ON THE SPIRO-ELLIPTIC MOTION OF THE SUN IMPLICIT
IN THE TILOYAPANNATTI

L. C. JAIn*

Professor of Mathematics,
Govt. P. G. College, Sehore.

The possible forms of the implied geocentric motion of the sun as
described in the Tlloyapannarri of Yativrsabha (473-609 A.D. 7) are
investigated. It is found that the geometry of the path of the sun is in
the forms of opening-cum-closing as well as closed spiro-elliptic curves.
They are comparable with the spiral of Archimedes (287 ? --212 B. C.)
as well as the ellipse of Pappus (third Century A. D). The dynamical
laws of the implicit motion are derivable from the eguations of the paths.
They are in addition to those given by Newton (1642-1727) and Einstein
(1879-1955).

1. INTRODUCTION

As a sequel to quin-centenary of Nicolaus Copernicus (1473-1543 A. D.),
celebrated in India, and abroad several research papers have appeared particularly
in the Indian Journal of History of Science (1974—May and November) on
varied aspects of the Hindu, European and modern astronomy. The motivation
of J. V. Narlikar in his article on ‘“Copernicus and modern Astronomy”
has been to explain the significance of the work of Copernicus in the light
of the Greek Astronomy, emphasizing the impact of its dynamical aspect in
view of relativity which puts the pictures of Ptolemy (127-151 A. D.) and
Copernicus as equivalent!. In accordance with his view, the present investiga-
tion is meant to expose the kinemetical and dynamical aspects of the ancient
Indian astronomy of the dark period of history of Indian mathematics
from texts on Karandnuyoga.

Astronomy being a small vnart of Jaina cosmology, a set of 619 verses
»f the seventh chapter of the Tiloyapannatii (a Prakrita Text of Karandnuyoga
group®) describes the complete astronomical universe, excluding the details
of the motion of planets of which the record is stated to have perished in
course of time®.

The author, in his earlier papers®, has elaborated the following features
of the Jaina Astronomical system implied in the Tiloyapannatti and the
Trilokasara :

* Present Address : Principal, Government College, Jaora, Dist. Ratlam, 457226.
Vol. 13. No. 1



THE SPIRO-ELLIPTIC MOTION OF THE SUN 43

(i) The implicit orbit of the astral bodies described in form of bounded
circles is doubled by topological deformation and counter bodies are established
at diametrically opposite ends, in Jambudvipa.

(i) The angular division of the celestial sphere or orbit into 109800
gagana khanda (celestial parts) is a dual structure, the workable division
consisting of 54900 celestial parts equivalent to 360°. The unit of angular
measure is a celestial part and the unit of time is usually a muhiirta or a
set of forty-eight minutes.

(ili) The Meru (Mandara mountain) is regarded as a celestial axis from
where are measured the linear distances of various heavenly bodies in units
known as yojanas. The measure of ‘Yojana’ is controversial*. The sun
and the moon move with continuously increasing distance from the Meru,
implying winding and unwinding spirals.

In the Jaina School of Mathematics, topological deformations have been
resorted to for evaluating areas and volumes of surfaces and solids®. In
case of motion of astral bodies, the dual structure has to be brought back
to the original shape for the purpose of developing the classical formalism.
Some of the results have already been calculated and this paper is devoted
to probe into the implicit and relativistic elliptical form of motion of the
bodies, tacitly envisaged by the Jaina School.

Archimedes® gave the name helix to a spiral perhaps (?) already studied
by his friend Conon. Its polar form is r=a+56, derivable from a more
general form r=a+b0" Fermat proposed the spiral curve r2=#6 in 1636
A. D. Jacques Barnoulli (1692 A.D.) studied the logarithmic or equiangular
spiral given by r=ae®® or r=af. It was called spira mirabilis and was the
first non-algebraic plane curve rectified by him.

2. DATAe REGARDING MOTION OF THE SUN

The Jamba island? is one lac pojanas in diameter, at the centre of
of which a conical (celestial) axis, known as Meru, stands one lac yojamas
in height. The diameter of the lower base of Meru is 1009032 yojanas, and
that -of the upper base is 1000 yojanas. The plane of the orbit cuts the
axis at a point which may be regarded as a focus, round which the implied
spiral motion of the sun could be described in terms of r and 8. For an
observer located below, on the plane of Citra, the path being the intersection
of spiro-cylindrical base and cone, the projected picture will be different in
cylindrical coordinates. Basing our study on the original image of the sun,
one degree is found equivalent to 152.5 celestial parts. The angular velocity
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of image is 1830 celestial parts or 12° per muhiirta®. The angular velocity
of the constellations is 1835 celestial parts or 123139 degrees per muhirta.

Thus relative to the Naksatras the sun has a motion at the rate of 5
celestial parts every muhifirta, completing the zodiacal path once in 366 days
or a solar year approximately. Stationed at the first orbit, the distance of
the sun from the Meru (axis) is 49820 Yojanas® and its linear velocity is
525133 yojanas per muhfirta°. In the last (184th) orbit, its distance from
the Meru (axis) is 50330 yojanas and the lincar velocity is 530434 yojanas
per muhiirta approximately®?. This is the orbit from where its journey back
towards the Meru starts, no details being available regarding the exact time
and distance, when it completes 366 revolutions The width of the set of
orbits is 51042 yojanas, where $& yojanas is the diameter of the disc of
the sun*®. The height of the sun above the plane of cirra is 800 yojanas
and that of the constellations is 884 yojanasi®., The beginning of the Jaina
yuga of five years is reckoned at the same point of Abhijit constellation on
the same day of the solar or the lunar year, with the commencement of
daksindyana (from summer solstice)r*.

THE GEOMETRY OF THE IMPLIED PATH OF THE SUN

The following figure No., 1. shows the implied spiral motion of a sun
as implicity described in the Tiloyapannatii. O is the roint of intersection

|
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of the plane of the orbits and the Meru axis. P,, is the starting point
distant 49820 yojanas from O. P,, is the opposite end of the diameter of
the circle with radius OP,4. The path of the sun is the spiral P,, S, P,
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described in 30 muhiirtas, displacing the sun to P,, where the distance
P,,P,,=31° yojanas. The next point of the movement will be P,,, the
orbit ending at P, with the same details.

The next figure 2, is the possible topological deformation of the path
described above with radii and displacements halved. The points P,,, Pys,
Pg,, Py, etc. are now depicted as P‘,,, P‘y3, P‘,, P‘y5s and so on.

FiGc. 2.

The above figures and detailed data suggest the following polar equations
of the path of the sun during the solar year of 366 days:
a+b2nx

T e
b

nX
1+c¢ oS 1§37~ .. (3.1)

for all real x, when 0 < x < 366.

Here a, b, ¢, are constants which are determinable from the boundary
conditions detailed in the Tiloyapannatti

x=0, r= Qgﬂ ; x=183, r= ZQ%@, and x=366,

r= 4—9229+E , where E is the amount of extra displacement of the sun
from original starting point just after a lapse of 366 days. E is the observa-
tional datum, whose introduction is essential for developing the equation of
an opening-cum-closing spiral with the given description.

The above gives the following results for the values of a. b, and c¢:

_ 2507440600 , 100660 E
100150+E °~ 732 (100150+E)’
510—E

~ 100150+ E ...(3.2)
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When E=0, b==0, ¢ the eccentricity reduces to be 0.005, and the path
becomes an ellipse. Restoring £ and neglecting ¢, the path becomes an
Archimedean spiral, however, as it is a periodic motion the term containing
¢ is significant.

Now considering the motion of the sun relative to the constellations,
the relative motion of the sun may be put in polar form as follows :

r= SHEO
14+hcosg ’ ...(33)

where 9 is in radian measure and 06« 27,

Here f, g, h, are constants, determinable from data in the Tiloyapannatii as

under :
__ 49820

For 0=0, r= ‘7"—’ 0=n,

r= &3_32, 0=2n, r

On calculation, one finds that
f= 2507440600 100660 E

100150+ E > 8~ 27 (1001501 E) ’

_S10-E_
100150+ E ° ..{(34)

Thus the motion may be completely determined with the aid of the
above polar equations, once E is known on observation.

and h=

4. DyNaMICAL Laws oF THE Tacrr AND CLOSED-SPIRAL MOTION,
ENVISAGED IN THE JAINA SCHOOL

From the geometry of the path of a body, one can derive the laws
of motion under which it moves. In the last article, if E7%0, the dynamical
law under which the sun moves relative to the constellations can be determined

from the equation :

,e JSHE8
I+hcosg ’
- f . g6
Or r= l+hcose+1+hcose ..(4.1)

The first term on the right hand side of the (4.1) gives the elliptic
motion for which the force is that under the law of inverse square of

Now there seems to be an additional force-contribution

distance, i.e. P« —;
r
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due to the second term on the right hand side of (4.1). Denoting the
equation as follows

=__ %0 e R—= L
R TS % cosd’ and putting T
_ 1+hcos
one has u= —° PR .(42)
Thus
du__ _u _h sing
dp 8 g’ e ...(4.3)

where the second term on the right hand side could be neglected due to
small value of A.

d?u 2u
Hence Friai . (44)
where u could be assumed proportional to inverse of # from (4.2) for small
value of A, and therefore,

Jo8 = 2k, ..(4.5)
where k is a constant.
The above result (5), for a central force alone, gives
d?u
— h2 48 | &N
P=htut | G +u],

in which Ak, is taken to be r? 6 for negligible eccentricity here.

dt

The equation 4.6 shows that the additional force is that of inverse
cube of the distance to a second approximation as also found by Einstein
and which could explain the motion of perihelion of planet mercurys,

However, the above equation (4.6) proposes an additional force P « IT apart
r

from Pnc~1_2 and Pncl—s, and might be helpful someway or other, the trans-
r r

verse force not being considered in this approximation.

5. CONCLUDING REMARKS

The set of the sun’s heliacal risings day to day as described in the
Tiloyapannatti does not give explicit details of the motion of the sun in
spiro-elliptic form which necessarily implied due to continuous motion of
the sun about the Mery with its gradually increasing radial distance every
instant. Yativrsabha, the author, was not in possession of this geometry
but for the circumscribing circles of the kinematical orbits. They, however,
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implied a unified kipematical system with a diurnal and an annual motion
of the sun. The derivation of the dynamical laws from the tacit path shows
the historical importance of the laws of nature hidden in so simple a
geometry which was envisaged by the ancient Indian cosmographers.
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