 is Hsing =
R NHsin’y — Hsin® o

Hcos o )

since corresponding lines of

If a,, a,, a3 be the Right ascensions of the points on
the ecliptic whose modern longitudes are 30° 60° and 90°,
expressed in asus, then a,, a, — a,, a4, — a, will give the
rising times of the arcs of the ecliptic which stand for
Sayana Mesa, Sayana Vrisabha and Sayana Mithunas.
The rising times of the next three Rasis will be the same
in reverse order since Karkata is symmetric with Mithuna
with respect to the Equator and similarly Simha and
Kanya symmetric with Vrisgabha and Mesa. The next
three are again symmetric with Mega, Vrisabha and
Mithuna and the last three with Mithuna, Vrisabha and
Mesa.

Verse 56. The H cosines of the ends of the Rasis
Karkata etc., being multiplied by the radius, and divided
by the H cosines of their respective declinations, and the
arcs of those H cosines being taken, subtract as before the
preceding from the succeeding. Then we have the rising
times of the Rasis beginning with Karkataka,
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Comm. This is clear from fig. 24, If S be the end of
Vrigabha, 8/ in the figure denotes the end of Karkata
them from the right-angled triangle SAP,

ey
gin §/A = gin SA = sin APS X sin PS = sin A’K Xco0s SK

. gin A'K = Z‘O’: Ss'g. But sin §/A = cos §/=

and cos SK = cos O where g is the declination at S,

A’K converted infto time gives the rising time of AS/
ie. Karkata.

/
.. the rising time of Karkata — oos 8
cos

In tbe Hindu form, it will be

Karkata-Rasi-Udayakala — Serkata-anta-Kotijya \ p
Karkata—anta-Dyujya

as stated.

cos S
cos O
from the formula cos 2 = cos @ cos §. Thus, virtually
the formula is a statement of the formula cos 1 =cos a

In modern terms sin A’K = cos 7K =

A\
cos 9. Aslo the formula sin AS/ = gin P sin PS is
parallel to the formula sin @ =sin 1sin w which we
proved already from Hindu methods,

Verse 7. Still an alternative method.

The H sines of Mesa efc. being multiplied by
H 008 o divided by their respective H cos d’s and the
arcs thereof being subtracted as before the preceding from
the succeeding we have the rising times of Mesha efe.

Comm. From figure 24,

UI‘ — .
SN = SL eos LSN and o8 8K perpendmula.rj f;;l:n
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M=Hsinr& SL = H sin 78
)

H sin 7K = HsinrS X Hoos @

Hoeos s

We proved the above in a modern way. The Hinda
concept is derived from the similarity of SML and ACM/
where C is the centre of the sphere and M’ is the foot of
the perpendicular from A on the plane of the equator

LM _SL . _ Hecos w X Hsin 78
= = o S LM = —— i
CcM/ CA R

Since LM = SN.

LM divided by H cos § and multiplied by R gives H sin K

: __Hecos w X Hsin 78 R
H sin rK = B X o s
H cos 7S X H cos o
Hcos 9
i-G-HBina:HBlanHGOSw

H -

Here Hcos w is called Trigrha-dyu-maurvi because
it is the H cosine of the declination of 1 when 1 = 90°,

Verses &8, 59. The magnitudes of the rising times,

Those rising times are 1670, 1793, 1937 ; these in the
same and reverse orders diminished or increased by their
respective Chara segments which are also in the same and
reverse orders give the rising times of the Sayana Rasis
beginning from Mega for the locality, The Rasis from
Tula are in a reverse direction i.e. as the Mesa is proje-
cting npwards above the horizon, Tula will be projecting
below the horizon so that, the time taken by Mega to
rise is exactly the time taken by Tula fo set.

Comm. We shall compute the rising times of
Sayana Rasis for Lanka first i.e. for zero latitude using
modern methods from the formula tan & = cos w tan 2
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log tan a=Ilog cos w-log tan 1; Put 4,=30, and 1, = 60
and take w = 24°; Let the corresponding a's be a,, a,
log tan a, = log cos 24 + log tan 80° (1)
log tan a, = log cos 24 + log tan 60° (2)
log tan a, = 9.9607 + 9.7614 = 9.7221

a, =27° — 48’
log tan a, = 9.9607 + 10.2386 = 10,1993
ay = 57° — 42/

At the rate of 1 asu for 1/, a, = 1668 asus a, = 3462 ;
o, — o, = 1794 and since a, = the right ascension of 90°
Longitude = 90°, @y = 5400 so that a, — a,= 1938,
These are given by Bhaskara as 1670, 1793, 1937, the first
exceeding by 2 asus, the second and third each less by
one asu and the total according with the total. The rising
times of Karkata ete. will be 1937, 1793, 1670, 1670, 1793,
19317, 1937, 1798, 1670 respectively.’

Let us then find the rising times of these Siyana
Rasis at a looality say of latitude 13°. Refer to fig. 21.
Let rS represent Mega so that the rising times of +E is
equal to that of #S. But 7E =7rA — ABE. We have seen
rA = 1670 using Bhiaskara’s value. Sin EA = tan 13°
tan ®; where 9, is the declination of S where 8 = 30°,
Sin ®; = sin 30° sin 24°.

log sin &, = 9.6990 - 9.6093 = 9.3083
S O = 11° — 44/
log sin EA = log tan 13° + log tan 11° — 44 =
9°3634 - 9.3175 = 8.6809
s EA=2°—45" .. rE=1670 — 1656 = 1505 asus.

Similarly for a = 60°, putting &, O, in the place of
a,, O; and proceeding as before *E =rA, — A)Hi; 7A; =
8463; sin EA, = tan 13° tan §, sin ; = sin 60° sin 24°
25
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log sin 9, = 9.6093 - 9,9375 = 9,5468
s = 20° — 30/
log sin EA, = 9.3634 + 9.5758 = 8.9392
EA, = 4° — 69/ = 299/
+E = 3463 — 299 = 3164 asus

‘. Rising time of Sayana Vrigabha for the locality
= 3164 — 1505 = 1659 asus.

rA, = 5400, sin EA, = tan 13 tan J; = tan 13 tan 24°,
log sin EA, = 9.3634 + 9.6486 = 9.0120

EA; = 5° — 54/ = 364 asus

rE = 5400 — 364 = 5046

Rising time of Mithuna is 6046 — 3164 = 1882 asus.

Before we proceed to find the rising times of Karka-
taka, Simha and Kanya, we shall cast our previous proce-
duare into the Hindu form. In fig. 21, let S be the Sayana
Mesha. The rising time of S is measured by rE, because
when r is at B, Mega is just about to rise and when 7 is
in the position indicated, the extremity of Mesa namely
B ig rising., So it means that as »S of the ecliptic has
risen, a portion 7K of the Hquator has risen. As time is
measured by the arc of the equator which rises with a
uniform speed, we measure the riging time of »S by the
arc 7E; but rE = rA — AB. rA is the Equatorial rising
time of 7S, because when A is at E, S8 will be at B i.e,
A and 8 will then be on the equatorial horizon EB simul-
taneously. Hence A = 1670 as proved before and stated
by Bhaskara. EA is the chara for 30°, The chara for one
angula or inch (inch is here used technically, and does not
mean what it means in ordinary parlour) as has been stated
by Bhaskara and proved by us is 10 Vinadis. (Vide page 181)
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But we have taken 18° as our latitude, so that tan ¢=.2309.

Since Isi = tan ¢ = .2309 .. 8 = 2,7708; let us take

this as 2.8 o that the charas 10, 8, 8% found for one inch
are to be multiplied by 2.8 to give the local charas. They
are in Vinadis, 28, 22.4, 9% or in asus 168, 1344, 56 ; for
convenience let us take 134.4 as 134, so that the charag
are 168, 134, 56, Thus the rising time of Sayana Mesa
at this locality is 1670 — 168 = 1502 asus i.e. 250 Vinadis
= 4~10 Nadis. Then let S now represent 60°, instead of
subtracting EA from rA to get the combined rising time
of Mesa and Vrigabha, the Hindu practice is to subtract
the chara pertaining to Vrisabha from the -equatorial
rising of Vrishabha i.e. 7E = 1793 — 134 = 1659 as got
‘before. Here it must be noted that EA° is the chara not
pertaining to Vrisabha alone but to Mesa and Vrigabha
put together, That is why for ease, the chara to Mega,
the increase in chara for Vrigabha, and the increase in
chara for Mithuna as well as their individual equatorial
rising times are given. The increments in the charas are
called chara-khandas just as the increments in the H sines
are called Jya-khandas (khands means segments). Simil-
arly the rising time of Sayana Mithuna is equal to 1937 —
56 = 1881 asus = 318.5 Vinadis = 5-14 Nadis. Now with
respect to Karkataka, its equatorial rising time is 1793,
for, from fig. 25, the equator at the equatorial place being
prime Vertical, if »M be Mesa, its time of rising is given
by rE where E is the foot of the declination ecircle of M.
Similarly if MV represents Vrisabha, when V comes to
the horizon, N the foot of the declination circle comes to
the horizon. Thus the rising time of any are of the
ecliptic at an equatorial place is given by the correspond-
ing aro of the equator, which is intercepted between the
declination cirecles of the ends of the are. So from fig. 26
if » ed = be the equator, rED. = the ecliptis, A the
Ayana or Summer solotice, P the pole 7E, ED, DA ete.
the Sayana Rasis Mesa etc. a, b, o ete. the feet of the



Pig. 26

declination circles of A, B, C eto., since PAE is secondary
both to the ecliptic and equator (i.e. perpendicular circle)
spherical triangles PAD, PAB are congruent; PBC, PDE
are congruent and PC = is congruent with PE . Hence
ab = ad i.e. rising times of Karkataka and Mithuns are
equal; bo=de ie. those of Simha and Vrigabha are
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equal and similarly those of Mesa and Kanya. It will
be noted that the equatorial risings alone are equal in the
above cases but not at any other place, for in a place with
some latitude when a point like B (fig. 26) comes to the
horizon, the foot of its declination circle namely b will
not be on the horizon and there arises the chara in bet-
ween, which has to be taken into account, and be subtract-
ed from or added to the equatorial rising time as the case
may be.

Now regarding the chara-khanda of Karkata it is
again 56; why it should be so is not proved by Bhaskara
but merely stated, nor any commentator took the pains to
prove. It can be proved as follows. Let in fig. 26,
O1 Oa Os be the declinations at the ends of Vrisabha,
Mithuna and Karkataka respectively. We know 9; = ..
The chara-segments for Mithuna and Karkataka i.e. when
Mithuna and Karkataka arc rising are to be proved to be
equal, here 56 asus. Their expressions are tan ¢ tan O, —
tan ¢ tan O, and tan ¢ tan d; — tan ¢ tan P, i.e. tan ¢
(tan Oy — tan §;) and tan @ (tan J; — tan §;).  Since
O = O; We perceive that they are equal but of opposite
signs. So Bhaskara says rightly “ tg=fraamang gaq”
i.e. because of negative sign, the chara-segment of Karka-
taka while being subtracted will be rendered positive’.
Hence the rising times of Karkataka, Simha and Kanya
will be respectively 193756, 17934134, 1670168 asus
or 1993, 1927, 1838 asus or 332, 321, 306 Vinadis or
5-32, 5-21 and 5-6 nadis. Thus, in a8 much as the rising
times of Mesa to Kanya are 1670—168, 1793—134,
1937—56, 193756, 17934134, 1670168 their total
is 30 nadis as should be expected because the equator
bisects the ecliptic between » and = and the equatorial
interval between » and = is 30 nadis. It will be noted
that while the equatorial rising times of Mesa to Kanya
are symmetrical as 1670, 1793, 1937, 1937, 1793, 1670,
their rising times at any other place are not like that but
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constitute a different kind of symmetry as 1670—168,
17983 —~134, 193756, 19374565, 1793134, 1670--168.

We have now to comment upon the statement
“ gETEarsHl = faPadon: ” which means that the rising
times from Tula to Mina are in the reverse order i.e. the
riging time of Tuld equals that of Kanya; thab of Vris-
chika equals that of Simha and so on the rising time of
Mina equalling that of Mega. Thus the rising times of
Tula to Mina being in the reverse order are 1670--168,
17934184, 1937455, 1937—55, 1793—134, 1670—168
for the aforesaid locality. Why it should be so can be
easily seen from the fact that Kanya and Tuli are sym-
metric with respect to the line r= which bisects the
ecliptic (Ref, fig. 27). Or again we can see this in another

m‘&_’:‘i‘%“—/r

Y Kansa.

Fig. 27

way ; the chara-segments are successively (tan ¢ tan &, —
tan ¢ tan 0), (tan ¢ tan d;—tan ¢ tan Q,), (tan @ tan ©—
tan ¢ tan &), (tan ¢ fan Jy;—tan @ tan ), tan ¢ tan O, —
tan ¢ tan &, (tan @ tan O—tan @ tan 9;), (tan ¢ tan §;—
tan @ tan 0), (tan ¢ tan §,—tan @ tan §,), (tan ¢ tan w—
tan ¢ tan J,), (tan ¢ tan Jy—tan @ tan ) (tan ¢ tan J;—
tan ¢ tan §,), (tan @ tan O—tan ¢ tan ;) where , =
declination of 30°, and &, that of 60°., These are there
as found before 56, 134, 168, —168, —1384,—656 upto Kanya.
But the remaining, though apparently are 56, 134, 168,
—168,—184,—66 must be taken with areverse sign because
the rising point of the ecliptic will be to the south of the
east point send § will be negative from 180° to 360° longi-
tude. Hence the chara Segments are 56, 134, 168,—168,
—184,—66,—56,—134,—168, 168, 134, 56 so that from
Tula onwards they are in the reverse order as Bhaskara
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has stated. Bhaskara’s statement yet has another mean-
ing. The ecliptic from 180° to 360 being in the reverse
as oan be seen in fig. 27, the time by which a particular
Rawi rises, is equal to the time by which its seventh Ragi
or diametrically opposite Rasi sets. It is important to
note that the rising time of & particular Rasi is not equal
to its setting time as can be gauged from the rising times,
for, then the rising times of Mega and Tula must be equal
which is not the case. The word F@imsiar has this
meaning as well, rising and sefting being reverse directions,

Incidentally there is what is called &

handed down ie. a traditional statement which men-
tions «wWAANY agaiew,: @d s@idEd eto.” This
clearly pertains to the local rising times of the Sayana
Risis at a place of latitude 17°-45' i.e. in between
Rajamundry and Vizianagaram, as in this latitude the
chara Segments in asus will be 230, 184, 73 which give
rise to such rising times.

We next find what are called Nirayana Swodayas i.e.
the rising times for the locality of the Nirayana Ragisi.e.
the Rasis from the zero-point of the Hindu zodiac. We
shall obtain these magnitudes for Rajahmundry whose
latitude is 17°-2". 'We shall however take it as 17°; also
we shall take the Ayanamsas to be 21° at present following
Varzhamihira. This is one of the contexts where fhe
knowledge of Ayanimsas is essential. The method is the
same as followed before; only, we have to find the decli-
nations, right ascensions, charas and therefrom the rising
times of ares of magnitude 21° 51° 81°..... 351°, Sub-
tracting the preceding rising times from the following we
have successively the required rising times. We shall
give them under the following table.
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In modern terms, the rising times of Rasis could be
found by solving the sphericsl triangle »EA (fig. 28) using
the Inner side inner angle formuls namely

Fig. 28

c08 z X €G08 ® = 8in # 6ot 1 + sin o tan
sin z 0ot 2 — 008 zicos @ = — sin  tan
putting sin # = ¢, this reduces to

toot A — N1 — & = — sin o tan
or (t oot A + sin o tan ¢)* = (1 — t*) cos

t? (cos® ® +7cot’ 2) + X sin » tan ¢ ot A —
o8’ w =0

f =

—gin wtan coga + , ot
cos?

Patting successively 2 = 30°, 60°...360° _and ignqr?ng
the negative sign of the radical we have the sines of rising
times of ares of the ecliptio of 30°, 60° etc. Subtracting

26
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the preceding from the succeeding, we have successively
the rising times. Thus the rising time of Mesha is
N3sin’wtan® § + cos’® (cos® w + 3 — ~3sinwtang Il
3+

That of Mesa and Vrigabha put together, the rising
time is
Nein'wtan® g + 3008 w (008’ w + 3) —sinwtang  III

V3 (cos® 0 + §)

The combined rising time of the 3 Rasis Mega, Vrisa-
bha and Mithuna is from I using tables cos™ (tan o tan @)
= $046 asus which exactly accords with what we have
found previously namely 15056-+1659--1882=>5046. Also
putting in I 4 = 180° we have sin # = 0 or z = 180° =
10800 asus ; subtracting 5046, we have the combined times
of rising of Karkataka, Simha ahd Kavya to be 5754 asus
as we bave had, Pulting again 12 = 270, we have cos®~?
(6an o tan @) = 27 — 5046 whioch signifies that the sum
of the rising times of the last three rasis is the same as
that of the first three which again means that the sum of
the rising times of Tula to Dhanus is equal to the sum of
the rising times of Karkataka, Simha and Kanya establish-
ing Bhaskara's statement  fife

Verse 60. Computations of Lagna, Udayantara and
the like from the rising times of big ares of the ecliptic
like Rasis will be approximate, whereas one desirous of
greater approximation has to find the same from the
rising times of smaller arcs likes Horas and Drkkanas, so
a8 to be more correct.

Comm, Rasis divided infio halves are called horas
and if divided infio one-third parts are called
Drkkanas, The meaning of the verse is that if after
having found the rising time of a partioular Rasi say
Mega, we say that one-third of that rising time is that of
one-third of that Rasi, we will be making only an appro-
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ximate statement just like saying that ‘Since 12 Rasis
rise in the course of a sidereal day, so each rasi rises in
1800 asus’ which is far from truth being based on & erude
rule of three. So, Bhiskara says, Acharyas like Aryabhata
insisted on finding the rising times of Drkkanas, in as
much, as while computing the Lagna or the point of inter-
gection of the Eecliptic with the horizon, we will be nearer
the truth by using the rising times of smaller arecs like
Drkkapas than broadly using those of Rasis.

Verse 61. Bhujantara eorrection.

The equation of centre of the Sun multiplied by the
equatorial rising time of the Rasi occupied by the Sun,
and divided by 1800, and then again multiplied by the
true daily motion of a planet and divided by the number
of asus in & day, is the correction in the planet positive
or negative according as the equation of centre of the Sun
is positive or negative.

Comm. This Bhujantara correction arising out of
the Sun’s equabion of centre is prescribed even for the Sun,
as well as for the other planets., The planets are originally
computed for the rising time of the Mean Sun, whereas
we are intierested to know-the positions at the Trus Sun-
rise. The position of the Sun also is originally computed
for his mean rise and is therefore to bs reetified to get his
position at his true rise. So even the Sun is not exempt
from the correction, It will be noted here that as the
equation of centre pertains to the eccenfricity of the Sun’s
orbit, this correction of Bhujantara is & correction for the
so-called modern ‘Equation of fime due to eccentrity’.
In other words, the Sun’s equation of centre converted
into time is exactly what is called the Equation of time
due fo ecoentricity.

The formula prescribed for the correction is as follows.
Suppose the Sun is in & particular Rasi which rises at the
equator in z asus. Let the equation of centre of the Sun be
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E minutes of arc. Then the equatorial rising time of K is

E% asus bocause shere ars 18007 in a Rasi. We have to

provide a vorrecsion in the planetary position inoluding that
of the Sun for this time. If the planet goes Y’ during
21659 asus of & day, what arc is covered by the planet or

the Sun in]i%i%ic asug ? The result is P-Jl—e%(’)? X §1'?é
minutes of arc, This correction is positive if the equation
of centre of she Sun is positive, for, we want the planstary
position for a laster time than Mean Sunrise, since the
positive equation of centre advances the True Sun over
the Mean., This correction will be appreciable only in the
case of the Moon having a rapid motion.

Verses 62, 65. The correction known as Udayantara,

The difference in minutes of arc in the longitude of
the Ssyana mean Sun &nd the asus in his Right ascension;
mulbiplied by the daily motion of the planet and divided
by 21656 is the result fo be added to or subfracted from
the planei’s longitude according as the asus in the Sun’s
Right ascension are greater or less than the minutes of are
of kis longitude, This is what iz called Udayintara
correction in the planetary position,

Comm. (1) We bave scen that the Bhujintara is a
correstion in the mean planetary position due to the
Equation of time in Eccentricify.

(2) Thiz Udayantars is a correction in the same
due to the Equaion of time in obliquity.

(8) Some have misconstrued that this Udayantara
correction is the Hquation of time in the obliquity itself,
whereas it is a correction o be effected in the planetary
.pogition due to the Equasion of time due to obliquity.
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(4) The maximum equation of centre in the Sun
has a magnitude= 13.2-° X L _4 X 7
8 TWrmT 3 N4ae
Converting this into time at the rate of 15° per hour
(since in one hour diurnal rotation of the earsh is equal to
13 . 26
15°) we haveg X 4 minutes= 3= 8/ —40”, The maxi-
mum equabion of centre according to modern astronomy
is 2e expressed in radisus where ¢ = %(.0167339) =

180 7 21°
*—Qif—&egrees =11 = 1°—B4" -
As guch the max, Equation of time due to eccentricity is

4
X 4" = ?1 = 7/—38"”, The small difference in the

. 1
radiaus = QXﬁO X

swo values arises out of the difference in the max. equ-
afions of centre. Any way it is clear that, in as much as
the Bhujantara correction is necessitated on sccount of
the equation of centre in the Sun, o obtain the planefary
pogitions computed for the mean Sunrise at the time of
Tyue Sunrise, the Bhujantara correction is & correction in
the planetary position, on accouns of the equation of time
due to eccentricisy. The max, correction o be effected in

8 X790 79
even the quick moving Moon amounts o 24 X 80 18~

(6) We have said in the translation of the verse.
“The usus in the Right ascention of the mean Sun’,
where what exactly ie stated by Bhaskara is, the time of
rising of the small arc covered by the Sun in the particular
Sayana Rasi in which the Mean Sun is, (Y®1@:) together
with the rising times of the previous Sayana Rasis covered
by the Sun. The meaning is therefore the rising time of
an are of the ecliptic equal to the Sayana longitude of the
ecliptic which is measured by his Right ascension at the
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rate of 16° per hour or 6° per nadi or 10 Vinadis per degree
or 60 asus per 60 minutes of aro or as many asus as there
are minutes of arc in the right ascension of the mean Sun.
So, what is stated by Bhaskara is the difference of the
minutes of are in the mean longitude of the Sun and the
minutes of arc in his right ascension ie. (I—a) expressed
in minutes. We know that the total equation of time
arising out of unequal motion in the true longitude of the
Sun ie. © in comparision with the equal motion in his
right ascension ie. @ is measured by ® —a which may be
expressed as (© —I)+ (I—a) where ! is his mean longi-
tude, © —1I = Equation of centre and so the time
expressed by © —1 is the equation of time due to obliquity.
The difference I—a arises out of the obliquity of the
ecliptic and so the time expressed by I—a is the equation
of time due to obliquity. We have the modern formula
l—ocose tana—tanl
1+oosw  tan a+ttani
gin o —I
gin @ 1
Sin (@ — 1) = tan® /2 sin (@ +1). As a is very
nearly equal to /, we could write, when expressed in
radiaus @~ = tan’ ©/2 sin 2l. Thus the maximum
difference between o and [ arises when 2] = 90° ie. | = 46
degrees ie. ab the mid-point of the first quadrant ; the mini-
mum difference is when 21=370 ie. =136 ie. at the middle
point of the 2nd quadrant. Also the numerical magnitudeg
of the max. as well as the minimum value are each tan? /9
ie. they are equal. Since this is expressed in radiaus,
converting into time the numerical value of the max, and
minimum equation of time due to obliguity is 9.87/. Thus
we can write I—a = 9.87/ sin 2l. Again where | = 225,
2] = 450 so that [—a will have a positive max.; and sgain
when [ = 815, 21 = 630 so that I—a will have a negative.
maximum value. Also when [ has values 0, 90, 180, 270 it
is zero. Thus the equation of time due to obliquity is zero
at r, ie. the vernal equinox ; +ve in the first quadrant.

fan a
Cosw = fan 7 % that
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increasing from zero to 45 degrees and then decreasing
from 45° to 90°; assuming the value zero ab 90°, then
negative in the second quadrant negatively increasing from
zero o & maximum as ! increases from 90° to 135°, and
then negatively decreasing from the maximum value fo
zero at the end of the second quadrant ; again behaving in
the 3rd quadrant as in the first and in the fourth as in the
second.

(6) It was stated by Mr. Mazumdar in his introduction
to the Siddhants Sekhara of Sripati published by the
Calentia University as well as by pandit Babuaji Misra,
the editor thereof that this Udayantara correction was
first menbloned by Sripati, and it meant equation of time
dus o obhqult.y. In faot S'ripati states (Verse I ch. elevan)

“ grgaRn gittar EmESEmsiesRe fwa,  wewREEd,
TEY: TErg VEAII[TE J, Jr@@Er A qFA: GAnq

.. . ,Hsin © Heos
l expressed in minutes — H sin™* H 008 express-

ed in asus = what are ocalled elapsed asus and are +ve,
-+ve, +ve and —ve in the successive quadrants. We saw

. Hgin © Hoos o g
before that H sin @ = Hoos § go that Sripati

meant ! - a, the former expressed in minutes of are and
the latter in asus, or what is the same (I—a ) both expressed
in minutes or asus. These give the gain of I over «.
Immediately after this verse Sripati goes to a different
topic, and never mentions (as understood from the printed
text) any further debails as to what is to be dome with
these Yatasus. Since Bhaskara says explicitly that for
these Yatasus, the planets are o be corrected, we may
surmise that there should have besn in S'ripati’s text also
another verse detailing the usage of those asus.

(7) We shall now attend to what Bhaskara gives by
way of explanation of the verses in question, The Ahar-
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