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The Tithicintamani (TC) is one of the astronomical tables written for the con-
venience of Indian calendar-makers by Ganesa, a famous astronomer who flourished
in the early 16th century.

In this paper, after giving a minimal introduction to Indian astronomy and calen-
dars, we give an overview of this treatise, explain the individual verses which describe
rules to calculate the arguments for using the tables, and attempt to reconstruct the
tables and demonstrate the meanings of each of their columns.

I Basic Description of the Indian Calendar

1.1 Elements of the Calendar

The traditional Indian calendar is called paficanga! which literally means “having
five subdivisions.” These subdivisions are vara, tithi, naksatra, yoga, and karana.

Vara A vara is a weekday, counted from Sunday to Saturday. Weekdays generally
begin from sunrise. Therefore, each week begins from the sunrise of Sunday. Some
schools of Indian astronomy, however, employ midnight epoch where weekdays begin
at midnight. Hence it is sometimes necessary to convert the midnight epoch to the
sunrise epoch, and vice versa. This kind of problem in the TC is discussed in section
I11.2.

Tithi A tithi is a “lunar day,” or 1/30 of a synodic month, during which the longi-
tudinal elongation between the sun and moon increases by 12 degrees. When tithis
are measured or calculated using mean longitudes of the sun and moon, the tithis
are also mean. If the true longitudes are used, those are true. The first tithi of
a synodic month begins with the conjunction of the sun and moon at new moon
(hereafter NM), or opposition of those two at full moon (hereafter FM). Tithis are
used to number each day of a month; when the sunrise of a day is included in the

!For more information about paficanga see, for example, IAS pp.100-109; and YANO, pp. 46-61,
93-105, and 148-178.
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nth tithi of a month, the day is the nth day of the month.

Naksatra A naksatra is a time unit during which the moon goes 13;20 degrees
along the ecliptic. A sidereal month contains 27 naksatras. “Naksatra” originally
refers to the 27 or 28 stars or groups of stars in the moon’s path, and the moon is
said to conjoin with one of them each night.? It is very important astrologically to
know in which naksatra the moon is located. The Indian months are named after
the naksatras with which the (ideal) full moon of each month coincides.

Yoga The yoga, which literally means “sum”, is an artifical unit; during 1 yoga the
sum of the longitudes of the sun and the moon increases by 13;20 degrees.

Karana A karana is half a tithi.
1.2 Days, Months, and Years

There are four standards for measuring years, months, and days: solar, lunar, civil,
and sidereal. We explain some of them which are related to the calendar.

Day Civil days and lunar days (tithis) are commonly used in India. Civil days
ordinarily begin from sunrise as explained in section I.1. Tithis have also been
described above.

Month A synodic month is the interval between two successive occurrences of NM
or FM.

A sidereal month is the rotation of the moon through 360° in its orbit.

A calendar month starts with the beginning of the first civil day (i.e., sunrise or
midnight) immediately after NM or FM.

Year A solar year begins from the instant the sun enters into the first degree of
Aries. This instant is called Mesasankranti, “entry into Aries”. Because Indian
astronomy does not employ precession for measuring a year, an Indian solar year is
not tropical but sidereal.

A calendar year, on the other hand, starts with the first civil day of the month
Caitra which begins immediately after NM or FM just before Mesasankranti.

A standard calendar year includes 12 synodic months. Because 12 synodic months
are shorter than 1 solar year, intercalary months are inserted periodically.

1.3 Miscellaneous

Astronomical Schools or Paksas Paksa (literally, “wing”) means a school or
tradition within a discipline. Five paksas in Indian astronomy are traditionally

2See DSB, Supplement I, pp. 535 and 537.
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distinguished by the parameters they use. Parameters of two of those,? the Saura-
paksa and the Ganesapaksa, are used in the TC.

The “Saura school” employs astronomical parameters based on the Surya-
siddhanta, one of the most popular Sanskrit astronomical texts, which was compiled
about the 9th century. The “Ganesa school”, on the other hand, uses parameters
devised by Ganesa himself.

Era There are numerous different eras in India; the Saka era is the most popular
in astronomy. Its zero-year begins in A.D. 78. The epoch of the TC, Saka 1447,
corresponds to A.D. 1525.

Prime Meridian The Indian prime meridian or parallel of zero terrestrial longitude
is generally supposed to pass through Lanka (Sri Lanka), Ujjayini (inodern Ujjain),
and Sumeru.

Yojana The yojana is a unit of length on the order of 10 kilometers, though it does
not have a standardized precise value. The circumference of the earth is traditionally
assumed to be 5000 yojanas.

Sexagesimal Numbers Indian astronomy mainly uses sexagesimal numbers to
express position and time. Numbers in the following sections expressed using semi-
colons and commas are sexagesimal. The semicolons separate the integer and frac-
tional parts, and sexagesimal places are separated by commas. For example, 4:45,27
means 4 x 600 + 45 x 60~ + 27 x 60~2(= 4.7575 in decimal).

Sub-Units of Time One sixtieth part of a “day” of whatever variety mentioned
in section 1.2 is called a ghati. When the base unit is the civil day, 1 ghat1 = 1/60
day. Ghatika, nadi, and nadika are synonyms for ghati. 1/60 of a ghati is called a
pala or vighatt, vighatika, etc. 4;45,27 days are 4 days, 45 ghatls, and 27 palas.

Mean and True Longitudes Astronomical parameters are given in the form of
integer numbers of rotations in a certain long period, either a yuga or a kalpa.

One kalpa contains 4320000000 solar years. Usually, a kalpa includes 14 subdi-
visions called manvantaras interspersed with 15 “twilight” (sandhi) periods. Each
manvantara is divided into 71 mahayugas or, simply, yugas. The yuga consists of
4320000 years and is divided into four sub-yugas: krta-yuga, treta-yuga, dvapara-
yuga, and kali-yuga (See JYOTIH pp. 12-15). The intervening sandhis are equal to
a krta-yuga, or 1728000 years.

When the number of complete rotations in such a period is given, the integer
and fractional rotations in a shorter time interval can be found by proportion. In
the Saura school, for example, the number of lunar rotations or sidereal months is
57753336 in 4320000 solar years. The longitude of the moon expressed in degrees at

3Though Gane$a mentions in verse 18 of the TC that the parameter of the lunar node is from the

Arya paksa, the lunar node is never used in the TC.
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the end of the yth year from the beginning of the yuga is easily calculated as:
57753336
4320000

This is the mean longitude of the moon at the end of the yth year. Any other values

y-360 (mod 360).

derived from the original parameters in this way are mean. Positions derived from
other mean values are also called mean.

Mean longitudes of the sun etc. rectified by equations computed from their or-
bital anomalies are the true positions, and any other values calculated using these
corrected longitudes are also true; e.g., the difference between the longitude of the
true sun and that of the true moon divided by 12 is the number of frue tithis from
the true beginning of the synodic month.

II Overview of the Tithicintamani

I1.1 Text of the Tithicintamani

We mainly used a published text edited with the Udaharana of Visvanatha (early
17th century) by Dattatreya Apate, Anandasrama Sanskrit Series (ASS) 120, Part
1, Poona 1942. We also referred to part of a manuscript (Smith Indic 5, ff. 1-7 copied
by D. Pingree. See CESS A5, 751b) of a commentary composed by Venkatesa in
A.D. 1808. General information about the Tithicintamani, as well as about vast
numbers of its manuscripts, is given in SATIUS pp.47b-50b, SATE pp.100-101,
and CESS A2, 100b-103a; A3, 28a; A4, 74a-T5a; and A5, 73a. For astronomical
tables in general see JYOTIH pp.41-46. For the author Ganesa see DSB vol. V,
274-276.

I1.2 Contents of the Tithicintaman:

The published version of Tithicintamani we used consists of the following: an open-
ing verse (verse 1); rules for calculating the arguments for tables and using the tables
for calculating the weekday and time of day of the beginning of a given true tithi,
naksatra or yoga in any given year (verses 2-13); general instructions to calendar-
makers on using the data from the tables (verses 14-18); and three sets of tables.*

The Sanskrit texts of the verses with translations and explanations are given in
section III (verses 1-13) and section IV (verses 14-18) of this paper. Some data
from the tables is provided as an appendix.

I1.3 Purpose of the Tithicintamani

Standard pancangas include not only the names of the tithi, naksatra, yoga, and
karana in which the beginning of each weekday is included but also the true time of

4These are classified in SATIUS as tables 1-3.
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the day when a tithi, naksatra, yoga, or karana changes to the next one. Determining
these moments is the purpose of astronomical tables such as those in the TC.

The calendar-maker for whom the work is written is presumed to know the dis-
tance in yojanas from his locality to the prime meridian and also the current Saka
year. With those two items the calendar-maker can produce the required tabular
arguments corresponding to the desired tithi, naksatra, and yoga according to the
procedure described in verses 2-11. Once he obtains the arguments, he can get the
required values for calendars using the tables in accordance with the instructions
from verses 12 and 13.

I1.4 How Do the Tables Work?

The tables seem to work as described in the following sections. We use the abbrevi-
ations below to stand for some characteristic events.

CA: mean NM or FM preceding Mesasankranti. CA is the beginning of the synodic,
not calender, month of Caitra.

MS: the entrance of the mean sun into the first degree of Aries. i.e.. mean
Mesasankranti.

Tithi 0: the tithi in which MS falls.

VA: the end of the week preceding MS.

AA: the end of the anomalistic month preceding MS.

And we also use the subscripts ¢. n. and y to denote that given amounts with
these subscripts are for the calculation of tithi. naksatra. and yoga respectively: and
the superscripts i and g for integer and ghatika portions of a time interval.

I1.4.1 Tables for Tithis

The set of tables for tithis includes three tables: varadi table, parakhya table, and
hara table.

Tithi-Varadi Table The table of weekdays with fractions. The argument for this
table is the number N; of complete mean tithis from the end of mean tithi 0 to the
end of the given tithi. The result is the difference in days and fractions of a day
(modulo 7) between the end of mean tithi 0 and the end of the “true-mean” tithi
corresponding to the given tithi.®> “True-mean” means that this result is calculated
from the true sun and mean moon at the end of the given tithi. To this result is
added the so-called tithibhoga By, or the actual day and time of day at the end of
mean tithi 0, counted from VA. Then their sum (modulo 7) is the required weekday

5The value for N; = 0 is, therefore, the difference in days between the end of “true-mean” tithi 0
and that of mean tithi 0.
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and time of day at the end of the given tithi. As mentioned above, this result seems
to take into account only true solar and mean lunar motion, and must therefore be
corrected with respect to the moon by results from the two subsequent tables.

Figure 1. Tabular Arguments and Results for Tithis (1)

Timeline (tithis)
CA VA AA MS Given tithi

L
|

|
I [ | |1 | I [ I

Tithi 0 N,

Timeline (days)
CA VA AA MS Given tithi

|
|

| |
! [ I M I I [ 1 ] i I
I

i |

B, Result of N, ETM

Tithi-Parakhya Table The table of additional corrections. The argument is the
sum P, of the previous argument N; and the integer part K} of the tithikendra Kj,
that is, the number of tithis from the end of the mean tithi including AA to the end
of mean tithi 0.5 The result is an increment (or decrement) in ghatis and smaller
units which is applied to the day and time produced by the tithivaradi procedures.
This result, depending as it does on the time elapsed from a point near AA (when
the lunar anomaly is 0), is evidently a correction to account for the effect of lunar
anomaly upon the interval up to the given tithi.

Figure 2. Tabular Arguments and Results for Tithis (2)
Timeline (tithis)

CA VA AA MS Given tithi
—
| [ ! | | Il | { | | | | | |
| i | | | Il | ] | [ [ | T |
K} K} Ny
B

8For kendras see sections I11.6-111.7.
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Tithi-Hara Table The table of divisors for another additional correction. The
argument for this table is again the argument P;. The fractional part Ky of the
tithikendra Ky described above is divided by the divisor (hara) in the table, and the
result is an increment or decrement in ghatis applied to the corrected result from
the tithiparakhya procedure. This is a calculation of the effect of the lunar anomaly
upon the fractional part of the kendra, K7, that was omitted in the previous step,
and thus intended to compensate for that omission. With the parakhya and hara
corrections, we finally get the weekdays with fractions from VA till the end of the
true tithi.

Example We give a concrete example using the sample of the table of TC in the
appendix.

We require the number of complete mean tithis since MS, or N¢, and also the number
of tithis from AA to the end of mean tithi 0. which is K;. The length in days of the
fraction of a week from VA to the end of mean tithi 0 is B;. Their supposed values
are as follows:

Nt = 10
K;=5;20.15 (K! = 5. KJ =0:20,15)
B; = 3:30.25

P,= N+ K; =10+ 5 = 15.

Enter the column of tithi-varadi with N; = 10 and get 3:0.57. Add B; = 3;30,25 to
it, and get
3;0,57 + 3;30.25 = 6:31.22.
Then enter the column of tithi-pardkhya and tithihdra with P, = 15, and get —6;5
and —13 respectively. Add —6;5 x 60! (because they are expressed in ghati) to
6;31,22:
6;31,22 + (—0;6,5) = 6;25, 17.

Divide K = 0;20,15 by —13:
020,15

~ —0;1,33.
Add it multiplied by 607! to 6;25,17:
6;25,17 + (—0;0,1,33) = 6;25,15,27.

The final result, 6;25,15,27, is the time of the weekday at the end of the given true
tithi; that is, around sunset of a Saturday.

I1.4.2 Tables for Naksatras

The set for naksatras includes just two tables. See section III.13.
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Figure 3. Tabular Arguments and Results for Naksatras

Timeline (tithis)
CA VA AA MS _ Given tithi
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B, Result of K plus result of P,

Naksatra-Varadi Table The tithivaradi argument N;, the number of tithis, is
converted to naksatras and truncated to the nearest integer, N,. Thus N, is an
integer number of naksatras which may be considered as a time interval extend-
ing backwards from the end of the naksatra closest to the end of the given tithi
(i.e., the given naksatra) to the end of the naksatra closest to the end of tithi 0
(namely, naksatra 0). To this is added the integer part K¢ of the naksatrakendra
K, the number of naksatras from the end of the naksatra including AA to the end
of naksatra 0. Their sum is the argument P,, the interval in naksatras between
the end of that anomalistic month and the end of the given naksatra (minus the
fractional part of the naksatrakendra, K3). The result is the difference in days etc.
(modulo 7) corresponding to that interval, and apparently takes into account true
lunar motion.

Naksatra-Hara Table The argument P, is used again to find the resulting hara
by which the fractional part K; of the naksatrakendra K, must be divided. Their
quotient, as in the tithihara table, is applied to the previous result to compensate
for the previous omission of Kj;. To this is added the naksatrabhoga B,,, the actual
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weekday and time of the end of the preceding anomalistic month. This sum (modulo
7) is the required weekday and time of the end of the given naksatra.

11.4.8 Tables for Yogas

This set contains three tables.

Yoga-Varadi Table This table is intended to be essentially similar to the
tithivaradi table. The argument Ny is the tithivaradi argument N; converted to
yogas and truncated to the nearest integer. Thus N, is an integer number of yogas
which may be considered as a time interval extending backwards from the end of
the yoga closest to the end of the given tithi (i.e., the given yoga) to the end of the
yoga closest to the end of tithi 0 (namely, yoga 0). The result is the difference in
days and fractions of a day (modulo 7) between the end of yoga 0 and the end of
the given yoga. To this is added the yogabhoga B,, the day and time of the end of
yoga 0 counted from the end of the preceding week. Their sum (modulo 7) is the
weekday and time of day at the end of the given yoga, assuming true solar and mean
lunar motion.

Yoga-Parakhya and Yoga-Hara Tables These tables operate in precisely the
same way as the corresponding tithi tables described above (using Ny, K, etc.
instead of the corresponding tithi parameters) to produce corrections (due to lunar
anomaly) to the value of the weekday and time at the end of the given yoga.

III Rules for Computing the Tabular Arguments

We give in this section the Sanskrit texts of verses 1-13, their translations, and
explanations of their meaning.

ITI.1 Verse 1: Salutation

yas cintamanir ankalekhyabahulo ’tyalpakriyo matkrtas
tithyadyavagamagrado ’sya sukhino ye lekhane bhiravah |
tatprityai laghum alpakrtyam amalam tithyadicintamanim
vighnesarkamukhan pranamya kurute srimad ganesah krtt || 1

A jewel of thought (cintamani) which I have made is rich in numbers and
figures and gives knowledge about the tithi and so on, and is very concise.
But some people are timid about this pleasant composition. Having saluted
Gansa and (the planets) beginning with the sun, the skillful Ganesa makes
a jewel of thought about the tithi etc., which is easy, concise, and without
errors for the sake of such people.
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Ganesa composed another set of tables named Brhattithicintamani.” But its
epoch is Saka 1474 = A.D. 1555, thirty years after that of TC. So the Tithicintamani
mentioned in the former half of this verse is presumably not this Brhattithicintamans.
There is also an expanded version of the Tithicint@mani in 73 verses.® The relation
between the two versions has so far not been clearly established.

I11.2 Verse 2: Lord of the Year

vyagayugamanusakah syat samaugho hato ’yam
svarakhakhakubhir apto nagasatya ’bdapah syat |
dyumukha iha palesu tryabdhihrdvarsayuktah
Srutibhir isusamudrair bhair yutah saptatastah || 2

(The number of) Saka years diminished by 1447 is the number of years
(from the epoch of the TC). Multiply this by 1007 and divide by 800. Add
the year divided by 43 to its palas (1/3600 of a day). Increase (the sum)
by 4;45,27 and divide by 7. The remainder is the lord of the year (L)
beginning with days.

Let Y be the current Saka year:

y=Y — 1447

007 oy 1
= — g+ L4445, .
L 800y+43 3600+ ;45,27  (mod 7)

The formula gives the excess in days over an integer number of weeks accumulated
in the course of y years from the epoch of the TC (Saka 1447): that is. the time in
days between MS of the current year and the end of the preceding week at the prime
meridian (VAg). This is called the lord of the year. L. as it specifies which weekday
begins or “rules” the current year. For example, when 0 < L < 1, the day including
MS is Sunday.

Figure 4. Lord of the Year at the Prime Meridian

Timeline (days)
CA VAq AA MS

I
L | | ] | | L | | |

"Published with the Subodhini of Visnu (without tables), ASS 120, Part 2.
8We referred to a copy in manuscript Oxford (Vyasa) 11. See CESS A5, 73a.
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The first y-term implies a year-length of 364 + 1007/800 = 6,5;15,31,30
days, the year-length of the Ardharatrikapaksa.’ The second y-term increases
this parameter to 6,5;15,31,31,23,43--- days; compare the Saurapaksa parame-
ter 6,5;15,31,31,23,59--- days. The accumulated excess weekdays in the y years
since epoch are added to the epoch constant (ksepaka), 4; 45,27 days, and the result
(modulo 7) is the required fraction of a week, in days.

The given epoch constant is the lord of year at epoch, Saka 1447 = A.D. 1525.
Using the Saurapaksa parameters of 4320000 years and 1577917828 days'® in the
yuga, and 1955884626 years elapsed of the kalpa at epoch,'! there results an integer
number of weeks elapsed plus 4:0.27 days. which is less than the epoch constant, 4;
45, 27, by 0;45.12

The 0;45-day difference does not seem to be the result of a different choice of
parameters. For if we recalculate the epoch constant with the Tithicintamani year-
length, it produces a value of 3:53,28 for the lord of the year. If the Ardharatri-
kapaksa year-length is used, the lord of the vear becomes 3;58,39. The 0;45-day
difference, then, is an extra quantity added to the result of the calculation with the
Saurapaksa parameters, apparently in order to shift the beginning of a day from
the midnight epoch of the Saurapaksa'® to a mean sunrise epoch. One may wonder
why Ganesa adds 0;45 and does not subtract 0:15 for getting the epoch constant,
3:45,27. It seems likely that Ganesa deliberately avoided changing the weekday of
the first day of Saka 1447: both 4:0.26.56 and 4:45,27 imply the first day of Saka
1447 is Thursday. while 3:45. 27 indicates Wednesday.

II1.3 Verse 3: Longitudinal Difference

rekhayah svapurasthayojanani
svanghryunani palais ca tatpramanaih |
hinadhyam vidadhita varsanatham
rekhayah parapirvage svadese || 3

9See, for example, PS I 14 and XI 1.

10988 1, 37.

1The quantity of 1955884626 years corresponds to a combination of 7 twilights of 1728000 years
each, 6 manvantaras of 306720000 years each, 27 mahayugas of 4320000 years each in the current
manvantara, 3888000 years of the krta-, treta- and dvapara-yuga in the current mahayuga, and 4626
years of the present kaliyuga up to Saka 1447 = A.D. 1525, less the canonical 17064000 years of
quiescence stipulated by the Saurapaksa. (If these 17064000 years were included in the calculation,
the epoch constant would be 1;36,26,56 days.)

121577917828 x 1955884626/4320000 (mod 7) = an integer number of weeks + 4;0, 26,56 - - -

13The Saryasiddhanta states (SS 1, 50) the epoch time to be midnight, and thus the period of

quiescence or creation in the present kalpa ended at midnight Saturday/Sunday.
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Diminish the (distance in) yojanas of one’s own town from the prime merid-
ian () by their fourth part. Decrease or increase the lord of the year (L)
by that amount in palas when one’s own town is west or east of the prime
meridian.

The rule given in this verse is:

d=2.4
4 3

where 9§ is the distance in yojanas from the prime meridian to the observer’s longi-
tude and d is the time-difference in palas (1/3600 of a day) corresponding to that
longitudinal distance. Then d is added to or subtracted from L:

l=L=+d.

The rule replaces the initial value L for the current lord of the year with the
value [ corrected for the local longitude. Thus [ gives the time in days between the
current MS and the end (at mean sunrise) of the previous week (VA) at the local
longitude.

Figure 5. Lord of the Year Corrected by the Longitudinal Difference

Timeline (days)
CA VA AA MS

The derivation of the formula as reconstructed by Venkatesa is quite crude: one
simply assumes that the circumference of the observer’s parallel of latitude is 4800
yojanas. Since this corresponds to 1 solar circuit of the earth or 1 nychthemeron
= 60 ghatikas, 1 ghatika (= 60 palas) is equivalent to 80 yojanas, so the number of
palas in d is 3/4 times the number of yojanas in 6.4

II1.4 Verse 4: Accumulated Epact (Suddhi)

bhavanighnasamah svasalsahasra-
msakahinah Saradam dinamsayuktah |
tithiparvakasuddhir anvitarthaih
krtabanais ca jinaih kharamatastah || 4

'“Bhaskara’s Karanakutihala (KK 1, 14-15) uses a similar rule.
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Multiply (the number of) years (y) by 11, diminish (that) by its 6000th
part, add the 15th part of (the number of) years, add 5;54,24, and divide
by 30. The remainder is the accumulated epact (§uddhi) beginning with
tithis.

The formula given in this verse for calculating $uddhi or the accumulated epact S
is: y 11y
=11 — — ———45;54,24 30).
S y+ 15 6000+ ; 94, (mod 30)

The accumulated epact is the time in mean tithis between MS of the current year
and the preceding CA.

Figure 6. Accumulated Epact (Suddhi)

Timeline (tithis)
CA VA AA MS

The y-terms give a value for the epact of 11 389/6000 or 11;3,53,24 tithis, in
accordance with the Saurapaksa. This is derived from the ratio of tithis to years in
a yuga: 1603000080 tithis!® in 4320000 vears gives 6, 11;3,53,24 tithis per year, or
11; 3,53, 24 tithis in excess of twelve synodic months. Equivalently, 57753336 lunar
rotations in 4320000 years gives 1,20, 12: 46, 40. 48 degrees of lunar motion per solar
year, or 2,12°;46, 40,48 of excess lunar motion over integer rotations. This equals
the annual accumulation of lunisolar elongation (since the sun is at 0° at the end of
the year), which when divided by 12° of elongation per mean tithi gives, as before,
11; 3,53, 24 tithis. The tithis thus accumulated in the y years since epoch are added
to the epoch constant, 5;54,24 tithis, and the sum modulo 30 (i.e., after removal of
integer intercalary months consisting of 30 tithis each) gives the accumulated epact
for the current year.

The commentator Venkatesa explains the epoch constant, or epoch $uddhi, as
the excess over integer rotations, in degrees, of the product of the epact in degrees
and the number of years of the kalpa elapsed at epoch.'® This product gives an
excess of 1,11°;1,40,48 = 1,11°;1,41. Ganesa diminishes this by 0°;9 to conform
to observation.!” The result, 1,10°;52,41, is divided by 12 to produce the given epoch

1530 x (57753336 — 4320000), that is, 30 times the excess of lunar over solar rotations, i.e. total
synodic months. See the table of yuga parameters in section V.1.

162,12°; 46,40, 48 x 1955884626 (mod 360).

"See Grahalaghava 1, 16 and TC 18 (section IV.5 of this paper).
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constant, 5;54,24 mean tithis.!8

II1.5 Verse 5: Suddhi Complement (Dhruva)

Suddhih khasatsodhitanadika syat
tithidhruvo ’tha svadasamsahing |

Suddhis tu mardhny ekayutd khasadbhyah
samsuddhanads bhayujor'® dhruvah syat || 5

The accumulated epact whose nadikas are subtracted from?° 60 (produces)
the dhruva of the tithi. Then, the accumulated epact is diminished by its
10th part. 1 is added to (its) first place (i.e., integer part) and (its) nadis
are subtracted from 60. (The sum of the results) is the dhruva of the
naksatra and the yoga.

Using the subscripts t, n and y to denote amounts in tithis, naksatras and yogas,
and superscripts ¢ and g for integer and ghatika portions, we have:

Di =8¢,
DY =60— 59,
9

D} =D, =S,+1,
D§ = Dj =60 — 5.

The fractional tithidhruva D{ is the tithi-complement of the suddhi, S; that is,
because there are 60 tithi-ghatikas in a tithi, one subtracts the fractional part of
the suddhi, S9, from 60 to give the fractional tithidhruva, or time from MS to the
end of the tithi in which it falls (tithi 0). The integer part D! of the tithidhruva is
considered to be the same as that of the $uddhi, S°.

181f one computes this without Ganesa’s lunar correction, the epoch constant becomes 5;55,8,24
mean tithis.

19published text: bhujayor.

20The original Sanskrit of this part, khasatsodhitanadika, literally means “whose nadikas are dimin-
ished by 60”. This, however, makes no sense so we translate this part according to Visvanatha's

commentary.
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Figure 7. Dhruva
Timeline (tithis)

CA VA AA MS
I | | l | | | | | | | | | | |
| | | l | I | | T | | [ I i |
S
S'(= D) 59 Df

The corresponding dhruvas of the naksatra and the yoga appear to be motivated
by some such reasoning as the following. Since at MS the mean longitude of the sun
Ag is 0, using only the mean longitude of the moon Ajs,we can calculate the mean
tithi, naksatra and yoga corresponding to that moment relatively simply from

. -0
hi = —
tithi 2 S,
w12 9
naksatra = 1300 = 13,200 ~ 10~
Ay +0 12
yoga = M9 _ gS.

13:20  13:200 10

The integer part of the quantity (9/10)S should then be D} = Dj, and its
fractional part (S = Sj) subtracted from 60 gives Dj = Dj, the naksatra- and
yoga-complement of the suddhi—i.e., the time from MS to the end of the naksatra
or yoga in which it falls. This is true only if the beginnings of a naksatra and a yoga
also coincide with CA, as does that of a tithi.

It is not clear why D¢ and D; are increased by 1. It may imply that S3 or Sj is
subtracted from this 1 unit = 60 ghatikas, though both Visvanatha and Venkatesa
do not interpret the procedure in this way but simply add 1 to D} and D; without
further discussion.

ITI1.6 Verse 6: Mean Kendra for Tithi

saptahato jaladhisesitavarsasamgho
‘bdangamsayuk Saradiladasanamsahinah |
kendram tither bhavati madhyam idam samudraih
sanghryabdhivahnibhir upetam ibhasvitastham || 6

Multiply by 7 (the number of) years which remains after dividing (y) by 4,
add a sixth part of the years, diminish by 1/321 of the years, add 4;34,15,
and divide by 28. The remainder gives the mean kendra of tithi (Kj).
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The formula given is:

K, — T
K; = ymod 4 7+6 321+4,34,15 (mod 28).

The mean tithikendra K; is the time in tithis between MS and the end of the
preceding anomalistic month (AA).

Figure 8. Mean Kendra for Tithi

Timeline (tithis)
CA VA AA MS

| | | | ] I
I

K

The portion of the kendra accumulated since epoch is calculated from the ratio
of the number of anomalistic months in a yuga (57753336 lunar rotations minus
488203 rotations of the lunar apogee = 57265133 anomalistic months) to the corre-
sponding number of years, 4320000. This ratio produces 13; 15,20, 56,39 ~ 13;15,21
anomalistic months per year. This is converted to tithis by computing the ratio of
tithis to anomalistic months in a yuga: 1603000080/57265133 = 27;59, 34 tithis per
anomalistic month, which is rounded up to 28; and then multiplying it by the yearly
fraction of an anomalistic month to give 0;15,21 x 28 = 7;9,48 tithis per year in
excess of integer anomalistic months. The integer part of this annual increment
will produce 7 x 4 = 28 tithis or one anomalistic month every 4 years; hence the
factor of y modulo 4 in the first term.?! The fractional part may be rewritten as
588/3600 = (600 — 12)/3600 tithis per year, which ought to give exactly y/6 —y/300
for the second and third terms, instead of y/6 — y/321 as stated.??

The epoch constant results, as usual, from a ratio involving the yuga parame-
ters and the number of years elapsed of the kalpa: 1955884626 lapsed years times
57265133 anomalistic months per yuga, divided by 4320000 years per yuga, gives
integer anomalistic months plus 0;9,47,42,54. When this is multiplied by 28,

2!Mathematically (y (mod 4)) x 7 = 7y (mod 28).

22Can Ganesa possibly have made an error in computation here? The fraction 1/6 — 1/321 corre-
sponds to 0; 9, 48, 47 rather than 0; 9, 48 as the fractional part of the annual increment. If the number
of rotations of the lunar apogee in a yuga were taken to be 488106 (approximately in accordance
with the Brahmapaksa), the corresponding amount would be 0; 9, 48, 42 or about 1/6 — 1/319 tithis
per year. This change of parameter, besides producing a result that still falls short of Ganeda’s,
would produce a wrong value for the ksepaka and undermine Ganesa’s assertion (TC 18) that the lu-
nar apogee according to the Saurapaksa is correct. We can think of no other deliberate modification

of this method that would come close to producing Ganesa’s actual results.
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there results 4;34,16,1,12, a quantity that can be adjusted to Ganesa’s given
constant by judicious use of truncation and rounding in the calculation. (E.g.,
0;9,47,42 x 28 = 4;34,15,36.) This, then, represents the tithis accumulated at
the epoch date (MS of Saka 1447) since the end of the preceding mean anomalistic
month. The sum of that and the fractions of anomalistic months accumulated in
the y years since epoch, modulo 28, is the number of tithis between MS and AA,
or K;. The end of that month, however, does not actually coincide with the end
of a tithi, so the difference between the kendra K; and the $uddhi S will not be an
integer number of tithis.

IT1.7 Verse 7: Mean Kendras for Naksatra and Yoga; Corrected
Kendras

taddvidha svarasaramalavonam
svasvidasralavayuk kramasah stah |
kendraka uduyujor bhavakendram

syat sphutam dhruvaghatimukhayuktam || 7

Write it (the tithikendra) down in two places. (That amount,) diminished
by its own 36th part and increased by its own 22nd part, is the (mean)
kendra of the naksatra and yoga respectively. These kendras become true
when increased by the ghatikas of the dhruva.

This verse includes two calculations:

1) Kn:Kt-(l—;—6>, 2) K=K+ DI.

_ 1
K, =K, — .
’ t(1+22)

1) The mean naksatrakendra K, and mean yogakendra K y are simply converted from
the mean tithikendra K; using the yuga parameters. The number of naksatras in a
yuga is just 27 times the number of lunar rotations: 27 x 57753336 = 1559340072.
The corresponding number of yogas is 27 times the sum of solar and lunar rota-
tions: 27 x (57753336 + 4320000) = 1675980072. Then the ratio of these to the
corresponding number of tithis (1603000080) can be found from continued fractions:

naksatras _ 1559340072 1 1 35

tithis 1603000080 1 1 36’
14— 14 —
31239792 35

o+ 43660008

Q
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(although 36/37 would be a slightly better approximation). Similarly,

yogas _ 1675080072 _, 1 w1yl B
tithis 1603000080 70420122 | 22 22
+ 72979998

2) One is then expected to correct each mean kendra K to the true kendra K by
adding the fractional part of its corresponding dhruva, D9.%% In the case of the
tithi, since D9 is assumed to be the complement of the suddhi (see section III.5),
K, therefore is the time interval in tithis between the beginning of the first mean
tithi after MS (or the end of mean tithi 0) and the end of the preceding anomalistic
month.

Figure 9. Corrected Tithi Kendra

Timeline (tithis)
CA VA AA MS

I |
| [ Vol T | | P I I | i
I 1

The mean kendras K, and I_(y of naksatra and yoga are just K; converted to
different units, and thus represent the amount of time from the end of the anomalistic
month to MS. Adding the corresponding Dj, or D to them then is supposed to give
the time K, or K, from the end of the preceding anomalistic month (which does
not necessarily correspond to the end of a naksatra or yoga) to the beginning of the
first naksatra or yoga following MS (or the end of mean naksatra 0 or mean yoga 0).

II1.8 Verse 8: Bhogas

tither dhruvaghatimukham svayugasadkabhagonitam hy
udor bhavati yan nijambudhigajamsakenanvitam |
yuter?* nijasiloccayaksitilavonitam tadyutah

prthak prthag ihabdapo nijanijas ca bhogo bhavet || 8

23«Mean” and “true,” though they echo Ganesa’s “madhya” and “sphuta,” are somewhat misleading
terms here: this procedure does not actually apply a correction for accuracy but rather produces a
result corresponding to a different time interval.

24Published text: yute.
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Add to the lord of the year the ghatikas of the dhruva of the tithi dimin-
ished by its own 64th part, that of the naksatra increased by its own 84th
part, and that of the yoga diminished by its own 17th part, separately.
(The sums are) their bhogas (B) respectively.

The bhoga B (see figures 1 and 3) in days is found by (i) converting to days
the interval DY representing (inaccurately, in the case of the naksatra and yoga) the
time between mean Mesasankranti and the beginning of the following tithi, naksatra
or yoga; and (ii) adding to that [ in days, representing (as explained in section II1.3)
the lord of year modified by the local longitudinal difference.

1
Bt:l+Df-(1—6—4),

_ 1
Bn=z+Dg-(1+8—4>,

By=z+Dg-(1—11—7>.

Thus B is the interval in days between VA and the end of the tithi, naksatra or
yoga. following MS. The initial naksatrabhoga B,, is further modified in section III.9.

As in the case of conversion to tithis, the factors for conversion to days are
obtained quite simply from continued fractions involving the yuga parameters, to
wit:

days 1577917828 1 L 63
tithis 1603000080 1 = 1 64’
14— 14—
6 22818204 63
t 25082252
days 1577917828 1 1 85

naksatras 1559340072 + 17396324 * 84 84
83+ Tg577756

days 1577917828 1 1 16

yogas _ 1675980072 1 117
l+— 14—
8121924 16

16+ 98062244

%

IT1.9 Verse 9: Modified Bhoga for Naksatra

bhaspastakendramardharnkah svavedastamsasamyutah |
saptatastas taduno "harmukhah karyo bhabhogakah || 9
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Increase the number in the first place of the true kendra of the naksatra by
its own 84th part and divide by 7. Subtract the remainder from the bhoga
of the naksatra beginning with days. (The result is the rectified bhoga of
the naksatra.)

B, =B, - K. (1+ i) (mod 7).
84

The naksatrabhoga B, (see figure 3) given above is modified by diminishing it
by the integer part of the naksatrakendra K, converted to days, modulo 7. (The
conversion factor is the same as that explained in section II1.8). The purpose seems
to be to redefine the bhoga to be the weekday and time not of the end of naksatra
0 but of AA (the reason for which is explained in section III.13). If the kendra is
less than the bhoga—that is, if AA falls between VA and MS, as depicted in the
above figures—the subtraction will accomplish this purpose. If not, according to
Vidvanatha, the bhoga is increased by 7.

II1.10 Verse 10. Kosthaka, or First Tabular Argument

caitrader gatatithayo dhruvasya tithya®
hinah syus tithidinakosthaka®® dvidha te |
svangagnyamsaekarahitah kramat svadrgdrg-
bhagadhyd®’ uduyutijas tyajet tadagram || 10

The tithis passed since the beginning of the month Caitra (t) are dimin-
ished by the tithi of the dhruva (D?). (The remainder) is the argument
for the weekdays of the tithi (N;). Write it down in two places. (That,)
diminished by its own 36th part and increased by its own 22nd part, is (the
amount) produced from the naksatra and the yoga respectively. Subtract
(the numbers of) their initial (places).?®
of naksatra and yoga, N, and N,.)

(The results are the arguments

This verse gives the arguments (N) for using the varadi or weekday tables of
tithi, naksatra, and yoga.

, 1 1
e I S L G | L

25Published text: tithyah.
26Published text: °kostaka.
2"Published text: svadrk®.

28The meaning of this sentence is not clear.
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See figures 1 and 3. The quantity ¢ represents the integer number of tithis in
the interval from CA of the current year to the beginning of the tithi for whose end
the corresponding weekday and time of day are to be found. This is diminished
by the integer part of the tithidhruva D, which is equal to the integer part of the
suddhi S (see section II1.5). So the resulting difference NV is the integer number of
tithis from the beginning or end of the tithi within which MS falls (called tithi O in
the table heading) to the beginning or end, respectively, of the given tithi. N, and
N, represent the same time interval converted to naksatras and yogas, respectively
(using the conversion factors explained in section II1.7), and truncated to the nearest
integer. It appears that they are meant to represent the number of time-units from
the end of the naksatra or yoga including MS to the end of the given naksatra or
yoga (which is the one closest to the end of the given tithi).

III.11 Verse 11: Parakhyakosthaka, or Second Tabular Argument;
Use of Tables

svakendramardhankayutah®® svakosthakah
syus te pardakhya atha yattithiyujoh™ |
dyukosthakadhodyumukham?! svabhogayuk
parakhyakosthasthaghatiyutonitam || 11

Their arguments are increased by the number in the initial (place) of their
own kendras. Those are (the arguments of) the parakhyas (P). Then,
increase (the entries) beginning with days, under the arguments for the
weekdays of the tithi and the yoga, by their own bhogas and increase or
decrease them by the ghatis in the column of the parakhya.

See figures 2 and 3. The parakhyakosthaka (P) or second tabular argument, with
which we enter into the parakhya and hara tables, is the sum of the first argument
N and the integer part K* of the kendra:

P, =N+ Kj, Pn = Ny + K, P, =Ny + K.

It therefore represents the time interval between AA and the end of the given tithi,
naksatra or yoga—minus the small interval of the fractional part K9 of the kendra.
The result in the table is apparently the time difference in ghatis produced by the
effect of the lunar anomaly upon P. As explained in the preceding “Overview of the
Tithicintamani” (section II), for the tithi and yoga, entering the varadi table with

2Published text: °mardhva®.
30published text: yattithiyujoh.
31pyblished text: °adho dyumukham.
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the kosthaka N yields the difference, in weekdays and fractions of a day, between the
end of time-unit 0 and the end of the given time-unit; increasing this by the bhoga
gives the weekday and time at the end of time-unit 0, taking into account only true
solar and mean lunar motion; and adjusting this by the result of P in the parakhya
table corrects it for true lunar motion (exclusive of the small interval K9).

I11.12 Verse 12: Use of Hara Tables for Tithi and Yoga

adhahsthaharoddhrtekendranadikah
susamskrtam syat tapanodayat’® sphutam |
tathaiva caikaikasametakosthatas
tadagratithyadidinadikam33® bhavet || 12

Divide the nadis of the kendra by the divisor (hara) placed under (the
parakhya). What is corrected (by that result) is the true (weekdays) from
sunrise. In the same manner, the weekdays of the tithi etc. beginning with
that are produced (successively) from the arguments successively increased
by one.

As described above in the “Overview,” the hara table produces an amount in
ghatTs etc. to be applied to the previous result, and apparently intended to account
for the effect of lunar anomaly upon the small interval K9 omitted earlier. The
argument P produces the resulting divisor by which K9 is divided to give an incre-
ment or decrement that provides the final correction to the true weekday and the
time of day at the end of the given tithi or yoga. Ganesa notes that the procedure
can be repeated for each succeeding tithi or yoga.

II1.13 Verse 13: Use of Naksatra Tables

parakhyakosthe dyumukham tu bhasya
svaharahrtkendraghatimukhena |
susamskrtam tac ca parisphutam syat
svabhogayuktam tapanodayat syat || 13

(The number of) week-days of the naksatra in the column of the parakhya
is corrected by the ghatis etc. of the kendra divided by its own divisor. That
increased by its own bhoga is the very accurate (number of weekdays) from
sunrise.

32pyblished text: tapano®.
33Published text: °tithyads dinadikam.



SCIAMVS 2 The Tithicintamani of Ganesa 273

Since the calculation of the naksatra does not involve solar motion, it can be
accomplished by the use of only two tables: one to account for the effect of the
lunar anomaly upon the integer parakhyakosthaka P,, and one to account for the
effect of the lunar anomaly upon the fractional kendra K. The combined result
gives the accurate offset in days etc. from AA to the end of the given naksatra. To
produce the true varadi for that time, this result must be augmented (modulo 7)
by the weekday and time of AA itself. Hence the modification of the naksatrabhoga
B,,, described in section II1.9, to produce that quantity.

IV Tips for Calendar-Makers

The remaining verses 14-18 are intended as helpful hints for the construction of
pancangas.

IV.1 Verse 14: Excess and Deficiency of a Day

ullanghya ced divasam eti tithih paraham

purve ’hni sastighatikah syur iyam dinarddhih |
ekahni cet tithiyugam paranadikas tah
purvonitah syur tha parvagamat ksayo ’yam || 14

If (the end of) a tithi, passing over a day, falls into the following day, (there
are) 60 ghatikas in the previous day: this is the “excess day” (in ghatikas).
If two (ends of) tithis (occur) in one day, the nadikas (in the day at the
end) of the second (tithi are) diminished by (those of the end of) the first
(tithi): this is (the length in nadikas of) the “deficient (day)” from (the
end of) the first (tithi).

Here Ganesda seems to state the definitions of the length in ghatikds (=nadikas)
of excess and deficient days. If a day does not include the end of any tithi, the
day is an “excess” day and its length is 60 ghatikas. On the other hand, if a tithi
is completely included in a day and therefore includes no ends of days, that tithi
converted into day-nadis is called a “deficient” day in this verse.

IV.2 Verse 15: Identification of Naksatra and Yoga

nijadhruvordhvankayuta dyukosthakah
bhasesitas te bhayuti ca te stah |
ekaikayuktau pratikostham atra

ksaye ’pi vrddhau tithivad vidhih syat || 15
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The argument of weekdays (of the naksatra and the yoga) increased by the
argument of their own dhruva, modulo 27, is the naksatra and yoga. Add
1 (to the naksatra and yoga) successively for each successive argument. As
for deficiency and excess, the same rule as for tithis is (applied).

According to this, the sum of the kosthaka N, or Ny (integer number of time-
units following MS) and the integer dhruva D}, D; (integer number of time-units
between CA and MS), modulo 27, gives the number of the given naksatra or yoga.
This makes use of the definition in section II1.5 of the integer naksatra- and yoga-
dhruva as equivalent to the number of the naksatra or yoga at MS.

IV.3 Verse 16: Entrances of the Sun into Zodiacal Signs and
Naksatras

sabdesakah sankramanapravesa

vrsad yamarksac ca parisphutah syuh |
tithidyukosthe likhitam svanama

yasmin tadasannadine ’thava syuh || 16

(The time offsets) of the entrances of the sun (into) Taurus etc. or (the
constellation) Bharani etc., increased by the lord of the year, are the true
(weekdays of the entrance). Or, (the entrance) occurs on the day (in the
cell) of the table of the weekdays of the tithi in which its own name is
written.

If the calendar-maker wishes to include in his work the times of entrance of the
sun into zodiacal signs and naksatra-constellations besides MS, all he has to do is
add the lord of the year to the time offset from MS to that entrance.®*

IV.4 Verse 17: Intercalary and Omitted Months; Tithis within the
Suddhi

mesad dvadasSasankramais ca sehitas caitradimasa ama-
nto masah sa visankramo ’dhike iti dvih sankramah sa ksayah |

34Tables 4 and 5 of SATIUS pp.49-50 are the tables of the times of entrance into naksatra-
constellations and zodiacal signs respectively, though it is not clear why the tabulated values of
the times of entrance into Aries and AsvinT are not 0;0,0 but 4;49,34 (or 6;4,34). These values are
presumably calculated by computing the time corresponding to the longitude difference between
that entrance and Aries 0°; if it is a true longitude difference that is required, some sort of iterative

rule will be necessary for this. Cf. Brahmasphutasiddhanta 3, 61-62.
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syat spastajabhasankramah prathamatah Suddhes tritye dine
Suddheh praktithayo madhupratipadah syuh purvavarsadhruvaih || 17

The months beginning with Caitra include 12 entrances (of the sun into
the zodiacal signs) beginning with Aries (respectively). The month ends
(and begins) at the instant of new moon. (A month) without an entrance is
an intercalary month. (A month) with two entrances is an omitted month.
The true entrance (of the sun) into Aries occurs on the third day of the
$uddhi from the beginning (MS).

(Any) tithis from the beginning of Caitra (that are) before the $uddhi are
treated with the constants of the previous year.

Intercalary and omitted months are defined. Ganesa adds that for calculating the
times of the tithis of the current year preceding MS, the dhruva (and, presumably,
the other required quantities) should be that determined for the preceding year.

He also points out that the true entrance of the sun into Aries falls on the third
day before the mean one, which we call MS, since the solar equation near Aries 0°
is 2+°.

Finally he instructs that if the number of tithis counted from CA is less than the
$uddhi, one should use the constants of the previous year. '

IV.5 Verse 18: Parameters

sauro rko ‘pi vidhiccam ankakalikonabjas tamas tv aryajas
tebhyah syad grahanadi drksamam®® iyam prokta maya sa tithih |
grahya marngaladharmanirayavidhav esa yato drksama
‘thapeksa yadi calitopakaranais tatpaksaja syat tithih || 183°

(The parameters of) the sun and lunar apogee are (from the) Saura
(school). (That of) the moon diminished by 9 minutes is (the Saura value)
. The node (of the moon’s orbit) is. however, (from the) Arya (school).
From those, the agreement of (the calculation of) eclipses with observation
occurs. What is stated by me is such a tithi.

This (tithi) should be accepted in the determination and performance of
auspicous ceremonies and duties because of (its) agreement with observa-
tion.

(Though the parameters of some schools which do not agree with obser-
vations are useless,) it may be possible to get a tithi produced by such
schools by means of adjusted auxiliary tables, if it is desired.

%5 Published text: °drg°.

36The first quarter of this verse is similar to that of Grahalaghava 1, 16.



276 Setsuro Tkeyama and Kim Plofker SCIAMVS 2

Besides the peroration, verse 18 states that the positions for the sun and lunar
apogee as given by the Saurapaksa are correct, as is that of the moon diminished
by nine minutes. This alteration would change the number of rotations of the moon
in a yuga from the Saura school’s 4, 27,22, 35,36 to 4,27,22, 35, 35; 59, 59,59, 48, so
it seems reasonable to suppose that for simplicity Ganesa retained the Saura yuga
parameters in his calculations. He also mentions that the Arya school gives the
correct parameter of the lunar node, yet he never uses it in the TC.

V  Tithicintamani Table Reconstruction

To date, our reconstructions of the Tithicintamani’s tables are tentative (no hints
as to his methods being given by Ganesa himself) and only moderately successful.

V.1 Parameters

The reconstructions rely upon the following yuga parameters from the Saurapaksa3”
which seem to be the same as those used to calculate the epoch constants:

Years 4320000 Sidereal months 57753336
Synodic months 53433336 “Yoga months” 62073336
Apogee rotations 488203 Anomalistic months 57265133
Tithis 1603000080 Naksatras 1559340072
Yogas 1675980072 Civil days 1577917828

This produces the following mean motions, ¥, for the sun, moon, and lunar apogee
(denoted by subscripts S, M, and A respectively) in a mean day, tithi, naksatra, or
yoga (denoted by superscripts d, ¢, n, and y):

7d  0;59,8,10,10 7, 13;10,34,52,4 o,  0;6,40,58,43

o 0;58,12,39,4 v 12;58,12,39,4  ©}f  0;6,34,42,16
7 13;20 3f 0;6,45,45,20

3¢  0;55,40,33,53 o,y  1224,19,26,7 @)  0;6,17,31,1

Since the end of the period of quiescence at the beginning of the kalpa there
have elapsed 1955884626 years up to the epoch, mean Mesasankranti of Saka 1447
(MS1447).

37These parameters are given, for example, in SS 1, 29-44.
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V.2 Required Quantities

The yuga ratios give the epoch mean longitudes (mean longitudes at MS1447)
5\56(= 0°), A AT p) 4 for each of the astronomical bodies in question.®® The frac-
tional dhruvas D}, D} Dj and the kendras K;, K,, Ky, for tithi, naksatra and
yoga respectively, are computed as specified in the text. From these we can com-
pute the mean longitudes of the sun, the moon, and apogee at the end of the mean
tithi, naksatra and yoga in which MS falls (denoted by the subscript 0 or by “fmt,”
“fmn,” “fmy” for “first mean tithi,” etc.):

)\SEO =D} - od + )¢, etc.

In addition, we compute their mean longitudes at the end of the mean tithi,
naksatra and yoga in which MS falls if these units are counted from the end of the
preceding anomalistic month, AA (which ordinarily does not coincide with the end
of a tithi, naksatra or yoga). These are denoted by the subscript 00, or by “fat”,
“fan”, “fay” for “first anomalistic tithi”, e.g., 5\5500 means the mean solar longitude
at “fat”. These reference points are illustrated below by an example using tithis.

We demonstrate here only the procedure for calculating the tables for the tithi
because the algorithms for calculating the naksatra and yoga are almost identical
to that for the tithi, except that no corrections for solar motion are involved for the
naksatra.

Figure 10. fmt and fat
Timeline (tithis)

CA VA AA MS 1447
| | o I ] o I | | |
| | | I I L I ] [ 1 | I ] |
AAfmt fmt
K; D}
K} K;
Timeline (tithis)
CA VA AA MS 1447
| | I ] | l, | | | |
| | I | 1 I [ [ I ! [
fat

38 At present, )5 omits Ganeda’s nine-minute correction to the lunar longitude given in verse 18.

When this correction is included, the resulting difference is negligible.
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V.3 Recalculation of Tables for the Tithi

The basic procedure for recomputing the tabular values is this:

(step 1)

(step 2)

(step 3)

(step 4)

(step 5)

(step 6)

(step 7)

(step 8)

Knowing the mean longitudes at “fmt” (X %) as well as the number of mean
tithis (K}) between that time and the end of the mean tithi in which AA falls
(“AAfmt”), and possessing also the mean motions per tithi as shown above,
we can compute the mean longitudes for the sun, the moon, and apogee at the
end of every mean tithi ¢; from “AAfmt” to the end of the table.

We do the same for every mean tithi ¢;; as computed from the reference point
“fat,” and get the mean longitudes at the end of every mean tithi ¢;; from AA.
For each of these mean longitudes the corresponding solar and lunar anomalies
and equations are calculated. The mean longitude and anomaly of the sun for
t;; are only used to compute solar velocities. We have no need of the equation
of the sun here.

From these, using Ganesa’s formulas, we compute the corrected solar and lunar
velocities.

And hence we find the “mean-true” elongation during this tithi between the
mean moon and true sun, and the “true” elongation between the true moon
and true sun.

Then the time difference is calculated between the end of this “mean-true” tithi
(£;), the conjunction of the mean moon and true sun, and that of the corre-
sponding mean tithi from the solar equation and the “mean-true” elongation.
This time difference, converted into days and added (modulo 7) to the number
of days in j mean tithis, is the varadi or “mean-true” weekday between fmt
and the end of fj.

The parakhya, or correction to the varadi due to lunar anomaly, is computed
from “fat” parameters, to reflect the underlying assumption that AA is the end
of a tithi. The lunar equation divided by the true elongation and converted to
days is the difference between the “mean-true” and the true current tithi, i.e.,
the parakhya.

The fractional kendra divided by the hara, or “hara-difference,” is the correc-
tion applied to compensate for the error introduced by the assumption that
AA is the end of a tithi. In our program, the parakhya is recalculated as
above but with “fmt” parameters, and the difference between the “fmt” and
“fat” parakhyas is then the hara-difference, which when divided into the epoch
fractional kendra is the recomputed hara. This recomputed hara, however, is
apparently not the one that Ganesa calculated, because if he had obtained
“fmt” parakhyas or the true correction to the varadi due to lunar anomaly. he
would have had no need to calculate and tabulate haras. He seems to have
used a linear interpolation to get haras from two successive “fat” parakhyvas.
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as we will show below.

The specific algorithms used in this procedure are as follows:

(step 1) Computations are carried out for each successive mean tithi ¢; (for -Ki<j<
the end of the table, so that the first of these {;, when j = — K}, is the first tithi

after AA). To calculate the mean longitude for each body at the corresponding
mean tithi (A %)3°:

;\;J ZXSt_O'*'j'Q_}St’
5t 3 F .
Ayi = A\f 47 Tay
st 3 & .
A__{’ = A:ito +] "U‘_qt.

(step 2) In addition, we calculate the mean longitude (X &7):

>
>
gl

>
o Ron A
I
>
:§|
.,
(nd]

t
CLAf
=t

q-

s>’|

[l

>
:“".‘*l

=

+ 4+
ol |

J

(step 3) The solar and lunar anomalies ks and 3y at this time. starting from each of
these reference points, are found (taking the longitude of the solar apogee to
be 78°, as in the Saurapaksa):

fo Y45 =
kst = Ay — T8,

Fis <~ I -t
ra = Ay = A7

Then Ganesa’s formulas from Grahalaghava 2. 2-3 are applied to produce the

39For simplicity’s sake, no conditions for determining sign or result modulo 360 are indicated in

these or any of the following formulas.
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corresponding equations ,ust_i , MY, pnrtii. The formulas are as follows:40

(20-%8) .58
N(°)= 9 9 ,
9
(-5
HM(O)_ GKM 6/€M
6 (30—2?())'?

(step 4) Now we compute for this mean tithi ¢; (or ¢; j» depending on whether we count
it from “fmt” or from “fat”) the “daily velocity of elongation,” that is, the
difference accruing in the day corresponding to this tithi between the longitudes
of sun and moon.

The true velocity formulas for the luminaries are taken from Grahalaghava
2, 4.41 They are slightly modified to represent daily motions at the given tithi,

40There is no evidence to show that Ganesa used them to compute these tables. These rules can

be derived by starting with a simplified procedure from the Suryasiddhanta (SS 2, 34-39), namely

) — Gink - -
u Sink 360

where c is the (maximum) circumference of the epicvcle, and combining it with the well-known

approximation
4R k(180 — k)
40500 — x(180 — )~

Sink =

If R is taken as 3438, c for the sun as 14, and for the moon as 32. the resulting constants are close
to Ganesa’s.
411t is not yet apparent how Ganesa derived these formulas for daily motions. and. again. whether

indeed he used them to compute these tables.
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in degrees:4?
%0 ks \ [ 90 — kgt
0, 20 20
2 =
vs s 13- 60 ’
L E g
21y 90— rmu\ (90— k'
£ _ o), 20 20
2 =9
v M 3-60 ’
19— kst \ [ 90 — kgtis
£ _ o, 20 20
]2 =
vs Us 13- 60 :
7 (1 90- ka3 \ [ 90 — kpstia
9 _ 0, 20 20
17 = .
UM = UM 360

(step 5) Combining these to produce the daily velocity of elongation is fairly straight-
forward. For the varadi, this is computed for the mean moon and true sun,
producing the “mean-true” velocity of elongation 172; for the parakhya, both
moon and sun are true, giving the true velocity of elongation va®% or va%s.

Y t_j — n f]'
VA = UNM — Vs,
vAT = ups — vl

VAT = vp b — i,

42The original formulas in the Grahalaghava are:

(11_ QO—Ks) (90—n5>
' 20 2
’Us()zz_)si 0

13 ’

QO—KM QO—KM
7'<11— 20 )( 20 )

3

'UM(’) =M
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(step 6) Then the resulting difference JZj in days between the end of mean-true tithi fj
and that of the mean tithi ¢; is computed:

5 — p1s"
t. — =.
J o t;

Ya
This formula is derived as follows: In the following explanation, we use the
conjunction of the sun and moon as the end of tithi for the sake of simplicity;
in figure 11, ¢, ¢, and c represent the moment of the conjunction of the mean
moon and mean sun, that of the mean moon and true sun, and that of the true
moon and true sun, respectively.

Figure 11. Calculation of Time Difference

11, 1 Positions of the Sun and Moon at ¢

¢ A8
M = M (lunar orbit)
Kum
e
+— Is — (solar orbit)
AS XS
11, 2 at ¢
i (R pay)
X5
11,3 at ¢
Ay
A%

At ¢ (figure 11, 1), the mean sun and moon conjoin. The true sun and true
moon locates at distances of ug and p§;.

Then, assuming that at &, d; after ¢, the mean moon catches up with the true
sun (figure 11, 2),
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(step 7)

(step 8)

0z - Um = 0z - vs© + pg
C
65=_ MS p
Up — vgt
Hg
5 €
VA

The varadi V% is the sum (modulo 7) of this difference and the number of days
in j mean tithis:

; d
Vi = (j g +5{j) (mod 7),

where d/t is the ratio of the length of a day to a tithi for converting j in tithis
to days.

The parakhya p%7 is the difference in days (due to lunar anomaly) between the
end of the mean-true tithi fjj and that of the true tithi ¢;;:

ptjj — IJ/]W_ .
v tij
A

Theoretically, ,u,;’} should be used instead of ,u,%’,}j as the numerator, and vf{j =

v;{[j —vgj as denominator in this formula (see figure 11, 2 and 3). It is, however,
extremely complicated to compute these values and we assumed that Ganesa
used approximations.

Finally, the correction derived from hara, the “hara-difference” RY, is the dif-

ference between the above parakhya p'i and the parakhya as computed from
“fIIlt’” pt_J:

pEj — MMtj

bl

vA{i
Rl = pli — plis

Then, the hara itself (which is tabulated) should be

g Kg
hara = —t = ——%t .
hti Pt — plis
Ganesa, however, seems to use a simple linear interpolation for hti using two
successive “fat” parakhyas (p%7) instead of p% and p': the ratio of pli+1i+1 —
p%7 to 1 tithi is equal to that of (h%) to K7(< 1).

Kl = (phi+is+L — phis) . K.
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From this, we arrive at the formula

1
hara = ————s.
pli+tii+1 — plis
This formula appears previously in the S'z"ghmsz'ddhz' of Laksmidhara
(A.D. 1278), in verse 4, 34, and gives values closer to those in the table than
the theoretical formula above.

We give in the appendix the results of our recomputation of the tithivaradi and
tithiparakhya according to the algorithms described above.

In the following graphs (graphs 1, 2, and 3) drawn with Mathematica,*® gray lines
or dots are the results from the algorithms of our reconstruction, and black dots are
original data in the table of the published TC after correction of apparent errors.
The graph for varadi displays not tabulated or calculated varadis themselves but
the differences between two successive ones. This means that the graph shows the
variation of the length of “mean-true” tithis throughout approximately one solar
year.

These comparisons indicate that our reconstruction does not fully succeed yet in
reproducing the tabulated data, but seems to be proceeding along the right lines to
a correct understanding of Ganesa’s techniques.

43Version 2, Wolfram Research, 1991.
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Graph 2: Tithiparakhya
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Appendix

Sample of the Tables of TC

Tithi Naksatra Yoga
arg Varadi Parakhya Hara Parakhya Hara Varadi Parakhya Hara
0 0; 10,43 0;55 10 6; 59, 44 12; 30 | 6; 51,1 -0; 46 12
1 1; 9,45 6; 53 10; 30 |-1; 6,12 11 0;47,32 4;15 12; 30
2 2; 8, 48 12; 30 12; 30 | 2; 12, 16 13 1; 44 4 9;0 14
3 3; 7,50 17; 20 16 3; 17, 36 16 2; 40, 37 13; 10 17
4 46,51 21;4 25 4,22,0 24 3;37,11 16; 42 24
5 5; 5; 52 23; 30 48 5; 25, 10 50 4; 33,43 19; 12 38
6 6; 4, 53 24; 44 -600 6; 27, 4 00 5; 30, 18  20; 41 400
7 7; 3, 54 24; 38 -45 0; 27, 50 -46 6; 26, 51  21; 25 -160
8 1; 2,55 23; 19 -25 1; 27,14 -25 0;23,24 21,2 -47
9 2; 1, 57 20; 56 -18 2;25,37 -18;30 | 1; 19,58 19; 44 -28
10 3;0,57 17; 38 -15 3; 23, 10 -15 2;16,32 17; 35 -21
11 3; 59,58 13; 32 -13 4; 20,0 -13;30 | 3;13,6 14; 47 -18
12 4; 58,59 8;58 -12 5; 16, 18 -12; 30 | 4; 9, 40 11; 22 -16
13  5;58,0 4;0 -12 6; 12, 18 -12; 15 § 5; 6, 15 7; 33 -15
14  6;57,1 -1; 3 -12 0; 8,10 -12; 30 | 6; 2, 49 3; 26 -14
15 0; 56, 2 -6; 5 -13 1;4,6 -13; 15 | 6; 59, 24 -0; 48 -14
16 1;55,3 -10; 48 -13;30 | 2; 0, 21 -15; 30 | 0; 55, 57 -4; 56 -14; 30
17 2;54,3 -15; 17 -16 2, 57,3 -18 1;52,32 -9;4 -16
18 3;53,2 -19;1 -20 3;54,26 -23 2; 49,7 -12; 45 -19
19 4;52,1 -21; 58 -30 4; 52, 35 -40 3; 45,41 -15; 56 -22
20 5;50,59 -24;0 -50 5; 51, 49 -160 4; 42,16 -18; 35 -35
Results of Our Recomputation
arg Tithivaradi Parakhya | arg Tithivaradi Parakhya,
0 0; 10, 33, 8,53  -0; 0, 20, 50 11 3; 59, 41, 14, 20 14; 22, 14, 14
1 1; 9, 34, 46, 34 6; 4, 43, 18 12 4; 58, 40, 55, 33 9; 55, 4, 4
2 2; 8,36, 13,22 11;41,0,4 13 5; 57, 40, 26, 35 5; 4, 13, 38
3 3;7,37,29,21 16;33,21,26 | 14 6; 56, 39, 47, 31 -0; 0, 51, 26
4 4;6, 38,34,35 20;27,32,11 | 15 0; 55, 38, 58, 25 -5; b, 51, 36
5 5; 5,39, 29, 5 23; 11,43, 7 16 1; 54, 37, 59, 24 -9; 56, 31, 8
6 6; 4, 40, 12, 55 24, 38, 2, 11 17 2; 53, 36, 50, 33  -14; 23, 24, 17
7 0; 3, 40, 46, 9 24; 43, 43,48 | 18  3; 52, 35, 31, 56 -18; 15, 57, 37
8 1; 2, 41, 8, 50 23; 35, 20,55 | 19 4; 51, 34, 3, 40 -21; 23,17, 3
9 2;1,41,21,3 21; 22, 58,10 | 20 5; 50, 32, 25, 51  -23; 35, 7, 42
10 3;0,41,22, 52 18;15, 10, 33

~



14

SCIAMVS 2 The Tithicintamani of Ganesa 289

References

Sources

BSS Brahmasphutasiddhanta of Brahmagupta. Composed in 628. Edited with his
own Sanskrit T%a by S. Dvivedin, Benares 1902.

GL Grahalaghava of Ganesa. Composed in 1520. Published several times, for ex-
ample, edited with the commentaries of Mallari and Visvanatha by Sudhakara
Dvivedin, Benares 1904. reprinted Bombay 1925.

KK Karanakutihala of Bhaskara. Composed in 1183. Edited with the commentary
of Sumatiharsa by M. S. Purohita. Munba1 1901.

PS Paricasiddhantik@ of Varahamihira. Composed in the sixth century. Edited
with an English translation and an English commentary by O. Neugebauer
and D. Pingree, 2vols., Cobenhavn 1970-1971.

SS Sighrasiddhi of Laksmidhara. Composed in 1278. Edited by D. Pingree, Jour-
nal of the Oriental Institute Vol. 37, Nos. 1-2 (1987) pp. 65-81.

SS Suryasiddhanta. Revised in ca. 800. Published several times, for example,
edited with his own Bhasya. Tattvamrta. by Kapilesvara Sastrin, K&t Sanskrit
Series 144, Banarasa 1946. Translated into English by E. Burgess, Journal of
the American Oriental Society 6.2 (1860) pp. 141-498 (reprinted many times).

TC Tithicintamani of Ganesa. Composed in 1525. Edited with the Udaharana
of Viévanatha by Dattatreva Apate, Anandasrama Sanskrit Series 120, Poona
1942, pp.1-28.

Studies

CESS David Pingree, Census of the Ezact Sciences in Sanskrit, Series A, vols. 1-5,
American Philosophical Society, Philadelphia 1970-1994.
DSB Gillispie ed. Dictionary of Scientific Biography, 16 vols., New York 1970-1980.
JYOTIH David Pingree, Jyotihsastra, A History of Indian Literature, IV, Fasc. 4, Otto
Harrassowitz, Wiesbaden 1981.
SATE David Pingree, Sanskrit Astronomical Tables in England, Madras 1973.
SATIUS David Pingree, Sanskrit Astronomical Tables in the United States, Philadelphia
1968.
IAS B. V. Subbarayappa and K. V. Sarma, Indian Astronomy: A Source-Book,
Nehru Centre, Bombay 1985.
YANO Michio Yano, Senseijyutsushi tachi no Indo (Japanese), Chuickoronsha (chu-
koshinsho 1084), Tokyo 1992.

(Received: July 19, 2000)



	scan 1.pdf
	scan 2.pdf
	scan 3.pdf
	scan 4.pdf
	scan 5.pdf
	scan 6.pdf
	scan 7.pdf
	scan 8.pdf
	scan 9.pdf
	scan 10.pdf
	scan 11.pdf
	scan 12.pdf
	scan 13.pdf
	scan 14.pdf
	scan 15.pdf
	scan 16.pdf
	scan 17.pdf
	scan 18.pdf
	scan 19.pdf
	scan 20.pdf
	scan 21.pdf
	scan 22.pdf
	scan 23.pdf
	scan 24.pdf
	scan 25.pdf
	scan 26.pdf
	scan 27.pdf
	scan 28.pdf
	scan 29.pdf
	scan 30.pdf
	scan 33.pdf
	scan 34.pdf
	scan 35.pdf
	scan 36.pdf
	scan 37.pdf
	scan 38.pdf
	scan 39.pdf
	scan 40.pdf
	scan 41.pdf

