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Calculation of True Daily Motion
Two Rules of the Brahmasphutasiddhanta

Setsuro Tkeyama
Abstract

Brahmagupta, an Indian astronomer flourished in early 7th century, gives two rules for
computing the true daily motion of the planets in his Brahmasphutasiddhanta (BSS),
chapter II, 41-42ab and 42cd-44. In this paper, I newly edited these parts using five
manuscripts with the well known but not edited commentary composed by Prthuda-
kasvamin who flourished in the 9th century, translated them into English, and gave

mathematical commentaries.

Abbreviation for Astronomical Works

PS: Pancasiddhantika 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: Khandakhadyaka of Brahmagupta (epoch 665)

SDV: gigyadhz’vrddhidatantm of Lalla (composed ca. 7507)

SS: Suryasiddhanta (composed ca. 800)

VS: Vatesvarasiddhanta of Vate$vara (composed 904)

SSI: Siddhantasiromani of Bhaskara II (composed 1150)

SSE: Siddhantasekhara of Sripati (composed ca. 1050)

I Introduction

I.1 Brahmagupta

Brahmagupta, the son of Jisnugupta, composed two astronomical books:

1. The Brahmasphutasiddhanta; according to verses 7 and 8 of chapter XXIV,
Brahmagupta composed this comprehensive astronomical treatise at the age of
thirty in Saka 550~A.D. 628 during the reign of King Vyaghramukha of the
Capavamsa.

2. The Khandakhadyaka; a karana, practical manual which gives pragmatic rules
for astronomical computations, whose epoch is Saka 587~A.D. 665 (KhKh1, 3).
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He was called Bhillamalavakacarya by Prthudakasvamin and by Utpala, who
borrowed many phrases from Prthudaka’s commentary, in their commentaries on

the Khandakhadyaka.
I.2 Prthudakasvamin

Caturveda Prthiidakasvamin, the son of Madhustidana Bhatta wrote commen-
taries on the two works of Brahmagupta, the Brahmasphutasiddhanta and the
Khandakhadyaka. He refers to Saka 786~A.D. 864 and Kuruksetra in his exam-
ples (udaharanas) in the commentary on the Khandakhadyaka. He also uses the
solar eclipse on 4 March 862 in the commentary on KhKh V, 1-2. He refers to
Kanyakubja and Sthanvisvara in his commentary on BSS XXI, 10 but these refer-
ences seems to come from the lost commentary of Balabhadra.

1.3 Brahmasphutasiddhanta

The Brahmasphutasiddhanta is a comprehensive astronomical treatise consisting of
25 chapters.

Commentaries on this book were written by Balabhadra and Prthudakasvamin.
Balabhadra’s commentary is lost and only some verses quoted by Prthudakasvamin
and Utpala and some passages in Arabic by al-Birtuni are known. There is also an
anonymous commentary on the first ten chapters (Dasadhyayi), and another on the
kuttakadhyaya.

An edition of the Brahmasphutasiddhanta with Prthudaka’s commentary is in
progress by the present author and its first part (chapter XXI) is going to be pub-
lished as supplements of Indian Journal of History of Science in March 2003. This
part of the edition will be included in my future edition of the whole chapter II.

There are other three editions of the Brahmasphutasiddhanta: one by Sudha-
kara Dvivedin (Dvivedin 1902) and two by Ram Swarup Sharma (Sharma 1966 and
1968). Let us compare their text of BSS II, 41-44:

Dvivedin’s edition (Dvivedin 1902, pp. 39-40) runs:
grahamandakendrabhuktir jyantaragunita ”dyajivaya 214 bhakta |
labdham sphutaparidhighnam bhaganamsahrtam kalabhis tu || 41
mrgakarkyadav unadhika svamadhyamagatih sphuta 'rkendvoh |
sighragatim mandaphalasphutabhuktytinam kujadinam || 42
sighraphalam bhogyajyasangunitam tv adyajivaya vibhajet |
phalagunitam vyasardham vibhajayet $ighrakarnena || 43
labdhona sighragatih sphutabhuktir bhavati labdham adhikam cet |
sighragateh sighragatim labdhat sams$odhya vakragatih || 44
Pingree’s explanation in the Dictionary of Scientific Biography (Supplement I, p.
569) is based on this edition.

Sharma’s 1966 edition (Sharma 1966, vol. IT p. 210) is exactly the same as Dvivedin’s
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edition except:
41d: bhaganams$a360hrtam (‘360’ inserted)
43d: vibhajayec chighra®(sandhi corrected).

Sharma’s 1968 (Sharma 1968, pp. 37-39) edition reads:
grahakendrabhuktijyakaragunitadyajivaya bhakta 214 |

labdham sphutaparidhigunam bhaganamsahrtam kalabhis tu || 41
mrgakarkadyad tnadhika svamadhyamagatih sphutarkemdoh |
sighragatimamdaphalasphutabhuttyunam kujadina || 42
sighraphalam bhogyajivagunita maghajivaya vibhajet |
phalagunitam vyasarddham vibhajayet §ighrakaranena || 43
labdhonasighragatisphutabhuktir labdham adhikam cet |
sighragateh sighragatih labdha samsodhya vakragatih || 44

This arbitrary edition does not make any sense.

P. C. Sengupta quotes II 41-44ab, not showing any sources, in his introduction
added to the reprint of the English translation of the Suryasiddhanta by E. Burgess
(Gangooly 1935, pp. xxiii—xxiv). His quotation is similar to Dvivedin’s edition but
includes some differences:
41d: °hatam for hrtam
42b: °arkendoh for °arkendvoh
43a: °phalabhogya® for °phalam bhogya®
43b: °gunitam for °gunitam
43c: °arddham for °ardham.

The third and fourth differences are significant.
I.4 Manuscripts

Manuscripts I used for the present edition are:

I: India Office Library Sanskrit 2769.

P,: Pingree 15. Copied in 1960 from VVRI Library no. 1781 by Shri Keshawanand
(KN) and compared by Shri Dindayal (DY).

P,: Pingree 16. Copied in 1973 from ff. 1-226 of BORI 339 of 1879/80.

R: RORI Jodhpur 35182.

V,: Varanasi, Sarasvati Bhavana 98256. A copy of 1.

All of them include both BSS verses and Prthiidakasvamin’s commentary. 1 also
reffered to Dvivedin’s edition (D) for BSS verses and Sharma’s 1966 edition (S) for
Prthudaka’s commentary (Sharma 1966 pp. 210-212).

1.5 Editorial Notes

The base passages (mulas) of the Brahmasphutasiddhanta on which Prthudaka com-
ments are printed in boldface. Quotations, including verses cited from elsewhere in
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the Brahmasphutasiddhanta, are printed in italic.

Pointed brackets ({ )) enclose my additions; square brackets ([ ]) are used to
delete word(s).

In addition to these, I used parentheses in the translation which enclose explana-
tory additions.

I entered almost all of the variants in the apparatus including errors of sandhi,
but did not record changes caused by my insertion or deletion of danda or common
changes of letters such as: v < b; n, n < m.

II BSS II, 41-42ab

II.1  Text

(IV, 65v 1. 5; R 34r 1. 8; P, p. 59 1. 13; P, p. 181 1. 9)

1

idantm!  sarvagrahanam bhukter —mandaphalena®? Psphutikaranayaryam?®

sardham** aha ||

grahamandakendrabhuktir®

jyantaragunitadyajivaya® bhakta’ |
labdham sphutaparidhigunam

bhaganamsahrtam® phalakalabhih? || 41
mrgakarkyadav tina-

dhika svamadhyamagatih!? sphutarkendvoh!! | 42ab'?

grahasya mandakarmani yat kendram'® "tad'* grahamandakendram!® | ta-

sya bhuktih!® | yatha madhyagrahat svamandoccam visodhya kendram bhavaty

evam!” grahamadhyabhukteh!® svamandoccabhuktim!'® visodhya kendrabhuktir

bhavati | sa ca?® jyantaragunita?' karya | avisesamandakarmani?? bhujajyayam

kriyamanayam?? yaj?* jyantaram abhavat?® tena?® gunaniyety?’ arthah | tata
adyajivaya bhakta?® karya?” | adyajiva®® prathamam3! jyardham manuyamala

ity arthah 21432 | tato yal labdham tat "sphutasvamandaparidhina gunitam?

lya is inserted after this by DY P;  2°palena I 3°arya P;  “between > and <: °karanaya
sarddham aryam RP» °°muktir IVy; °ktih R; °kti P2 %°jivanaya IV;; svamtaragunitadyujivaya
RP,; °dyajivaya P; “bhukta RP»; bhaktah P;  ®°hrttam IVi; °hatam Py  ®phalam kala® IV,
10°gati TVy; svamadhyagati R; svayamadhyagati P> ''°takendroh R; °takedvoh Po  'Zom. this
half verse P1 ®om. RPy; kendra P; '#tat R '°between > and < om. IV,  %°ktihr Py Yeva
R !8grahamandabhuktais (°ktai V1) IVy; °kte Pg; °ktaih P1; “ktau S 19"occam bhu® RP2; °kti
P;  ?Ysarddha for sa ca RP3; om., va is inserted by DY P;  ?!°taram guni® RP> *2atra $esa® R;
avadesa® PaS 23kriya° P 24ya‘c IV1; ya Po 25abhavamty IV1; bhavet S 266na, IV1; te Py; tad
S ?"gunanoyety IV, 2®bhukta R ?°°yah P; 3°°jivaya IVi; adya jivaya P1; om. S *!'°thama I

320m. TV, 33gun5m Py

Sp.2101 -6

IV1 66r
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bhaganamsahrtam® ca krtva yat? phalam tah kalah® | tabhih phalakala-
bhih* | mrgakarkyadau® sthite svamandakendre yathasamkhyam tnadhika®
satl’ svamadhya(ma)gatir® mandasphuta bhavati | bhaumadinam sa manda-
sphutaivocyate? | ravicandrayos tu saiva paramarthasphuta'? yatas tau mandaprati-
mandale bhramatall iti ||

13 vartate! candro!® va

atreyam vasana | kaksamandale!? yatra pradese ravir
bhaumadinam svasighranicoccavrttamadhyam'® va tatral” yaj'® jyantaram tena
saha trairasikam | ®yadi tat(t)vayamasamkhyabhir'? liptabhir jyantaram?° labh-
yate tan?! mandakendrabhuktiliptabhih?? kim iti | dvitiyam trairagikam | yadi
sastiatatrayavrtte?® phalam?? jyaripam etavat svamandoccanicavrtte?® kiyad iti
| tatas?0 trtiyam trairasikam®” | yadi manuyamalatulyasya®® jyartipasya® tattva-

é30 33 |

yamasamkhyas®? capalipta bhavanti®! tad asya3? kiyatya iti

evam prathamatrairasike tattvayamasamkhyo®* "bhagaharas trtiye gunakarah |

atas®® tayor na$e®® krte mandakendrabhukter?” jyantaram gunakara?
jiva bhagaharah® | tato yad aptam tasya svamandaparidhir®! gunakarah sasti-
$atatrayam4? bhagaharah*® | phala(sya)** svabhuktav*® apacaya upacayo® va |
kaksamandalat” pratimandalam®® upari yatra tatra bhukter apacayo yatradhas
tatropacayah®? | ata®® eva® coktam®® mrgakarkyadav®? inadhika svamadhya-

54

magatir® iti | etat sarvam® yathanyastesu®® kaksamandaladisu®” pradargayed

upapannam ca |

'between > and < sphutamamdaparidhigunitam bhaganamsahrtam IV;; sphutasvamamdaparidhi-
na gunanamsahrtam R; sphutasvamamdaparidhina gunam bhamsahatam P2; sphutamamdaparidhi-

gunam bhaganamgahatam P;; sphutamamdaparidhigunabhaganamgahrtam S 2yatat Py; yat tat S
3kalas R; kalas P, “phala® P; ®°karkyadau I; °karkadau Po; stagavakyadau P;  6°dhiko Po; inam
[p. 182] dhika P; 7sati, ti is underlined and commented by the scribe: tT1 P2 ®°madhyagatir TV1;

svayamadhyagatir Po; °madhyagati P1; °madhyagatih S °°sphutair vaivyucyate P2; °sphute taity

1 1

ucyate P1; °sphutaivety ucyate S !°°artheyo sphuta IVy; °arthyasphuta S ''°matah ?kaksya®
ViRPy ravi Py varttate IV1RP3; vatate S 5candrau Py 16svamaulrndanTcoCcaurnadhyakljtargl
P1, krtam corrected to vrttam by DY; S=DY  yatra RP2 'Som. IVy; ya PoP1 Ptatva® RPoPy
20jyataram P;  2'tada S 22°liptabhi Py; °bhuktih liptabhih P;  23°krte P, ?*yat + phalam
IV1P1S  2°°nice vrtte RPg; °krte P 2®tatah P1S  2"between b and <: om. IV;  28°yamalatulya-
RP, Pyaphalasya RP2P1; jyaphalasya S *Ctatva® IViRPy 3'bhavati S *?tadasya for tad asya
P: 33for kiyatya iti: kiyatyadraty Py; kiyat prabhavaty S 3*tatva® IV;RP3; ®yamam samstho P;
355 P, 3%nnage R; nnada- P» 3"°kte R 3%°karah IV,; °kara R; °karar Po  *°ya R  “bhaga’ RP-
4°dhi RP2  *’between > and <: om. P;S  *3bhaga® P, *‘phalam IV;RS; ra(?) phalam, (?)’ is
given by the scribe Py; phala P; 45°bhaktav P;  “Sfor apacaya upacayo: upacayo pacayayo IVy;
upacayapacayo corrected to upacayo pacayo by DY Py; upacayapacayo S *“kaksya® IV;; kaksyan
ma’ R; kaksan ma® Py 48°dalas P, ““tatrapa® P;  5%te Py 51evam P, %2evoktam (ca om.)

RP, 53°adau IV;; mrgakaksyarkadav (°kaksa® P2) RP2 54°madhyagatir IViP:1S  ®%sarva Ps
56°nyestesu IVy; yathatattesu P1S  5"mkaksya® IV, R

S p. 211
Py p. 182
R 34v

Py p. 60

1V 66v
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1

yadi nama candramandakendrabhuktir! bahujyantaravyapini® tatra kecic?

candrakrantajyantarad® arabhyatitajyantarair® bhukteh® sphutikaranam icchanti”
8 D>x 12

| apare tata evagamijyantarair anye? ’titaisyadjyantaraih'® sphutayos!! ca

samyogardhena*'? karma'? kurvate | evam!® agamijyantarair api sphutaya'

saha yogardhena | apare!” tu punar?'8!?

<2324

gatat kalanayane?® ’titair’! jyantaraih
>sphutayagamyac?? ca kalanayane
27 |

nagatajyantarasphutaya® candrabhuktyaZ®
karma kurvate

na28

ca?® sphutabhuktih3® ksanam apy>!' eka? vaktum $akyate3? kaksamandala-
pratimandalayor?* anyathasamsthanat?® | tasmad anavasthaprasangah® syad ity
acaryena candrakrantajyantarenaiva®’ bhuktijyanita®® svalpantaratvat3® | evam
ravyadmam api vikalpah??4! sambhavanti yadi namatyalpam antaram?’ tesam
bhukter alpatvad iti | yac capakaranam* 44
46 :

J

3 asyam
47

aryayam*® adyajivaya sthirayopa-
asambhavad yato®® bhuktijyaphalam®® su-
bahv api®® manuyamalanam®! liptanam tulyam®? na bhavati®® | tasmat®* sarvam®®
upapannam iti®® ||

nibaddham tad anyesam™® jyantaranam

I1.2 Translation

Now he tells one and half aryas for the correction of the daily motion of all the
planets by the manda equation.

The daily motion of the manda anomaly of a planet is mul-
tiplied by the difference of the sines and divided by the first
sine.

l°kti P1; manda om. S 2°taram vya® IVi; °pina Py  Skendravac S “°kramti® RP, ®abhya®
corrected to arabhyaby DY P;  ®°ktaih IVy; °ktih RP»  “idamty IV1; ichamty RP;  Sevagami®
RP, “abhye P, !0°syatjya® R; °syatjyantarai Po !'sphuta yah R !?sva- R '®between xs:
om. P;S  'karma P; 'Pafter this is inserted: atitaih sphutaya (°taya S) P1S '®°tayah P,

17aparai P, 18

manur P;  between > and <: om. IV,  2%kalana® Pi; kalana®S  Zltitair P;
2Zogamyas IVy; °gamya P; ?*°nayanai IV;  **between > and <: sphutaya gamyavakalanayane
S ?*’nagate jyamtaragataya sphutaya P1S  2°°bhukta P;; °bhuktau S 2"kurute RP2S ta
P1  ?%va Ps; for na ca: tatra S 3°sphuta bhukti RPs; sphuta bhuktih P1S 3'ath P;; madhye S
32¢kam RP2 *3na is inserted before this RPy  3!kaksya® ViRP2; °mamdalam prati® corrected
to °mamdalaprati®by DY P;  3°for anyatha: anyatha’ nyatha RP2; iti yatha Py 3%°samga IVy;
rnavasthapasamga Po  37candra om. S *¥°nitas RP, °tulyamtaram tvad RPy %°...asI;..-a
V1; kalpah P1S “hetween > and <: om. IV “Zamtare P S 43°k§ranam S *om. Py 450oyayam
RP, “®tvadanye® RP; 4"°tanam P, *yata R; yate P;  49°phalam P1S  5‘for subahv api:
5

tuvadkapi Pq; $uvadvapi S *'manuyamala- RP>  52tulyo corrected to tulyam by DY Pj; tulya S

55

53bhavanti S 5‘tasmagat P; tasmad uktam S svarvas P °%iti (iP2) 4;11,2 RPy

P1 p. 183
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The result is multiplied by the corrected circumference (of
its manda epicycle) and divided by the degrees of a rotation.
The mean daily motion of the sun or the moon becomes true
when it is decreased or increased by the minutes of the result
(as it is in the anomalistic semicircles) beginning with Capri-
corn (i.e., the fourth and first quadrants) or Cancer (i.e., the
second and third quadrants) (respectively).

Whatever is the anomaly of the planet in the manda calculation, that is the
manda anomaly of the planet; the daily motion of that (is discussed). As an
anomaly is produced when one subtracts (the longitude of) its manda apogee from
(the longitude of) the mean planet, in the same manner the daily motion of (manda)
anomaly is produced when one subtracts the daily motion of its manda apogee from
the mean daily motion of the planet. It is multiplied by the difference of the
sines. The meaning is: whatever was the difference of the sines when the sine
of the bhuja was being computed in the manda computation without a remainder
(i.e., by iteration), it is to be multiplied by that. Then it is divided by the first
sine. The first sine means the first sine, 214. Whatever is the result from that,
that is multiplied by the corrected circumference of its manda (epicycle) and
divided by the degrees of a rotation. Whatever is the result is (expressed in)
minutes. By those minutes of the result, when its manda anomaly stands (in
the anomalistic semicircles) beginning with Capricorn (i.e., the fourth
and first quadrants) or Cancer (i.e., the second and third quadrants), its
mean daily motion decreased or increased respectively is manda-corrected.
In the case of (the planets) beginning with Mars the (result) is called only ‘manda-
corrected.” But that of the sun or the moon is completely corrected because these
two rotate on only (their) manda eccentric circle(s).

Here is this explanation: At whatever place on (its) orbit is the sun, the moon,
or the center of the §ighra epicycle of Mars etc., there there is the rule of three with
the difference of the sines. If the difference of the sines is obtained by 225 minutes,
then what is (obtained) by the minutes of the daily motion of the manda anomaly?
The second rule of three: if a result in the form of a sine pertaining to a circle
(whose circumference is) 360 (degrees) is this much, how much is it pertaining to
its manda epicycle? Then the third rule of three: if 225 minutes of arc pertaining
to (the result) having the form of a sine is equal to 214, then how much pertain to
this (result)?

In this way, 225 is the divisor in the first rule of three and the multiplier in
the third. Therefore, when these two are removed, the difference of the sines is
the multiplier of the daily motion of the manda anomaly and the first sine is its
divisor. Then whatever is obtained, the circumference of the manda (epicycle) is
its multiplier and 360 is its divisor. The subtraction or addition of the result (is
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made) to or from its own (mean) daily motion: wherever the eccentric circle is
above the orbit, subtraction from the daily motion (is made, and) wherever (it
is) below addition (is made). Therefore it is said: “its mean daily motion is
decreased or increased (as it is in the anomalistic semicircles) beginning
with Capricorn (i.e., the fourth and first quadrants) or Cancer (i.e., the
second and third quadrants) (respectively).” One should illustrate all of this
in the orbits and so on as they were set down (in a diagram); and it is demonstrated.

In the case that the daily motion of the manda anomaly of the moon entails many
differences of sines, some (astronomers) want to make the correction of the daily
motion by means of the differences of the past sines beginning with the difference
of the sines occupied by the moon. Others (wish to make the correction) by means
of the future differences of the sines, (and) others make the calculation by means
of half of the sum (of the daily motions) corrected by means of the past and future
differences of the sines; in this way, it is by means of half the sum together with (the
lunar daily motion) corrected by the future differences of the sines. Others however
make the calculation by means of (the lunar daily motion) corrected by the past
differences of the sines when the calculation of the time is from a past (time) and
by means of the lunar daily motion corrected by the future differences of the sines
when the calculation of the time is from a future (time).

The true daily motion cannot be said to be the same even for a moment because
the orbit and the eccentric circle are standing in the different relationship. Therefore,
(thinking) ‘there might be a suspiction of instability,” the sine of the daily motion is
computed by the teacher with only the difference of the sines occupied by the moon
because the difference is very small.

In like manner there occur also in the cases of the sun and so on doubts such as:
‘if the difference is very small, it is because their daily motion is small.’

Whatever computation of the arc is mensioned in this arya by means of a fixed
first sine, that is because the other differences of the sines are impossible since the
result of the sine of the daily motion when it is very large is not equal to the 214
minutes (of the first sine). Therefore, everything is demonstrated.

II.3 Mathematical Commentary

The rule described in these verses is sometimes called jivabhukti, ‘daily motion cal-
culated by means of Rsins’"). In BSS this rule is used for correcting mean motion
into ‘manda-corrected’ motion by the manda equation.

Figure 1 shows mean positions (p; and p2) and manda-corrected positions (p;
and po) of the planet in successive two days. The manda apogee (A) is fixed in this
figure, so that the vernal equinox (y0; and 702) apparently changes its position by
the daily motion of the manda apogee (v4).

We can compute the mean and manda-corrected daily motions of the planet
(v and v respectively) from v4 and mean and manda-corrected daily motions of
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anomaly (the angular distance of the planet from A), (v, and v, respectively):
V=0 +v4,

V= 1Vy + VA.

Therefore, the difference between the mean daily motion and the manda-corrected
daily motion is:

|0 —v| = |04 — va| = €.

The main purpose of the jiwabhukti rule is to calculate this .

According to Prthudakasvamin, three ‘rules of three’ or proportions are used to
compute ¢ (figure 2). First, D is calculated by means of a proportion which is called
the ‘first rule of three’ in Prthuidaka’s commentary:

I1:AJ,=7,:D,

where I is the interval of the Rsine table (225" in BSS) and A.J, is the difference of
the two successive tabulated Rsines containing the angle «.

Then D is reduced to d in the manda epicycle by means of the ‘second rule of
three’. Let ¢ be the circumference of the manda epicycle expressed in degrees when
the circumference of the standard circle is 360:

360: D =c:d.

And finally, assuming d to be Sine (Rsine), he convert it into an arc by means
of the ‘third rule of three’:

J[1] : I = d(= Sine) : ¢,

where J[1] is the first tabulated Rsine (214 in BSS).
When these three proportions are combined, we get the formula Brahmagupta
gives:

AJ, ¢

J[1] 360"

€ = Tq
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IIT BSS II, 42cd-44

IT1.1 Text

(IV, 66v 1. -2; R 34v 1. -1; P, p. 60 1. -9; P, p. 183 1. 12; S p. 211 1. -11)
idanim bhaumadinam “bhukteh! sphutikaranartham<? aryadvayam® sardham
aha ||

$ighragatim? mandaphala-

sphutabhuktyiinam® kujadinam® || 42cd
g§ighraphalabhogyajiva-

samgunitam’ adyajivaya® vibhajet |
phalagunitam vyasardham”’

vibhajayec!’ chighrakarnena'! | 43
labdhona $ighragatih!?

sphutabhuktir!® bhavati'? labdham adhikam cet |
$ighragateh!® §ighragatim

labdhat!® saméodhya vakragatih!” || 44

18 gighragatim!® kimbhiitam?® | mandaphala-

2

kujadinam taragrahanam
sphutabhuktyiinam?! §ighraphalabhogyajivasamgunitam?? ca | satim?3 vi-
bhajet | kaya** | adyajivaya |

etad uktam bhavati | bhaumader®® grahasya piirvapradarsitena?® karmana ya2’
mandaphalasphutabhuktis?® tam svagighrabhukteh?® samsodhya®’ mandaphala-
sphutabhuktyiina3! sighragatir? bhavati | tatas tam gunayec®? chighraphala-
bhogyajivaya®! | grahasya sphutikriyamanasya3® yac3® chighraphalam bhavati

'°te Py Zbetween > and <: bhuktikaranartham S 3°yam P; “°gatir IVy; °gati RPs; °gatim
corrected to gati by DY Py ®°phalam sphutabhuktyGna IVi; °bhuktanam RPy Cafter this is
inserted: ca R 7in P; KN gives the same text as D but DY corrects it to the form seen in IV:RP>
which I employed here. 8°vayasya R; °vayaya P °°rdham corrected to °rdhyam by DY P;  1°

1 &Gghra® RP2; °karnena P; corrected

°yet RP2; vibhajayet corrected to vibhajyaye by DY Py
to °karanena by DY  '2?°gati IV1R; °(ga)ti, (ga) is underlined and commented by the sucribe:
not in ms. Py  ¥°ktir Py corrected to °kti by DY 'om. RPy !5°gatera I; °gate V; °gavah
R !¢°dhan I; °dha RPs; °dhat corrected to dha by DY P;  7cakra® R '®tara® P;  '°°gati
Pi; °gatih S ?°°bhiito Py; °bhiitanam S *'mamdaphalah sphutabhaktinam P;; °bhuktinam S
22°bhojya® IV1Py; °gunita S 3sati P1S  2%ksaya R; ksayah Po  2°°madre P;  2° °daréanena R;
°daréya tena Po; °darsitane P;  ?"om. S 2®°sphuta bhuktis IV;; me[p. 184]daphala®bhuktih Py
29°ktes I; °kte V1R, svam sighrabhukte Py; °bhumkte P;  3°vigodhya P;S 3!°bhuktinam corrected
to °bhuktyanam by DY Pi; °bhuktinam S 32&(ghra)®, (ghra) is underlined and commented by
the scribe, “not in ms.” Py 33°ye IV1R; °yet P1 3*°bhojya® IV1; °bhojaya Pi; °bhogyaya S

5 _
35°manamsya P1 3®ya P,

R 35r

IV 67r

Py p. 61
P, p. 184
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tasya phalasya! jyayam? kriyamanayam? yaj? jyantaram® gunakarah® sambhavati’
| sa §ighraphalabhogyajivety ucyate® | taya mandaphalasphutabhuktytinam’
$ighragatim!® samgunayyadyajivaya'! vibhajet'? | manuyamalair ity arthah |
tato yat phalam tena phalena gunitam vyasardham!? vibhajayec chighra-
karnena'® | tato 'pi yal labdham'® tena sarvada é§ighragatir'® @ina kartavya!” |
sa conakrtal® grahasya sphutabhuktis tatra'” pradese?® sthitasya bhavati |
labdham adhikam cec chighragateh?' | phalagunitad?? vyasardhac??
chighrakarnahrtad®* yal labdham?® tad?® yadi?” $ighragater atyadhikam?®® bhavati
tada $ighragatim?” labdhat?® sam$odhya vakragatir3! bhavati | viparttasodhane3?
krte 'vasesa®® vakrabhuktir3 bhavati*® | tadaivaitat3® sambhavatity arthah3” |

39

yadi namasya®® bhaumasyayam videsah | prathamam®’ mandaphalam uktavad®

antya®! tadardham?*? madhyabhuktav*® rnam dhanam va* karyam | tatas tad-
tnasighrabhuktim® P$ighraphalardhajabhogyajivasamgunitam®® adyajivaya®’ vi-
bhajet | labdhenoktavat sphutabhuktim®® samaniya*’ taya saha mandaphalardha-
sphutabhukter yad antarardham®® tat®' tatraivaikakarmakrtabhuktau®® dhanam

rnam va®® karyam | yadi mandasphutabhukter adhika sphutabhuktis® tad dhanam

55

anyatharnam® iti® | evam krte dvikarmasphuta®” bhaumabhuktir bhavati | tam

madhyam parikalpya®® $esagrahavad® bhukter®® api®! sphutikaranam® iti | kaksa-

mandaladmi® yathavinyasya®® sarvam® darsayet® |

!phalam P;  Zfor phalasya jyayam: phalajyayam S ®kryamonayam corrected to kriyamonayam
by DY P;  ‘“yat R; ya Py °°ntaram IV; ©°karas I; °kara V;Ps; °karah P1 "sa bhavati IV, P;
8uccyate I; for °jivety ucyate: °jivayocyate Po  °°bhuktinam P;; sphuta om. S !%°gati P, 1!
°yyajivaya IV1; °gunajyadya® RPy  2°jeran I; °jeranti Vi; vibhajyajet P1  "Pafter this is inserted:
sad IV Py, tad S; °rddha RP> 14cthhram karnena RP2 150dhi_1m P; 16°gatih IVy; °gatin Py
karttavya IViRP2S  '®cona rna sati RPs  'tata Py; tatah S 2°°deso Py ?'cet dighraghateh
(Py °gate) PoP;  22°tat R; phalam gunitat P2; °tada Py 2*°dha IViR; °rdha- Py ?*°hatad
Ps; °karnad gatad P; ?°for yal labdham: alabdhe R; yalabdhe P»; yac ca labdham P;  ?Stat Py
2Tyati IVy; om. P1S  28apy adhi® IV, Ps; athadhi® P1S  29°gati PoP;S  3°labdha R; labdham P1S
3logati P; 32°sodhane Py 33ca éesa R; ’tha Py; 'py S 34°Lti Py; avakra®S  3®bhavati corrected
to bhavamti by DY Py 36tad evaitat P2 7a Py *®nama (asya om.) RP2P:1S 3%°thama IV, P;S;
pratha P “°for mandaphalam uktavad: °phalasuktatad corrected to °phalasukrtad by DY Pi;
mandaphalasamskrtad S 4lﬁrﬁmya P, “*?°ardha P; **°bhukta P;  *‘om. IV, 45°ﬁnam &1°
RPy; °tinam $i° P1S  “5°ardhabhogya’(ja om.) S “"between > and <: §ighraphalarddhabhojya-
jivaya (°arddham bhojya® P2) RP2  *®°kti Py; °ktih S *° °niyam yadi Py "®ambharardha Py
Slom. PSS  ?tattraikakarma® IVi; °krt bhuktau Ps; tatraivaike karmakrta®, karma corrected to
karmma by DY P;; tatraivaike karmakrta® S ®3yaIV; 5°ktih P; ®Sanyarnam Vi; anyatharnam
RP2P1S ®City artham, artham crossed out by DY P, 57°karma’ corrected to °karmma®by DY Py
8°kalpya R; °kalpa Po; pari (kalpya om.) P1S ??$esam graha® Po; °grahavat tad P1S  ®*°kte Po
5lom. R %*°karanam corrected to °karanam by DY P; %’kaksya® RP»; °adina P;  ®'°vinasya

P: %5sarva P,P;  Spradarsa® P;S

S p. 212
IV 67v

P; p. 185
R 35v
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atreyam' vasana | mandaphalasphuto? graho yatra pradese kaksamandale® var-

tate? tatra §ighranicoccavrttamadhye® krte tatparidhisighrapratimandalaparidhyorf

7

yatra sampatas’ tatra sphuto grahah | tasya svaighroccarekhaya® sahantaram

th

yat? tat' pratidinam!'! upaciyate!? svagighrabhuktimandaphalasphutabhuktyor!'3

antarena | yatah §ighram'# §ighrabhuktya yati'® prag mandasphuto mandasphuta-
bhuktya'6 cato!” mandasphutabhuktyiina'® §ighragatih!® kriyate | yac?® ca?! tayor
antaram $ighrakendrabhuktir?? bhavati | sa ca §ighrakendrabhuktih?® sphutikriyate |

%5 svagighranicoccavrttasya®® madhyaga $alaka?” saivavadhitvena pari-

<29 30

tatra?? yaiva

kalpita?® “phalacapakarane | yatas tata?®® eva yavan®? viprakarsas tavad®' eva
grahaphalam3? atas33 tata3? evavadheh3® kramajya pravartate®® phalacapakarane
| etac ca prag evoktam3’ §ighraphalante yaj®® jyantaram?’ tena trairagikam’ | yadi
tattvayamais?! tajjyantaram®? labhyate tac*? chighrakendrabhuktiliptabhih** kim>
iti |

tato dvitlyam trairaéikam?® | yadi*” manuyamalais?® tattvayamatulyas?® capa-
lipta bhavanti®® tal labdhajyakhandena® kim iti | atra®® prathame® trairasike®*
tattvayamasamkhyo® bhagaharo®® dvitlye®” gunakarah | atas®® tayor®® nastayoh%"
§ighrakendrabhukter® jyantaram gunakara®? adyajiva bhagaharah | phalam prati-
mandalasthagrahapradese®® sphuta® sighrakendrabhuktih® |

ltatreyanp IV.iP:S 2Ophalah sphuto P; 3kaksyéO RPs 4pravarttate IVy; varttate RP2S
® gighroccanicocca® IVS  ®°$ighre prati® R; °éighre pratimamdalaparidhau P> "°tah P
8°gighrayoccarekhayam IVi; °rokhaya Pi; sva om. S %yatas IV:  '®om. RPs  !!°dinas P,
2{ipa® corrected to upa® by DY P;  '3svagighre bhukti® R; svasighre bhuktibhukti®bhuktyaur Po;
°phalasphutabhuktor P1  'om. IV;P1S  '3di corrected to yadi by DY Py; S=DY *®manda om.
P> '"vato RP2P;; bhavati S '®*mamdaphalasya sphuta® RP2; mamdaphalam bhuktyiina Pi;
mandaphalabhuktyting S °°gati IV 2°yena RP»; yac corrected to ya by DY P; 2for yac ca:
tatra S 22°kti Py 2*°kti R **om. Py *°yeva Pa; caiva S ?®°$ighroccanicavrtta® RP2; °krtasya
corrected to vrtasya by DY Pi; svaom. S 27dalaka P;  *®pari om. IVy; °pitah P;  °between >
and <: °karane yatas tatas tata IVy; °karanaya tam atas tata R; °kranaya atas ta P2 *°padan RPs
3ltgvad corrected to tavad by DY P, 32c’phalas Py 33om. P2; atahs corrected to atas by DY P,
34vata Py; tatra S 3°°dhe IVy; eva vedheh Py 3%°varttate IViRP2S  37evokta IV, P1S  38ya Py
3%yaphalam P;; jyaphalam S %%trai om. P;  “!tatvayamalais IV;; tatva® RPy; tatrayamalaih Py;
tattvayamalaih S *?tatjya® RPa; tajya® Py **taIViRP;  **°bhi IV1P2 *°kvim IV; “om. P;S
Tom. P1S  *®yamalaih (manu om.) P1S  ““tatva® IViPi; tatvayamalatulyas R; tatrayamalat-
ulyas P;  *°bhavati IV; ®'°khamdakena RP2; °jyam khandane P;; °khandane S 5Zatha RPs
53°thama RPy  5%°ko P1S  5°tatva® IViR; tatvayasamkhyo Py; tatvasamkhyo P;; tattvasamkhyo
S 56bhégé° P, 570yo P:S ®om. IVy; tatas P1S 59tayo P> %%m. RP;  ®°mukter IV

62°karah IV1P;  %*°mandala® P, %*sphuta- P1S %kendra om. S

V1 69r(!)

Ps p. 62

Pi p. 186
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sa ca! "kaksamandale? parinamyate®?* | tadartham uktam® phalagunitam®

vyasardham’ vibhajayec® chighrakarnena®(iti) trairasikam idam' | tato!'!

yal'2 labdham sa $ighrakendrabhuktih sphuta!® kaksamandale!? | sa ca'® graha-

18 >orahasya sphuta

§ighrasphutagatyor'® antaram | ata eva $ighragateh!” samgodhya
bhuktir?!? bhavati |

labdham?’ adhikam cec?! chighragater?? yada bhavati tada viparitasodhane
krte vakrabhuktir?® bhavati yasmac?* chighrakarnas tadalpo?® bhavati kaksamanda-
lasyoparisthitatvat?0 | phalagunitam?’ vyasardham?® vibhajayec?® chighra-
karnena®’ yavat kriyate tavac®' chighragater apy adhika? $ighrakendrabhuktih
sphuta bhavati drgbhedasyadhikatvat | svamadhyagateh3® kaksamandalavasthiti-

h93637 pagcad upalabh-

vagena’* graho 'pi "pragdinadhyasitapradesad® avalambita
yate “§ighragatisighrakendrasphutabhuktyantarena | ata®*® uktam labdhat’ sam-
$odhya $ighragatim®’ vakragatir®! iti |

sarvam upapannam?? ||

I11.2 Translation

Now he tells two and half aryas for the correction of the daily motion of (the planets)
beginning with Mars.

One should divide by the first sine the daily motion of the
Sighra of (the planets) beginning with Mars diminished by
the daily motion (of the planet) corrected by its manda equa-
tion (and) multiplied by (the difference of) the sine(s) which
is to be passed over by its Sighra equation. (Then) one should
divide by the $ighra hypotenuse (of the planet) the radius
multiplied by the result. The daily motion of the Ssighra di-
minished by the result is the true daily motion (of the planet).

!dya RP2» Zkaksya® RPs >parinamyate S “between > and <: °mamdalopari gamyate, °mam-
dalopari corrected to “mamdalepari by DY Py; Sukta IV,;P2  ®phala® corrected to phala®by DY
Pi; phalagunita- S "°dha Py ®°jaye IViRP; °chikarnam R; §° Py 'Citi rtha R; ity artha P
Hphato RPy  12ye ti Py 13sphu‘ga- 1V, 14kak$y§° IViRPs Pva Py 16Osphu‘gﬁtyor P»; °gatyoh
Py '"°gatesI; °gate ViP1 '®samsodhya P; '°between > and <: grahasphutabhuktir IV;; grahasya
sphutabhiktir P1S 2Oodhamm IV: 2ceIViPy;cet RPy 2241° RPy; °gate Py 23cakra® Py 24°ma
IViR ?°tada svalpo RP>  %°kaksya® IV;R  *"phalam gunitam P> 2%°dha S 2°°jaye IV, RP;;
°jayet Py 3041° Py 3'tava IV R 32athadhika for apy adhika P;  33°gate IV, 3*kaksyamandala-
pratimandalavasthi® (kaksa® P1S) IV, P1S  *°°dhyasipta® IV; Savilamvitah IV;  *"between >

and <: °de$avalambitah S 3®between > and <: °bhuktyantaragunan IVi; °bhuktyamtarenata R;
°bhuktyaramtarenata Pg; °bhuktyamtaraguna ata Pi; Sighragatih | §ighrakendrasphutabhuktyan-
taraguna ata S 39labdhan IV:; labdha R “°°gati R; °gatir P1S  *'cakra® IV;RP, “*for sarvam
upapannam: sarvopapannam Pi

IV1 69v
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If the result is greater than the daily motion of the Sighra,
when the daily motion of Sighra is subtracted from the result,
a retrograde motion (is produced).

Of what sort is the daily motion of the $ighra of the star-planets beginning
with Mars? (It is) diminished by the daily motion (of the planet) corrected
by its manda equation and multiplied by (the difference of) the sine(s)
which is to be passed over by its sighra equation. One should divide it
when it is (thus). By what? By the first sine.

This is meant. Whatever is the daily motion of the planet beginning with Mars
corrected by its manda equation (computed) by the calculation explained before,
when it is subtracted from the daily motion of its §ighra, the daily motion of the
§ighra diminished by the daily motion (of the planet) corrected by its
manda equation is produced. Then one should multiply it by (the difference
of) the sine(s) which is to be passed over by its §ighra equation. Whatever
is the sighra equation of the planet which is being corrected, the difference of the
sines when the sine of that equation is being computed is the multiplier. That is
called, “(the difference of) the sine(s) which is to be passed over by its

9

§ighra equation.” Having multiplied by that the daily motion of the sighra
diminished by the daily motion (of the planet) corrected by its manda
equation, one should divide (the product) by the first sine, that is, by 214.

Then whatever is the result, one should divide by the Sighra hypotenuse
(of the planet) the radius multiplied by that result. Whatever is the result
from that, the daily motion of the $ighra is always to be diminished by that.
What is diminished is the true daily motion of the planet when it stands at that
place.

“If the result is greater than the daily motion of the $ighra” (means)
if what is obtained from the radius multiplied by the result and divided by the
sighra hypotenuse is greater than the daily motion of the $ighra, then, when the
daily motion is subtracted from what is obtained, the retrograde motion
is produced. When the reverse subtraction is made, the remainder is the retrograde
motion. The meaning is that it is possible only at that time.

But in the case of Mars, there is this difference. When one has first computed
the manda equation as mentioned, its half is subtracted from or added to the mean
daily motion. Then one should divide by the first sine the daily motion of the $ighra
diminished by that (and) multiplied by the sine of what is to be passed over by the
Sighra equation. When one has derived the corrected daily motion by means of what
was obtained as mentioned, half of the difference between that and the daily motion
corrected by half of the manda equation is added to or subtracted from the daily
motion computed by one calculation there; if the corrected daily motion is greater
than the daily motion corrected by the manda (equation), it is added; otherwise, it
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is subtracted. When it is computed in this way, the daily motion of Mars corrected
by two calculations is produced. When one has assumed this to be the mean (daily
motion, one should compute) the correction of the daily motion (of Mars) like (that
of) the other planets. One should demonstrate everything after having set down (in
a diagram) the orbit circle etc. properly.

Here is this explanation: At whatever place on the orbit circle is a planet corrected
by the manda equation, when the center of the §ighra epicycle is computed to be
there, the true planet is at the intersection of its (the epicycle’s) circumference and
the circumference of its Sighra eccentric circle. The distance between that and the
line to its Sighra apogee increases every day by the difference between the daily
motion of its sighra and the daily motion of (the planet) corrected by the manda
equation. Because the sighra moves to the east by the daily motion of §ighra and (the
planet) corrected by the manda (equation moves) by the daily motion corrected by
the manda equation, therefore the daily motion of the §ighra diminished by the daily
motion (of the planet) corrected by the manda (equation) is calculated. Whatever
is the difference between these two is the daily motion of the §ighra anomaly. And
that daily motion of the Sighra anomaly is corrected. There whatever rod passes
the center of its sighra epicycle, that is imagined to be the base line (avadhi) in the
calculation of the arc of the equation. Because however great is the distance from
that, so great is the equation of the planet, therefore the sine from that base line
is produced in the calculation of the arc of the equation. Whatever that difference
of the sines at the end of (the computation of) the Sighra equation is (that was)
mentioned previously, there is the rule of three with that. If that difference of the
sines is obtained by means of 225, then what is (obtained) by the minutes of the
daily motion of the §ighra anomaly?

Then the second rule of three. If the minutes of an arc equal to 225 are produced
by means of 214, then what is (produced) by means of the difference of the sines
obtained (in the first rule of three)? Here, the number 225 is the divisor in the first
rule of three and the multiplier in the second. Therefore, after removing these two,
the difference of the sines is the multiplier of the daily motion of the Sighra anomaly
and the first sine is its divisor. The result is the true daily motion of the $ighra
anomaly at the place of the planet as it stands on the (Sighra) eccentric circle.

It is to be converted into (that) on the orbit circle. For that purpose this rule of
three was mentioned: “one should divide by the $ighra hypotenuse (of the
planet) the radius multiplied by the result.” Whatever is obained from that,
that is the true daily motion of the sighra anomaly on the orbit circle. That is the
difference between the true daily motion of the planet and that of the sighra. Then,
when one has subtracted (it) from the daily motion of the §ighra, the true daily
motion of the planet is produced.

If the result is greater than the daily motion of the sighra, then, after
one has subtracted making subtraction in reverse, a retrograde motion is produced
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Figure 3:

because the sighra hypotenuse is short at that time since the orbit circle stands
above (the planet). “One should divide by the $ighra hypotenuse (of the
planet) the radius multiplied by the result” is (the rule) as long as the true
daily motion of the Sighra anomaly is greater than the daily motion of the $ighra
since the observational difference (drgbheda) is greater. Because of the fact that its
mean motion belongs to its orbit circle, the planet is understood to slip westwards
from the position which it occupied on the previous day by the difference between
the daily motion of the §ighra and the true daily motion of the $ighra anomaly.
Therefore it is said that “when the daily motion of $ighra is subtracted from
the result, a retrograde motion (is produced).”
Everything has been explained.

II1.3 Mathematical Commentary

This rule is utilized in BSS for applying Sighra equation to the manda-corrected
motion?. The mathematical expression of this rule is®:

AJa R

v =1vg— (vs — D) T H

where

v: the true daily motion of the planet

vg: the daily motion of the sighra apogee

¥: the manda-corrected daily motion of the planet
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R: the radius of the standard circle (Op; in figure 3)
H: the true geocentric distance of the planet (Opy).

Prthiidaka explains this rule by means of three proportions. (figure 3). In this
figure p1 and py stand for manda-corrected planets in two successive days and p;
and po for the true planets. STghra apogee (S) which moves faster than the planet
is fixed here, so that the planet looks as if it moves backward by the daily motion
of §ighra anomaly (v, and 7,).

The first proportion is the common proportion to get Rsine-differences:

I:AJ,=17,:X.

By this proportion, X, i.e., Rsine-difference corresponding to the manda-corrected
daily motion of anomaly 7, is obtained.
Then Prthudaka applys the second proportion to X:

JA]: I =Xy,

where vy is the arc expressed in a dashed bold line starting from p2. Prthudaka says
that this y is “the true daily motion of the §ighra anomaly at the place of the planet
as it stands on the ($ighra) eccentric circle.” Gathering from this comment and the
third proportion, Prthudaka seems to assume y to be the arc Y, which is expressed
in a bold line beginning from pl. Actually this is a good approximation when the
Sighra anomaly is close to 0° (360°) or 180°.

Then he reduces Y to the arc on the orbit cirle, i.e., the true daily motion of the
anomaly v, by means of the third proportion:

H:R=Y :v,.

When these three proportions are combined, we get a rule for calculating vq:

Vo = Vo

Ala R
Jn "

Then, since

V=78 = Va, i}a:vsilﬁv

we finally get Brahmagupta’s formula:

v =g — (vs — 7) -

S

T
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Notes

DSimilar rules appear in: PS IX 12-14ab; MBh IV 14-17, IV 58-59; LBh II 9-13;
KhKh T 19-20; SDV 1I 15, IIT 11-13; SS IT 47-49; VS 11 i 97-98, II i 100; and SSE
IIT 40-41. These all are discussed in Ikeyama forthcoming. This rule is criticized in
LBh II 14-15 and SDV III 16.

2)The followers of this rule are not many. We can see similar rules only in SDV
IIT 18cd—19; VS II iii 18; and SSE IIT 42—-43. Bhaskara criticized this rule in SSI I
2, 40 and gives an improvement in SSI T 2, 39. See Ikeyama forthcoming for more
information.

3) According to Dvivedin’s edition (and Sharma’s 1966 edition), this rule can be
expressed:

v = vg — Sighra equation % E
= vg — Sighra eq i

which is difficult to rationalize.
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