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. . .
The -equivalence of geostatic and heliostatic models in accounting for
apparent irregularities in planetary motions is explained. The development
of the geometric models of epicycles and eccentric crcles among the Grecks
from the time of Apollonius of Perga (8.c. 230) to Ptolemy (A.D. 140) is
traced. The concept of the equant introduced by Ptolemy in his rcfined
planetary theories is discussed. The ecarliest attempts to make use of
similar geometric models, without equant, in Indian astronomi:al texts
are recognized in the Romaka- and the Paulisa-siddhantas as given by
Varihamihira in his Paficasiddhantik@ and in Paitamaha-siddhanta of the
Visnudharmottarapurana. A fuller treatment is presented in the old
Stiryasiddhanta as summarized by Varahamihira. Subsequent astronomical
siddhantas and their commentaries discuss the models and the trigonometri-
cal methods of calculating true planetary positions in great detail ani
clarity, from which we know that all the variants of these models. that is,
the epicyclic-epicylic, the eccentric-epicyclic and the cccentric-eccen-
trig, were employed. The Indian methods are characterized by the use of
the sine function instead of the tangent, variable epicycles and arithmetic
computations by proceeding with halves in applying the manda and the
§ighra corrections. The rationales of these procedures are cxplained. A
few examples of planetary tables and thcir agreement with the formulas
used are given from the texts. Planetary models found in Indian astronomi-
cal text appear to have been adapted from Greek models developed in the
period between Hipparchus and Ptolemy and transmitted later on to Arab
astronomy.

Observations on movements of the Sun, the Moon and the five star planets
day by day and year by year over a long period of time established the tollowing
facts at a fairly early date. The planets all appear to move westward with great
speed along with the stellar vault, daily rising in the east and setting in the west,
parallel to the plane of the celestial equator. Despite the apparent westward
motions, the planets are beaten constantly by the asterisms and fall behind clearly
indicating that they have a direct, that is eastward motion.! Measured against the
stellar vault, their sidereal periodic motions are different, the Moon taking the
shortest time in completing one revolution and Saturn the longest; these suggestcd
planetary orbits of different radii, the Moon moving closer to the Earth, followed
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by Mercury, Venus, Sun, Mars, Jupiter and Saturn® The planetary ortits are
more or less coplaner with the orbit of the Sun, the ecliptic, their deviatons
characterized by planetary latitudes lying between 1° to 5°.2 Closer observations
further revealed the following.. Daily motions in angular velocities of the planets
are not uniform.! The sidereal period of two inferior planets Mercury and Venus
whose orbits are smaller than the Sun’s is the same as that of the Sun} the
elongation of Mercury varying from O to + 23° and that of Venus from 0 to
+ 44°, suggesting that these two planets never travel very far from the Sun, are
as it were linked to it and move in such a manner as to appear on either side of,
and be eclipsed periodically by the Sun. The supericr planets Mars, Jupiter and
Saturn are in conjunction with the Sun at a regular interval of time equal to the
Sun’s period® The motions of five planets other than the Sun and the Moon
appear exceedingly irregular, being sometimes very fast, sometimes very slow,
sometimes changing directions from direct to retrograde motion and stationary
between such changes of direction.”

A diagramatical representation of some of the peculiarities of planetary
motions is given below.?
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Fig. 1.

Mathematical astronomical cuneiform texts belonging mainly to the Seleucid
period have furnished important records of planetary observations in the form of
Iunar and planetary ephemerides. Some of them supply monthly positions of the
Sun and the Moon, some their daily longitudes and also the results of arithmetical
computations in the form of a linear zig-zag function. Analyses of these tables
since the pioneering work of Fathers Epping, Strassmair, Kugler, Schaumberger
and others on the Babylonian lunar theory® have enabled a proper assessment of
the degree of attainment by Babylonian astronomers by the end of the Seleucid.
period and the influence of their work, findings and methods cn contemporary
and later astronomers of other culture areas, notably the Greek, the Persian and
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the Indian. However, the credit of developing geometrical models for explaining
planetary irregularities, both qualitatively and quantitatively, unquestionably be-
longs to the Greeks. It all started with the philosophical conceptions, speculations
and world view of the Pythagorean school, which recognized the sphericity of the
Earth, the direct planetary motions in orbits, the rotation of the Earth to explain
daily retrograde motion of the stellar vault, and so on. Some of these ideas were
reinforced in the dialogues of Plato, particularly in his Phaedrus and Timaeus.
But it was left to the mathematical genius of Eudoxus of Knidus, a disciple of
Plato, to develop a geometrical model of homocentric spheres, to account for
planetary irregularities. In his scheme, each planet was attached to the equator
of a sphere turning round its poles; the poles of the first sphere were in their turn
attached to a larger sphere turning slowly round its own axis different from that
of the inner sphere. The poles of the second sphere were furthermore placed on
a third outer concentric sphere and so on. In such an arrangement, the inclinations
of axes of rotations and the speeds of rotation can be suitably selected to produce
the observable irregularities. Inspite of their mathematical elegance and merit
Eudoxus’ spheres ultimately yielded to the concepts of circular orbits strengthened
by the geometry of eccentres and epicycles due to Apollonius of Perga (B.c. 230),
Hipparchus (B.c. 130), and Ptolemy (A.D. 140), — models which dominated ancient
and medieval astronomy till the times of Copernicus and Kepler.

The important property of the geometry of two eccentric circles of equal
radii is that if two bodies, one each on the circle and the eccentric circle, move
in the same direction with uniform and equal angular velocity, the radius vector
from the centre of the circle to the body on the eccentric circle traces out unequal
angles with respect to the line of apsis passing through the two centres. In the
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epicyclic geometry, the centre of a small circle, the epicycle, moves on the circum-
ference of a large circle called the deferent with a certain angular velocity; if a
body moves on the circumference of the epicycle with the same angular velocity
but in the opposite sense, the radius vector from the centre of the d=ferent to the
body on the epicycle traces out unequal angles from a line of apsis. The two
models produce identical results if the radius of the epicycle equals the dstance
between the centres of the two eccentric circles (Fig. 2). By the application of
either of the models, a body C” seen from O will appear to fall behind or move
ahead of another body C moving on the deferent circle. This principle has been
utilized in calculating corrections due to centre or apsis in a model where planets
are supposed to move in circles rather than in elliptical orbits as we now know
they do from the pioneering work of Kepler.

(©)

Fig. 3.

To understand other features of planetary irregularities such as retrogradations,
stationary states, conjunctions and oppositions with the Sun, as exhibited by the
inferior and the superior planets, let us consider the geometry of two bodies moving
with different angular velocities in concentric circles about a third body at rest at
the centre and the appearances as seen from an observer stationed at either of the
two moving bodies." 1In Fig. 3(a), S is the stationary bcdy about which as centre P,
and P, revolve in two different circular orbits in anticlockwise direction. This is the
heliostatic and heliocentric situation. From an observer stationed at P, and
unconscious of his motion, S will appear to move round him in anti-clockwise
direction and P, round S as before such that relative positions of S, P, and P,
remain unaltered [Fig. 3(b)]. Thus P, will appear to move in an epicycle whose
centre moves on a deferent circle with P, as centre. This is a geocentric situation
for either of the two inferior planets Mercury and Venus and takes care of inferior
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and superior conjunctions, retrograde motions for a part of the arc about the
inferior conjunction and stationary states at either end of this arc.

If, as before, the observer be transferred to P, S will appear to move around
P and P, will move in such a way that the distance SP, always remains constant.
This is achieved by completing the parallelogram P SP,C and obtaining the point
C which clearly becomes the centre of an epicycle of radius equal to PS, carrying
the body P, as the centre C itself moves on the circumference of a deferent circle
of radius equal to SP, (=PC) [Fig. 3(c)]. The scheme thus obtained is indeed
a geocentric model for three superior planets Mars, Jupiter and Saturn. The
points to bs noted are: P, moves on the epicycle with the same angular velocity
as that of S round P the radius vector CP, is always parallel to the direction of
S from P ; the angle CP, makes with the line of conjunction P.CA is always equal
to the angular distance between C and S, the point C moves on the deferent circle
with the same angular velocity round P, as does P, round S [Fig. 3(@)]. Thus, if
the positions C and § are known from their mean angular velocities, which deter-
mine their angular distance CP S, called the mean anomaly (also mean argument),
an epicycle can be constructed at C and a point obtained at P, such that the angle
PCA equals the mean anomaly; PP, will give the true direction of P, as seen
from P,

Fig. 4. Retrogradations of a superior planet (after N. R. Hanson.
ISIS. 55, 1964, p. 314)

The observed phenomena of planetary motions as shown in Fig. 1 can be
explained on the basis of both heliocentric and geocentric schemes as follows (the
case of a superior planet is presented here ) (Fig. 4).
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In Fig. 3(c), while presenting the geocentric model for a planet, no account
was taken of the eccentric motion of the mean planet on the deferent circle. To
account for both the anomalies, two models, e.g. the eccentric-epicyclic and the
epicyclic-epicyclic can be applied, depending on whether the apsis correction is
sought to be made by an eccentric circle or by an epicycle, the second correction
due to conjunction being made by an epicycle. There is also a third possibility,
e.g. the eccentric-eccentric in which both the corrections can be made by the use
of eccentric circles. The third model was rarely used and will not be discussed
here.

In Fig. 5(a) which represents the eccentric-epicyclic planetary scheme, the
mean planet C moves on a circle of centre O. Its variations in sidereal motions
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Fig. 5. Eccentric-epicyclic and epicyclic-epicyclic models.

are taken into account by correcting its position to C’ through the construction
of the eccentric circle of centre O, such that OO’ represents the eccentricity
(actually the ratio OO’ to OA4) and CC’ is parallel to the line of apsis OO’ AA4".
In other words, the motion of C’ depends on the mean centre, that is the angle
C'O’A’= angle COA. The motion in conjunction is now represented by an
epicycle with its centre at C’; the true planet C” moves on this epicycle such that
its direction from C’ is always parallel to the direction of the Sun either from
O’ or O, that is the mean anomaly C”"C’4” is equal to the angle C'O’S or COS.
In Fig. 5(b) which represents the cpicyclic-epicyclic scheme, the eccentric is simply
replaced by the epicycle. In both schemes / C”OC is the final correction to be
applied to the mean longitude of C, reckoned from a fixed point on the circle,
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gie First Point of ‘Aries (A =0), F or F'. To calculate this angle, Fig. 5(c) contain-
ing the essential features of the geometry may be referred to.2

L AOF=/ A'0'F'=!orgtude of the apcg=e =Aa
/. COF=/; C'O'F’'=lorg tude of mean planet C =A’
/. COA=/C'O'A =mean centre, i.e. distance of

mean planet from apog3e =A"—Ap=o

L C°'C'A"=/80C=/8'0'C’'=longitude difference between
mean Sun and mean planet, i.e. mean

anoma'y or mean argument =A"—A=y
00'=CccC’ =eccentricity of apsis =n
ccr =radius of the epicycle of conjunction =rs
oc=0'C’ =radius of the circle or the eccentric =R
/ COC’'=/0C'O’ =equation of centre, i.e. correction due to apsis =p
Zcoc’ =equation of argument, i.e. correction
due to corjunction =0
2.C0C =net correction to be applied to the
longitude of mean p'anet =§
/. COF =true lorgtude=A=A‘-38

C"MN is normal to OM and O°'N; C’L is normal to OCM. Clearly, C'N=
ML. Then, MN=C L=r,sin«; CL=r, cos«

C’N = r,ysiny; ML = C'N = rycosy
sin & =-%%{— . CN—MN
v/ CME+ OM®

_ rsiny —ry sina

4/ (ry siny—r, «sin )% +(R+r, cOs& +7: COSy)* Q@

This-expression gvesd as a function of y and.«. The separate equations p and
o are gven by

) risin o 5
Sip=———m— ..
# A/ (risin )2+ «(R + ry cos <2 )
re sin
sin o =~—z———?— ............ 3

4/ (rssin «)® + (R’ + rs cos «)?

whered =y + p; R'=v(nsin«)®+ (R + r,cos «)?

Hindu planetary theories and computations for corrections are more or less based
on the above models and equations, in which some simplifications and approxima-
tions are introduced as will be explained in what follows.

Ptolemy’s planetary models are essentially the same as those discussed-above
with the difference.that an equant point E is introduced for obtaining better agree-
ment with observational results. O’ the centre of the deferent circle is in between,
and equidistant from, E and O, the centre of the universe (Fig. 6(a)). Moreover,
the deferent point C’ appears to move uniformly when seen from E but not from
O, which means that, corresponding to the mean planet C, the deferemt point
C’ is obtained by drawing EC’ parallel to OC so that / COA = / C’EA'= mean
centre. C” gives the position of the true planet in the epicycle of argument such
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that C'C” is always parallel to the direction of the mean Sun S from the Earth:
Fig. 6(b) gives the essential geometry.

Aux
AA

()]
Fig. 6. Ptolemy’s planetary model.
£ COC’ = £ OC'E = equation of centre =p
2.cocC’ = equation of argument =0
The true longitude of the planet is given by
A=A +tpu+o
Let ocC’ = radius of deferent circle =1
00'=0'E = eccentricity =e
oc’ =
cc = radius of epicycle =r
/CO'E =8
LCC'N -
It can be easily shown that
sin @
tan & = ————
cos 0—e
tan p = 2e sin 6
E= T
RE =1+e +2ecos 8
By eliminating 6, the equation of centre as a function of <, and R
is given by :
2e sin« :
tan u = »__T:‘:—éi-['\/(l — e? sin? ()"—e Ccos ()] ---------- (4)
RP=1+2¢cos «V/(l—e?sin?)+ e (1 +2 sin* )  .......... (5)
The equation of argument is given by
tan o __LE‘_I_I_;‘_'__., where $ =y +p  ceeieie... (6)

T R¥r cos ¢
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Ptolemy as well as Indian astronomers working with these geometrical models
realized that for ready computational purposes equation tables for different mean
centres and arguments have to be constructed and that one single table of correc-
tion involving both the anomalies would not be suitable. Moreover, certain
approximations were introduced to make the task simpler.® As far as Indian
planetary theories were concerned, this was done in the following manner.

If in equ. (2), r, is very small compared to R and therefore neglected.

it = ry sin «
R
(27r;) Rsinx ~ Op R sin« (7)

R = %0
where the circumference of the deferent circle is. taken to be 360 degrees in
sexagesimal unit and Opis the circumference of the epicycle of apsis in the same
unit. The term degree used to measure length is not to be confused with the same
term used in measuring angles. This is the formula given in the various astronomi-
cal texts. Thus the Paficasiddhantika says:

‘Multiply the sine of the anomaly by 14 in the Sun’s case and by 31 in the
Moon’s case and divide by 360; the corresponding arcs give the results (the equa-
nop of the centre)’."

Flgures 14 and 31 are the epicycles of apsis for the Sun and the Moon
respectlvcly
. The Siryasiddhanta gives the rule as follows:

‘Multiply that (the corrected epicycle) by the bhujajyd (base-sine) and the
katijya (perpendicular-sine) respectively and divide by the number of degrees in
the circle (kaksamandala of 360); the arc obtained from the bhujajya is the
mandaphala (equation of centre) in minutes etc.”™

The reduction of the term (rsin &) + (R+rcos «) into R? is hardly justifi-
able. As we shall presently see, such reduction is not done in finding the con-
junction correction. The use of the hypotenuse karna in determining the manda
correction has been advocated in some astronomical texts (Aryabhata School).

Some of the technical terms used for the various elements of the eccentric and
epicyclic geometry are as follows: The circle on which the mean planet
madhya graha tevolves is the kaksamandala, the eccentric circle the pratimandala,
the apse line the nicocca rekhd and the apogee the wcca. The epicycle is called
n?coccavrtta or manda-|Sighravrtta. The distance between the centres of the two
circles or the epicycle radius is called antyaphalajya; to distinguish between the
radii of the epicycles of apsis and conjunction the terms manda and Sighra are
prefixed. The mean centre is the kendra or mandakendra and mean anomaly the
sighrakendra; their Rsines are called bhujajya, bahujya, dorjyd, or kendrajvd; and
their Rcosines kotijya. The radius of the kaksamandala is trijya. The sines and
cosines in the epicycle are designated by bdhuphala, bhujaphala or dohphala and
kotiphala respectively. The equations of centre and argument in arcs are res-
pectively mandaphala and Sighraphala and their sines mandaphalajya and Sighra-
Phalajya.

or, Rsin p =
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In calculating the equation of the argument, the corrected: position due to
apsis, that is C’ is transferred to C, on the circle of centre O (kaksamandala)
(R’=R), and the epicle of conjunction is drawn with C, as its centre. The mean
afgument is reckoned from OC’ ( ®=y). The equation (3) then reduces to

Rry siny

AV (rs sin ¥)2+ (R+r, cos y)?

Rsin o =

Fig. 7.

The term +/(r, sin y)2 + (R + r; cos )2 is the distance of true planet trom the
centte and is called the karna (hypotenuse). As per explanation of technical
terms, rsin y is the bhujaphala or dohphala and rgcos y the kotiphala. The
expression R + rcos y which is the sum of frijyé and kotiphala is called
sphutakoti. The denominator on the right hand side of Eq. (8) is then the
square root of the sum of the squares of bhujaphala and sphutakoti, that is the
karna. In the terminology of Hindu astronomers, the $§ighra correction in half-
chord or jyd, as set out in Eq. (8) can be expressed as follows:

trijya x dohphala

§ighraphalajyd =
gnrapnalajy karpa

(he above steps are indicated in the various astronomical siddhantas.

One noticeable peculiarity in Hindu theories is the adoption of variable
spicycles. Epicycles of different circumference are assumed at the beginning of
¢even and odd quadrants; that is at anomalies 0° and 180° and at 90° and 270°.

For intermediate values, the epicycle to be used is determined by applying the
cotrection

(Or—O0) R sin «
R
to the epicycle at the beginning of odd or even quadrant, depending on the posi~
tion of the mean planet, where O is the epicycle at the beginning of evep, O, that
at the beginning of the odd quadrant, p< the anomaly and R the radius.” Some-
times corrections are also made by the hypotenuse by methods of successive
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approximation.® In the absence of Ptolemy’s idea of equant various devices such
as above were calculated to achieve better agreement of the theory with observa-
tional data. Constants such as longitudes of apogees of planets, and dimensions
of their manda and Sighra epicycles are given in Table, L

Table 1

Longitudes of apogees and dimensions of epicycles of the planets as given in some
' astronomical texts.

Long, of apogee

mandu epicycle

Sighra epicycle Sun Moon Mars Mercury Jupiter Venus Saturn
Astronom.

Text
Saura, PS.IX. 7; XVII. 1-3 80 110 220 160 80 240
Paulisa, PS. 111. 2,3 1,80
Romaka, PS. VIII. 2 75
Saura, PS. 1X. 8 4 31 70 28 32 14 60
Paulisa, PS. Op 15%
15 31
Saura, PS. XVIL. 1-3 Oo 24 132 72 260 40
Aryadhatiya 2,78 118 210 180 90 236
18,9 Onr-0dd1330° 3130° 63  3130° 3130 18 40 30’
O 1 -even 81 2230 36 9 58 30°
O« -odd 23830 13930° 72  26530' 40 30"
O -even 22030’ 13030° 6730° 25630° 36
Maha Bk VIL 11,12 2,78 118 210 180 90 236
., VIL 25 (mid night) 1,80 110 220 160 80 240
T OWIL2528( L, )Owrld 31 70 28 32 14 60
.. VIL 13-16 (auda- Oc 234 132 72 260 40
yika ; same as A)
Khand. 1. 6-7 A, 80 110 220 160 80 240
L L1617 opla 31 70 28 32 14 60
O 234 132 12 260 40
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Saryasiddhanta A 7714 130 22036" 17116° 7949 23637

» 11.34,35 Op-0dd1340° 3140 72 28 32 11 48

O i -evenld 32 75 30 33 12 49

» 1.36,37 Oc -0dd 232 132 72 260 40

Oo -gven 235 133 70 262 39

Brahmasphuta sidhanta 1,77 127 227 170 90 252

I 19-20

» 11.20-21;34-39 Op 1340 3136" 70 38 33 9 30
10

. 1L 34-39 Oc 132 68 263 35
258

From the planetary schemes and approximations so far discussed it would

appear that the corrected longitude of a planet should be given by
A=A+ p+ o

p 15 uegative for 180 - & = 0 and positive for 360 = « > 180; o is positive
for 180 >»>> 0 and negative for 360 >y > 180. It may also appear immaterial
whether the manda correction is first applied to the mean planet and then the
§ighra correction to the mean planet thus corrected or vice versa. This would
have been the case for a circle of infinite radius when the arc near the mean
planet could be regarded as a straight line. The two alternatives are shown in
Fig. 8. C is the mean planet. Proceeding first with the marda and then with

Fig. 8.

the szghra correction, we get M, and S, for anomalies «, and y,.- Likewise,
proceeding first with the szghra and then with the manda correction, we get S,
and M, for anomalies «, and y, Assuming the bhujaphala as the approx1mate
correctlon in either case, the difference between the two final corrections will be
ra (sin y; — sin ¥;) + ry (sin &, — sin «,)
which is positive since y, > y, and «, < «, This difference vanishes.
when y, =y, and «,=«,, that is when the part of the arc involved in the
equations is a straight line and the directions of all projections on the deferent
towards the observer at the Earth are parallel. This is shown in Fig. 9. L and
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K are positions of the planet in the manda and Sighra epicycle respectively. CL
and CK are their vector displacements. CP, is the resultant vector displacement.
M, S and N are projections of L, K andP, in the direction of O. P, and P, show
final positions of planet when corrections are made in two dlﬁerent orders men-
tioned above. From the parallelograms shown it is clear that P, P, and P, all lie
on the same line, N being the projection of the deferent in each case.”

Fig. 9. Fig. 10.

Let us consider a situation when one has to work with half displacements.
In Fig. 10, C is the mean planet on the deferent taken as a straight line, CL and
CK represent, as before, the vector displacements due to the effects of manda and
§ighra, M and § are projections of L and K on the deferent in the direction of CO.
Then CM equals mandaphala and CS Sighraphala. If we now deal with half dis-
placement C! (= } CL) and Ck (= { CK), CZ is their resultant displacement and
the projection of Z on the deferent in the direction of CO will be N. Now if we.
first apply half the manda correction Cm (=Lp) to C and then half the $ighra
displacement mZ: (=Ck), corresponding to the Sighra correction mN (=Cs=
} o) we get Z whose projection is also Z N. Alternatively, proceeding with the
half of the $tghra correction Cs (= } o« ) and then applying half the manda correc-
tion we get the displacement sZ, lying on the same line ZZ ZN. In the point N
corrected by 4 u and % o errors due to the curvature of the deferent are halved..
The full equation of centre for N may now be applied to the mean planet C and
thereafter the full equation of argument to get the finally corrected planet.

We can now follow the procedure given by Aryabhata® as explained by
Paramesvara in his Bhatadipika.

First step: Deduct the longitude of the mandocca from the longitude of the
mean planet; find the mandaphala (corresponding to the mandakendra thus ob-
tained) and add half of it positively or negatively as required to the mean planet.



120 §. N. SEN

=X =M m=p(e); A=A F ot

Second step: Deduct the longitude of the mean planet as corrected 'by 'half
the ‘mandaphala from the Sighrocca; find the Sighrabhujiphala (corresponding ‘to
the fighrakendra thus obtained) and add half of it positively or negitively as
required to the mean planet corrected by half the mandaphala in the case ot
Saturn, Jupiter and Mars. .

o1
)’|=/\'q—/\x; oy = 0"()’1); /\2=/\liT

Third step: Deduct the longitude of the mandocca from the mean planet
corrected by applying half the mandaphala and half the sighraphala; find the
mandaphala (corresponding to the mandakendra thus obtained) and apply it only
to the mean planet so as to get the corrected mean planet (sphutamadhya); this is
the sphutamadhya for Saturn, Jupiter and Mars.

'€1=)\:'—)\A; #2=#('Lz); /\3=/\’:Fllvz

Fourth step: Deduct the longitude of the corrected mean planet (sphuta-
madhya) from the $ighrocca; find the Sighraphala (corresponding to the $ighrakendra
thus obtained); the sphutamadhya corrected by the Sighraphala becomes the true
planet in the case of Saturn, Jupiter and Mars.

A=A —A3; oy=0o ('y2); A=A j:"cr,

In the procedure given in the Siryasiddhanta® the first two steps are reversed,
that is, to the mean planet half of the $ighraphala is first applied and then half
of the mandaphala to get the longitude of N (Fig. 10). The last two steps are
the same as in the case of the Aryabhatiya. In the Paficasiddhintika giving
tnéthods followed in the old Siuryasiddhanta, half the Sighraphala and the manda-
Phala are applied to the mandocca; the mandaphala and the Sighraphala of the

tnean planet are then determined with respect to the corrected apsis in the .usual
manner.?

Neugebauer, in his translation of the Latin version of al-Khwirizmi’s astro-
homical tables as edited by Maslama al-Majriti, with his own notes and com-
mentary, has shown the use of Hindu msthods in correcting planetary positions®
This is hardly surprising in view of the early impact of Indian astronomy .on the
‘Arab efforts to develop the study of the subject in their own circles. More con-
fusing, however, is the knowledge of development of the epicyclic or . eccentric-
¢picy¢lic planetary theories among the Hindus. The possibility of the borrowing
of ‘the models from Greek sources was suspected long ago and the comparison of
the parameters used in Indian and Greek systems strongly reinforced such a -view.
Regarding the primitive forms of the theory we have to depend on what Variha-
mihira has preserved in his Paficasiddhintika and on some stray works like the
Pitimahasiddhanta of the Visnudharmottarapurapa. On the other hand, the stages
of the development of planetary theories among the Greeks are still not clear, much
of this prehistory having bzen lost with the universal acceptance of Ptolemy's: far
Superior planetary theory and his sophisticated mathematical treatment. -In :a
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recent study® David Pingree looked up the materials of the Peripatetic school as
far as concerned epicyclic astronomy and found close resemblance of the Greek
ideas with those represented in the double epicyclic model preserved in the
Panicasiddhantika and the astronomical section of the Visnudharmottarapurana.

Hy
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