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The principle of Indian planetary theory is based on the epicycle model
which was transmitted from the Greek astronomy. The significant chro-
nology here is that the Greek theory transmitted to India belongs to
the time shortly before Ptolemy. Ptolemy tried to combine the two
inequalities of planetary motion by using an eccenter for the eccentricity
and an epicycle for the anomaly, thus representing the two effects by
a single geometrical model. In doing so Ptolemy had to introduce a
controversial point called ‘equant’.

In Indian astronomy the both irregularities are represented by epi-
cyles, i.e. the eccentricity by the manda (‘slow’) epicycle and the anomaly
by the sighra (‘fast’) epicycle. The geometrical equivalence of the eccentric
and the epicyclic models was known to the Indian astronomers, but
they had no need of keeping the eccentric model for the effect of the
eccentricity. They computed the two effects separately as a function of
mean motion and, after tabulating them, they made several attempts of
combining two effects arithmetically so that the result of computation
might agree with the observed longitude. It is therefore not easy for us
to draw a cosmological picture which ancient Indian astronomers might
have conceived.

Besides this, some modifications were made, for example, by hypo-
thesizing the pulsation of the size of the epicycle according to the quadrants
(Aryabhatiya and Suryasiddhanta), or by introducing the iteration method
which is discussed in this paper. The iteration is found in the computation
of the planet’s distance from the earth. It is to be noted that this method
is used only in the manda correction.

Let us consider that the equation due to the manda epicycle is
independent on that of the sighra epicycle, as is the case with the Indian

1 While preparing the first version of this paper three years ago, T got several
important suggestions from Dr. Y. Ohashi. The first version (in a different title) was
read at the International Colloquium of the Commuission 41 of the IAU, Vienna 1990.
| learned much from the advices given by Profs. D. Pingree and R. Mercier, and 1
have put a drastic change.

113



114 YANO MICHIO

theory. In Figure 1 the center of the manda epicycle (M) rotates on the
deferent with the constant angular velocity, while the planet (P) rotates
on the epicycle with the same velocity but in the opposite direction, i.e.
clockwise. T'he orbit thus described by the planet is an eccentric circle.
The geometrically correct manda equation (/MOP = ), can be obtained
in the following way.? Let o be anomaly and r and R be the radii of the
manda epicycle and of the deferent respectively, then:

b=rsina (bhujaphala), k =rcosa (kotiphala) (1)

p=+/b+(R+k)? (mandakarna) (2)
b

= sin™(=). 3

7 ( p) (3)

Figure 1. Manda epicycle and equation

® This process was known to the Paitamahasiddhanta (4.10) of the
Visnudharmottarapurana. Cf. Pingree [1967/8], p.494.
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Usually, however, the following ‘approximation’ is used: *
p = b. (4)

The earliest Sanskrit text which mentions the iteration in this context
is Brahmagupta’s Brahmasphutasiddhanta (A.D. 628), Chapter 21 verse
29, which says quite succinctly:

The circumference [of the epicycle] multiplied by the hypo-
thenuse and devided by the Radius is the multiplier of the
bhuja and koti. In the manda [equation] [the process is]
repeated. Its equation is the same as the first [equation],
[but] the hypothenuse here is not [the same] as that [first
one].*

In this case the size of the epicycle is given by the linear “degrees” of
its circumference (co) as relative to the 360 degree circumference of the
deferent. 'I'hus the above statement is a brief sketch of the following

process:

o =

1= G R
b = %Rsin a, ky = -3(25—10Rcosa
pr=/b} + (R £ k)

e P

g — Ci—1 R

b, = %Rsina, k, = —z;i—iORcosa

3 For the significance of this so-called ‘approximation’, see the discussion below.
It is because ‘minutes’ is used here as the units of linear length, with the Radius of
3438 minutes, that this approximation holds.

4 trijyabhaktah paridhih karnaguno bahukotigunakarah/

asakrt mande tatphalam adyasamam ndtra karno 'smat//

S. Dvivedin’s reading karnah paridhiguno (‘the hypothenuse multiplied by the
circumference’) in the first line does not make sense. I followed the reading in R.S.
Sarma’s edition.
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b} + (R £+ k;)?
until p; = pi_q

What Brahumagupta intended to say here is that the size of the epicycle
and the length of the hypothenuse (mandakarna) are mutually dependent
but that the result of the equation is not affected by their change. I'he
more detailed statement is found in the Mahabhaskariya ® of Bhaskara
I, the contemporary of Brahmagupta. Here the problem is found in
the context of finding the true distance of the sun and moon. The
same method was applied to the five planets too. 'I'he process in the
Mahabhaskariya 4.9-12 can be expressed as:

m=m%, k= kol (5)
= /02 + (R£ ky)? (6)
b2 = bol;; ]C2 = ko%
\/b2 (R + ky)?
Pi—-1 Pi-1
= bo2L b =
b o k ko R (7)

= Bt (R k), (8)
until p; = pi_;.

Since Bhaskara 1’s aim is to find the true distance of the sun and moon,
he does not go further. But Nilakantha [1931, page 36|, the 15 century
commentator on the Aryabhatiya, obtains the final equation by:
g == sin—l(éi). (9)
Pi
Bhaskara [ also explains the case of the eccentric model in the verses 4.19-
20, where the process is almost the same as above, the only difference

I’mgree wrote a paper [1974] on the Mahabhaskariya 4.19-21 in order to give a
textual evidence of the equant model in Indian astronomy which had been proposed
in 1952 and later abandoned by van der Waerden [1956].
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being that the eccentricity, instead of the epicyle radius, varies.®

With a computer program I have computed the true distance with
iteration and found how many iterations were necessary before the differen-
ce disappears. 1f one is satisfied with the precision down to the unit of
minutes, the iteration required is only four or five times around the begin-
ning of the odd quadrants and two or three times around the beginning
of the even quadrants (cf. Shukla, p.118). Thus this process is called
avisesakarma (computation without remainder) or asakrtkarma (not-
once-computation). The orbit described by the planet is no more a circle
(as is dotted in the Figure 2). The deviation from circularity is not
remarkable in the case of the sun and moon whose epicycles are relatively
small. In the case of Mars, however, the deviation is significant.

o A
Figure 2. lteration and equation

6 Pingree [1974] interpretes this model of varyng eccentricity as an ‘equant’ model
and suggests 1ts ‘Periparetic origin’. I hesitate to support this view because of lack

of evidence.
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While drawing Figure 2 to the scale of Mars | have used the ratio
r/R = ¢/C = 70/360, the ratio which is used by Brahmagupta in his
Khanda-khadyaka (AD 665). When Brahmagpta tabulates the manda
equation” he uses the ‘approximatin’ (4) mentioned above. He knew that
the two results, one with iteration and the other without iteration but
with approzimation, were the same. (cf. the verse of BSS quoted above)
This fact was more clearly stated in Bhaskara II’s Siddhantasiromani,
Goladhyaya 6.36-37. The equivalence of the two can be easily proved
by dropping the perpendicular QN from the intersection of OP; and the
deferent to OM:

QN = St == LP}T_IR ~
Pi Pi

It is here that one must pay attention. If the aim of the computation
were only to get the true longitude of planets, Indian astronomers should
have avoided taking the trouble of iteration method. They had another
aim, i.e. that of computing the true distance of the planet from the earth.
In the process of ‘trial and error’ they found that the manda equation
after the iteration was same that of the ‘approximation’ and that by this
approximation they could be closer to the observed reality than by the
mathematically correct process ((1)—(3) above). 8 This explains why the
iteration, as well as the ‘approximation’, is applied only to the manda
equation.

bo (becatse of (7) and p; = p;—1). (1D)

The concern with the distance of planets is already found in the
earliest stage of the classical Indian astronomy, i.e. in the Aryabhatiya
3.25ab. The very enigmatic half verse runs:

The mutual multiplication of own [two] hypothenuses devided
by the Radius is the distance between the earth and the

planet.®

This very concern was long preserved in Indian astronomy, as is witnessed

" KhKh.1.16 (sun), 17 (moon), and 2.6-7 (five planets) .

® Thus we should reconsider Neugebauer’s view: “There is no compelling reason
to treat the effect of the eccentricity with so much less accuracy than the effect of
anomaly,...” (Neugebauer[1956, p.16]). This approximation is found already in the
Pancasiddhantika (9.7-8) of Varahamihira.(mid 6th century).

¢ bhataragrahavivaram vyasardhahrtah svakarnasamvargah
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in Nilakantha’s commentary on the Aryabhatiya mentioned above. He
even tries to combine the manda and sighra epicycles in a unified model!?
and to interprete the half verse cited above from his own point of view.
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