A Survey of Rules
for Computing the True Daily Motion
of the Planets in India

SETSURO IKEYAMA

This is a survey of rules for computing true daily motion of the
planets from mean daily motion appearing in Indian astronom-
ical treatises (siddhantas and karanas). They are arranged in
chronological order.

1 Notation

: manda anomaly
: §ighra anomaly

mean daily motion of the planet

manda-corrected daily motion
: true daily motion (= ¥ for the sun and the moon)
v4: daily motion of manda apogee
vg: daily motion of Sighra apogee
Uy: daily motion of manda anomaly (= 7 — v4)
U4: daily motion of §ighra anomaly (= vg — )
v4: daily motion of corrected anomaly
€: correction to mean daily motion
R: radius of the standard circle
C: circumference of the standard circle
r: radius of an epicycle
c: circumference of an epicycle
H: “hypotenuse”, true geocentric distance
I: interval of a Rsine table (usually 225')
J[n]: nth tabulated Rsine
AJ[n]: nth Rsine-difference (J[n] — J[n — 1])
AJ,: Rsine-difference corresponding to an anomaly «
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2 Abbreviation of Sanskrit Tezts

PS: Paiicasiddhantika of Varahamihira (composed ca. 550)
BSS: Brahmasphutasiddhanta of Brahmagupta (composed 628)
MBh: Mahabhaskariya of Bhaskara I (composed before 629)
LBh: Laghubhaskariya of Bhaskara I (composed after MBh)
KhKh: Khandakhadyakae of Brahmagupta (epoch 665)

SDV: Sisyadhivrddhidatantra of Lalla (composed ca. 7507)

SS: Suryasiddhanta (composed ca. 800)

VS: Vatesvarasiddhanta of Vatesvara (composed 904)

LMM: Laghumanasa of Mafijula (Munjala)! (composed ca. 932)
SSE: Siddhantasekhara of Sripati (composed ca. 1050)

MS: Mahasiddhanta of Aryabhata II (composed ca. 950-10007?)
SSI: Siddhantasiromani of Bhaskara II (composed 1150)

SOS: Somasiddhanta (composed before 1400)

KA: Karanamrta of Citrabhanu (composed ca. 1530)

3 Introduction

We can find two types of rules in Indian astronomical texts for
calculating true daily motion from mean daily motion.

Type 1: convert ¥ or 9, directly into v or v4. In the type 1 rules,
the true geocentric distance of the planet (karna, H) is usually
used. For example H for p; in figure 1 is Op; and the true daily
motion of p; (v), or of anomaly (v,) is calculated:

This rule is sometimes called karnabhukti.

Type 2: calculate the difference between true and mean daily mo-
tion (¢ = |vg—Ua| = |[v— 7| in figure 1) and add or subtract it from
v. Most of the type 2 rules use Rsine-differences for calculating
€.

First of all, the Rsine-difference including the mean anomaly of
planet p1 (AJ,) is found from a Rsine table in this way:

when

Jn—-1] <Sina < J[n],

1 About the name of the author, see Shukla 1990, p. 1.
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Figure 1: General
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AJy, = AJ[n] = J[n]-J[n-1]. (1)

Then, in figure 2, an Rsine-difference corresponding to 7 (D) is
calculated by a proportion from the interval of a Rsine table (I)
and AJ,:

I:AJ,=79,:D.

Then D is converted into d by another proportion using the cir-
cumference of the standard circle (C) and that of an epicycle

(¢):

D:C=d:ec
Assuming d = Sine, it is converted into arc € by the third pro-
portion with the first tabulated Rsine (J[1]):

J[1]: I = Sine :e.
Combining these three proportions we get:
AJ,
e C (2)
J1] C
This rule is called jivabhukti because it uses Rsines (jiva). The
problem of jivabhukt: is that the correction € does not change
continuously; it remains the same while Sin a1, Sin ay, Sinag...
are between the same Rsines. Bhaskara I criticizes this in LBh

II, 14 and some later astronomers provide inprovements (SS II,
50-51; LMM II, 4cd; MS III, 15-16ab; SSI II, 37).

€= Tp-

4 Pancasiddhantika

4.1 PS IX, 12-13: Type 2

Va = UV — V4,

Sine = 7 Ao c
%225 360’
v=17xe.

360 is the circumference of the standard circle expressed in de-
grees and 225 is the interval of the Rsine table in minutes. Vara-
hamihira does not mention how to convert Sine into ¢ here?.

? Formula (2) of Neugebauer and Pingree 1970-71, part II p. 71 does not
correctly reflect what the text says.
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4.2 PS IX, 14cd: Type 1

H=3=-3

<

5 Brahmasphutasiddhanta

5.1 BSS II, {1-42ab: Type 2

5.2 BSS II, 42cd-44: Type 1

. AJa R
v:vg—(vg—v)-m-ﬁ.

This rule uses crude approximations (See Ikeyama 2003a).

6 Mahabhaskariya and Laghubhaskariya

6.1 MBh IV, 14-17; LBh II, 9-13: Type 2
6.1.1 MBh IV, 14; LBh II, 9-10

Bhaskara clearly mentions that the mean daily motion is divided
by ‘the arc’, I, i.e., 225 minutes. This means that the process
for converting Sine into € is omitted, but this does not lead to a
problem in practice because the first Rsine (J[1]) is also 225 in
MBh whose R is 3438.

2/9 of the circumferences of the epicycles (¢’) are used here
which are given in MBh VII, 13-16 and LBh I, 19-22 as in the
Aryabhatiya 1, 8-9.

In the Arya school v4 = 0 (and therefore ¥ = ©,) except in the
case of the moon, so that 7 is used instead of ¥, in this formula.
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Figure 3: Moon Rule in MBh and LBh

6.1.2 MBh IV, 15-17; LBh II, 11-13

For the daily motion of the Moon Bhaskara gives a special rule
to calculate D because the motion of the Moon is great and the
proportion D = ¥4 - AJ,/I, cannot be used (see figure 3). His
rule is:

D=(1)+(2)+@),

where (2) is the sum of tabulated Rsine-differences and (1) and
(3) are computed by means of the proportion.

6.2 MBh IV, 58-59: Type 2

The same rule as in MBh IV, 14 and LBh II, 9-10 is used here for
the other five star-planets for calculating both manda correction
and Sighra correction:

_AJy - AJy-c R

v=v4vranne s v =0 (s — W) ey B

where

18000 = 225 x 80.
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In the case of Sighra correction, Bhaskara converts d into Sin ¢ by
means of a proportion:

d: H=Sine: R.

6.3 MBh IV, 138; LBh II, 8: Type 1

This rule is said to be only for the Sun and Moon.

| B

7 Khandakhadyaka

7.1 KhKh I, 19-20: Type 2

AJ, Ay -7
Usun = Usun + _T5—; VUmoon = Umoon + g ) (Ia 19)
AJ,
Y N 1,2
v=0%7 900 (I, 20)

The first two formulae can be derived from the third when the
value of the mean daily motion of anomaly of the sun (about
60’) and of the moon (about 784’) are substituted for . In the
third formula, 900 corresponds to J[1] - 360/c. Therefore, if this
formula is for all the planets, it follows that the circumferences
of the manda epicycles of all the planets would be the same.

8 Sisyadhivrddhida

8.1 SDV II, 15: Type 2

AJy _ AJ, - 10

Usun = Usun + TOT; Vmoon = VUmoon + 33

These are the same rules as in SDV III, 11 but applied specifically
to the sun and the moon; J[1] of SDV is 225, ¢’ of the sun is 3,
and that of the moon is 7.
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8.2 SDV III, 11-13: Type 2
Exactly the same rule as MBh IV 58-59:

. _AJ, ¢
v_v:tv225 " 30" (I, 11)
A /
v:ii@m—®2g-%-g. (111, 12-13)

8.3 SDV III, 18-19: Type 1

For sighra correction Lalla uses the same rule as BSS II, 42cd—44:

. _ R
V=04, (ITI, 18ab)
. AJa R

v=vg— (vs —D)- Ja] H (III, 18cd-19)

9 Saryasiddhanta

9.1 SSII, 47-49: Type 2

Al, ¢
225 360’

vV=v%70

in the case of the moon,

AJ, ¢
225 360°

This is the rule only for the manda correction. ‘225’ is the first
tabulated Rsine, not I. ¥ is used instead of ¥, because the manda
apogees of the planets except the moon are fixed in the Sirya-
siddhanta as in the Arya school.

1=v% (’T)moon - ‘UA)

9.2 SSII, 50-51: Type 2

|H — R
H

This is a jivabhukt: type rule but does not use Rsine-differences.
In figure 2, O¢ = R, Opl = H, p1q= |H — R|, and p1p1 = r.

v=0%+ (vg— D) -

arcp1pz : R = arcp(p2) : .
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Assuming

Api(p2)t x Apiprg,

p1(p2)(= arcpi(p2)) : prt = r: |H — R,
and also
H :pit = R: Sine,

combining these three proportions, we get this formula. See
Burgess’ explanation (Burgess 1860, pp. 91-92) and Sengupta’s
discussion in the reprint (Burgess 1860, reprint pp. xx—xxvi).

10 Vatesvarasiddhanta

10.1 VS II, 2, 97-98: Type 2

This is a rule for manda correction.

V=019 —AJa £
B *J[] 360

10.2 VS II, 2, 99: Type 1

This is also the rule for manda correction only.

V=4 +Va* —-

H

10.3 VS II, i, 100: Type 2

The same rule as VS II, i, 97-98 applied specifically to the sun
and the moon. In VS, J[1] is 56;15 (225/4), the circumference
of the manda epicycle of the sun is 14°, and that of the moon is
31;30°.

Ay -7 _ AJ, - 49

Usun = Usun + W; Ymoon = YUmoon + 40

10.4 VS II, 4w, 18: Type 1

_\ AJa R ., AJa R
’UA-{-(’va)-m.E;v:vs—('va).j[T]..E_

This is a BSS type rule but used for both manda and $ighra
correction.

0]
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apogee

Figure 4: Laghumanasa

11 Laghumanasa

11.1 LMM 14cd (II, 4cd): Type 2

__ Cosa

v=v17- m,
2

where Cos & is OF of figure 4 expressed in degrees and d, which
are given in LMM 13 (II, 3), are equal to R/#; R is OD in minutes
and 7 is AB, the radius given in degrees of a manda epicycle
corresponding to R (OB). 9, = ¥ here which means the motions
of apogees (v4) are assumed to be 0.
Using superscripts o and m which mean degrees and minutes
respectively, we can express this formula like:

Cos a°
R™ Cosa°?
* 2

.’-.0

vt =" £

Combining a formula which is also found in MBh IV, 58-59 (sec-
tion 6.2) and SDV III, 12-13 (section 8.2):

A, ™ R°

and the relationship Bhaskara II mentions (formula (3) in section
14.1 below):

J{J°

o !

AJ,° =Cosa’ -
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we get:
Cosa® - ™"
m_gm 7= °
€ v T Ho
Assuming
H°(OC)~OD+ DE = R° + Cosa’ - %—f;,
R™ =~ 3600,

we finally get:

m —m Cos a°

I = . =—
Re. %,.— + Cos &°
. Cos a®

5,_,'.:-+Cos&°'

It seems, as Majumdar points out (Majumdar 1951, p. 53), that
Cos &/2 of Maijula’s formula should be Cos a.

This is a variation of the type 2 rule which does not use any
Rsine-difference. Compare Bhaskara’s formula (section 14.1) and
see the explanations of Majumdar (Majumdar 1951, pp. 45-56)
and of Shukla (Shukla 1990, pp. 125-131).

11.2 LMM 17 (II, 7): Type 1

”—

scn _ Sighraphala
vyasa — “EoEnte

Sighra divisor

v=uvg — (vg — V) -

The ‘Sighra divisors’ are calculated in LMM 15-16ab (II, 5—6ab):

rm Sinda

r. 3

sighra divisor = d,, - + Cos &,

where 7, is the radius of a §ighra epicycle given in degrees.

Up to now I have not found a satisfactory explanation for this
formula. See Majumdar (Majumdar 1951, pp. 50-61) and Shukla
(Shukla 1990, pp. 131-136).
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12 Siddhantasekhara

12.1 SSE III, 40-41ab: Type 2

12.2 SSE III, 42-43: Type 1

AJd,
J1]
This is the same rule as BSS 11, 42cd-44.

| &

v=1uvg — (vs — Vo) -

13 Mahasiddhanta

13.1 MS III, 15cd-16ab: Type 2

kotiphala
7

This is the same rule as Bhaskara II (see section 14.1 below) if
Uq = T, i.e., v4 of the sun is assumed to be zero.

v=01+7-

14 Siddhantasiromani
14.1 SSI II, 37: Type 2

kotiphala
7

Bhaskara says in his auto-commentary that the difference of the
true longitudes of the plenet in two successive days is ‘crude mo-
tion (sthala gatih)’, and motion calculated by this rule is ‘accurate
and instantaneous (s@ksma tatkarikz)’.

Bhaskara assumes AJ, o Cos &, so that the equation € changes
continuously. For finding the Rsine-difference corresponding to
&, he does not use the traditional rule (formula (1) of the intro-
duction) but calculates it with a proportion (Chaturvedi 1981, p.
120):

D=7+ Ty

_ _ J[1]
AJy, =Cosa- = (3)
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Then, substituting this ‘instantaneous Rsine-difference’ for AJ,
in the typical jivabhukt: (formula (2) of the introduction), we get:

Cosa ¢
R C
where (Cosa - ¢)/C is the kotiphala.

E=Tg-*

14.2 SSIII, 39: Type 1

Sin (90 — phalamsa)

i .
This is an improvement of Brahmagupta’s rule in BSS II 42cd-44
(section 5.2 above). According to Bhaskara’s auto-commentary
(Chaturvedi 1981, pp. 121-123), when formula (3) is combined
with the rule of Brahmagupta:

V=08 — Vg *

. AJy, R
v:vs—(vg—v)~m-ﬁ
a formula is obtained:
- Cosa
v=vg— (vg—?)- T

and this is the formula mentioned here. Therefore, the word
phalamsa, literally means ‘degrees of the result’ should be under-
stood as $ighra anomaly &.

15 Somasiddhanta
15.1 SOS II, 29: Type 1

v:vg:tf)a-g.

16 Karanamrta
16.1 KA I, 28¢d-29ab: Type 2

Cos &

V=00 ——.
divisor

Divisors are given in I, 25-27. KA 28cd is very close to LMM II,
4cd (section 11.1 above). The anonymous commentator interprets

the word kot as kotiphala, (Cos a-c)/C (Namboodiri 1975, p. 14).
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16.2 KA I, 86-37: Type 1

dohphala
14

* dighra divisor

sighravyasa —

v=vg— (vs—9)-

This rule seems to be the same as that of LMM II, 7 (see section
11.2 above) except that the divisor of dohphala is 14 (Sakvari),
not 12.

Source Text

PS IX 12-13

saptakala vitryaméas candroccasyendubhuktir anayona |
kendrasya parijiieya sphutabhukti$ canaya karya || 12
kendrantarajyagunita tithivargenoddhrta ca parinamya |
tatkarmukam ksayacayau bhuktau mrgakarkatadyesu || 13
(Neugebauer and Pingree 1970-71, part I pp. 92, 94)

PS IX 14cd
vyasardhahata bhuktih sphutabhuktihrta sphutah karnah || 14cd
(Neugebauer and Pingree 1970-71, part I p. 94)

BSS 11, 41-44

grahamandakendrabhuktir jyantaragunitadyajivaya bhakta |
labdham sphutaparidhigunam bhaganamsahrtam phalakalabhih || 41
mrgakarkyadav inadhika svamadhyamagatih sphutarkendvoh |
éighragatim mandaphalasphutabhuktyinam kujadinam || 42
$ighraphalabhogyajivasamgunitam adyajivaya vibhajet |
phalagunitam vyasardham vibhajayec chighrakarnena || 43
labdhona éighragatih sphutabhuktir bhavati labdham adhikam cet |
éighragateh $ighragatim labdhat sams$odhya vakragatih || 44
(Ikeyama 2003a)

MBh 1V, 13-17

vigkambhardhahata bhuktih siiryacandramasoh sada |
svavidesena karnena sphutabhuktir avapyate || 13
antyajivathava bhuktya gunita dhanusa hrta |
svaparidhyahate ’$itya labdhe hinadhike sphuta || 14
antyajivadhanuhkhandam kendrabhogad viodhayet |
tadvisodhya makheh $esam patyate ’visame tatah || 15
uccabhuktivihinaya bhukteh sitamsumalinah |
utkramajya krame grahya kramajya cotkramasthite || 16
adyantayoh phalam yuktva gunayos$ canupatatah |
tatphalena vihinadhya bhuktih sphutatara hi sa || 17
(Shukla 1960, text section p. 23)

LBh II, 8-13
vyasardhasanguna bhuktir madhya karnena labhyate |



TRUE DAILY MOTION IN INDIA 547

sphutabhuktih sahasramso $itamsor apy ayam vidhih || 8
antyamaurvihatam bhuktim madhyamam dhanusa haret |
labdham svavrttasamksunnam chitvasitya viodhayet || 9
makaradisthite kendre karkatadau tu yojayet |
madhyabhuktau sahasramsoh sphutabhuktir udahrta || 10
utkramakramato grahyah padayor ojayugmayoh |
vartamanagunad indoh kendrabhukteh kalavadat || 11
adyantadhanusor jiieyam phalam trairasikakramat |
gatagantavyadhanusi kendrabhukter visodhayet || 12
ittham aptagunam hatva vrttenasitisamhrtam |

pragvat ksayodayav indor madhye bhoge sphuto matah || 13
(Shukla 1963, text section pp. 5-6)

MBh IV, 58-59

mandantyajivagunitam svabhuktim bhiiyah svavrttena hatam vibhajya |
raseh kalabhir dasataditabhir bhuktau dhanarnam padayuktito ’rdham || 58
sighroccabhuktes tad apasya sesat kendrantyajivavidhina yad aptam |
trijyahatam karnavibhaktabhedam nyasena $ighrasya dhanarnam istam || 59
(Shukla 1960, text section p. 27)

KhKh I, 19-20

paificadasakena vibhajed bhanumato bhogyamanakam pindam |
$asdino ’gagunam vasubhih ksayadhanadhanahanayah svagatau || 19
gatibhogyakhandakavadhal labdham navabhih $atai ravinduphalam |
pragvac chukradinam ksayadhanadhanahanayah svagatau || 20
(Sengupta 1941, pp. 22-23)

SDV II, 15
svabhogyakhandam ksitikhendubhir hrtam
raver vidhor diggunitam suroddhrtam |
tadiinayukte bhavatah sphute gatl
kramat svakendre mrgakarkatadike || 15
(Chatterjee 1981, part 1 p. 34)

SDV I11, 11-13
jyakhandakena gunita mrdukendrajena
bhuktir grahasya sarayugmayamair vibhakta |
ksunna sphutena gunakena hrta khanagair
lipta gateh phalam rnam dhanam uktavac ca || 11
tadvarjita svacalatungagatih svabhogya-
khandahata sarayamaksihrta hata ca |
svena sphutena gunakena khanagabhakta
trijyahata srutihrtasuphalam gateh syat || 12
mandasphuta grahagatih sphutatam upaiti
yuktonita virahita sahitam una ca |
$ighrabhidhananijakendrapadakramena
vakra gatir bhavati ced rmato visuddha || 13
(Chatterjee 1981, part 1 p. 46)

SDV III, 18-19
trijyahata grahagatir mrdukarnabhakta



548 SETSURO IKEYAMA

mandasphuta bhavati tadrahitasubhuktih |
trijyahata svacalakarnahrtasucapa-

bhogyajyaya vigunita vihrtadimaurvya || 18
labdham tyajet svacalatungagateh sadaiva

Sesam sphuta bhavati ca grahabhuktir evam |
labdham bhaved yad adhikam calatungabhukter

vyastam bhunakti khacarah prativasaram tat || 19
(Chatterjee 1981, part 1 p. 49)

SS 11, 47-51
svamandabhuktisam$uddha madhyabhuktir nasapateh | :
dorjyantaradikam krtva bhuktav rnadhanam bhavet || 47
grahabhukteh phalam karyam grahavan mandakarmani |

" dorjyantaraguna bhuktis tattvanetroddhrta punah || 48
svamandaparidhiksunna bhaganams$oddhrtah kalah |
karkyadau tu dhanam tatra makaradav rnam smrtam || 49
mandasphutikrtam bhuktim projjhya sighroccabhuktitah |
tacchesam vivarenatha hanyat trijyantyakarnayoh || 50
calakarnahrtam bhuktau karne trijyadhike dhanam |
rnam iine ’dhike projjhya $esam vakragatir bhavet || 51
(Chaudhary 1987, pp. 77-80)

VS 11, i, 97-100

mandatungagativarjita gatih kendrabhuktir iha khecarasya sa |
dorgunantarahatadyajivaya bhajita svamrduvrttasamguna || 97
bhaganamsahrta phalam gatau nijakendre makaradike ksayah |
dhanam indugrhadike sphuta Sravanagre khalu va gatis tada || 98
nijakendragatih samahata tribhamaurvya mrdukarpabhajita |
svamrdiiccagatih phalanvita grahabhuktis tv athava parisphuta || 99
bhujabhojyagunantaram raveh svaranighnam dvisvarendubhajitam |
$asino ’fikajalahatam hrtam khakrtair bhuktiphalam kaladi va || 100
(Shukla 1986, part I pp. 102-103)

VS 11, iii, 18

nijaphalabhojyajyaghna kendragati$ cadyajivaya bhakta |
trijyaghna karnahrta labdhonayuta svasighramandagatih || 18
(Shukla 1986, prat I, p. 115)

LMM 14cd (II, 4cd)
kotir gatighna cchedaptam vyastam gatikalah phalam || 4
(Apate 1952, p. 10)

LMM 17 (11, 7)

vyasam §ighraphalarkamsabhagonam grahasighrayoh |
gatyantaraghnam chedaptam tyaktva $ighragater gatih || 7
(Apate 1952, p. 11)

SSE I11, 40-43

mandakendragatir arkacandrayor jyantarena gunita hrtadyaya |
jivaya svaparinahatadita kharturamavihrta gateh phalam |40
adyaturyapadayos tadiinita madhyayos tadadhika sphuta gatih |
yatayeyadinajagrahantaram varttamanadivase gatih sphuta ||41
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caficalakendragatih phalabhogyajyagunitadyagunena vibhakta |
vyasadalaghnaphalam érutibhaktam tadrahitasugatih sphutabhuktih || 42
syad avanitanayadikhaganam $ighragateh phalam abhyadhikam cet |
tatphalato ’pi viSodhaya $esam vakragatir bhavati dyucaranam || 43
(Misra 1932/1947, pp. 172-175)

MS III 15-16ab

mandaphalam kendravasdat svarnam siirye sphuto bhavati |
kotiphalaghni bhuktir gajyabhakta kaladiphalam || 15
bhuktau karkimrgadye kendre svarnam bhavet spasta | 16ab
(S. Dvivedt 1910, pp. 58-59)

SSI 11, 36cd-39

dinantaraspastakhagantaram syad gatih sphuta tatsamayantarale || 36
kotiphalaghni mrdukendrabhuktis trijyoddhrta karkimrgadikendre |

taya yutona grahamadhyabhuktis tatkaliki mandaparisphuta syat || 37
samipatithyantasamipacalanam vidhos tu tatkalajayaiva yujyate |
sudiirasamcalanam adyaya yatah pratiksanam sa na sama mahatvatah || 38
phalaméakhankantarasifijinighni drakkendrabhuktih srutihrdvisodhya |
svadighrabhukte sphutakhetabhuktih $esam ca vakra viparitasuddhau || 39
(Chaturvedi 1981, pp. 119-121)

SOS 11, 29

sighrakendragatis trijyaksuna karnoddhrta rnam |
éighroccabhukteh syad bhuktir vakrabhuktir viparyaye || 29
(V. P. Dvivedi 1912, p. 10)

KA I, 28cd-29ab

kotir gatighni cheddpta vyastam gatikalaphalam | 28cd
tatsamskrta madhyagatir mandasphutagatir bhavet | 29ab
(Namboodiri 1975, p. 14)

KA I, 36-37

éighravyaso dohphalatah $akvaryamsavivarjitah |

sa mandasphutasighroccagatibhedasamahatah || 36
éighracchedahrto labdham $odhyam $ighragatir gatih |
$odhyat tyakte tiiccabhoge vakrabhuktis tu Sisyate || 37
(Namboodiri 1975, p. 17)
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