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and T® = (R—i;?%_é ‘3- 50 that

Thus we see that ag g increases both £ and T decrease
on accounti of the minus signs in Jf and OT. AlsoifI

‘were to increase, Wﬁ—éﬁ—)g should be greater than

B8 1.
T (ma—s: ) ie, ; must be greater than T ie.

T should be greater than ¢ and this is so. “Hence as
p increases ¢ and T decrease but T—t increases ie. as T
decreases T ~¢ increases ie. I increases, So, roughly I is
taken to be inversely proportional to T so that I’ = -I_%(Tl‘

If striot inverse proportionality is there, since,

é
and T+ 3T =T/ =T — W’:%%T and therefore

t B8 2
T =7 {- Z”Té—s“)}=‘i‘{t e

{1- T* (m, —31)} { (m2—s,)?

#* must be roughly equal to T* which means T —¢==1
must te small. In other words the formula of the vprse
holds good only for small I's or Igtakalas.

In fact this process of rectification of the Bhuja was
firss given by Brahmagupta in verses 18 and 19 of Sarya-
grabapadbikara and accepted by Sripati in verse 14.
The verse 19 under Lunar eoclipses in the Sarya-
siddhanta also seems to indicate this process but uses the
words Madhya-Sthiti-khanda and Spagta-Sthiti-khanda in
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an  ambiguous sense. Ranganatha in his commentary
takes the Madhya-Sthiti-khanda to mean that rectified
for variation i1 g, and Spagta Sthiti-khanda to miean that
rectified for parallax. Some modern traditional commen-
tators, for example pandit Sitha Ramajha commenting on
the verse of the Suryasiddhanta and the commentator of
the verses of Brahma 8phutasiddhanta published ander
the editorship of Acharya Rama Swarupa Sharma, have
ignored the variation in g and confined themselves only
to the effect of parallax in longitude.

Yet one more proof could be adduced in this behalf.
Let D, be the moment of geocentric conjunection, ¢ the
time for a given grisa in between D and T the moment of
first geocentric contact. Then the times D, ¢ and T are
to be corrected both for parallax in longitude and that
in latitude. Take the geocentric Sthiti-khanda, and
geocentric Bhuja as the mean-values T and B and those
corrected first for parallax in longitude a3 the True values
T/ and B’/. Also take the time ¢ corrected for parallax in
longitude to be /. We could write T/ -T=gT, ¢ ~{=§¢
and B'—B=9B. In the above, consider B expressed in
time. Then D -—T=§8 the mean Sthiti-khanda, D—¢{=B
the mean Bhuja, D’ —~T'=$, the true Sthiti-khanda recti-
fied for parallax in longitude, D/ —¢/=DB’ the Bhuja also
rectified for the sawme. The JB=3D—9t 8[=3D JT.
Then using the proportion “ 1f for D —T we have §D —§T
as the variation what shall we have for D—¢?” The result

D-T

‘~—T/) _ Mean Bhuja X True Sthiti-khanda
Mean Sthiti-khanda
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In other words to obtain the Bhuja rectified for
parallax in longitude, we have to multiply the mean Bhuja
by the Sthiti-khanda rectified for parallax and divide by
the Mean Sthiti-khanda. Similarly to obfain the Sthiti-
khanda rectified for the variation in latitude also, take
the Sthiti khanda rectified for parallax as the mean and
that rectified for variation in 8 as the True and then by
the same procedure, Bhuja rectified for parallax in latitude
-will be equal to Sthiti-khanda rectified for parallax in
latitude multiplied by the Bhuja rectified for parallax in
longitude divided by the Sthiti-khanda rectified for parallax
in longitude Bhaskara gives the names Sphuta Sthiti-
khanda and Spbuta Saraja-Sthiti-khanda o the Sthiti-
khanda rectified for parailax in longitude and that rectified
further for parallax in latitude. The proof adduced above
acocords with the statements of Brahmagupta, Sripati and
Bhaskara; Ringanitha bearing in mind Bhaskara's
version puts a correct interpretation on verse 19, Lunar
eclipses of Saryasiddbanta. But the usage of the words
Madhya and Sphuta in that verse, misled the modern
traditiona! scholars including Burgess. If is to be men-
tioned here that tte word Koti translated as perpendicular
by Burgess is misinterpret+d by him (sce his commentary
under verse 19, luuar eclipses) as ‘ The perpendicular is
furnished us in time and the rule supposes it to be stated
in the form of the interval between the given moment and
that of contaot or separation’. This translation goes
against the definition of Koti contained in verse 18 just
above, since the Koti of Saryasiddhanta is the Bhuja of
Bhiaskara and vice versa.

We shall now see why there'arose confusion in the
minds of many modern commentators including Burgess.
The problem mooted by the Suryasiddbanta in calling for
a rectification of the Koti, is to be noted as that when the
grasa g is given and not the Igtakala I. The two formulae
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for Koti are '3-_%_:;927‘32 and (T ~I) (w—v). When I

is given we have $o use the latter formula and take T/ in
the place of T where T, T/ aad T” are respectively the
Sthityardhas (1) Mean, ( 2) Mean rectified for paral llax in
latitude and (3) Mean rectified for parallax in longitude.
Of course here to arrive at T/, method of successive
approximation is to be used as g goes on changing from
time to time and there is an inter-play between the
simultaneous effects of parallax in longitude and that in
latitude.

On the other hand when g is given we bhave to use the
former formula for the Koti and the Koti thus obtained
is t0 be rectified for the variation in 8. So Stryasiddhanta
proposes the formula

ﬂ_&%’_:g)a g2 T i meamng thereby that the correction
for the variation in B is more important becausge the
formula is in terms of 8 and not the other formula. This
formulation is approximate but adopted for the sake of
ease, Otherwise from the graea, I is to be obtained and
the other formula could be used which method is more
laborious.

Bhaskira’s Correction of Brahmagupta's Statement

Verses 1, 2 & 3. The statement of Brahmagupta
namely that the arc of the Moon’s Drk-ksepa will be
objained by the sum or difference of that of the Sun with
the latitude of the Vitribhs, I (Bhaskara) do not aceept.
I shall give the reason wby. In a place where the
latitude is 24°. when the longitudes of the Sun, the Moon.
and the Node are all 180° at the time of Sun-rise, the
ecliptic ocoupies the position of the prime-vertical. The
Moon will not leave the ecliptic even though depressed by
parallax in longitude. Thus there is no parallax in



446

latitude.. The Vitribha then being in the zenith, and its

latitude being 41°, the Drk-kseps of the Moon according

to Brahmagupta’s formula will bs 43° and therefore the

parallax in latitude obtained by the Drk ksepa will be

190’85 , Hsin 4§° _ 549" 500 _ 47 0" which is not
16 3438 3438

the case actually.

Comm. Having thus shown the flaw in Brahma-
gupta’s approximate formula, Bbaskara proceeds to show
bhow that formula could be justified in & particular way.
Brahmagupta assumed the Moon’s orbit to be the ecliptic
because at the moment of an eclipse, the latitude of the
Moon is very small so that he might be taken to be on the
ecliptic. In figure 101 let the Ecliptic coincide with the
prime-vertical ZE. Let EV be the Moon’s orbit where
V is the Vitribha of the Moon’s orbit. The arc of the
Sun’s Drk-ksepa is here zero and that of the Moon’s
Drk-ksepa is ZV which is the sum of the are of the Sun's
Dtk ksepa namely zero and the latitule of the Moon's
Vitribha namely ZV, since the pole of the ecliptio now
coincides with the south point S, which means that ZV is
the latitude of V.

. Liet V'V’ be the nati which is equal to AB, since V/A
is the so-called Viksepa Sadrsamandala or the deflected
position of VE on account of parallax in latitude. The
four minutes of parallax in latitude is now VV/=AB. This
parallax is obtained because, Bhaskara argues, the nati
obtained by Brahmagupta is there beoause he took VE to
be the Ecliptic and so obtained that nati with respect to
VE. . Now, Bhaskara says, this is to be correoted by the
difference of the Moon’s latitudes the original one and
that obtained after the Moon is deflected by the parallax
in longitude. This difference is 0—~AB=BA. Correcting
AB with BA, the result is AB-FBA=0 go that ultimately
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there is no parallax in latitude ie. no nati at all, as should
be the case.

Fig. 101 Fig. 102

Or, Bhiaskara’s argument could be better illustrated
from figure 102. Let VS be the ecliptic where V is the
Sun’s Vitribha and S, the Sun. Lef V/M be the Moon’s
orbit called Viksepamandala where V/ is taken to be the
Moon’s Vitribha and M the Moon. Let 8/, M’ be the
deflected positions of the Sun and the Moon on account of
parallax. ZV/=ZV+VV/ == the are of the Sun’s Drk-
ksepa -+ the latitude at the point V called Vitribhalagna—
Bina, as formulated by Brahmagupta that ZV’ is roughly
equal to the Moon's Drk-ksepa-Dhanus. (Strictly speaking
ZV’ ought to be perpendicular to the Moon’s orbit V/M,
if V/ were to be the Vitribha of the Moon; but, as the
latitude is small, the error is negligible). Let LS’/ and
L/M’ be the so-called Kranti-Sadrsa-mandala and Viksepa
Sadrgamandala or parallel drawn to the ecliptic and the
Moon’s orbit through the deflected positions 8" and M’ of
the Sun and the Moon. 8’z is the Sun’s parallax in latitude

,ie. Nati. Similarly Brahmagupta took M’n/ to be the
nati of the Moon as stated by Bhaskara. The error com-
mitted will be therefore M/n/—8/n = (M’z’' +a/n’)—
(S'z+zn)=M’z’ —2zn) cancelling z/n’ and 8/'n which are
roughly equal. Also zn could be roughly taken to be equal
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to MS. Hence the relative parallax is equal o M/z/ —MS=
Difference of the latitudes of the Moon in his original
and deflected positions respectively. Hence

Sin=M/n! —~(M'g! —MS) = Brahmagupta’s nati-+correction
of the difference of the latitudes reversely effected, as
stated by Bhaskara,

In fact, Bhaskara has misread Brabmagupta’s correct
procedure, since the latter sought the relative parallax of
the Sun and the Moon.

Instead of adding the latitude at V to the zenith-
distance of V (the aro of the Sun’s Drk-ksepa) which
implies additional computation of that latitude, as an
approximate procedure, MS is added to ZV to get ZV/ as
an alternate procedure as mentioned by Bhiaskara in the
course of the commentary.

Whereas Brahmagupta was seeking relative parallax,
Bhiskara misread that Brahmagupta took M/n/ as the nati
and did not effect the correction of (M/z—MS) to obtain
S/n, which Bhaskara took to be the Sphuta-nati. Not
effecting the above correction is interpreted as negleoting
it since the Moon's latitude during the course of an eclipse
is small.



GRAHACCHAYADHIKARA

Verse 1. The orbital inclinations of the planets.

The inclinations of the orbits of Mars, Mercury,
*Jupiter, Venus and Saturn to the ecliptic are respeotively
110, 152, 76, 136 and 130 minutes of are. The nodes of
Venus and Mercury get rectified by adding their respective
S'ighra anomalies to their values obtained originally.

Comm. The values given above are said to be the
nmean values. Those given for the superior planets namely
Mars, Jupiter and Saturn approximately accord with their
modern values. Bhaskara says that these values pertain
to that moment of observation, when the Sighra anomaly
is equal to 90+% Hsin™ a where a is Hsine of the
maximum Sighraphala. This is gnite in order because
when the Sighra anomaly assumes the said value, the true
planet is at the point of intersection of the deferent and
the eccentric, which means that the planet is equidistant
from E, as well as E, (vide fig. 103). Identifying E, to
be the earth's centre and E, to be that of the Sun in the
oase of the superior planets, the mean latitude of the
planet observed will be the same as that observed either
from the earth or from the Sun. Hence in the case of
the superior planets, the maximum latitudes of the planets
observed accord with the geocentric as well as heliocentrio
observation. These are taken to be the mean values of
the maximum latitndes.

In the case of the inferior planets, it will be clear why
the modern values of 7° and 3°-24/ for Mercury and Venus
are far higher than the Hindu values namely 162" and
136’. Since the mean planet in this case is taken to be
the Sun, the linear values of the latitude observed from
E and 8, the centres of the Earth and the Sun respeotively
will be in the ratio SP/ES (vide fig, 104).
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Fig, 103 Fig. 104

In the case of Meroury this ratio is  and thatin

the case of Venus is {%5. Hence the values 4204 and
gni:'z ie. 168’ and 142’ roughly accord with the Hindu

values. 1n other words the Hindu values are geocentrio
and the modern heliocentrie.

Bhaskara adds that the nodes of Mercury and Venus
as computed previously are to be increased by the Sighra
ancmaly to obtain the actual longitude of the node from
which the latitude iz to be computed. This directive is
a beautiful example to show implied heliocentrie motion.
Let the convex angle ASN be the heliocentric longitude
of the node measured negatively as the node has a negative
motion along the ecliptic. Adding the heliocentric S1ighra
anomaly to this longitude of the node means convex

A A A A A
angle ASN+-USP=360°+NSP—~ASU=NSP—ASU. Now

A N
add the longitude of the planet ie. here ASU (=AES) to
obtain the argument from which the latitude of P the.
planet is to be computed. The result is NSP as should be,
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Computing the latitude as indicated in the next verse,
H sin NSPXgXR
RXR
latitude oited above in the respective cases, multipljed by
R and divided by K indicates that the linear magnitude

of the latitude will be increased or decreased according as
K is smaller or greater than R.

by the formula where g is the maximum

Fig. 105 Fig. 106

(a) In this context, we are to throw light on some

moot points. Bhaskara says “#ezeRIy we: Trimalidaeed
', which tantamounts fo saying

that the node is situated in the heliocentric orbit * &gz ga-
famuga ”. The Vimandala or the planet’s orbit, taking
for example the inner orbit of P in fig. 105, does not
exactly lie in the plane of the ecliptic as shown in that
figure but is in an inclined position cutbing the coplanar
inner orbit in N and N/, as shown by the ellipse NPN/
where NP=NP’”. The argument to calculate the latitude

is NP/ and the formula is E—HI—%-N——P' X B o give the helio-
eentric linear latitude. To obtain its geocentric linear

value, we have to multiply by R
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(b) In the case of the superior planets, Bhaskara
mentions in the Goladhyaya “ wrdtsuan zim#s fadwm
T TG A7 JATG TUST: 7 verse 92 (Golabandbadhikara).
This also clearly indicates that the orbits or the superior
planets are also heliocentrio, for, otherwise, there is no
purpose of subtracting the Sighraphala from the True
position of the planet. The purpose in doing so is to
obtain the heliocentric longitude of the planet (vide
fig. 106).

True geocentric longitude of J is A/EJ=ASJ/,

Subtracting the S'ighraphala EJS=JEJ/ from ASJ/,

N\
we have ASJ the heliocentric longitude. Adding the
retrograde longitude of N (&7 JMg as cited above in

N N
verse 22) means adding ASN to ASJ which gives NSJ.
This is the argument to caloulate the latitude of J.

(c) Bhaskara alludes to a confusion in the mind of
Chaturvedacharya in this context while commenting upon
verses 23, 24 in Golabandhadhikara (Goladhyaya). Chatur-
vedacharya commenting on Brahmagupta’s words (verse 10
Grabayukti-adikara oh. 9, Brahma Sphutasiddhanta)
exolaims. ** The latitude of Mercury and Venus will be the
same as wWhat they are at the point of Sighroccha ; correat-
ness of the result alone is proof ; no other reason could he
adduced !”" Bhaskara clears his misconception in the
following words. ‘ The number of sidereal revolutions of
the nodes of Mercury and Venus mentioned in the chapter
‘on mean motion, are to be increased by the number of the
sidereal revolutions of the S'ighroccbas of Mercury and
Venus, a8 mentioned by Madbava in his work “ Siddbanta-
chudamani”. This means thal the S'ighra anomaly is to
be added to the position of the node obtained by the smaller
number of revolutions given in the ohapter on mea.ﬁ
motion.
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The misconception in the mind of Chaturvedicharya
as well as the wrong notion in the minds of Madhava and
even Bhaskara in construing that the number of revolu-
tions of the nodes are to be increased by the number of
revolutions of the S'ighrocchas, are due to the fast that
it was overlooked that the position of Sighrocchas with
respect to Mercury and Venus are given by their helio-
centric longitudes. In other words as is mentioned by
the verse ‘‘ FIHUN: IT: WY WA TN ” the Sighroc-
chas of Mercury and Venus are no other than the helio-
gentrio positions of those planets. Thus the exclamation
of Cbaturvedacharya cited above arose out of thinking
that the Sighrocchas differ from the planets, whereas they
are the same heliocentrically, though they differ geocentri-
cally. Heliocentrically the planets longitude is (vide fig.

PaS

106) ASP which is equal to A/EP/ geocentrically. The
geocentric longitude of the planet is on the other hand
AIEP differing from the above, though both the helio-
centric and geocentric longitudes point to the same planet.
Bhaskara, no doubt, gave a correct procedure but missed
to identify the Sighroccha and the heliocentric position
of the plane. In this context, the reader is referred to
the author’s ‘peculiar concept of Sighroceha in Hindu
agtronomy published in the journal of Oriental Research
of the 8. V. University Vol. XIV, Part 2, Dee. 1971,

Verse 2. The Hsine of the are of the planet’s orbit
Vimandala intercepted between the nearer node and the
planet multiplied by the maximum latitude of the planet
cited, and divided by the Sighrakarna gives the latitude
of the planet at the given place.

Comm. From the formula akin to that which gives
the declination of a point on the ecliptic namely sin & =

gin A 8in o or in the Hindu form H sin §= —H—-S—l?-i‘-ﬁgm’



Hsin A Hsin ¢
R
¢ the maximum latitude and 1 the arc of the planetary
orbit intercepted between the nearer node and the planet,
Since’8 and ¢ are smail H sin 8 and H sin ¢ could be taken
¢t X Hsin 2
R
this value is had at the distance of the Sighrakarpa, its
value at a distance of R should be given by
iHeind R __¢Hsini
b="R XK~ ®

Hsing = where g is the latitude required,

to be 8 and ¢. Henoce we have g = Since

as formulated.

8. ~WR*-~Hsin'v is called Yagti where v ig
Ayanavalana, The latitude g of the planet multiplied by
Yasti and divided by R or multiplied by H cos & where 3
is the declination of the point whose longitude is 904,
A being that of the planet and divided by R gives the value
of the rectified latitude which could be added to the
declination of the foot of the latitude to give what we say
the modern declination of the planet.
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" Comm. Let rM (fig. 107) be the ecliptic and N the
celestial equator whose poles are K and P respectively.
Let R be a celestia! body whose latitude is # and whose
modern declination is RL. ILet M be the foot of the
latitude oircle and let § ba thke declination of M. The
word Kranti in Hindu astrenomy is applied to connote
the declination of a point on the ecliptic alone and not of
any other point like R. RL is called Sphuta Kranti which
is equal to R'IN=R/M+MN. RM is called Vikszpa and

Sphuta Viksepa. EMP is called the Ayanavalana at
the point M of the ecliptic. Produce MP to P/ where

2\

PP/=Q so that MK=MP=90°. Hence P/ is-aright angle

N\
and KP/=KMP/'=v=Ayanavalana. From the spherical
triangle KPP/, o8 @ =cos v cos §. Draw perpendicular
RR/ on MP so that MR/=g/=Sphuta Viksepa=g cos v

R But H cos v =

o pl = Mgﬁ-ﬁ which is to be added to & to obtain
the Sphutakranti R/N or RL, the modern deolination.

Note (1) One Mukhopadhyzya, in his thesis ‘ The
Hindu naksatras’ submitted to the Caloutta University,
mistook RM’ to be the Sphutaviksépa instead of R’M and
hastily remarked that Bhaskara was wrong in making RM/
less than RM.

”~\
Note (2) vshown in the fig, 107, is called Sthaniya-
valana or valana at the point M which is considered to be

N\
place of the planet ‘ Sthina’ on the ecliptic. KRA, on
the other hand is called Bimbiya-valana or valana at the
bimba or disc of the planet.

N
Note (3) v could be obtained from the spherical
triangle KMP where KM=90°, PM=90-9, using the



466

formula ©08 @ = sin (90-3) cos v or in the Hindu form

R H cos w _fHecosw

D OO« i /
Hoosd ' In this case g H oo

Hecosv =

Or égain noting that M,IEP=90—A where A is the
longitude of R, we could use ‘Inmer side Inner angle
formula ' with respect to the triangle KMP, which gives
cot w
cos 4
or tan v = ¢os A tan . But this formula implies the
tangent functions which were not used by the Hindu
astronomers.

0 = sin 90 cot § —sin (90 —a) cot v or cob v =

Similarly using the elements 99—a, 90°, v, and 90—9
of the same triangle KMP, another formula could be got

for v. Or again noting that KPM =90-+a, we could yet
get more formulae where @ is the Right ascention of M.

Note (4) Thus far we have used modern formulae,

Let us now see as to how Bhiskara derives his formula.

He takes the triangle MKP’ (fig. 107) wherein MK=90°,
e

"=v and P’=90. From fig. 108, the Hsine of MK is

Fig. 108

KO equal to R where ‘O’ is the centre of the sphere and
the Hsine of KP is KN so that it is the Ayanavalanajya,
Hence
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is the centre of the sphere and the Hsine of KP is KN so
that it is the Ayanavalanajya. Henoce

i=OKQ"“KN2 . ON=Yasti=vR" Ayanavalanajya
= Ayanavalanakotijya. From the similarity of the
triangles OKN and GRF, )

OK _ @R . on_ GEXON _ H sin MR X Yagti
ON ~ GF OK R

GR could be taken equal to MR, the latter being
small and GF could be taken to be equal to GR’ ie.
H sin MR’ and so equal to MR'.

MR/ — MEB éYagbi

Adding MR/ to the declination of M, we get the
modern declination of R’ ie, the Sphutakranti of R,

Note (56) In fact the spherioal triangle MEKP is
just like the spherical triangle rEi™ (fig.). In the place
of the paramakranti ET®, we have the Ayanavalana KP
(fig. 108), and in the place of Dyujya ==L (fig. 19) we have
Yasti.

Note (6) An alternative is given in the verse for
__ MR XHcos &/

this namely MR/ = — 5 where &' is the

nation of a point whose longitude is 90+,. In
words we have to prove that H cos v = H cos §/ or v = §/
(of & point whose longitude is 90-4-a. Since declination
is given by the formula H sin 9 = H ME————HMH @

H cos aXH sin w
R

gin v _ sin 90—1 _ co8 4
'sinw 8in 90—5 ©OB &

Putting 90-+2 for A, H sin §/ =

But from triangle MKP
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H sin o XH cos a 'II

8in w COB A H si —
e Bln v =
or H cos o

08 O

Comparing I and IT, » would be equal to ' provided
H cos §=R. This is accepted as an approximation, as
O is generally small.

gin v =

This approximate formula is given by Suryasiddhanta
in the context of Ayana Drk-karma in verse 10, ch. 7,
where v is assumed to be equal to §’ defined above.

Verses 4 and 6. The process called Ayana Drk-karmae

The Ayana Drk-karma correction measured in minutes
is obtained by multiplying Ayanavalana by the unrectified
celestial latitude, and divided by Hcos § and then
multiplied by 1800 and divided by the rising time of the
Ragi which is ooccupied by the planet. Or again it is
obtained approximately by the product of the Ayana-
valana and the unrectified celestial latitude divided by the
Yasti.

This Ayana ka-ka.rma. correction is negative if the
hemisphere and the latitude have the same direction.

On symbols, Ayana Drk-karma correction =
Ayanavalana X 8X1800
H cos g XT
B X Ayanavalana
Yasti (=H cos v)

or approximately equal to

Comm. Let & be the position of the planet when the
foot of the planet’s secondary (called Grahasthana) to the
Heliptic namely A is rising, where rCA is the Ecliptioc.
Liet ¥ML be the celestial Equator. Let P and K be the
poles of the celestial Equator and Eecliptic respectively.
The arc AC of the Heliptic intercepted between A and the
declination circle of G expressed in minutes represents the
A@aFS: formulated in the verse, To find the maguitade
of AC, the first formula mentioned above envisages finding
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Fig. 109

it through the magnitude of ML the corresponding
Equatorial arc which is itself found through finding the
magnitude of AB. AB expressed in minutes will be equal
to the number of asus taken by the declination circle of G
namely PGB to have traversed from the position PDA to
PGB which is the time taken by the planet G to be at its
position from the moment of its rising at the Equatorial
horizon namely PDA, D being then its position. When
G was at D, K, the pole of the Heliptic should have been
itself rising on the Equatorial horizon. Thus it is sought
to find the fime expressed in asus taken by K from its
moment of rising on the Equatorial horizon to its present
position at K. When Bhaskara mentions in the commen-
tary under the verse that “
by the word fafas, he had at the back of his mind
ie. Hquatorial horizon and not the horizon of
the place shown in the figure. Also as was mentioned
before in a previous context the time expressed in asus
taken by an equatorial arc to rise is equal to the number
of minutes in that arc. Since the time taken by the
planet to traverse the arc of the diurnal circle namely DG
is the same as the time taken by the equatorial arc LM
to rise, Bhaskara seeks to find the number of minutes in
AB, then compute, the number of Asus taken by LM to rige
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through which the number of minutes in AC could be
computed.

e
AB=AG sin AGB =

N
AGXH ]s;n AGB _ BXKyan;vala.na,jyi where AG=4.
In the formula given the word Ayanavalana is used for
Ayanavalanajya ie. the Hindu sine of Ayanavalana for

Fa Y
brevity. Also, since generally the angle AGB defined as
Ayanavalana happens to be small, its Hsine will be almost
equal to it. In this sense also the term Valana is used
where Valanajya is to be used.

From AB we pass on to the magnitude of LM. From
Hindu spherical Trigonometry

LM = ABXR _ ABXR _ BXAyanavalanajya %

Hecos AL  Hoos o R
_ BXAyanavalanajya . .
Hoors H 008 . (H cos § is called Dyujya

which is connoted by the term Dyu-guna in the verse, the
words Jya and Guna being synonymous).

Thus LM = B XAyanavalanajya
Dyu-guna

From LM we pass on to the corresponding arc of the
Eoliptic namely AC, which does not imply the latitude of
the place. So we have to use what are called Niraksha-
Udayas of Ragis ie. the rising times of the Ragis at
Equatorial places. Rule of three is used here o find AC
from LM. Locating the particular Rasi in which the
planet is situated, and using the proportion. *“ If a Ragi
of 30° ie. 1800/ of the Eeliptic rises at an Equatorial place
in say o asus, what arc in minutes corresponds to the
number of minutes or what is the same the number of Asug
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in the arec LM ?” We get the magnitude of the are AC in
minutes.

The compubation of this arc AC is intended to know
the difference between the times of rising of the peint A
and the point G the former being the point of the ecliptic
signifying the position of the planet and the latter being
the planet itself. This difference of the times of rising is
itself required to know the actual time of rising of the
planet by a knowiedge of the time of rising of the point
which signifies the planet’s position on the Eecliptic by its
longitude.

In verse 5, Bhaskara gives an alternate and easy
method of obfaining the magnitude of AC construing AGC
to be roughly a plane triangle which does not involve any
appreciable error.

AC = AG tan AGC = BX H vin AGC
H cos AGC
_ BXAyanavalanajyi
- Yasti
H cos AGC in verse 3.

since Yagti is defined as

Note. The point C is called the Krta-Ayana-Drk-
Karma Sthana ie. the point of the Ecliptic signifying the
planetary position rectified for the Samskara or ocorrection
oalled Ayana-Drk-karma. The longitude of C thus got
is oalled the polar longitude of the planet which is defined
a8 the longitude of the planet as messured on the Holiptio
upto the point of intersection of the planet’s declination
circle with the Heliptic. Bhaskara mentions elsewhere,

o

ie. in the oase of stars which are fixed, the Sphuta-yaras
or polar latitudes (given by GC in the above case)
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given and longitudes rectified for Ayana Drk-karma are
given ie. polar longitudes. Bhaskara made this as an
approximate statement, for, we know, even in the case of
sbars, though they be fixed, their polar latitudes also do
changé by the precession of equinoxes be it just a little;
whereas their polar longitudes do not change by the same
constant quantity as their celestial longitudes.

Verses 6, 7 and 8, Obtain the Carakhandas or
ascentional differences of the Sphuta and Asphuta Krantis.
If they be of the same direction their difference is o be
taken, if of opposite direction, their sum is to be taken.
The result in asus gives the Aksa Drk-karma correction if
the celestial latitude is of appreciable magnitude, If it
be not appreciably large, it (the celestial latitude) is to be
multiplied by the Aksavalana, then divid by H cos ¢ or
what is the same, multiplied by the equinoctial shadow
and divided by 12. The result is to be multiplied by the
radius and divided by H cos 8. Then we have the Aksa
Drk-karma correction in asus. Assuming the planet’s
position corrected for Ayana Drk-karma to be the Sun,
obtain the lagna using the asus of the Aksa-Drk-karma.
If the planet has a southern latitude let the lagna be found
in the positive direction ; otherwise in the negative dire-
otion. Then we have the rising lagna of the planet or
what is the same the longitude of the rising poin$ of the
planet. Again assuming the planet’s position increased
by 180° to be the Sun, and using the asus of Aksa Drk-
karma, obtain the lagna in the positive direction with
respect t0 a northern latitude of the planet or else in the
negative direction. The result gives the longitude of the
setting planet or what is called the Asta-lagna.

Comm. (Refer to fig. 110) Let p be the planet whose
Graha-sthana or foot of the latitude is p’. Let ¢ be what
is ocalled the Krita-Ayana-Drk-Karmaka-Sthina or the
planet’s position corrected for the correction of Ayana
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Fig. 110

Drk-karma. (This correction is given by the arc p/g).
The difference of the rising times of the planet p and ¢
expressed in asus is what is sought here. The planet p
rose at a and has covered the arc ap of the diurnal circle
after rising. So, we have to compute ap and therefrom
the corresponding arc of the Equator namely AC, If the
planet has no latitude ie. is situated on the ecliptic at p’,
the are p’q or Ayana Dtk-karma vanishes, for, the Ayana
Drk-karma is no other than the projection of the latitude
of the planet on the ecliptic taking P or celestial pole as
the vertex of projection. Also if there were no Aksa ie.
if the place be equatorial, p and ¢ rise simultaneously ie.
the planet will rise along with the point oalled Krba-
Ayana-Drk-Karmsaka-Sthana ¢, mentioned above. In fact
the Drk-karma corrections Ayana and Aksa are contem-
plated to obtain the difference in the rising times of p and
p' ie. the planet and its position on the ecliptic. This
time is resolved into two parts (i) the difference of the
rising times of p/ and ¢ and (ii) that of the rising times
of gand p. The former is given by the equatorial arc
BC which goes by the name Ayana-Drk-karma and the
latter by the are AC which goes by the name Aksa-Drk-
karma, The algebraio sum of these two corrections gives
the difference of the rising time ofzp and p’ ie, the time
given by the arc AB. Here AB=AC—BC, In verses
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4, 5 we have seen how BC is computed. Here we are
seeking to compute AC through the corresponding aro ap
of the diurnal circle.

The verse uses the word Sphuta-Kranti, Asphuta-
Kranti, and their Cara-khandas. Here in the figure 2C
is the Sphuta-Kranti and p/B is the Asphuta-K:anti or
simply Kranti. Also pp/ is called Asphuta-Viksgpa and
bp’ Sphuta-Viksspa. Sphuta-Kranti=pc=bB=>bp -+p'B=
Sphuta- Vikgepa +Asphuta-Kranti. In other words the
declination of p, the planet, is called Sphuta-Kraati and
that of its longitudinal position on the ecliptic namely p/
is oalled Asphuta-Kranti or simply Kranti. We have
pbhained Sphuta-Kranti from Kranti by adding to the
latter the Sphuta-Viksépa. The method of obtaining
Sphuta-Vikgepa from the Vikgepa, otherwise called Viksepa
Sphuta-karama was dealt with in verse 3 above.

Now we have to define the Cara-khandas pertaining
to the Sphuta-Kranti pC and the Asphuta-Kranti p’'B.
The former is defined as AR and the latier by CE very
approximately. We say very approximately because when
o/ comes to the horizon, the Cara-khanda will not be
exactly EC but a little more or less than EC since
Bp/#Cq. In other words, the are of the equator between
the declination circle of ¢ while rising and the equatorial
horizon ie. AE is defined as the Cara-khanda of pC;
similarly CE is that of p/B. Their difference is
AE—CE=AC. If we use the modern notation, we have
to take their algebraical differencs. If that be done, the
alternative case of adding the Cara-khandas When, the
Sphuta and the Asphuta-Kranti are of opposite directions
will be automatically implied. The asus pertaining to’
this arc AC will be the correction of Akga-Drk-karma as
mentioned in verse (6) wher the latitude of the planet is
appreciable, These asus will be equal to the time taken by
p the planet to cover the arc ap or what is the same, the
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time in between the moment of rising of p and that of ¢,
the position of the Krta- -Ayana-Drk-Karmakagrahs.

When the latitude is very small, an a.pproxlmate
estimate of this correctlon is given in asus ag
sin ¢ X . B/ xH sin ¢ R
Hoos ¢ HcosB H cos ¢ Hoeosd'
That this formula is (B'=gp) only approximate is seen

from the fact that Hsin¢ = H sin ¢. This second
formula can be proved as follows.

_bAosmg

Ie
H cos ¢ H cos 3
B’ is the Sphata-Viksepa. Taking gpa as a plane triangle

where

Aksavalana in asus

”~ P
pa=gp tan pga=gpXtan PEn approximately
Hsin ¢

Hoosd' Hence

= Sphuta-Viksepa X

— BxHsin g X 2 . With respect to the first

AC Hoos¢ ~ Heosd'
formula ie.
. _ B/ XHsin ¢ R
Aksavalana in asus H oos & Hoos 3’
N\
”~ s T
pa=gp tan pga =
H cos pga

A

H cos pga which is Yagti previously defined, H cos

ie. H cos ¢, an approximatc value is substituted, because
the latitude is small. Having obtained the value of pa,
it is then reduced to the Equator by multiplying by R and
dividing by H cos 9. The convention with respect to
the sign is olear. The idea of Kramalagna and Viloma-
lagna may be elucidated as follows, In fig. 110, ¢, is on
the horizon rising whereas p had already arisen. So o
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obtain the rising time of the planet p, which oceured
before that of ¢, Vilomalagna or an anterior point of time
is to be computed, and this is done by subtracting the asus
of Aksa-Drk-karma from the rising time of g. The rest
follows on these lines of elucidation,

Verse 9. The planet rises at the time known as its
Udayalagna (which is to be computed as aforesaid) and
it sets at the time known as its Astalagna (which is also
to be computed as mentioned before).

Comm, Clear.

Verse. 10. During the night, at a given moment, the
computed Udayalagna of the planet is less than the
particular lagna of the moment, ie, if the longitude of the
Udayslagna is less than that of the ourrent lagna, and
also if the Astalagna of the planet computed is greater
than that of the then current lagna ie. if the longitude of
the Asbalagna is greater than that of the current lagna,
the planet is visible ie. above the horizon. In the ocase
of the Moon, however, if he is not eclipsed by the rays of
the Sun, he may be visible even shortly after Sunrise or a
little before Sunset in contradistinction to a planet which
could not be seen at all during day time (except perhaps
Venus). When a planet is visible, his gnomonie shadow
could be computed. (This does not mean that the gnomon
casts a shadow of the planet but means that its zenith-
distance could be computed according to the methods
described in Tripragnadhikara,

~

Comm. Clear,

Verse 11.  To obtain the shadow, the time that has
elapsed after the rise of the planet is to be knowa,

If it be required to find the gnomonic shadow of the
planet, then the ourrent lagna and the Udayalagna of the
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planet at the moment are to be computed, The time in
between the two lagnas, which will be in Sivana measure
pertaining to the planet gives the time that has elapsed
after the rise of the planet.

»

Comm. According to computation, the difference of
times of the current lagna and the Udayalagna as com-
puted taking the present position of the planet will be the
time measured along the diurnal path of the planet and as
guch is in Sanava measure.

Bhiaskara mentions here a very subtle point. In the
analysis the latitude of the planet is taken into account
while finding the Udayalagna. Time measured in this
cage is called Kgetratmika and not Kalatmika for the
following reason. Suppose A is the Udayalagna of the
planet and B the current lagna both points being on the
ecliptic. Let us say that the current lagna is posterior to
the Udayalagna (there is no loss of generality in supposing
thig). By the time of the current lagna, the planet is no
more at A but will have moved a little towards B. Let the
present position of the planet on the ecliptic be A’. The
corresponding arc of AB on the equator gives the sidereal
meagure of the time that has elapsed after the rise of the
planet whereas the corresponding arc of A’B on the
equator gives the Bavana measure of the same time. Here
this Savana is that pertaining to the planet and not that
pertaining to the Sun which is Saura Szvana. In other
words it is the Savana pertaining to the particular planet,
because the arc AA’ istraversed by the planet in question
ag per its own velooity.

The stress is here on the word Tat-Kala-graha, ie,
the longitude of the planet at the moment at which the
shadow or the zenith-distance of the planet is sought.
Taking this as the position of the planet and taking the
latitude of the planet also info account compute the
Udayalagna. This will be A’ cited above. T¢q obtain the
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sidereal measure of the same time we have fo take A and
not A,

Verse 19, Savana measure alone is to be employed while
finding the gnomonic shadow ie. while the zenith-distance
of the planet is to be compauted, because the arc of the
diurnal circle of the planet indicates only Savana measure.
Suppose the Udayalagna falls short of the current lagna,
then the Bhogyakala ie. the remsining rising time of the
Rasi in which the planet is situated added to the elapsed
time of the Riagi of the current lagna together with the
sum of the rising times of the Ragis in between gives the
difference of the Udayalagna of the planet and the current
lagna.

Comm. (Ref. fig. 111). Let p be the planet’s place
on the Ecliptic ab the moment in question when the lagna
is L (or the foot of the latitude of the planet
in case it is not on the ecliptic). Let PA be
the remainder of the Rasi in which the
planet is situated. Then the time of rising
of the arc PA is here termed Bhogyakila.
Let DL be the arc of the Ragi in which the
current lagna L is situated, which has arisen.
The time of rising of this arc DL is called
Bhuktakala. The times of risings of the
Ragis in between namely AB, BC, CD are
called Madhyddayas. The sum of the rising times of
PA, AB, BC, CD, DL gives the time in between the rise -
of P and that of L which is the time that has elapsed after

the planet has arisen upto the current Lagna ie. the rising
time of L,

Fig. 111

Verse 13. The method of computing the gnomonic
shadow of the planet or what is the same the zenith-
distance of the planet, as per the method of computing
that of the SBun (extended to the case of the planet) after
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finding the Sphutakranti (ie. modern deolination) of the
planet,

The Kranti of the planet or the declination of the foot
of the latitude of the planef added to the latitude rectified
called Sphutasara, gives what is called Spagtakranti of the
planet and its Hsine is called Spagta-Krantijya. From
this H sin 9, H cos @ ete. is to be computed (as mentioned
in Tripragnadhikara in the context of finding the zenith-
distance of the Sun). From the time that has elapsed
after the rise of the planet salled the Unnata, the shadow
is to be computed as in the case of the Sun’s shadow,
Having thus computed the shadow or what is the same the
zenith-distance of the Moon or that of the stars, the instra-
ment called Nalaka could be pointed to the spot where
that celestial body is situated.

Comm. The words Kranti, Spagtakranti were
explained before. Also the method of calculating the
zonith-distance from a knowledge of the declination was
described before in Triprasgnadhikira,

Verses 14, 156, Consideration of horizontal parallax
in the case of visibility of the Moon or planets.

H cos z or what is called the Mahasanku of the Moon
or planet is to be reduced by; +%th of the respective
daily motion gives the visible Sanku when the radius is
taken to be 8438, If the radius is taken as 120, z¥5th of
the daily motion is to be subtracted. If H cos z is less
than %th (or z3sth) of the daily motion, then the Moon
is not visible, This applies to the other planets as well,
but as this is a neglible matter, the earlier Achiryas did
not suggest this.

Comm. In the context of the subjeot of parallax, we
mentioned that in the case of the Moon, the horizontal
parallax happens to be % of the Moon’s daily motion
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approximately. The same is extended to the case of the
planets as well. To get the proportion in the ocase of
taking the radius to be 120 only instead of 3438, rule of
three is applied as follows. “ If the radius be 3438,-1-%
is parallax, what will it be if the radius be 120?” The

answer is

v 120 . v v
16 X 3438 ~ 54388 430 7

If H cos z be less than this 5th or z3sth of the daily
motion, the parallax does not allow the Moon to be seen.
Bhiskara specifically talks about the Moon only because,
the earlier Acharyas did not apply the correction of
parallax to the case of the planets, because it is not
appreoiable,

Verse 16, If an operation is neglected because its
effeot is not appreciable, or is not of much use, or because
it is apparent, or if it implies great labour, or again if
it implies a lot of exposition that would make the text
unduly voluminous, ignoring the necessity of that oper-
ation should not be treated as wrong.

Comm. Here Bhaskara upholds the earlier Acharyas
not stipulating parallax in the case of planets, because it
is not appreciable.

Here ends Graha-cchiyadhikzra,



GRAHODAYASTADHIKARA
Verse 1 and first half of verse 2.

The Udayalagna of a planet is termed Prik-Drk-graha
and the Agtalagna is termed the Pagchima-Drk-graba.
If the Prak-Drk-graha happens to be less than the current
lagna the planet had already risen. If it be greater, the
planet is still to rise. Similarly if the Pagchima-Drk-graha
is less than the current lagna, the planet had already set;
otherwige is yet o set.

Comm. The words Prak-Drk-graha and Paschima-
Drk-graha are coined to indicate the points of intersection
of the ecliptic with the eastern and western horizon
respectively when the planet is rising or setting, when the
planet has latitude, When the planet has no latitude
Prak-Drk-graha coincides with the rising planet and the
Paschima-Drk-graha with the setting planet. When the
planet has a latitude, the foot of the latitude, which
signifies the planet’s position on the ecliptic differs from
the two Drk-grahas. In this case ie. when the planet has
a latitude the Prak-Drk-graha’s longitude will be less than
that of the planet’s longitude whereas the Pagchima-Drk-
graba’s longitude will be greater than that of the planst,
If z and y be the differences of the longitudes of the planet
and those of the Drk-grahas respectively, it is clear from a
;igure that tan z= 22£ and tan y=B028 Ghere 8 is the

san 0 tan ¢
latitude of the planet and @ and ¢ the angles which the
ecliptic makes with the horizon at the planet’s rising and
setting respectively.

Since O and ¢ are then respectively the zenith-
distances of the pole of the ecliptic in each case, and since
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in the course of half a sidereal day, these zenith-distanoes
could not be equal, z and y cannot be equal.

Second —half of verse 2 and verse 3. To find the side-
real time in between the given time and the time of the
planet’s rising.

Find the time that has elapsed after the planet’s rise,
from a knowledge of the Istalagna at a given fime and
Prak-Drk-graha ie. the longitude of the rising point of
the ecliptic ab the time when the planet rises.

This time will be in Savana measure, because we have
taken the planet’s position at the given moment and not
the position of the rising planet. From this time, know-
ing the daily motion of the planet of the day in question,
obtain the are; that would have been traversed in between
the moments. Subtracting this arc from the planet’s
position at the moment, the planet's position at rising
would be obtained approximately; approximately, because
ag per the prosedure enmunciated in verse eleven, Graha-
cchayadhikara, the Prak-Drk-graha of the rising planet,
and that obtained from the position of the planet at the
moment differ. From this approximate time again com-
pute the are that would have been traversed by the planet
during that time. Subtracting this are which is nearer
the truth from the planet’s present position, we obtain a
more approximate position of the rising planet. Again
computing the Prak-Drk-graha from this position, calcu-
late the time from this Prak-Drk-graha and the lagna of
the moment. Repeating the process we will obtain
the actual sidereal time in between the given time and
the actual Yising time of the planet. It is sidereal beoause,
we have found the time as per the procedure of verse (11)
referred to, where we have used FHIBYZIZY and not the
actual ,&213T, i.e the rising lagna of the planet obtained
from the present position and not that of the rising planet,
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This difference between the nature of the times was already
dealt with,

The matter of this verse appears to have been
unnecessarily cowplicated by Bhaskara but on careful
gorutiny it is not so ; for, the problem is to find the time
that has elapsed after the rise of the planet upto a given
time. Here the data are the given time and the corres-
ponding position of the planet not on the horizon but
elsewhere. We could not know immediately the time at
which the planet rose. To find it alone, this method of
successive approximation has to be used and there is no
other go. Had we known the position of the planet while
rising, the corresponding Prak-Drk-graha could be found
exactly and as this position of the Prak-Drk-graha is a
point of the ecliptic and the Igta-lagna ie. the rising point
of the ecliptic at the given moment is also a point on the
ecliptio, the tims between the moments of rising of these
two points of the ecliptic could be found in sidereal
measure directly by noting the rising times of the Rasis in
between, without an appeal to the method of successive
approximation.

Verse 4. The computation of the times of heliacal
rising and setting of & planet in contradistinction to its
rising time during & day on account of earth’s diurnal
rotation,

The times of rising and setting of a planet have been
dealt with. Now I shall tell the procedure to be adopted
in computing the times of heliacal rizsing and setting of a
planet. If & planet bhas a daily motion less than that of
the Sun, it rises heliascally in the east, and sets in the
west ; otherwise the reverse.

Comm. Take the example of the superior planets, say
that of Jupiter. Since Jupiter moves slower than the Sun,

60
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the Sun will have to overtake Jupiter and not vice versa,
When it is the Sun that is to overtake, taking a position
of Jupiter near the western horizon gradually the planet
gets fainter and fainter as the Sun approaches him from
west to east. Ultimately one evening the planet ceases
to be perceptible within a particular distance of the Sun.
This we call heliacal setting of the planet. Having thus
set in the west, after a few days the planet rises in the
east. This is so because, after the planet’s heliacal setting,
the Sun gradually approaches the planet from west to east ;
at & particular moment will have a longitude equal to thab
of the planet and then gradually gains in longitude over
the planet. After afew days, in the eastern horizon, the
planet will emerge from the rays of the Sun before Sun-
rise; it is not the planet moving west from east but it is
the Sun moving from west to east so that the Sun recedes
away from the planet towards east. The planet also will
be having & motion from west to east but it being slower
than that of the Sun, the latter gains over the former in
its motion from west to east.

In the case of the inferior planets, say for example,
Mercury, the velocity of Mercury is greater than that of
the Sun; as such, Mercury will be overtaking the Sun and
not vice versa. Thus in the eastern horizon, it is Mercury
that enters the rays of the Sun, going from west to east,
go that he sets in the east. After a few days of this
heliacal sefting, Mercury acquires a longitude equal to
that of the Sun, and while overtaking the Sun from west
to east, he emerges out of the rays of the Sun in the west,
which is therefore heliacal rising, But, when Mercury is
retrograde, the case is different. Some days after heliacal
rising in the west, Mercury attains his maximum elonga-
tion and then begins to retrograde. The elongation then
gradually decreases, and he will set again in the rays of
the Sun in the west itself. A few days thereafter, still
continuing retrograde, he emerges out of the Sun’s rays
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in the east, thus rising heliacally. After attaining the
maximum elongation in his retrograde motion, his motion
will then become direct, so that he again approaches the
Bun, going from west to east. Next a little before
overtaking the Sun, he sets heliacally in the east, and
thereafter, having overtaking the Sun, he rises heliacally
in the west.

Here, one point is to be mentioned. The time between
Mercury’s maximum elongation in the west and again the
maximum elongation in the east (whioch are termed
maximum eastern elongation and maximum western
elongation with respect to the Sun) will be far less $han
the time between the maximum elongation in the east
(ie. maximum western elongation with respect to the' Sun)
and that in the west (ie. maximum western elongation
with respect to the Sun) in as much as when Mercury is
retrograde, and the Sun having always direct motion, the
relative velocity will be the sum of the retrograde velocity
of Mercury and the direct velocity of the Sun.

In the case of the superior planets, as mentioned
above, the superior planets set heliacally in the west and
rise heliacally in the east. They will not rise heliacally
in the west and will not set heliacally in the east which
happens only if either the superior planet has a greater
velooity than the Sun or the Sun has a retrograde motion
which is never the case.

Verse 5. Speciality with respect to Meroury and
Venus.

Mercury and Venus rise heliacally in the west in their
direct motion, (sttain maximum elongation before they)
become retrograde, set heliacally there itself, then rige
heliacally in the east continuing to be retrograde, (attain
maximumn elongation there before they) next become direat
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and gradually set there (to rise again in the west) as
before,

Comm. Explained above,

-

Verse 6. Kilamsas or distance in degrees from the
Sun within which the planets rise or set heliacally.

The Kalamsas with respect to the Moon, Mars, Mer-
cury, Jupiter, Venus and Saturn, or the degrees of distance
from the Sun within which they rise or set heliacally are
12, 17, 14, 11, 10, 15 respectively. 1n the case of Mercury
and Venus when they are retrograde the Kalamsas are 19,
and 8 respectively.

Comm. The Kalamsas given above depend upon the
luminosity of the resgective planets. When Mercury and
Venus happen to be retrograde, the Kilamgas happen to be
2° less in each case because they are then nearest to the
earth and as such being most luminous as seen by us will
not set heliacally till they are very near the Sun,

Verse 7. To compute the moment when a planet
riges or sets heliacally.

If it is to be known when & planet rises or sets helia-
cally the position of the Prak-Drk-graha or the Pagchima-
Drk-graha as the case may be (Prak-Drk-graha in oase the
rising or setting takes place in the east or the other in the
other case) and that of the Sun also are to be computed on
a day a little before the day of rising or setting as
prognosticated by the S'ighra anomaly. In case the planet
riges or sets in the west, to obtain the lagna the position
of the Sun is to be increased by 180°.

Comm, Clear.
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First half of verse 8. To obtain what are called
Ista-K3lamsas.

The time botween the rising of the planet or of the
Drk-graba and that of the Sun measured in ghatis multi-
plied by six gives what are called Ista-Kalamsas.

Comm. Having found the approximate position of
the Drk-graha as meutioned above when the planet is
likely to rise or set heliacally, leti the time in between the
rising of this Drk-graha and that of the Sun (if it be the
case of setting or rising in the west the position of the
SBun is to be increased by 180° because the astalagna
directed to be found in verse (1) is the point of intersection
of the ecliptic with the eastern horizom, which is removed
180° from the setting point of the Sun) be multiplied by
six. Since both the Drk graha and the Sun’s position are
points on the Keliptic and since we have considered the
time in between their rising moments, which is measured
on the equafor, and again since this time is measured in
ghatis, the number of ghatis multiplied by six give the
degrees, for, each ghati corresponds to six degrees of the
equator (sixty ghatis corresponding to one sidereal day).
These degrees are said to be Ista-Kalamsas, which means
that it gives the arc in between the feet of the declination
circles of the Drk-graha and the Sun at the Ista-kala ie.
that partioular time considered.

Second half of wverse 8 and verses (9) and (10).

. If the number of degrees so found ie. the Igta-
Kialameas fall sbort of or exceed the number of Kalamsas
postulated for the rising or setting of the planet, then the
planet’s rising has to take place or has already taken place
respectively and vice versa in the case of setting, The
number of minutes of the difference of the prescribed and
Ista-Kalamsas multiplied by 1800 and divided by the
rising time of the Rasi expressed in Kalas and again
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divided by the difference of the daily motions of the planet
and the Sun expressed in minutes of are if the planef is
direot in motion or divided by the sum of those daily
motions if the planet be retrograde gives the days elapsed
after rising or to elapse for the rising to take place. Again,
compute the positions of the Drk-graha and the Sun for the
moment thus obtained and repeat the process till the actual
moment is obtained.

Comm. Suppose the prescribed Kalamsas for rising
be ¢ and suppose the Ista-Kalamgas are y such that y<uz;
then for the planet to rise, the are of the equator in
between the feet of the declination circles of the Sun and
the Drk-grabha has to increase for the planet to rise which
means that this takes some more time to happen. Similarly
if 4>z, the planet has already risen. The question of the
arc decreasing does not arise in this case of rising, because
the planet’s position in the east is behind that of the Sun,
and in the case of a superior planet the Sun has to advance
further for the planet to rise ie, the arc has to increase and
in the case of a retrograde inferior planet also, the are
will be increasing. In the case of an inferior planet being
direct, the arc will be decreasing no doubt, but we have
to remermber that this is a case of an inferior planet setting
and not rising which we are considering. In the ocase of
setting, in the east, however, of the inferior planet the
moment of setting has already elapsed and thus the condi-
tion is reverse to that of rising. The case of setting of
a superior planet in the east never happens. In the case
of setting of a superior planet in the west, if the Ista-
Kilamsas be less than the presoribed Kalamsasg, ie. y&x,
setting must have already taken place, the Sun having
approached the planet from behind and already effected
heliacal setting. Thus this is also reverse to the condition
of rising as stated. In the case of an inferior planet
setting in the west if y>z, the planet should have get
already since the inferior planet is retrograde while setting
in the west.



479

This condition is also reverse to what has been ststed
in the case of rising. The case of a superior planet rising
in the west also never happens, because it is the Sun that
overtakes the planet and also the superior planet ca,nnoh
be retrograde while near the Sun.

The case of rising which has already elapsed the Ista-
Kalamgas y will be evidently greater than 2 ie. y>2z To
obtain the time by which the rising will take place after
the moment in question, ie. the rising of a superior planet
which is direct and an inferior planet which is retrograde,
we have to take the difference of the prescribed and Ista-
Kilamsas and find out the time by rule of three as follows.

(1) Since we have to find the corresponding are of
the ecliptic in minutes of are, from (y—a) X 60/ the
difference of the Kilamsgas of the equator converted into
minutes ie. asus we have first to use the proportion. “If
by the rising time of the Rasi ¢ in asus in which the planet
is situated we have 1800/ of the ecliptic, what will we have
(y—=z) X 60 X 1800

r .
Next we have to find the days wher this arc of the ecliptio
is covered by the proportion. ““If the Sun overtakes the
planet by (x—v) minutes of the ecliptic per day, how many
days are taken to cover the above arc?”’ The answer is
as stated.

by (y—=) X 60? The answer is

The answer gives in days together with fraction of
a-day when the planet is likely to rise. We have to repeat
the process because the motions of the planet as well as
the Sun differ from moment to moment and the time calou-
lated above by rule of three taking into account their
motions for the entire day will be only approximate. The
computation in the case of setting of a planet may be
similarly considered, the setting of a superior planet in the

or that of a direot inferior planet in the‘east,
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Verses 11 and 12, Tf the Prak-Drk-grahs has a
longitude greater than that of the Sun or the Pagchima-
Drk-graha has one less than that of the Sun, the sum of
the prescribed Kalamsas and Ista-Kalamgsan converted into
minutes of arc will have o be used to compute the elapsed
da.ys or the days after which the respective phenomenon is
going to oscar.

If the Ista-Kalameas y be greater than the prescribed
namely z, the reverse to what has been stated in the second
halt of versc (8) and in the first line of verse (9) happens
ie. a phenomenon which has elapsed when y <z will happen
in the future and vice versa,

Comm. If the Prak-Drk-graha has a longitude greater
than that of the Sun, (since the prescribed Kalamsas are
between the planes and the Sun, the planet being behind
the Sun, and the Ista-Kalamgas are now on the other side
of the Sun) the planet has advanced over its position of
heliacal setting be it a superior planet or inferior by the
gum of the prescribed Kalamsas and Ista-Kalamyas. Heunce
the days that have elapsed after the heliacal setting have
to be caloulated with the sum of the two Kilamsgas. If if
be also a case of a retrograde inferior Prak-Drk-graha
rising, having a longitude greater than that of the Sun,
even then the prescribed Kalamsas are behind the Sun and
the Igta-Kalamsas ahead of the.Sun. So from the position
of the planet’s heliacal rising, the Sun and the planet have
advanced in opposite direcion to a distance which is the
sum of the prescribed Kalamsas and Ista Kalamsas. Hencé
computasion has to proceed with she sumn of the two
Kilamsas to get the time that has elapsed after the planet’s
heliacal rising, Similar is the argument for the Paschima-~
Drk-graha.

We have commented on verses from the latter half of
(8) upto (10) where the Ista-Kslamsas y happen to be less
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than @. If y>x, or again the Prak-Drk-graha has a longi-
tude greater that of the Sun, the phenomenon of rising or
setting which happened when y<x, will have to be taken
a8 going to happen and that which was going to happen
when y<x, must have happened already. It is enough to
consider just one case instead of all the four cases since
the argument is similar as before. Let us take y>x and
it is an inferior planet in the east behind the Sun.
According to the latter half verse (8) the rising had to
take place y being less than x, whereas, now, y being
greater than x, rising had already taken plage, in contra-
distinction to what happens when y<x.

Here ends the Udayastadhikara.

61



SRNGONNATYADHIKARA

Verse 1. Either in the last quarter of a lunabion, or
in the first quarter, on the day when the elevation of the
ocusps of the orescent Moon is to be determined, then either
at the moment of Moon-rise or Moon-set or (for the matter
of that during any part of the night) the Hsine of the
altitude of the Moon is to be computed by noting the time
from the moment of Moon-rise,

Comm. Rither in the first quarter or the last quarter
of the lunation, ie. when the phase of the Moon according
to the definition of phase in modern terms is less than
half, the Moon will be a crescent. Also, generally, on the
back-ground of the horizon, we notice that one of the
cusps is more elevated than the other. This elevation
goes by the name Srngonnati.

Even in the middle half of the lunation, Bhaskara
mentions that Brahmagupta and some others (meaning
Sripati whom he closely follows) attempted at finding the
elevation (strictly speaking elevation during the second
quarter and depression during the third quarter) of the
dark horns. Bhaskara does not appreciate this since,
nobody would think about this as it does not appeal to the
eye at all.

Verse 2. To find the Hsine of the altitude of the Sun.

The Hsine of the altitude of the Sun is to be
com-puted, assuming the rising Sun to be in the opposite
hemisphere, south or north (ie. if he be originally in the
northern, assume him to be in the south) and using the
formula given in verse 64 of Tripragnadhyaya  staysai-

@garwﬁ:ur ” given the time measured in asus that has
elapsed after Sunset.



Fig. 112

Comm. During the early part of the night or during
the latter part thereof, when the Sun is below the horizon,
the Sun will be occupying symmetrical positions with
respect to the horizon at times whieh are equally removed
from Sunset and the next Sun-rise. This is clear from the
figure 112. Let A and B be two such symmetrical positions
where AM and BN are the Hsines of the altitudes.

PaS A\
Evidently AM=BN, CPA=CPB, Bince the rising eastern
hour-angle of the Sun equals he setting western hour-

A A
angle, and since CPA=CPB, the time elapsed after
Sunset when the Sun is at B, will be equal to the time
before Sun-rise in the position A. Hence by congruence
-AM =BN =Hsine of the altitudes in the two symmetric
positions, Using the modern formula from the triangle

PZS, cos z = sin ¢ sin § + cos ¢ cos O cos %, when

FaS ”N -
CPA=CPB=F} 008 z will be the same in the two positions
A and B. Putting z =90 + @, cos z= —sin @ will be
the same ie. H sin @ will be the same in the two positions
ie. the Sankus will be the same., In the formula
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"

008 z = sin ¢ sin O + cos ¢ cos  cos
Putz =90+ 9, h = 90 + H, § = J in the positions A, B
and z = 90—@, h=90~—H. d=—9 in the positions A/, B/
We have then — sin § = sin ¢ sin § — o8 ¢ ¢os § sin H
and gin § = — sin ¢ sin § -+ cos ¢ cos y sin H
which are identical. This means that the altitude § below
the horizon with 4@ in the positions A, B is computable
with —@ in the positions A/, B/. This accounts for the
statement made ‘ MFTTYC

The second statement of the latter half of verse (2)
says Sankutala = Sanku Xifg which we have proved in

Tripragnadhyaya.

Verse (3) and first half of (4). To obtain the Bhuja
of the Sun.

The S'ankutala of the inverse altitude or the altitude
below the horizon, is north (in contradistinetion to what
it is above the horizon). The sum or difference of the
Agra and Sankutala according as they ars of the same
direction or of opposite directions, is the Bhuja. The sum
or difference of the Bhujas of the Sun and Moon, according
as they are of opposite or the same directions is what is
called the Spagta Bhuja whose direction is to be construed
as that of the Moon, If the Bhuja of the Moon falls short
of that of the Sun, then the direction of the Spasta Bhuja
is that opposite o that of the Moon.

Cemm. In fig. 113, we have shown five different
positions of the Sun §, to S; the feet of the Sankus being
B, to B. From these feet of the Sankus draw perpendiculars
on the Udayastasutras as well as on the East-west line their
points of intersection being respectively A, to A, and
C, to C5. The perpendiculars from the feet of the Sankus
on the East-west line go by the name Bhujas, the perpendi-
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cular distances between the Udayastasutras and the HEast-
west line are called Agras and the perpendiculars from the
feet of the Sankus on the Udayastasutras are ocalled
Sankutalas which were all defined in the course of the
Tripragnadhyaya, We have from the spherieal triangle
PZS8, sin 3 = sin ¢ 008 z + 608 ¢ sin z sin a so thak

sin O
cog ¢
A=8S-B in the Tripragnadhyaya ie. Agrd = Sankutala
Bbuja. Changing o into—9 and a into—a we have different
formulae, the standard form being A=8S-+B. We don’t
propose to change ¢ into —¢, because in India this case
does not arise. Thus our latitude being north, the Sanku-
talas defined above as the distances from the feet of the
Sankus from the Udayzstasutras are always deemed as
gouth., It need not be reiterated that the Udayastasutras

= tan ¢ cos z+sin zsin ¢ which was shown as
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are the straight lines joining the rising and setting points
of the celestial body. As such, these Udayastasutras are all
parallel to the East-west line. In fig. 114, in the horizontal
plane containing the points
A’s, B’s and Cf/s in the
respective cases, according
to the Hindu convention,
we talk of Agra and Bhuja
as being Uttara Agra,
Dakginagra, Uttara Bhuja
and Daksina Bhuja,
Sankufalam is always
taken to be south except in
the fifth case shown in figs.

118 and 114 when the altitude happens to be below the
horizon. In this case the Sankutala is spoken as north.
Thus the general formula A=S--B assumes the following
various forms, in the respective cases.

Fig, 114

(1) Uttaragra—Daksina Sankutala= Uttara Bhuja.
This corresponds to A, B, C of fig. 114 where AC, is
Uttaragra, BA, Dakshina Sankutala and BC, Uttara
Bhuja.

(2) In the case of A; B;C; Sankutala—Agra=
Daksina Bhuja since B; A;—C; A;=B; C;,. This occurs
after the Sun’s diurnal path has crossed the prime-vertical
and the Sun bas a position on the south of the prime-
vertical, having & northern declination. In the ocase of
A,B,C, B,C,=B,A, + A,C, ie. Dakgina Bhuja =
Daksina Sankutala 4 Dakginagra, In the fifth case
when the SBun’s altitude is below the horizon, B; C; =
B; A; + C; A; ie. Uttara Bhuja = Uttara Sankutala 4
Uttaragra. In the sixth case when the Sun has a southern
declination and an altitude below the horizon, B; C; =
A, C,+ A, B, ie. Daksina Bhuja = Daksinagra minus
Uttara Sankutala. In the case of A; B, C,, Uttaragri =
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Dakgina  Sankutala + Uttara Bhuja, since A,C, =
B; A, + B, C,. In the absence of a unifying convention,
all these formulae are loose and apt to create confu-
sion. So we shall unify all these formulae info the
standard form A=S-B which holds good universally, if
we have the conventions.

(1) Agra shall be deemed positive if it be north and
negative if it be south;

(2) Similarly with respect to the Bhuja. Buf, with
respect to the S'ankutala, we shall desm it positive if it be
gouth and negative if north. These conventions compre-
bend all the cases and unify them into the standard form
A=84-B. The corresponding conventions with respect
to O, a are that 4§ corresponds to Uttaragra and +a
corresponds to Uttara Bhuja.

Having the above conventions, and finding the Bhujas
of the Moon above the horizon and the Sun below the
horizon, the Spasta Bhuja required in finding the S'rngon-
nati in the present chapter, is defined as the difference of
the Bhujas of the Sun and the Moon and the sum thereof
according as they are of the same direction north or south
or of different directions. Also this Spasta Bhuja is by
convenfion said to have the same direction as that of the
Moon. If, however, the Bhuja of the Moon falls short of
that of the Sun, then the Spagta Bhuja is said to have the
direction opposite to that of the Moon.

*  TVerse (4). Definition of Koti.
I deem that the Koti should be taken as the sum

of the Sankus of the Sun and the Moon, the one being
below the horizon and the other above respectively,

Comm, We have defined above the Spagta Bhuja as
the north-south distance between the feet of the Sankus
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of the Sun and the Moon. Herein Bhaskara defines the
Roti as the sum of the Sankus of the Sun and the Moon
which is the vertical distance between the points on the
armillary sphere which represent the Sun and the Moon.

Bhaskara says ‘I deem’ to signify that he differs
from Brabmagupta in this, who defines the chord joining
the Sun and Moon on the armillary sphere which is equal
to 2 Hsine of the SM on the sphere as the Karna. Brahma-
gupta defines the Bhuja and Karpa from whiob be deduces
the Koti a8 Jm. Bhaskara argues that since
the Karna defined by Brahmagupta is not in the vertioal
plane, since the Sun and the Moon are not in the same
vertical plane, so, the Koti defined by him throught be Karna
will not be in the vertical plane. The Karpa defined by
Bhaskara is not on the other hand the chord joining the
Sun and the Moon but lies in the vertical plane in which
the perpendicular from the Moon’s position on the armwil-
lary sphere, on the horizontal plane eontaining the Sun's
position on thab sphere. Also the Bhuja defined both by
Brahmagupta and Bhaskara is the projection on the north-
gouth line of the join of the Sun’s position on the gphere and
the foot of the perpendicular from the Moon's position on
the horizontal plane through the Sun’s position and it is
not actually the above join.
Bhaskara is  evidently
guided by the right angled
triangle SMN which is not
strietly a mpherical triangle
a8 per its modern definifidn
as the arc SN is not thab
of a great circle. This
figure guided him to take
the Bhuja horizontal and
the Koti vertical so that
his Karpa is also in a
Fig. 115 vertioal plane. Bhaskara's
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Karpa therefore has nothing to do with the arc SM but
only hae the virtue of being in a vertical plane. Sripati
adopted Brahmagupta’s method. Kamalakara neither
follows Brahmagupta nor Bhaskara but follows a method
of his own. In fact the methods adopted by these.ancient
Hindu astronomers are not mathematically correct because
the question of determining the cusps as well as phase of
the Moon is concerned with the actual positions of the
Sun, Moon and the earth in space and not as seen on the
sphere. Hence M. M. Sudhakara Dwivedi has written a
small book by the name Vastava-Syngonnati following
modern methods. The modern method which gives the
truth of the matter is depioted in standar modern texts.

Verse 6. The hypotenuse or Karna is the square-root
of the sum of the squares of the Bhuja and Koti. The
Bhuja multiplied by 6 and divided by the Karna gives
what is known as the Dik-valana of the Moon. The dire-
otion of the Valana has the same direction as the Spagta
Bhuja defined before,

Comm, The idea is that taking the radius of the

Moon's dise to be six angulas or units, representing the
Karna, the magnitude of the Bhuja on the same seale
gives a measure of what is defined as Valana, Thus Valana
= 6-1-? where B and K stand for the Bhuja and Karna
defined bhefore. The idea of this Valana will be clarified. in
the ensuing verses,
Verse 6. The Hsine of the elongation of the Moon
is to be multiplied by the radius vector of the Moon
measured in Yojanas, and divided by the radius vector of
the Sun, also measured in Yojanas; the arc of the Hsine
g0 obtained is to be added to the longitude of the Moon
in the bright half of the lunation and is to be subtracted
from the same in the dark half.

6a
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Comm. This is a correction to be made in the longi-
tude of the Moon to depict graphically the phase of the
Moon. Bhaskara says that many of the prior astronomers
took that the phase of the Moon was in direct proportioa
to the.elongation of the Moon. Taking the radins of the
Moon’s dise to be six angulas or units, and assuming that
when the elongation is 180° the entire disc being illumi-
nated, it was thought that 12 units of the diameter
correspond to 180° of elongation so that the S'ukla of the
disc measured by the central width of the illuminated dise
inoreases at the rate of 1 unit for 15° of elongation. (The
word Sukla may be taken to correspond to the modern
word phase. Sukla is expressed in angulas, taking the
dismeter of the disc to be 12 angulas. The measure of the
portion of the diameter of the Moon’s dise perpendicular
to the diameter which is the join of the extremities of
the cusps, covered by the illuminated part of the dise,
(which may be defined as the maximum width of the
illuminated part of the disc) measured in angulas is said
to be the S'ukla, The word ‘ phase’ is used to signify the
ratio of the above width to the diameter., Sukla is
expressed in angulas, whereas phase is expressed as a ratio.
The Sukla is equal to twelve times phase). Bhaskara
rightly argues that this method of measuring the S'ukla
is approximate because he says that six angulas of Sukla
is had when the elongation is not 90° but only 85°-45/,
This may be sabstantiated as follows from fig, 116, Let
E, M, 8 stand for the earth, Moon and the Sun, Lt

N
EMS=90° so0 that it is a moment of dichotomy ie. the
moment when the phase is half and the S'ukla 6 angulas,
Let  be then the elongation of the Moon, so that

EM .
cos 0 ~55 - Taking the average values given for EM

and ES by Bhaskara,

,B166 19, .
589377 954 (obtaining a convergent) = ,0748,
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From tables, we find § = 86°-43' which Bhiskara takes
to be 86°-45/,

s .

3

\.

G

PFig. 116

In the wake of this, Bhaskara-tries to make amends
in the approximate formula prescribed to obtain the S'ukla,
He prescribes addition of 4°-15’ to the longitude of the
Moon in the bright half, and subtraction in the dark., In
between the moment of conjunction and the moment of
dichotomy, he derives the following formula (vide fig. 117).

3

Fig. 117

The deficiency of 4°-18' is had in the form of the angle
j,,  When the Sun is at 8, the Moon being at M,, it
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is the moment of conjunotion. When the Sun has moved

e
from the point S;to S; S; B 8; being 90°, thers is a
deficiency of magnitude S; E S, In other words, when
8, N has assumed the position S, E there is a deficiency
of 4°-18/ ie. for an increase of 90° of elongation, there
is a deficiency of' 4°-15’ in the longitude of the Moon.
Henoce, for the Hsine to become the radius, there corres-
ponds a portion B M or 8, N, which is the Hsine of 4°-15',
g0 that the following rule of three is adopted. °1f the
Sun’s distance B 8, corresponds to the radius, what does
E M, the distance of the Moon correspond to ?”’ The

result isms X R, m and s being the respective distances.

Then the following proportion is used “If by H sin ¢
equal to R, ¢ being the Moon’s elongation, we have mR/s,
what shall we have for an arbitrary H sin ¢£?”’ Thus the
angwer is

Hsin ¢ X mR . .
sm_gﬁ MO8 — H sin g—'f’-. H sin™* (?8-1' X H sin E)

where m and s are the distances of the Moon and the Sun,
is to be added to the longitude of the Moon or to be
subtracted as the case may be, to have the reotified
longitude of ths Moon from which the phase is to be
caloulated according to Bhaskara.

Here we are to offer the following remarks. No
Bhaskaras was ocorrect in estimating the moment of
dichotomy to be that when & the Moon’s elongation is not
90° but 86°-46. But the amended formula is not the
correet mathematical form. The modern formula to find

1+ cos EMS
2

the phase i8 aud since from fig. 116, 8M is

nearly equal to SE, so EMS is very nearly equal to
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180-MES, so that -t o8 EMS _ 1““"’; MES
be taken to be an approximate truth. This formula was
indeed given by Lallacarya in the following verse, long
before Bhaskara cRrgflascraciasitar Radar afeee-
anfear =, fagar Brasfiasr fad wag avssmgarzget aftra”
verse 12 (Candra Syngonnatyadhikara). Here faradiar
cRraitasreaciasftar mean Hvers ¢ =|R—H cos ¢, Tifn@eear-
fear = multiplied by the radius of the disc of the Moon.
fagar Frasfiaar = divided by R. Thus the formula given
(R—H cos &) _ 4

R 2

whioch may

by Lallacirya amounts to » 1—ocos &)

where » gives the angulas in the radius of the Moon’s dise
and 4 the diameter, and & = elongation of the Moon.
Bince the definition of phase in modern terms is a ratio,
namely the ratio of the maximum width of the crescent to
the diameter, phase X d = S'ukla of the Hindu astronomers
1—cos (eIongahi;q_ of the Moon) X d = Sukla
= ¢ (1 —cos MES) as given by Lallacarya. So Lalli-
carya’s formula is quite correct. We shall trace Lalli-
cirya’s steps in- obtaining such an intricate correct
formula which was overlooked by Bhaskara. (Refer

fig, 118) Let E be the earth, 8 the Sun and M, M;, M,
etc. the positions of the Moon as the elongation
gradually increases. No doubt the S'ukla inoreases with
elongation as known to all Hindu astronomers.: But,
the question is, does f increase with the sine or versine?
'We know both the sine and versine increase with the
angle. Lalldcarya noticed that Sm,, Sm,, Sm,; as the
Moon oceupied positions M,, M, M; etc., are the Hindu
versines which are inereasing. So he postulated that the
Sukla increases with the Hindu versine. His formulation
was thus correct. But why Bhaskara overlooked this
correct formula was traceable to his getting prejudiced
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against Lalldcarya’s some other formulae which used the
Hversine where he eought to have used the Hsine. For
example in the case of the Valana Lallacarya’s mistake
is traceable to his confusion as to whether he was to choose
the Hsine or Hversine when both incresse as the angle
inoreases.

Verse 7. G@raphical depiction of the cusps.

<

Fig. 119
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Let in fig. 119, 8T be the Bhuja, MT the Koti and
8M the Karpa formerly defined. As per verse (5)

hol
== Valana where B = 8T, K == SM, and 6 = MG so

6B
that GE = e
from the east point ¢, in the form of a Hsine. CG goes by
the name Valanasibra. Cempute the S'ukla in angulas
after making the prescribed correction in the longitude of
the Moon as stated by Bhatkara and dividing the elon-
gation of the Moon, thereafter obtained, by 15. Mark off
the Sukla in angulas along the Valanasatra from G.
Suppose GD is the Sukla. Draw the diameter AB
perpendicular to the Valanasttra passing through M.
Draw the circle oircumseribing D, A, B. Its centre lies
evidently on the Valanasttra, say C. The circle drawn
is oalled Parilekba Vrtta, its radius CA is called Pari-
lekhasdtra and the point C Parilekha Vrytta Madhya.
In the triangle CAM, which is right-angled CA is
the Karna, AM the Bhuja and MC the Koti. CD is
equal to the Karna CA so that MD = CD — CM = Karpa
— Koti = K~F% (say). We have AM*=CA’— CM®=
B — % =86 =B*; Hence K+ % = Kng'
Here K—k = MD is known beocause GD the Sukla is

=Valana, which is in practice drawn as B/G/

= K+% is known, Thus knowing

known. So K~ 7

K—% and K-+%, by using what is called Samkramaganita
ie. by adding K+% and K —k, we have K and by sub-
tracting we have k, Here the Koti CM is called Vibha
and the Karpa CD the Swabha. The Parilekhasatra or
the radins of the Parilekha Vrtta being the Karpa, the
Swabha is thus the Parilekbasttra.

In the wake of this exposition, the translation of
verse (7) runs as follows. ‘‘Let the compliment of the
elongation (corrected as direoted in verse (6)) divided by
16 be the denominator ; let the numerator be 36; take the
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result after division and put it in two places; with f‘fhlﬂ
and the complement of the elongation divided by 15, usm’g
Samkramagsnita, we have successively Vibha and Swabha’”.

Comm. Here, the meaning of taking the compl'emenb
of the elongation and dividing by 15 is to obtain the
0=¢_ g¢/15 =

15
M@ —¢/16 = MG — GD = MD where ¢ is the elongation
and ¢/15 is the Sukla. In other words, finding the S'ukla
by dividing the elonqation by 15 and subtracting it from
the radius to get MD is the same as taking the complement
of the elongation and dividing it by 15 o obtain MD.

magnitude of MD directly; for,

Bhaskara quotes in the course of the comtentary,
the verse from his Leelavati, namely ¢ gm‘gﬁarﬁ REFaT
uad o fizanfatmegsan) ¥ sATRRE S¥AE,

tq Hinarss¥a &9 419"’ which means = K-+k

Bi
K—%
since K'—#'=B". This situation arises when the Bhuja
B and the difference of Koti and Karpa ie. K ~% are given
and it is required to find K and % separately.

Verses (8) and (9). Draw a circle with radius 6
angulas to represent the disc of the Moon. Mark the disc
with the Cardinal points signifying the east, west, north
and south. Compute the Valana as directed in verse (6)
(which represents B/ G/ in fig, 119) and mark it off ag a
Hsine from the west point w in tbe last quarter and from
the east point ¢ in the first quarter. From the centre M
of the Moon’s dise, mark off Vibha MC (computed as
directed) along the join of MG'. With centre C and
radius Swabha (already computed as directed) draw a circle.
The spherical sector of the Moon’s globe thns demarked by
the arc of the circle ADB namely AGBD is fourd o have

the elevated cusp in the opposite direction in whioh
the Valana has been marked,
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Comm. The directions are clear in the wake of the
previous commentary. In marking off the Valana, Bhas-
kara says ‘ from the west in the last quarter and from the
east in the first quarter’. In the first quarter, the Moon
will be visible immediately after Sunset in the” western
gky and the illuminated part of the Moon will be towards
the western side of the dise in which direction the Sun is
situated. The eastern point and the western point of the
disc are easily discernible on the background of the
horizon. Drawing first the diameter ‘ WE’ of the dise
along the vertical circle in case the Moon is due west or
else along a small cirole parallel to the prime-vertical called
Upa-Vrtta, we have the east pointof the disc namely &
vertically above the disc in the first quarter, (The figure
119 is shown for the first quarter). Then we are directed
to mark off the Valana K’ G’ in the form of a Hsine’.
Since the Valana is already computed as directed in verse
(5), to mark off this Valana we have to lay the scale
perpendicular to WH. Such s point G’/ on the circum-
ference of the dise is to be marked from which the Hsine
equals the Valana computed. It is to be noted here that
it is not marking G’/ E’ from G/, for, G’ is not known,
nor E’/ for the matter of that, but locating G’ knowing
the magnitude of the Valana. Though we happened; to
mention before that GE is the Valana, in the light of
what Bhaskara menfions in verse (8) we have to under-
stand that in the first quarter, the practice is to mark
off Valana from the point ¢ marked on the disc before hand,
Though it does not matter when we take EG to be the
Valana E’ G/, we have to notice the practice followed.
'.I‘he d1rect10n given in the course of the commenbary

Fegigeduigag IRy wfiwar gIgegRR” meaning
f.hereby that from the point M, we have to mark off
along MG/ where G, is the point pertaining to Valana, a
line with the help of a chalk and a fine thread, namely
MC. This practice is still in vogue adopted by masons to
draw straight lines.

63
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Tt is inseresting to note Bhaskara waxing poetic in
the course of the commentary under these verses describing
how the illamination of the Moon’s dise by the rays of
the Sun is effected. The desoription is quite apt, inter-
esting and scientific reminding us of Varahamihiracarya’s
description in the verse ‘wfe@n¥ mfafa ete.” in Brhat-
Sarmhita. Of course, following Varahamihira Bhaskara
also takes the Moon’s globe to contain water within its
bosom which Modern Science has yet to confirm.

Verses 10, 11, 12, The Koti and Karpa defined by
Brahmagupta, do not lead us to accordance between
computation and observation to locate the cusps. I
request good mathematicians to verify this oarefully. In
a place where the latitude is (90—w) = (90—24) = 66°,
when the ecliptic coincides with the horizon, and
when the Sun is in the beginning of Mega which is
then rising in the east, and the Moon in the beginning
of Makara, then the Moon is dichotomized by the
meridian and the illuminated part of the Moon’s dise is
towards the east, This does not hold good according to
Brahmagupta's definition of Koti. because then the Bhuja
as well as Koti according to bis definition is equal to R.
‘When the Bhuja is zero, the cusps will be horizontal, and
when the Koti is zero, they will be vertical. Brahma-
gupta’s Bhuja and Koti both being equal to R, the cusps
thevefore cannot be vertical which is against truth as
stated above. Why should I make-ihis statement ? May
1y homage be to those great.

Comm. When the latitude of a place be 90— w, and
whon the ecliptic coincides with the horizon, it is clear
that in whatever positions be the Sun and the Moon
(assuming that the Moon is also approximately on the
horizon) the cusps of the Moon are always vertioal, there
being Bhuja only and no Koti. But according to Brahma-
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gupta’s definition of Karpa, it will be in this particular
case. ~R? -} R: = Rv2 8o that the Koti will be
V2R —R® = JR* =R, where the Bhuja alsc is R
(projection of the line joining the Sun and the Moon on
the north-south line. Though in the verse (11) above one
particular position of the Sun and one of the Moon, are
contemplated, the same argument holds good, says
Bhaskara in the course of the commentary, whatever
positions are occupied by the Sun and the Moon on the
ecliptic. In this case there is only Bhuja existing and
no Kofi, g0 that the cusps will be vertical. But in all
these cases, there is Koti aecording to Brahmagupta's
definition, 8o that the cusps will not be vertical according
to him, which is clearly against truth.,

Here we have to note that in the example cited by
Bhiaskara the Bhuja equal to R is along the north-south
direction, and even though the Koti according to Bhas-
karajs definition is conceived to be verfical, the Karpa
according to Brahmagupta's conoception being ES where
E and S are the east and south points, his Koti will be
horizontal coinciding with OE, O being the centre of the
horizontal ecliptic. Further according to Brahmagupta,
the join of the cusps will be perpendioular to the Karna
which does not therefore go against truth. Similarly in
all the cases wherever be the Sun and the Moon on the
horizon, Brahmagupta's Karna being a line joining the
centres of the disos of the Sun and the Moon, it will be a
horizontal line and so the cusps could be vertical. It is
Dot olear whether or not Bhaskara recognized this namely
that the Karpa and Koti of Brahmagupta in the cases
oited above are all horizontal lines 8o that the cusps could
be vertical even aceording to Brahmagupta. That is why
he pays homage to Brahmagupta in the last line of (12),
Probably Bhaskara expeoted that Brahmagupta’s Koti also
ghould have been vertical as his. The faot that he
recognized that Brahmagupta’s Koti will not be vertical
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but inclined, is justified here since the Kotis in all the
oases oited are all horizontal lines.

In fact, as we stated before, even Bhaskara's analysis
is not sound, for which reason, M. M. Sudhakara Dwivedi,
wrote the booklet called Viastava Srngonnati based on
modern lines. As this topic eould be found in books of
modern astronomy, we need not go into the treatment of
Sudhakara Dwivedi here.

Here ends the Syngonnatyadhikara



GRAHAYUTYADHIKARA

Verse 1. The mean diameters of Mars, Meroury,
. Jupitier, Venus and Saturn are respectively 4/-45", 6/-15",
—enit g1 g

Comm. Bhiaskara gives us a method under verse (5)
of Chandragrahapidhikara, as to how the angular diameters
of celestial bodies were being measured with an instrument
that we may call ‘protractor’, describing it as follows.
“gfiead BY a%eT Aagen o TR Ty akea, (Y swaw
FEwsEEEmIT auFady gahfeda agwasssar ageat
fraaeedt frlg © ar weEEmAIcaTEST ar CEraset wala
aegar” ie.  On the day on which the true motion of the
Sun equals the mean, ¢n the morning, observe with an
instrument having two equal rods jointed at one end (and
the other ends being connected by a flexible protractor
marked with minutes and seconds of ars) placing the eye
at the joint of the rods, and the two rods pointing to the
extremities of a diameter of the disc. The magnitude of
the disc is then read on the protractor, which gives the
mean diameter .

This method is alright so far as it goes. The measur.
ing being done at the time of morning and that too
with the naked eye might have been responsible for the
exaggerated magnitudes of the diameters of the discs of
the planets, as compared with their modern values. This
kind of exaggerate estimate is due what is oalled the
phenomenon of irradiation which increases the apparent
size of a brilliant body when seen at some distance. Even
Tycho Brahe, an acourate and brilliant astronomer prior
tio the invention of the telescope gave estimates of these
angular diameters which are nearly the same as remarked
by Burgess in his translation of Sturyasiddbantsa under
verses 18, 14 ch. VIL.
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Verse 2. These estimates being multiplied by the
difference of the radius and S'ighrakarna and divided by
thrice the Sighra-antyaphlajya are to be added or sub-
tracted from the mean values above given according as the
Sighrakarna is less or greater than the radius to give the
rectified values. Three mixnutes of arc are to be construed .
a8 one angula in this respect,

Comm. When the Sighrakarpa equals the radius we
know that the planet is situated at the mean distance. The
word planet here stands, of course, for the Mandaspasta~
graha which may be roughly taken to bs the mean planet,
the equation of centre being small. If the Stighrakarna
falls short of the radius, then evidently the planet is nearer
the earth than the mean position so that disc of the planet
appears to be bigger. Otherwise, the planet is further
and its disc appears to be smaller. It was noted that
approximately there was an increase or decrease % of the
magnitude of the disc by the decrease or inorease of the
S'ighrakarna by the antyaphalajya. Hence, in between the
two positions, rule of three is used to obtain the magni-
tudes as follows. ““If by a difference of the Sighrakarpa
and radius equal to the antyaphalajys, there is & difference
of 3 of the actual magnitude, what would it be for an
arbitrary difference 2’ The answer is d X } X 1 = :

a @
where d = S'ighrakarna or radius and 4 the anbyaphalajya.
This difference is o be added or subtracted to the mean
value, a8 the cage may be.

Verse 3 and first half of 4. To obtain the time 6f
the conjunction of two planets, compute the difference of
the longitudes of two planets, and divide by the difference
of their dailyv motions. If one of the planets be refrograde,
divide by the sum of the daily motions, The result gives’x
the number of days approximately after the moment of
conjunction if the slower planet has a longitude falling
short of that of the quicker. If ome of the planets be
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rt‘ahrogra.de, and if its longitude be the lesser then also the
conjunction was past by the number of days computed.
In the other cases the conjuvction is to ftiake place after
the number of days computed. If, however, both the
planets be retrograde, then if the slower of thetn hasa
longitude less than that of the quicker, then the conjun-
ction is ahead, otherwise past by the number of days.

Comm. Clear. In the case of one or both the planets
being retrograde, the word °slower planet’ means that
planet whose retrograde motfion is slower and not the
planet whose mean motion is slower.

Latter half of verse 4 and verse 5, To rectify the
moment of econjunction.

Having computed the approximate time of conjun-
otiion, obtain the true motions of the planets pertaining to
that day, rectify them for Ayana-Drk-Karma and following
the process indicated in verse (3) above, again compute
the moment of conjunction. (This will be & good approxi-
mation). This conjuncticn will be ome on the polar
latibudinal eircle. If Ayana-Drk-Karma be not done, then
the conjunction will be on the circle of celestial latitude,

Comm. Bhaskara says that the conjunction on the
circle of polar latitude is preferred becaunse this eould be
observed as there is a star at he celestial pole and the
movable cirele of polar latitude could be moved into a
position in which the two planets could be seen situated
thereupon. The method of successive approximation is
gelf-explanatory. Bhaskara, however, adds that when the
oonjunction is on the circle of celestial latitude, the
planets will be seen to be closer.

Verse 6 and first half of verse 7. To obtain the north-
south celestial latitudinal distance between two planets,
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Having computed the number of days by which the
celestial latitudinal conjunction was past or is going to
take place, let the common celestial longitude of the two
planets be obtained by the method of successive approxi-
mationfor the moment of celestial latitudinal conjunetion.
Let the celestial latitudes of the two planets be rectified
for parallax in latitude as in the case of solar eclipse. The
difference of these celestial latitudes in case they are of the
same direction or the sum if, of opposite direction, gives
the north-south distance of the planets with respect to the
ecliptic, Having known the directions of the celestial
latitudes with respect to the ecliptic, if the two oelestial
latitudes happen to be both south or both north, then the
planet with lesser celestial latitude is said to be in the
opposite direotion with respect to the other; that is,
suppose both have northern celestial latitudes and suppose
Py has a smaller northern celestial latitude than p,, then
Py i8 said to be south of p,. Similar is the case if both the
celestial latitudes happen to be south,

Comm. Here Bhaskara does not specify whether he
is talking of conjunction on a polar latitudinal circle or
on a celestial latitudiaal circle, though the previous
procedure indicated by him to obtain the moment of con-
junction gives preference to polar latitudinal conjunction
which is more easily observable. But, here, a8 he presoribes
rectification of the latitudes for parallax in celestial
latitude, we have to construe that he is speaking of
conjunction with respect to celestial longitudes alone,
because, in the context of parallax, no method was indi-
cated by him for parallzx in polar latitude. -

Latter half of verse T and verses 8 and 9. Cage of
ocoultation,

If the north-south celestial Ilatitudinal distanoce
bappens to be less than the sum of the angular radii of the
two planets, an ocoultation oceurs (what we say eclipse ’
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with respect to the Sun and the Moon, holds good with
respect to occultation). In this case of occultation, we
have to reotify the time of conjunction with respect to
parallax in latitude also. For obtaining this parallaxz in
longitude, let the planet which is nearer the earth be
taken as the Moon and the other the Sun, But to obtain
the longitude of the Vithribha, which is necessary to
compute parallaxes in longitude and latitude, the lagna of
the moment of conjunction is to be computed from the
position of the Sun and not that of the planet assumed
to be the Sun as directed above. Having obtained the
parallax in longitude, the computed moment of conjun-
otion is to be rectified for parallax in longitude, (if
necessary by the method of successive approximation) to
obtain the actual moment of apparent conjunction ie.
occultation here. This procedure is worth-adopting only
when the occultation in question fakes place above the
horizon and is observable. The north-south celestial
latitudinal distance in this case of ococultation corresponds
to the celestial latitude of the Moon in the case of a solar
.eclipse. The direction of this celestial latitude is to be
construed as that of the direction in which the planet near
the earth is situated with respect to the other, If the
planet which is nearer the earth happens to have a motion
lesser than that of the other, or be retrograde, then the
planet which is situated at a greater distance from the
earth will be over taking the other so that the higher
planet gets ocoulted in the eastern direotion of its dise.
Thus the first contact is to be known to be in the east
and the last contact would be in the west; (If otherwise,
"the other way).

Comm, Self-explanatory.

Here ends the Grabayutyadhikara.
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Bhagrahayuti (Conjunction of a planet with raspocf
to a star)

The longitudes of the stars (professed to be polar).

The polar longitudes of the stars from Aswini includ-
ing Abhijit are as follows.

B dm R dm
Aswini 0-8-0  Swatt 6-19- 0
Bharani 0-20- 0  Vigakha - 2- 5
Krittica - 1-7-18  Anfiradha 1-14- 6
Rohigt 1-19-18  Jyegtha 7-19~ &
Mrgasirsa 2- 3-0 Mula 8-1-0
Ardra 2- 7- 0 Purvisadha 8-14- Q
Punarvast 3-3-0 Uttarasadha 8-20- 0
Pugyami 3-16~ 0 Abhijit 8~26- 0
Asrega - 3-18-0 Sravapam 9-8-0
Makha 4- 9- 0 Dhanigths 9-20- 0
Purvaphalguni  4-97- 0 Satabhisak 10-20~- 0
Uttaraphalguni  6- 5~ 0 Purvabhadra 10-26- 0
Hasta 6-20- 0 Uttarabhadra 11- 7- 0
Chitra 6- 3- 0  Revati 0-0-0

Comm. In the enumeration of these longitudes,
Bhaskara makes three statements which we have to note
(1) That these longitudes are rectified for Ayana-Drk-
Karma ie. that they are polar longitudes, (2) That the
longitudes of Krittica and Rohini are less by 32", (The
longitudes shown in the table above are thoge incorporating
this specified correction), (8) That the longitudes of
Vigakha, Anfiradha and Jyesthd are to be increased by &,

(This ocorrection is also incorporated in the table given
above). ‘
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-

It is to be noted that these longitudes are the same
given by Brabmagupta originally and copied by S'ripati
a8 well as the corrections indicated above. But herein a
mistake was committed as clarified by Bhaskara later in
the end of the ohapter namely that the polar longltudes
are subject to what is called Ayanavikira though the
celestial longitudes are not. We say that the celestial
longitudes are not subject to such an Ayanavikara ie. that
change due to the phenomenon known as the precession
of equinoxes, because the Hindu system is Nirayana ie.
reckons the longitudes from the first point of Agwini
which is its zero point instead of reckoning from ». If
longitudes are measured from 7», as # is preceeding, the
longitudes of stars will be steadily increasing all at the
same annual rate of precession namely about 50-25"
per year. These increasing longitudes of the modern
gystem go by the name Sayana longitudes. It might
be thought that since the polar longitudes also are
measured from Agwini and along the ecliptic like celestial
longitudes, they also don’t vary like the Nirayana celestial
*longitudes ; but it is not so, because the effeat of precession
on the right ascension and declination of a star have
both their effect upon the polar longitude as well as polar
latitude. We oannot say that Bhaskara did not know
this but we may say that the effest on the polar longitude
and latitudes were oconstrued by him as neglible a.nd
would be appreciable only in the long run.

Verses 4, b, 6. Sphutawaras or rectified latitudes
of the stars.

Aywini 10°- O north  Ardra 11 - 0 south
Bharanr 12-0 ,, Punarvast 6 - 0 north
Krittica 4-30 ,, Pusyami o-0 ,,

Rohinl 4 -30 south Asreg3 7 - 0 south

Mrgasirsa 10-0 ,, Makha 0~ 0 north
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Purviphalgunil2 — 0 north Purvisadhs 5 -230 south

Uttaraphalgun1 13 0, Uttaragadha 6-0 o,
Haasta 11 - 0 south Sravanam 30 - O north
Chitra . Abhijit 62-0
Swati 37°- 0 north Dhanigtha 36-0
Vigakha 1-20’south  Satabhisak 0 -20 south
Angradhi 1-45 ,, Purvabhadra 24 - O north
Jyestha 3-30 ,, Uttarabhadra 26 - 0,
Mula 8-30 ., Revati 0-0 ,,

(a) These are also what were given by Brahmagupta
and copied by Sripati, (b) Bhaskara mentions in ﬁbhe
. "ie. In as much as the stars
are fixed we have given their latitudes and longitudes
rectified. But here, there is a point to be noted as
Bhaskara has put us in a doubt namely that the rectified
latitudes which he 8peaks of elsewhere under verse (3)
Grahacchiyadhikara, Ganitadhyaya are not exuctly the
polar latitudes spoken of here. (Ref. fig, 120). Let +ME
be the ecliptic and N be the celes-
tial equator. Let S be a star, k be
the pole of the ecliptic, and p bs
the celestial pole, Then 7R is the
celestial longitude, SR the celestial
latitude which are known as the
Dhruvaka and Sara (Asphuta-
gara). *M is the polar longitude
and SM the polar latitude. MR
is the arc connoting the Ayana-
Dyk-Karma correction, so that celestial longitude+Ayana-
Drk-Karma correstion=polar longitude (plus or minus
according as the longitude lies in the 2nd and 4th
quadrants or 1st and 3rd quadrants). If the longitude just
equals 0°, 90°, 180° or 270°, the correction of

Pig. 120
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Karma vanishes. It must be noted here that when the
longitude is 0° or 180° Ayanavalana is maximum bus
Ayana-Drk-Karma vanishes, There is no ambignity here
in this polar longitude because Bhaskara is unequivocal in
defining this. But under verse (3) Grahacchayddhikars,
Bhaskara means by Sphutagara SL and not SM but by
Sphutagara here he means SM. It is ridiculous to suppose
that Bhaskara did not know that B JRZ —Ayanavalana is

less than B, This B VR*—a*/R (a=Ayanavalanajya) he
defined as Sphutasara there under verse (3) cited. SR is
defined by him as Asphutagara or simply Sara, Now hers
in the commentary he makes us believe that Sphutasara
is SM which is the polar latitude. This confusion created
by Bhiaskara leads Ramaswarup the editor of Brahmagupta
Siddhants as well as one Mukhopadhyaya the author of the
thesis, ‘Hinda Nakshatras’ to suppose that Bhaskara was

wrong in supposing that % ~NR*—a’>p. Bhaskara could

not evidently commit such & silly mistake but we must
infer that in that context he called SL as the Sphutasara
which being added to Rn the Kranti or what is the same
LN gives BN the Sphutakrinti or the modern declination.
Rn is called by him as Asphutakranti. In this context he
calls SM as the Sphutagara since it is Dhruvabhimukhs ie.
directed towards the pole. Of course, Bhiskara should
not have called both SL and SM as Sphutagaras but since
he was deliberately defining the Sphutagara as 8L previously
and now as SM, and since he could not commit such
s glaring mistake as to construe g»f R* —a® as greater
than B, we should not rush to pronounce that Bhaskara
was wrong. Only we could say that he is inconsistent
to that extent. :

7. The polar longitudes of Agastya (Canopus)
is 87° and his polar latitude is 77 south. The polar
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longitude of Lubdhaka (Sirius) 86° and its polar latitude
in 40° south.

Comm. Clesr. The star Agastya is considered to be
importent in Indian literature because the heliacal rising
and setting of Agastya are directed to be noted and in
fact are being noted in every panchanga even today from
times immemorial. Even Kilidasa alludes to this heliucal
rising of Agastya as inaugurabing the Sarat-kala or
sutumn which was reiterated by Varala Mihira in his
Brhat-Samhitd under the verse «wiafdt SFRTEAATHRU-
FUN FASTN, THSIA FUFARRTIAUFT FaTq” ie. when
Lord Vishnu whose eyes are supposed to be the Sun and
the Moon and his eyelids the clouds, opens his eyes ie. on
Kartica Ekadasi the 11th day of the bright half of the
lunar month of Kartica then Kings are directed to perform
Nirajanavidhi for his horses, elephants and chariots (to
gtart on an expedition for war). It is to be noted that this
was 80 Jong ago in times of yore that Agastya used to rise
at the beginning of autum. Now the star is rising about
22nd August long in advance even in the rainy season.
This is on account of the effect of precession of equinoxes.

Verse 8. The Istanidis for Agastya are said to be
two, for Lubdbaka 2%, for other sbtars which are next in

size, 23 and for still smaller ones the Istanadis are to be
taken still more.

Comm. Istanadis ie. the time in nadis (where a
is equal to 24/ of time) giving the time in between the
rising moments of the star and the Sun, when thestar rises
heliacally. 1n other words, let the star Agastya rise at a
particular time £. If the Sun rises at £-+48’, then it is
the time for Agastya to rise heliacally. This again means
bthat if the Sun sets at time T and the star at T-+48/ in
its diurnal motion, it is time for the star to set heliacally
in the west, Similarly for the other stars. It will be
noted here that stars set heliacally in the west and rise
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heliacally in the east, This phenomenon has been long
in the notice of even the most illiterate people of India
from times immemorial, as they were used to get up from
beds round about the time when a brilliant star rose
heliacally and stood in the eastern horizon, shining for a
good length of time before Sun-rise. Hach star of first
magnitude thus played the part of a morning star for some
time, though perhaps the illiterate folk mistake them to
be the same star. Hspecially the brightest stars of the
zodiao thus play the part of morning and evening stars,
The case with respect to Agastya and Lubdhaka is different
in that even though they are far away from the zodiao,
yet they were noticed to be morning and evening stars by
virtue of their being of the first magnitude at a spot of the
gky in the vicinity of which no other such brilliant stars
are there. This is the reason why panchanga—Computers
have been in the habit of recording in the panchanga even
to-date the heliacal rising and setting of Agastya, also
because the heliacal rising of this star synchronized with
the setting in of Sarat-kala or autumn., Since in India
the lunar Kartica Ekadasi, ie. the 11th day of the bright
half of the lunar month roughly synchronized with 15th
Nov., when the Sun rose far in the south of the horizon,
this Agastya, though it be in the far south, happens to
play the part of a morning star and aboat the day when
it rose heliacally, there were no more rains and waters of
the rivers stood orystal-clear as described by many a
Sanskrit poet like Kalidasa (vide the famous verse of
Kilidssa g@@IgaEgs: FREAA #étaa: 4th canto Rsaghu-
vg.mya.).

The star Lubdhaka or Sirius, the dog-star as it is called
in English parlance also was conspicuous a8 & morning
and evening star, whose heliacal rising was noticed and
recorded by Hnglish poets like Shakespeare and Milton.

Since one nadi corresponds to 6°, two nadis eorrespond
to 19°, degrees, whioh are spoken as Kalameas for the
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heliacal rising of Agastya. They are so termed, because
they indicate the Kala or the time in between the rising
of the star and the Sun which signifies the moment of its
heliacal rising. Indirectly therefore these Kalameas indi-
cate which star is of which magnitude. A star which has
12° as Kalamseas is therefore of first magnitude; and as,
the Kalamsas increase, the magnitude also increases. It
will be rembered that the higher the magnitude of a star,
the fainter it will be and not the brighter as is likely to be
misconstrued by lay people.

Verse 9. To compute the moment of conjunetion of
& planet and a star.

The Ayana-Drk-Karma is to be done as mentioned
before (with respect to the planet) and the Sphutasara is
to be computed to know the time of (polar latitudinal)
conjunction,

Comm. We are directed to use the polar longitude
and polar latitude with respeet to the planet because this
kind of conjunction will be more conspiouous than ‘a
celestial latitudinal conjunction because the Ecliptic is
far more inclined than the Equator with respect to the
horizon.

Verses 10, 11.

The difference in the longitudes of the planet and the
star, divided by the daily motion of the planet, gives the

number of days approximately after or before the moment
of conjunction. ’

If the planet be retrograde, the conjunction past or
future will be in the reverse ie. future or past.

Comm. Let zandy be the polar longitudes of the
planet and the star and let z<y. Bince y is constant as
the star has no motion, z has to increase to the extent of
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:Q/to be in a polar latitudinal conjunction. Hence (y—=)
is o be covered by the planet as per its daily motion say
m. 8o the number of days that is to elapse for conjun-

X
pooasl If >y, then the conjunction was past by

#—y/m. If, the planet be retrograde and <y, the con-
junotion was past by?-l-;;;—m days and if 2>y, the planet

otion is Y

being retrograde, the conjunction is to take place in x—;n_—z .

Note. Though Bhiaskara does not mentfion here
Asakrt-Karma ie. method of successive approximation, it
is implied because the motion of the planet differs from
moment to mowent as well as its Sphutagara. Hence
having obtained the approximate moment of conjunction,
computie again the true motion of the planet at that
instant, as well as its Sphutasara and Ayana-Drk-Karma.
The latter ie. Ayana-Drk-Karma is to find the polar
longitude from the celestial and the Sphutasara is the polar
Jatitude ie. SM of fig. 120. The Sphutasara is required
for the purpose of finding the distance in between the
planet and the star on a polar latitudinal circle and not to
compute the moment of conjunction,

Verses 12, 13, 14. To conﬁpuhe the moments of
heliacal rising and heliacal setting of a star.

Compute the Udayalagna and the Astalagna of Agastys
and Lubdbaks doing Aksa-Drk-Karma alone. Assaming
the Udayalagna to be the Sun, compute the lagna for the
Ista-kzla nadis (ie. after a lapse of Igtanadis after the
moment) given before (namely 2 nadis for Agastya and
2% for Lubdhaka) which will be the longitude of the Sun,
when the star (Agastya or Lubdhaka or whatever it be)
rises heliacally, Thus the Udayarka is a point of the
sgoliptic which rises when the star rises beliacally.

66
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Having computed the Asta-lagna of the star, taking
it to be the Sun, compute the lagna in the reverse direction
ie. the lagna which preceeds it by the Ista-kala given. If
this lagna be decreased by 180° it will give the longitude
of the setting Sun at the time of the heliacal setting of the
star. Or again find the longitude of the point of the
ecliptic which is ahead of the Astalagna which takes (60—
Istanadis) to rise after the Astalagna; this longitude
deoreased by 180° gives the longitude of the setting Sun
at the time of the heliacal setting of the star. The heliacal
rising or setting takes place when the longitude of the Sun
equals the longitude of the point of the ecliptic Which is
technically called the Udayarka or the Astarka respectively.
The difference between the longitude of the Sun and that
of the Udayarka or the Astarka divided by the daily motion
of the Sun gives approximately the number of days that
have elapsed or are to elapse for the heliacal rising or
setting as the case may be,

Comm. Here we are tio carefully differentiate between
the technical words (1) Udayalagna of the star, (2) Asta-
lagna of the star, (3) Udayarka and (4) Astarka of the
gtar. The word Udayalagna means that point of the
ecliptioc which rises simultaneously with the star. The
word Astalagna means that point of the ecliptic which is
rising when the star is setting, The word Udayarka means
that point of the ecliptic which rises when the star rises
heliacally. The word Astarka means that point of the
ecliptio which s setting while the star sets heliacally. Thus
the four points are only points of the ecliptio.

Lot A be the Udayalagna of & star on the circle CAB
which is the ecliptic. We know that the position of the
star should be above the eastern horizon, to rise heliacally,
by such a distance that the time in between the rising of
the Udayalagna and that point of the ecliptic which will
be rising when the star rises heliacally must be the Ista-
kala nadis. Let B be a point ahead of A on the ecliimbio,
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'c, such that the time in bet-

A, ween the rising of B and

e the rising of A is equal to

the Ista-nadis. By the time

B rises, A will have gone

{ upa little above the eastern

¢®  horizon, as well as the star

that has risen along with A

and now the position of the

star is such that the time

in between its rising and

Fig. 121 the rising of B is equal

to ‘the Igta-nadis. Hence

B, which is a point of the ecliptic is termed Udayirka

signifying thereby that when the Sun coincides with B,

the star rises heliacally. Thus the Udayarka B is ahead

of the Udayalagna A and the time in between their risings
is equal to Ista-n3dis,

Let now A’ be the Astalagna ie. the point which rises
-when the star sets. This point will not be, generally,
diametrically opposite to A because, the time between the
rising and setting of a star which is given by double the
rising hour-angle will be far more than half a sidereal day
when the star has & large northern latitude and in the case
of one having a large southern latitude, the time will be
far less than half a sidereal day.

From A’ find C/ whioch is behind A’ such that the time

.in between the riging of A’and C' is equal to Ista-nadis.
Then the point C diametrically opposite to C/ namely C is

called Astarka ie. when the Sun is'at C the star sets helia-

cally in the west. It i3 so because, when the Sun is on

the western horizon sefiting at C, C/ will be the lagna and

when the star is setting A’ is the lagna and as these two

lagnas .differ by Igta-nadis, the time between the Sun’s

getting and the star's setting is also equal to Ista-nadis.
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In other words the star is within the Ista-nadi distance
from the Sun and as C is behind A by Ista-nadis, the
setting Sun at C will be behind (ie. has a lesser Iongltude)
the setting star by Ista-nadis. Hence the star sets then
heliacallz. Thus we see that the Udayarka and Astarka
given by the points B and C are respectively in advance
(ie. has a greater longitude) and behind (ie. has a lesser
longitude) of the Udayalagna and Astalagna removed by
an Tgta-nadi distance. It will be noted that the ares AC
and AB are not equal though the equatonal ares corres-
ponding to them are equal.

Instead of finding ¢/ from A’/ by the Vilomalagna
method and taking its diametrically opposite point, Bhas-
kara gives an alternative namely to find C from A’ by the
Kramalagna method the time being (60-Ista-nadikas).
This is evident.

Bhaskara prescribes only Aksa-Drk-EKarma to be per-
formed here in finding the Udayalagna and Astalagna of
the star because the star’s polar longitude is already one in
which the Ayana-Drk-Karma is contained. ’

Thus from fig. 121, when the Sun-rises at A, the star
rises, when the Suns rises at B the star rises heliacally
and when the Sun sets at C, the star sets heliacally.

Verse 156. If in the case of a star, the Astarka
happens to have a longitude greater than the Udayirks on
account of a very big northern latitude, that star does not
set heliacally (and so the question of heliacal rising does
not arise).

Comm. In Fig. 191, the Astarka C happens to have
a longitude less than that of B (because CAB is the dire-
ction of increasing longitude ie. positive direction). At
times it so happens that C lies towards the positive
direotion of B ie. it has a longitude greater than that of B.
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This happens when the star has a long northern latitude
and therefore the Akgz-Drk-Karma correction will be
sufficiently large and the star has a small north polar
distance. This may be substantiated as follows.

Fig. 122

L]

We have the formula cos h = — tan ¢ tan & which
gives the rising hour-angle of the star., When @ is nearly
equal to 90—¢, then cos 7 will be nearly equal to ‘—1’
which means that the rising hour angle is nearly equal to
180°, ie, the duration of the star's stay below the horizon
will be very small. This means A’ approaches A very
nearly (fig. 121), for example when it is in the position A,
Then let C;/ be the point which is behind A’ by Ista-nadis
8o that C,/ the diametrically opposite point C,is far ahead
of B in stead' of preceeding it. This means that the star
which should first set heliscally and then after a fow days
rise heliacally, is now in such a position that it is to rise
heliacally even before setting heliacally. This is an un-
tenable position. That this is not tenable may be seen
otherwise. The diametrically opposite point of Astalagna
ie. the point C of the ecliptic which should set along with
the planet should have a longitude less than that of the
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Astarka C/; but G/ will bave now a longitude less than ©
which is incongruous.

In such a situation, Bhaskara says, there is no question
of the star setting heliacally at all. This is indeed, an
ingeniotis mathematical presentation of & physical pheno-
menon, which reflects credit to Bhaskara's genius.

Verse 16. Circumpolar stars or Sadodita stars.

If a star has a northern declination greater than
90—¢ (ie. ¢>90—9) it will be always above the horizon ;
also if the southern declination is greater than 90— ¢ such
a star will never be seen in a northern latitude, be it
Lubdhaka or Agastya or even a planet for the matter of
that.

‘Comm. (Vide fig. 132) Let S, be a star such that
PS,/<PN ie. 90—3< ¢ ie. d>90—¢. It is olear from the
figure that its diurnal path is entirely above the horizon.
It is called & Sadodita star or cireumpolar.

Take the case of ;. Its southern declination ie. QS,"
is greater than the lamba (90—¢) ie. Q8. It is evidens
from the figure that its diurnal path is entirely below
the horizon.

Bhaskara gives two examples here namely (1) where
the latitude is greater than 37°, there Agastya will not be
visible (baving a great north-polar distance), (2) where
the latitude is greater than 62°, there Abhijit is always
above the horizon (having a small north-polar distance). -

Bhaskara adds, ‘even a planet’. This will be true,
for example, in a high latitude say 89°, Suppose the
southern declination of a planet is greater than 1°, On
that day and for some more days also, the planet’s diurnal
paths will be below the horizon as will be olear from a
figure,
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Verses 17 to 21. Ancient astronomers happened 'to
give a list of polar longitudes and polar latitudes at a time
when there were no Ayaniamsas ie. when the zero-point of
the ecliptic as taken by the Hindu Astronomers namely
Aswini coincided with the modern zero-point namely 7.

. In fact these polar longitudes and latitudes do change
if there be Ayanamsas. Here in this case from the polar
latitudes the celestial latitudes are to be computed in a
reverse process ; with the half of these celestial latitudes,
the Ayans-Drk-Karma is to be effected in the reverse
process o obtain the celestial longitudes. After having
obtained the correct celestial longitudes and celesfial
latitudes, now, bringing the Ayanamsas into the picture,
compute the correct Drk-Karma and also rectify the
celestial longitudes, to obtain the correct polar longitudes
and polar latitudes to compute the moment of polar
latitudinal conjunction. This case may be taken when the
Ayanamsas are large, otherwise, a small difference there
will be, (which does not matter).

Comm. DBhaskara gives the process in the gourse of
the commentary. We have the formula
Asphuta Vikgsepa X Yasti
Radius
Here we know Sphuta Viksepa. At once, we could not
Sphuta Vikgepa X Radius
Yagti

computing Yagti from the modern Ayanamsas. Yagti is
a funotion of declination too, because the Ayanavalana is
a function of declination. We know, the declinations
change in the wake of precession of the equinoxes. So,
there is no point in taking the value of the present Yasgti.
‘We should compute it for the Ayanastnyakala or for the
time when Agwini coincided with 7. Then the formula
could be applied. Then with this celestial latitude obtained,
.Ayana-Drk-Karma is to be effested to obtain the present

Sphuta Vikgepa =

say Asphuts Viksepa =




Yy

520

polar longitude, using the modern Ayanimsas. Sincein
this prooess, we have no definite knowledge of the then
celestial longitude ie” of the Ayanastinyakila, the method
of succegsive approximation is appealed to.

But this method of Bhaskara
may be modified to an easier pro-
cess as follows. Let »L, LS be
the polar longitude and polar lati-
tude of a star as given by Acharyas
in whose time the Hindu first
point of the zodise coincided
with 7. It is required to find rN

Fig. 123 and NS the ocelestial longitude

and latitude whioh hold good even

today becaus N and NS are the same as AN, AS, A being
the first point of Agwini and a celestial longitude measured
from A along the ecliptic is not subject to change on account
of precession of the equinoxes as well as the celestial lati-
tude. From the spherical triangle LM, oot *LM = cos 7L,
tanw (1) and from the triangle SNL, tan LN =

N\
cos SLN X tan SL = cos LM tan 8L, (4) and sin SN =
sin 8L X sin SLN = sin 8L X sin /LM (5).  From (1)

e
the angle 7LM is obtained ; substituting "this value in (2)
and (3) LN and SN are obtained. Adding LN to rL we
have #N.

Thus the celestial longitude and latitude are found
far more easily and more acourately than from the
laborions method indicated which gives only approximate
results,

Here ends the Bhagrahayutyadhikara,



PATADHYZXYA

Verse 1. Even scholars get confused while computing
. the oocurence of a Pata, unable to know whether it has
already oceurred or is going to oceur. So, Iseek to clarity
the method of computbing the moment of ocourrence of a
pata.

Comm. (1) There are what are called pitds, two in
number, oalled Vyatipata and Vaidhrti, The first is
defined as ocourring at that moment when the Sun and
Moon have equal declinations, being situated in opposite
Ayanas but the same gola. The words Uttaragola and
Daksinagola are used by Hindu Astronomers as the
northern and southern halves of the celestial sphere on
either side of the celestial equator, respectively; where as
the words Uttara~Ayana and Dakgina—Ayana are used to
connote the times when the Sun or Moon have tropical
longitudes (measured from r instead of Aswini, the zero
point of the Hindu Zodiac) one lying between Capricorn
and Cancer, and the other lying between Cancer and
Capricorn. Thus Vyatipita occurs when the Sun and
Moon each lies in one of the first or second quadrants of
the ecliptic measured from » or each lies in one of the
third or fourth quadrants of the ecliptic ; (both should not
lie in the same quadrant) and have equal declinations.

The second Pata Vaidbrti ocours when the Sun and
Moon have equal declinations, they being situated in the
game Ayansa but opposite golas. These two moments are
considered to have malefic effects on humans and the world
of life, Though the moments are to be computed by a
knowledge of spherical astronomy, they have only an
astrological significance. A chapter, usually the last, has
.been devoted to this subject in every book of Hindu
Astronomy. The method of computation was felt difficult

66
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by the ancient Hindu astronomers, before the time of
Bhagkara, for the reason that the Moon does not exactly
move in the ecliptic but in his own orbit whose inolination
to the ecliptic was taken to be 43°, The points of interses-
tion of the ecliptic with the lunar orbit, or what are called
Rahu and Ketu, the nodes of the lunar orbit, have
themselves a motion backwards on the ecliptic in 18.69675
solar years as per Bhaskara. This makes the lunar orbit
oscillate about the mean position of the ecliptic, so that
sometimes the lunar orbit lies between the celestial equator
and some-times not between them. This phenomenon
makes the computation more difficult, to obtain the
declination of the Moon. Bhaskara says that even great
Acaryas like Lalla and Brahmagupta went wrong or got
confused in computing the moments of the occurence of a
Pita. Bearing upon Bhiaskara’s statemens that such Acaryas
also got confused, some second-rate astronomer exclaimed
in the following interesting manner * {SewrafrrEassasat
qn  fafsi

ie, * when even an unrivalled scholar like
Lalla, who was well-versed in the three branches of
Jyotiga betrayed his ignorance in this context of Pztidhi-
kara, though Iam a bit of a mathematician, I oould have
no pretensions to any knowledge in this difficult chapter *,

In Fig. 124, Vyatipata ocours when SL=MN, where

S and M are the Sun and the Moon situated respectively
in Uttariyana and Dakgi-
payana but in the same
uttaragola. The positions
of 8 and M ocould be
interchanged ie. 8 may be
in the second quadrant of
the ecliptic and M in the
Fig. 124 firsk quadrant and if their
declinations be equal, then

also Vyatipata ocours. Of couree in this figure 124, we
‘have taken the Moon algo situated on the ecliptio. Ip
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actual computation, we should not take the Moon as such,
The pata named Vaidhrti occurs when in the same Fig.
124, SL=M'N'. Herein both the Sun and Moon are in
the same Ayana namely Uttardyana but in opposite golas.
If we assume the Moon to be moving on the ecliptic,
Vyatipata occurs when the sum of the tropical longitudes
of the Sun and Moon equals 18J° and Vaidbrti occurs
when the sum of those longitudes is equal to 360,

Verse 2. Definitions of Gola-Sandhi and Ayana-
SBandhi with respect to the Sun,

When the tropical longitude of the Sun ie. his
longitude measured from » along the ecliptic is equal to
0° or 180°, then beis said to be at his gola Sandhi. In
other words, when the Sun who moves along the ecliptie
comes %0 the celestial equator, be will be at his Gola
sandhi. Similarly when his longitude is 90° or 270° he is
gaid to be at the his Ayana-Sandhi,

Comm. This means that when the Sun is about to
pass from the Dakgina gola to the ubtaragola or from the
uttaragela to the Dakginagola heis said to be at a Gola
Sandhi. Similarly when he is about fo go south or when
he is about to go north, he is said to be at Ayana Sandhi,
The word ‘Sandhi’ means junction. Thus the points r and
= (Libra) are said to be gola Sandhis whereas the points
denoting Cancer and Capricorn are Ayana~Sandhis, Since
in Bhaskara’s time the Ayanamsas were 11° ie. the point
# was behind the zero point of the Hindu Zodiac by 11°,
therefore Bhaskara gives the Gola Sandhis as the points
having longitudes ¥49° and 169° respectively, Similarly
the Ayana Sandhis were the points havmg longitudes 79°

and 259° respectively.

Bhaskara gives the method of locabing these gola
or Ayana Sandhis as follows. Erect a gnomon
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vertioally with the help of a plumb-line. Draw a circle on
the horizontal plane having the foot of the gnomon as the
centre and any arbitrary radius. Draw the East-West and
North - South diameters of the circle. The longitudes of
the Sun"when the shadow of the gnomon lies along the
East - West diameter give the gola Sandhis. Note the
direction of the shadow daily after the day when his
shadow is along the East - West line, If the Sun rises
thereafter a little towards North of the Hast point, then he
is said to be in the uttara gola; his shadow will be a little
gouth of the Hast - West line. The point at which the
Sun thus begins to rise north of the east point, is the Mega
gola Sandhi or the vernal equinox. Gradually the Sun
goes on rising at points which are farther and farther away
from the East point. When he has reached the extreme
north point, ie when the gnomon’s shadow is extreme
gouth, he is at the Cancer. Simijlarly when he rises at the
extreme South point on the horizon, he is at Capricorn,
Bhaskara actually noted these four points and the longi-
tudes cited above were given by him as the Go}a Sandhis
and Ayana Sandhis. Indirectly, he could know that
the Ayanamsas at the time of his writing the book,
were 11°.

Verses 3 to 6. Speciality with respest to the
Moon.

Let the Hsine and Heosine of the tropical longitude of

the pata (Rabu the ascending node of the lunar orbit) as
per the smaller table of Hsines when the radius is taken to
be 120’, be respectively multiplied by 128 and 7 and
divided respectively by 4 and 12. The results are known
as the Bahuphala and Kotiphala respectively. According
as the tropical longitude of Rahu ie a be such that ag
270° < a4 < 90°or 90°< 2 < 270°, the Bahuphala is to be
divided by 362 £ Kotiphala. Subtract the result from
the Gola Sandhis and Ayana Sandhis of the Sun, to get
those of the Moon.
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Comm. from the Hindu Astronomical point of view
this is an intricate procedure which made that partioular
half-learned astronomer declare © qramfawE A7 AsfawEc:”
ie. “I have no pretensions to have understood the
chapter known as Pitadhikara”, We perceive herein
Bhaskara’s mathematical understanding of the problem.
His procedure is approximate because he uses (1) the
smaller orude table of Hsines taking the radius to be 120/
instead of 3438. (2) also because he gives the Sun’s
declinations for longitudes 15°, 30° eto. as well as Moon's
ocelestial latitudes for his longitudes of 15°, 30° ete.
relative to the node in his orbit. Of course, his mathema-
tical procedure was correct.

He exemplifies his mathematical procedure by solving
& problem given in the pragna-Adhyiya of his book
Golidbyaya. The problem set by him is as follows.

atgtsama waft

je. If the tropical longitude of the Moon is 100°, that of

the Sun 80°, and the longitude of the Moon measured in

his orbit from the Node Rahu is 200°, compute the moment

of the ocourence of the pita, if you know what was said by,

Lalls in his work Sisya dhivyddhida, We shall first

nnderstand Bhaskars’s mind and subsequently we shall
& modern prooedare.



Fig, 125

Refer to fig. 125. Gr NXK is the celestial equator. RrL
is the ecliptic and RGAM the Moon's orbit where R is the
Ribu or ascending node of the lunar orbit, TLet the
obliquity of the ecliptic be » (omega) and the inclination
of the lunar orbit to the ecliptic be i, » was taken to be
24° and 4 43° by Bhiaskara. Let the lunar orbit RGAM
cut the celestial equator in G which is called the Moon's
Go)a Sandhi. 7 is the Sun’s Gola Sandhi. Bhaskara first
wants us to looate G ie. to find »Q which gives its longitude,
TLet A be the position of the Moon when his celestial
longitude is zero ie rA is perpendicular to the eoliptic.
Let M be the position of the Moon when his celestia]
longitude is 15° (Here the figure is not drawn to scale but
a little exaggerated for the sake of clarity). TLiet ML be
the celestial latitude of the Moon in its position. M. If
LK be drawn perpendiocular to the equator, LK ig called
the Asphuta-kranti of the Moon. ML is called the
Asphuta-Viksepa of the Moon. MN drawn perpendicular
to the celestial equator ie. the declination of the Moon is
galled Sphutakrarti of the Moon. Draw perpendioular LS
‘on MN. Then MS is called the Sphuta Viksepa of the
Moon. Since MN = Ms + LK Sphutakranti = sphuta
‘Viksepa -+ Asphutakranti. Let Ap be the declination of
the Moon when his longitude is zero. .
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Fig. 126

Now refer to fig. 126. Let NS be the ecliptic and
NM the celestial equator. The quadrant NS equal to 90°
is divided into six equal parts at 8,, 8, etc. The successive
declinations of S,, S;eto. are given by Brahmagupta as
369, 103, 1002, 1238, 1388, 1440 where the radius is given
to be 3488/, In other words 1440=H Sin » = H Sin 24°.
These can be easily verified from the formula

HS8ind = 2 X H

putting 4 = 15° 30° ete. and R == 8438/,

Mms

£

M3
Mo
M,

oo LB o s L

Pig. 127

Now refer to fig, 137. R M is the lunar orbit, R being
Rabu. BL is the eoliptic. Using the formula.
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. HSinaXHBSin¢ HSinaX¢
H sin ) 190

gince ﬁ and ¢ are small and R is taken to be 120/, we have
the sucopssive values of M,L, M,L, eto. of the celestial
latitudes of the Moon for arcs RM;, RM, ete. successively
equal to 16°, 30° ete. given by 70, 135, 191, 234, 261,
270. In other words the maximum celestial latitude.is
70/ = 44°,

Since when a = 16°, taking R = 120 8 = 70/, the first
Sarakhanda ie the celestial latitude for A = 156°,. is TQ/

Efo_;;ox_—-zp Bhiskara Calls Kotiphala.

It will be noted here that the first S'arakhanda is
taken to mean the increase in the oelestial latitude
from gzero to 70’ when the Ilongitude increases from
0° to 16°. The argument adduced by Bhiskara in
guoch a context is as follows: ‘If for a H Cosine 4
equal to R equal to 120’ (when 2= 0) we have the first
Sarakhanda namely 70/, what shall we have for anm

arbitrary H Cosine 2. The result is _E_I_qg_g_,_\ﬁgg 0 _
47 H cos 2. Since the word Cosine means Kotijya,
Bhaskara calls this Kotiphala.

Now in fig. 125, let L = 16°, then LK =362 as given
by Brahmagupta. Bhaskara takes this 362 as A (§) where
O is the declination of the foot of the celestial latitude of
the Moon. Then if B be the celestial latitude of the Moo,
Bhzskara construes that A Bis given by thé formula
‘H Cos a, which he calls Kotiphala. Taking A3 + A B as
the joint variation of & and 3 whioh is roughly equated

“with the variation in the modern declination MN of the
Moon, Bhaskara's argument is “If for a longitude 7 M =15°
of the Moon corresponds A® + /_\.,B, what should be the
longitude corresponding to the declination Ap of the Mooy
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when his longitude iz equal to zero ?" The result is

Ap X 13
AO*AB II

where 7Q) 13 locked upon as the longitude of the Moon at G
oalled the Gola Sandhi of the Moon, .

But AP = the Sphuta Viksepa of the Moon when his
lengitude is equal to zero where rA is the Asphuta Viksepa
at that point. Using his method of calculating AP from

Ar, Ap = Ar X ;;1 co8 & where
H sin § = H sin X"HRBID (90 + ) '

AP pertains to the longitude 2 equal to zero, so
that H sin § = H gin ¢ (’Qi];( H sin w
H cos § = H 008 w = H cos 24° = 110 when R = 120/

= H sin w,

Hence Ap =

But Ar is the oelestial latitude of the Moon to be
caloulnted from RA tsken to be 2

ra = HENAX 0 g H oin 2 (whore 210/ =4}"=1)
taking R =120 .. Ap=$Hsina X 13 Hence

rQfrom1 = $Hsind X i} X An_lfc

But H a;n A % 13{»’1:; U _ T Hsin a. This has to
'be divided by A8 + AB. In the problem given. a=100°
and AD is taken as 362. To obtain A3 Bhiskara adduces
the argument * If at 2 = 0, the fir-t Sarakbanda of 70
ocorresponds to H cosd = 120’ what smount of Sara-
khanda corresponds to sn arbitray H cos A?”’ The result
E oot; ;:’Ox 0 . fr Hcosa. This he calls Kotipbala
'beoa.nse it is based upon H ocos 2 which is the Kotijya.

67
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Thus in the given problem where 4 = 100°,
H cos 100° = 5 X 31 (since H c0s 100 = — H sin 10 %=
~ 120 X ‘1735 = — 21 approximately where R = 130)
= —19'<18" .. AD + A =362 — 12/-15 = 349-45.

Now 242 H sin 4 to be divided above = = : =
= 3628"80”1
1 8628707

123 H gf ——p =
go that 232 Hsin a X ST AB= sdv-45

= 10°-29/~28" =
=rQ. Now r's longitude from the zero point of the
Hindu zodiac is 11 Rasis 19° so that Q’s longitude =
11 R-19° minus 10°-22/-26" = 11 Ragis £°-37/~32"”. This
gives us the longitude of G which is called the Moon’s
Gola Sandhi. Adding 3, 6, 9 Rasis, we get successively
the first Ayana Sandhi, the other Gola Sandbi and the
second Ayana Sandhi of the Moon.

(1) Bhaskara overlooked a crudeness in his proce-
dure namely that Af3 is perpendicular to the ecliptio.
whereas AQ is perpendicular to the celestial Equator, bus,
since Af is snall, he overlooked the nicety. Strictly
speaking A A should have been corrected for Ayanavalana.

(2) There is also oradeness in computing
or arcs of 15°, whereas they should have been doné
for inorca-e of every degree in the longitude. He could
have done that, because at the end of the Go}idhyaya he
gave ths method or computing the H sines for every degres
under the caption afqarsTwifata

We shall now give a modern method of computing

the value of 7Q. From the spherical triangle RrA, whers
- ”N

R = 100°, R = ¢ = 43°, we have

tan rA

gin 100 = tan 13
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log tan 7A = log cos 10 + log tan 4}°
= 94934 4+ &'8960 = 8'8894 .. rA = 4°-26/,
From the spherioal triangle rAG,

tan rA *
tau Gr

log tan Gr = log tan rA —
log sin @ = 8'889%4 — 9':093
= 9'2801. Again from the spherical triangle rQ@,

008 w == tan 7Q)
tan Gr

log tan Q) = log tan Gr + log 003 w
= 99801 4 99607 = 9 2408
rQ = 10°-5" whereas Bhiaskara got 10°~32'-287,

008 Y0—w =

how Bhiskara was correct mathematically.
The small diffrrence there is, due to bis taking Hsines for
aros of 16° instead of for swaller aros.

Note. In the commentary called Sikha of one Bri
Eeadara Datta Josi (pagoe 357) wa find a mistake committed
namely that he subtracted 3 R-10° the longitude of the
pata which is in Rivis and degrees from the Sphutakranti
84.7-45"”. What Bhiskara meant was, that since the
longitade 100° exceeds 90°, the cosine will be negative
which therefore entails A 3 to be subtraocted from

Verse 7. How to know the occurrenco of a pata.

1f the Bphutakrinti of the Moon, when i} is
be less than that of the Sun, then there could be no
oooasion for their declinations to become equal in the
near future. *

Comm. The sijuation in whioch the maximum decli-
pasion of the Moon falls short of that of the Sun, arises



when the lunar orbit comes in between the celestial
Equator -and the -ecliptio. This situabion, in its turn,
depends upon the position of Rabu. Since Rahu's gidereal
period amounts to nearly 18} years, the lunar orbit
ha.ppens‘r to take its position in between the celestial
Equator and the Eoliptic for sufficiently a long period as
shown below. :

That Bhaskara could visualize this, reflects credit
60 his genius, This is why he formulated Ad + Aj
stressing upon the plus or minus sign.

Fig. 128

Bh3skara gives an example under the above verse
in the commentary to justify his finding given aboves,
SBuppose Rahu is at the autumnal equinox and the longi-
tudes of both the Sun and the Moon are equal to 79°.
Adding the Ayanimsas 11°, their longitudes are each 90°
go that both of them are at the summer solstice ie. an
Ayana Sandhi. (Of eourse the Moon is not exactly at the
position of the Sun, but he being in his own orbit, his
longitude measured along the Hcliptic is 90°). . Then
pvidently the lunar orbit lies in between the celestial
squator and the Ecliptic. Then the declination of the
Moon is 21°-44°=1934°=1170/ and the declination of,the
Sun is 24°=1440/, Thus the Moon's declination when
it-is maximum falls short of that of.the Sun. After half
of the sidereal period of the Moon namely 132
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longitudes of the Sun, Moon and Rihu are respectively
3~-2-28-12, 8-19-4~96 and 6-]1-43-28 (in Rasis, degrees
eto ), taking mean motions ins; account. When the Moon
has the maximum southern declination in the position M,
of fig. 129 his longitude will be huwever 8-10-9- 35 and then
hig declination will be 11¢9. At that moment the decli-
nation of the Sun will be 1398. Even here the Moon’s
declination falls short of that of the Sun. Again after
13% days, we find the declination of the Moon falling short
of that of the Sun. Bven after 2 wmonths, the Moon
oannot have a deolination equalling thal of the Sun.
This phenomenon occurs when Rihu of the lanar orbit
happens to be at Libra, and the Sun is at the summer
solstice approximately.

Verse 8. Tha definitions of Vyatipata and Vaidhrti.

When the Sun and the Moon are in opposite Ayanas,
but in the same Gols, and if then their declinations be
equal, then that moment is said to constitute vyatipatayoga.
It on the other hand, if both the Sun and the Moon be in
the same Avans and opposite Golas, and if then their
declinations be equal, that moment is #aid to constitute
Vaidhrti Yoga.

Comm, Explained before.

Verse 9 and first half of verse 10. To prognosticate
the ocourrence of a

When the sumn of the tropical longitudes of the Sun
the Mooo happens to be 180° or 860°, then the Vyati-
pita and the Vaidbrti respectively will oceur or will bave
ocoured, The number of minutes of are by which the sum
of the tropical longitudes falls short of or exceeds 180° er
360° as the oase may be, are to be divided by the sum of the
sdaily motions of the Sun and the Moon, which will
aqproximately the number of days after which or
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before which the Yogas will oceur or would have occured.
Compute the declinations of the Sun and the Moon for
that moment from the then true daily motions.

Comm. From fig. 121, it is clear that triangle »SL
and = MN are congruent so that 8 = = M .. 8S, = MS,
Sor84rM==M+rM=180° Again triangle »SL
and *rM'N’ are congruent .. S = M'r
oS4 M =M/ 4+ M = 360°. Thus in the former
case which eonstitutes Vyatipata, the sum of the tropical
longitudes of the Sun and the Moon is 180°; whereas in
the latter case, which constitutes the Vaidbrtipata, the
gum of those two longitudes is equal to 360°.

Hence we are asked to note when the sum of the two
longitudes is likely to amount to 180° or 360°. On a
particular day suppose the sum is 180—@ or 360—@ ; so
that @ is to be made up by the then velocities of the Sun

‘and the Moon eonjointly. Then Zf—?:;) where u, v are their
- respective velocities gives the number of days or fractiou
of a day, by which the sum would be 180° or 360° as the

oase may be. As the velocities change from moment to

0 . .
moment, the above Py is only approximate. 8o, compute
again the respective positions and respective velooities.

Buppose the sum of the longitudes is 180+ 6’ or 360+ 9/
o

and the velocities v/ and v/, Then 7 gives the fraction

of & day affer or before the moment in question when ﬁ};a
patas occur Vyatipata or Vaidhbrti.

» Verse 10. To know whether the Yoga is past or
future.

It the declination of the Moon situated in an odd
quadrant exceeds that of the Sun or falls short of the
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Bun's in an even quadraut the moment of the ocourenss of
pata bas elapsed. Otherwice the pita is to take placa
shoi bly after.

Comm. This is clear because in an odd quadrant, the
declination of the Moon is on the increase. So if it be
already greater than the Sun’s, in future it will be far
greater and as such cannot equal the Sun’s declination.
In other words the pata had already taken place.

Similarly in an even quidrant, the declination of the
Moon is on the decrease. As such if it be greater than
the Sun’s it wili become equal in future. Thus the pata
is to take place. On the other hand if the Moon’s decli-
nation is less than the Sun’s, it will deorease further so
that prior to the moment concerned a pata should have
occured.

Latter half of wverse 11 and verses 12, 13, 14. To
compute the time of the ocourrence of pita through a
consideration of declinations,

Obtain the difference of the declinations if they be of
the sawe direction or their sum if they be of opposite
directions in the case of Vyatipdta; obtain the sum or
difference of the declinations according as the deolinations
are of the same or different directions in the csse of
Vaidhrti. Call this sum or difference *the Adya'.
After a lapse of an arbitrary time or before the moment
concerned, obtain the positions of the Sun, Moon and the
Rahu; also cowpute their declinations and form their
difference or sum as the case may be. Call this Anya. If
on both the ocoasions it is indicated that the pata has
elapsed or is to elapse, obtain the difference of the Adya
and Anys; otherwise their sum. Divide the arbitrary"
time taken, by the above sum or difference of the Adya and
Anys and multiply, by the Adya. Take the result in
ghatis. Taking this as the arbitrary time, repeat the
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process till an invarisble quantity ie obtained in ghatis;
This is the time by which the moment of the pita has
elapsed or after which it is going to oceur. :

Comm. (1) It might be asked * why bother finding
the declinations at all, when it is defined that Vyatipita
bappens when the sum of the longitudes of the Sun and
the Moon is equal to 180° and Vaidbrti is defined wken
the sum is equal to 360, since easily we could know when
this happens without taking recourse to declinations ?”’

The problem is not that simple. The above definition
in terms of the sum of the longitudes is an approximate
statement, because, the original and correct definition is
that their declinations must be equal in magnitude. If
they be equal in magnitude but opposite in direction, they

_constitute Vaidhrti Yoga. If they be both egqual in
magnitude and direction, the situation constitutes Vyati-
patayoga. In other words, when the diurnal paths of
the Sun and the Moon coincide, the moment will be
Vyatipata. If on the other hand their diurnal paths are
of equal dimentions but one to the north of the celestial
equator and the other to the south, then the moment ig
Vaidbrti. Though the,sum of the longitudes bappens to be
180°, the diurnal paths may not coincide beoause the Moon
does not actually move on the ecliptic. So the situation
is more complicated.

Further the calculation of the declination of the Moon
is to be dome by calculating the Aspbutakranti je. the
declination of the point of the ecliptic which indicates
the longitudinal position of the Moon and his celestial
latitude ie. the Asphutaviksepa from the known position
of the Node, and then by rectifying the Aspbutaviksepa to
,obtain the Sphutaviksepa and then adding the Asphuta-
" kranti to the Sphutaviksepa to obtain the Sphutakrinti.

(2) The latter half of werse (11) and the ﬁrst half
-of verse (1%).

'™
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Let us consider the case of Vyatipata. Suppose at
the moment concerned, the declinations are of oprosite
direction. Find the sum of their numerical magnitudes.
Suppose they are of the same direction ; find their differ-
ence. This sum or difference of the declinations gives the
distance between the planes of the dinrnal paths of the
Sun and the Moon. This distance is to vanish in order
Shat the diurnal paths may coincide. So we are asked first
to find the above distance, Suppose we understand that
the Vyatipatha has elapsed by noting the declinations.
This may be known easily by the criterfa givem previ-
ously. Supposing z and y to be the declinatious of the
Moon and the Sun and supposing that z is on the decrease
and approaching y, then the Vyatipatha is to ocour. Bus
guppose £ < y and z is on the decrease, then the Vyatipata
has taken placo. Thus knowing whether the Vyatipatha
bag elapsed or is to oceur, after an arbitrary time ¢, com-
pute the declinations of the Sun and Moon and form their
difference or sum a8 the case may be which gives the
distance between the diurnal paths. Let the first distance
found be ocalled Adya and the second distance the Anya.
Then the Anya will be less than the Adys because we bave
taken s time towards the occurrence of Vyatipata when
the distance is to get nullified. Find the difference of the
Adya and Anya. Then by the proportion *‘ If in time ‘¢’
taken in between the mowents of the Adya and Anya,
the distance between the diurnal paths ls reduced by
Aiya—Anys, what time will be taken for the distance
Adya to vanish ?’ we have the result
T Adya Xt

Adya — Auysa
that Las to elapse for the occurrence of the pata. This will
be approximate, After a lapre of time T from the Adya
moment concerned, again compute the declinations and
repest the procsss, We arrive at & particular point ot

time, which gives the moment of oocurrence of the pita.

which gives approximately the time
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In the course of the commentary under these verses
Bhaskara solves two problems and points out that when
there is a pata according to his exposition, the statements
made by Lalla, Brahmagupta Sripati and Madhava all
indicate that there would not occur a pata.

But we feel that Bhaskara read too much into those
statements on account of the following. Lalla states -

Brabmagupta states

fvgerd) Rae
3

and Sripati says

f&

In fact all these three statements mean one and the
same and are intended to be approximate statements, in
- the first instance, having ignored the latitude of the Moon.
They are just statements like that of Bhaskara himself
when he says that there will be a pita when the sum of
the longitudes will be 180° or 360°. The statements pur-
port to say that if the declination of the Moon when it is
on the decrease happens to be less than that of the Sun
which is on the increase, there could be no pata. These
statements so far as they go, ignoring the latitude of the
Moon are perfectly in order. Bhaskara brings in a detailed
analysis of two critical examples, to prove that there is a
pata, but which is negated by the rough” statements of the
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four Acaryas. Madhava's statement in his Siddhanta
Cudamani is as follows which is also in similar terms as
those of the other three.

RYRIZHIA: FELAGRIEAT
FRUHAAGAFA: G @EFAAl ¥

o~ Verses 15 and 16, To obtain the duration of the
pata.

The semi-sum of the diameters of the Sun and the
Moon or what is the same the sum of their angular radii
being multiplicd by the Spagtaghatis (obtained in the
estiruate a8 per the verses 11-14) and divided by the Adya
in that context, gives the beginning and end of the pita
from the moment of the computed time. The process
being reprated according to the method of successive
approximations wo have the correct estimate of the
duration of the pata.

Jomm. This is a convention stipulated with respect
to the duration of the Pata. Strictly speaking, when the
diurnal paths of the centres of the dises coincide in the
case of Vyatipita, that will be the middle moment of the
Vyatipata. The pata is said to last for suoh a time as the
distanoe between the Centres of the discs (north.-south
distance) is less than r +p. This will be olear from &
figure. The situation is akin to that of an eoclipse.

The time obtained for the occurrence of the pita
under verses (11) to (14) indicates the middle of the
duration of the pata. The duration of the pata is defined
as the time that lasts as long as the declination of the
highest point of one diso becomes equal to that of the
lowest point of the other begimning from the moment at
which the declination of the lowest point of the ome
becoraes equal to that of the highest point of the second.
In other words, just like in an eclipse, 80 long as the
distance betwten the diurnal paths traced by the centres
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of the disos is less than the sum of their angular radii, the
pata lasts. Extending the meaning of this to Vaidbrti
also, so long as the numerical difference of the declinations
of the Sun and the Moon ignoring their direction bappens
to fall sHort of the sum of the angular radii, the pita
lasts,

To obtain this duration of the pita the argument iy
““If the sum or difference of the declinations according as
they are of opposite or the same direstion (which was
taken to be Adya under verses (11) to (14)) was reduced to
zero in the time computed that time being known as
Spastaghatis, what time will be taken for a difference of
declinations equal to the sum of the angular radii ?”’

The result is M where ¢ and p are the
Adya

angular radii of the Sun and the Moon, T the time
calcnlated formerly known as Spastaghatis and Adya is as
defined above. The above result gives the duration of the
pata.

Note. An approximate estimate of this duration could
be obtained using differentiation. We have

8in @ = sin 1 8in » 80 that
08 AD = 8in w 008 1 AR

Let Ax be the motion in longitude of the Moon with
respect to the Sun per nadi which will be on the average
12/ apprezimately.

s A= gin w cos 4 X 12
008 O
Ii in one nadi, there be a variation in the declination
equal to the above, what time will be taken for 16/ 4 15
the sum of the angular radii approximately ? The result is
31 cos ® . .
12 8in » cos A
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-

When 4 approaches 90°, the duration will be very
much since cos A — 0. This is true because the variation
in the declination when a2 = 90°, is very slow even for the
Moon. The above formula holds good so long as a does
not approach 90°, i

Verse 17. It must be deemed that the declinations
will be equal 8o long as the difference in the declinations
18 less tan r -+ p numerically, Co

In the case of Vaidhrti, wn are asked to-take the sum
insbesd of difference aund difference instead of sum im
contradistinction, Why? We shall see. We know that
Vaidhiri occurs when the declinotions of the Sun and the
Moon are of equal magnitude but of opposite directions
subjeot to the condition that the longitudes are such that
their sum is approximately 360°. This condition is
stipulated because when the Sun is in the first quadrant
and the Mooun is in the 3rd quadrant and at the same time
their diolinations are equal, the moment does nok constitute
Vaidbriti, because the sur of the longitudes is then lesg
than 90° 4- 270° je. less than 360°. Hence, for Vaidbriti
one of the two celestial bodies must be in the first quadrant
and the other in the fourth quadrant, so that the sum of
the longitudes could equal 360° and at the same time the
declinations could be equal though of opposite sign. Now
compute the declinations of the Sun and the Moon at &
particular moment. Suppose they are a and b and both
are north. After a few ghatis or days compute again their
declinations, say ¢ and d, both again being north. Suppose
then ¢ -+ d < a -+ b, then Vaidbriti is going o occur.
Construing northern declination to be positive and the
gouthern negative, for Vaidbrti to oceur a -+b must be
reduced to zero ie. a and b are equal and of opposite
direction. Now the argument adduced is “If in time -

¢ ghatis or _'davs;z_—}—_z has become c¢-+d (calling a-+b as
Adyaand c+d as Anys) there is a decrease of Adya - Anys,
time should lapse for a-+b or Adya to reduce to
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zero ?”’ The answer isffﬁ?ﬁ which gives the time

after whioh Vaidhrti is likely to oocur.

Suppose ¢ and b the declinations observed ata particular
moment, are one north and and the other south. Compute
their difference a—b; after a few ghatis or days again from
the difference of the declinations ¢ and d ie. c—d. Tt
¢—d < a—>b then Vaidhrti is going to ocour, otherwise it
has elapsed. This is 8o because the difference has to vanish
for Vaidhrti fo oceur,

Viewing the situation algebraically, ie. construing
northern declination to be positive and southern negatbive,
we could have laid down only one criterion, instead of
geparating the issues and stipulating separate criteria.
Proceeding on this basis, suppose the the Sun and the Moon
are one in the first quadrant and the other in the second.
Here both declinations are therefore positive. Compute
their difference a—~b; compute again the difference of
¢ and 4 which are again northern declinations
after a few ghatis or days. Ifc—d < a—b
is going to occur,

Now take a case when one of & and b is north and the
other south; so also ¢ and d. We ars talking of a, ¢ o be
in the first quadrant and b, d in the fourth gnadrant. Even
now if ¢—d <a—b Vyatipata is going to occur. Thus
there is no need to stipulate “Sum or difference”. Difference
alone counts now, because difference of one positive and the
other negative quantities means sum only. Thus in thé
case of Vyatipata difference should tend to zero, whether
both the declinations are north, or one north and the other
gouth.

Similarly in the case of Vaidbrti the sum should tend
o zero because the algebraic sum of one positive norhern
declination and the other negative southern declinstion
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v

sball be zero, if the declinations were to be equal and of
opposite directions.

Here ends the Patadhyaya.

Note Bhiaskara gives two examples in the course
of the commentary, one, to chow the fallacy in asserting
thst there would be a pata when the Sun is in an even
guadrand, the Moon in an odd quadrant and the Moon’s
deolination is less than that of the Sun; and the other to
show the fallacy in asserting that the pita has elapsed
when it is still to take place, and that it is still to oceur
when it has already elapsed. He quotes the example given
in big Goladbyaya wherein the longitudes of the Sun,
Moon and Rabu are 120°, 60° and I80° respectively, there
being no Ayamasas. (Since at the time of Lalla, there
were no Ayanamsas, Bhiskara gives such an example),
Since the Sun is in an even quadrant and the Moon in
an odd quadrant, Bhaskara says, that as per the verse of
Lalls < gai%arg «-aiigaaq ete.’ there should be a
vats. But since the longitude of Rahu is 180°, Ketu
is at the equinootial point so that the lunar orbit
lics between the ecliptic and the equator. Henoe the
declination of the Moon remaine smaller than that of
the Sun for a good length of time never equalling the
declination of the Sun. This, Bhaskara says, is a fallacy
regarding ‘sanyarg’ ie. * Is there a pAta or not’ beoause
when there is actually no pita, Lalla’s criterion leads to
aggert that there is one. It msay be reiterated here, that
Lalla gave a gencral oriterion ignoring the latitude of the
Moon io. supposing the Moon to be moving on the eoliptic,
Bhaskara takes the latitude also into consideration and
proves that there is no pita.

In the second example, which Bhaskara gives, he tries '
to show the fallacy with respect to “‘ Tqsaea’’ ie. asserting
that 2 pata has elapsed when it is still to ocour, and ﬁhab
it is to occur when it has already elapsed.
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In this example the declinations of the Sun and Moon
are respectively 1416’, 1324/, when their tropical longitudes
are 80° and 100°. The Moon is in an even quadrant,
and his declination is less than that of the Sun. As per
the eriterion of Lalla given in the verse “wafgmy eto.”
the pata is not there at all. But Bhaskara computes and
shows that the pata has occured 70 nadis before (Rihu
having a reverse tropical longitude of 100°). We shall
shew here, how using differential caloulus we could cuf
short the process, 'We have

8in § = sin 4 sin w3 differentiating
08 AD = €05 A 94 8in w O

A = 8in » cos A
008 ¢
= Ayanavalana X Variation in Bhuja.

AL

This could be seen graphically also from fig. 129, Tet
P and Q be two contiguous positions of the Sun (say) on
the ecliptic when arc pQ = A4. Let the increment in his

¢

Fig. 129

declination in going from P to Q be NQ equal to
Taking PNQ to be a plane A A = Adsin v where

v = QPN. We have named this angle to be v, beocsuse it
is no other than the Ayanavalana which was formulated

sin w 608 1
e .

to be equal to Thus Ad = Ax X

valanajya.
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APPENDIX

LIST OF TECHNICAL TERMS

. Adhikamasa

Agrajya

Aksa (ory Pala

Akyakarpa

Aksa-Ksetra

Akgavalanam

Antyd

69

Ahva Drkkarma :

e

A month gained by the lunar reckoning
over the solar. This is located in that
lunar month which does not contain a

The Hindu sinc of the arc of the horizon
in between the rising point of the Sun
and the east point.

Latitude (Terrestrial)

The are of the ccliptic between the point
of intersection  of the ecliptic with a
seeondary throngh the star to the prime
vertical and  the point of intersection of
the ecliptic  with the star’s  declination
circle.

The hypotenuse of the gnomonic triangle
when its shadow is equal to what is called

A right-angled spherical triangle one of
whose sides may be the arc of a small
circle namely the diurnal circle but one of
whose angles is a right angle and another
equal to the terrestrial latitude.

The angle at the point of the star in
between the declination circle of the star
and a secondary to the prime vertical
through the star.

The Hindu sine of an arc of the celestial
equator corresponding to Hrti.



10.

11.

12.

13.

14.

15.
16.

17.

18.

19.
20.

21.

Asta
Ayanabindu

Ayana-Drkkarma:

-

Ayanamsam

Ayanavalanam

Barhaspatyamana:

Bhaga :

Capa or :
Karmuka

Carajya :

Candra-masa

Chaya or Bha :

Chayabhuja H

Chayakarpa or :
Bhakarpa

546
Setting or heliacal setting.
Solstice.

The arc of the ecliptic intercepted between
its point of intersection with the star’s
declination circle and the secondary to the
ecliptic through the star.

The arc of the ecliptic in between the
verpal equinoctial point and the Hindu
zero of the ecliptic ie the first point of
the Zodiacal sign called ASvini.

The angle at the point of a star, between
its declination circle and the secondary to
the ecliptic through the star.

The time taken by Jupiter to reside in a
Rasi, on the average, is called a jovian
year. This falls short of a solar year.

A degree
Arc.

The Hindu sine of the arc intercepted
between the east point and the declination
circle of a rising star or planet or the
Sun.

The time between two consecutive full-
moons or New moons.

Shadow cast by the gnomon.

The projection of the shadow on the east-
west line.

The hypotenuse of the gnomonic triangle
whose two sides are the gnomon and its
shadow.



22,

23.

24,

26.

27.

28.
29.

31

32.

33.

34

35.

36.
37.

Chayakoti

Dhruva

Dhruvaka

. Dhruva-

protavrttam

Dorjyd or
Bhujujya

Drgjyd

Drg-lambana

Dvdparayuga

Dyujya

Dyujvd-vrtta or :
Ahordtra-vytta

Ghayi or Nadi

Grahapa

Hrti or Igtabrii:

Kadamba

adamba-
protavrtta
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The perpendicular from the extremity of
a shadow on the east-west line.

The star near the celestial pole or the
celestial pole itself.

The celestial longitude.

The declination circle.

The Hindu sine of the a«imuth measured
by the angle between the prime vertical
and the vertical of a star or a planet.

Hindu sine of celestial longitude.

The Hindu sine of the Zenith distance.
Total parallax.
Twice the period of a kaliyuga.

The Hindu cosine of declination or the
radius of the diurnal circle taking the
radius of the celestial equator to be R
equal to 3438 units.

The diurnal circle of a star or a planet.

An interval of time equal to 24." (minutes)
Eclipse.

The Hindu sine of the arc of the diurnal
circle from a point of the same upto the
plane of the horizon.

Pole of the ecliptic.

¥ secondary to the ecliptic through a star
or planet.



38.

39,

40

41.

42.

A3,

44

Kaksamapdala

Kala

Kala or Lipta

Kaliyuga

Kalpa

Kramajya or
simply jya or
Jiva or gupa

Karapa

§48

The deferent of a planet or the circle with
the earth as centre and radius equal to 3438
units.

The Hindu sine in the diurpal circle
corresponding to the Sitra (given below).

A minute of angle.

The period consisting of 4,32,000 mean
solar years.

Dvaparayuga is twice Kaliyuga; Tretdyuga
thrice and Krta four times. All these put
together constitute a Mahdyuga. 71 Mahd-
yugas make one Manvantara. Fourteen
Manvantaras with what are called Sandhi
pericds on either side equal to a Kriayuga
or thousand Mahdyugas make a Kalpa. The
creation is supposed to last one Kalpa,
which is said to constitute the day time of
Brahma, the Creator. His night also is of the
same duration when there is no creation. It
is held that we are now in what is culled
S'veta-Varaha Kalpa, wherein the seventh
Manvantara called Vaivasvata manvantara
is current. In this Manvantara, twenty seven
Mahdyugas are supposed to have elapsed
and in the twenty-eighth Mahdyuga, kria
Treta and Dvaparayugas have elapsed and
that we are now in the Kaliyuga. In this
Kaliyuga which began on the duy when
Lord Krspa gave up his mortal coil, 5080
mean solar years have elapsed by about
21 March, 1979.

Hindu sine of an apgle.

Half of the duration of a tithi.



45.

417.

4%.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

Karpagrajya or :
simply Karpagra

Kendra

Ketu

Kha-Svastika

Kotijya

.

Kranti or Apama:

Kranti-Vritam
Krtayuga

Ksayamasa

Ksitija

Kuiya

Lagna

Larbajya
Larmbana
Mahidyuga

Manvantara
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The Hindu sine Agrajyd multiplied by K -
and divided by R where K is the hypotenuse
of the gnomonic triangle whose two sides
are the gnomon and its shadow and R the

radius of the celestial sphere taken to be
3438 units.

The centre of a circle.

The diametrically opposite point of Radhu.
Rahu also means the circylar section of the
earth’s shadow at the Moon.

The Zenith at a place.

Hindu Cosine of an angle.

The declination of a point on the ecliptic.
Ecliptic.

Four times the period of a Kaliyuga.

That luner montir in which there are two
Sarmkramapas.

The Horizon at a place.

The Hindu sine measured in the diurnal
circle corresponding to the Carajya definad
above.

The Rasi which rises at any moment or the
rising point of the ecliptic.

The Hindu Cosine of the latitude,
Parallax in longitude.
The Sum of the four yugas mentioned above.

A period equal to 71 Mahayugas.



62.
63.

64.
65.
66.
67.
68.

69..

70.

71.

7.
73.

. Naksatra

Nakgsatra-Dina

Naksatra-masa

Natakala -
Natamsajya
Nati
Nicoccavrita

Parama-Antya

Paramakranti

Praci
Pracyapara

Prativrtta
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A star. Also the time which elapses as
the longitude of the Moon increases by
131 degrees starting from the zero point of
Asvini.

The time that elapses between two consecutive
risings of a star.

The time taken by the Moon to go from
ASvini again to Asvini.

Hour angle measured in ghatis.
Hindu sine of the Zenith distance.
Parallax in latitude.

Epicycle.

The Antya when the celestial body is at
the point of intersection of the celestial
equator and the meridian or what is the
same at the point of culmination.

Obliquity of the ecliptic taken by the Hindu
astronomers to be 24°.°

The point of time when the declinations
of the Sun and the Moon are equal and
of the same sign or opposite sign. Also it
means the point of intersection of two great
circles.

East point,
East-west line.

The circle in which the planet moves and

_ whose centre is at a distance from the

centre of the Kaksiamandala or the orbit
of the mean plapet. This ix the same as
the orbit of the the true planet suppoced
to be a circle. T



75.
6.

77.
78.

79.

80.
81.

§2.

84.

85.

86.

87.

88.

Rahu

Rdsi

Samabindu or
Udagbindu

Samamapdalu

-Sanku

Sanku

S anku
(Also means)

S anku-cchaya

Saura-mdsa

Sdvandha

Sitra

Taddhrti

Tithi

e
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The point of intersection of the Moon’s
path with the ecliptic (ascending point of
the Moon’s path). Also it means the
circular section of the earth’s shadow at
the Moon.

An arc equal to 30° (on the ecliptic).

North point.

Prime wvertical.

The Hindu cosine of the altitude when the
Sun is on the Prime Vertical.

The point of time when the Sun enters
from one Rasi to another of the twelve
Rasis, Mesa etc. measured from the zero-
point of the Hindu Zodiac.

Gnomon.

The Hindu sine of the Altitude.

The shadow cast by the gnomon.
The time when the Sun occupies one Rasi.

The Hindu versed-sine of the hour-angle,
Also it means celestial latitude.

The time between two consecutive Sun-rises.

The Hindu sive of the complement of the
hour-angle.

The Hrti of a celestial body when it is
on the prime vertical.

The time taken by the elongation of the
moon to increase by 12° starting from
zero.



89. Tithi-ksaya

90. Tretayuga

91. Trijya

92. Udaya

93. Unmapdala or
Udvrita

94. Unmapdala
Sanku

95. Upavrtta

96. Vighati or Vinadi:

97. Viksepa or Sara :

or Visikha
98. Visuvatbindu

99. Visuvat-chaya

100. Visuvat-Vrtta

!

101. Vrtta or Maggala:

664

Since a Tithi falls short of a Savaniha
or civil day, in course of time, it so
happens, that a tithi begins after sun-rise
and does not last upto the next suu-rise.
Such a tithi is said to be lost and goes
by the name Tithi ksaya. One such tithi
ksaya occurs out of 64 tithis approximately
or eleven out of 703 more approximutclgz.

Thrice the period of a Kaliyuga.

The Hindu sine of three Rasis or 90°
equal to R or 3438 units.

Rising or heliacal rising.

The great circle through the celestial pole
and the east point.

The Hindu cosine of the altitude of a
celestial body sitnated on the unmapdala.

A small circle paralle]l to the prime vertical
through a star or a planet.

One sixtieth of a ghati.

Celestial latitude.

Equinoctial point.

The shadow cast by the gnomon when the
Sun is at the point of intersection of the
celestial equator and the meridian on an
equinoctrial day.

Celestial equator.

A circle.



102¢Yarhyottara-
samhku or

103. Yamyottaravrtta :

104, Yasti

105. Yoga

106. Yuri
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The Hindu sine of the Altitude of a
Celestial body situated on the meridian.

The meridian at a place.

R* - Ayanavalanaja*®

Yasgi has also another meaning namely
the length of the perpendicular from a
point on the diurnal circle on the plane
parallel to the plane of the horizon through
the point of intersection _of the diurnal
circle with the unmapdala.

The time which elapses when the sum of
the longitudes of the Sun and the Moon
to increase by 1310 starting from zero.

Conjunction.
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