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If it be considered that the doctrines on 
which these humble Kalendars are calcu
lated, have from time immemorial ruled the 
Chronology of ma'!Y civilized and wealthy 
nations, the subject mt!) not be deemed 
undeserving of the attention of the votaries 
of science. 

JOHN WARREN 

This little book is intended to be useful to epigraphists and interesting 
to students of technical chronology. I have spared no pains in endeav
ouring to render the Explanation as intelligible and concise as the subject 
would allow, and I advise readers not to try to make use of my Tables 
without having thoroughly studied it. 

If the demand for this work proves sufficient I intend to publish a 
second part dealing with yogas, naJuatras, Jovian cycles and reduction 
to other Siddhantas. 

For the mathematical foundations of the Tables I refer to my articles 
on Hindu Chronology in the Acta Orientalia of the years 1921-26. All 
calculations have been effected to at least five significant figures; I am 
indebted to the Dutch Oriental Society for a subvention which enabled 
me to have part of the work done by others under my supervision. The 
trouble which my young friends H. W. VERHEYEN, astronomical com
putor, and A. KUIPERS have taken over the calculatory work and the dia
gram illustrating the Explanation deserves full appreciation. 

My special thanks are due to the good friends who rendered publication 
possible, to Dr. JOHAN VAN MANEN, secretary to the Oriental Society of 
Bengal, and to Mr. J. G. BOTH, for procuring me the fine collection of 
Indian paiicangas which forms the foundation of my investigations on 
the subject: and, not least, to my friend ALEXANDER STOLS, who has again 
enhanced his printing fame by the fine execution of this small but com
plicated piece of expert workmanship. 

W. E. VANWIJK 
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EXPLANATION 

§ I. TIME. At first sight Hindu chronology seems an intricate matter 
to the European mind. To explain in a simple way what is necessary for 
understanding and dealing with the following tables the graphical method 
seemed to me most expedient. We shall represent TIME by a straight line, 
without beginning or end. Any inch of that line may stand for a day as 
well as for a thousand years, for a second as well as for an aeon. 

§ 2. EPOCH. Time is measured by man in units comprehensible to the 
human mind, as days, months and years. Chronology arises when a point of 
that line is accepted as a starting point to count from; such a starting point 
is called an EPOCH and the years -counted from that epoch form an ERA. 

§ 3. EXPIRED AND CURRENT YEARS. The years of an era may 
be counted in two different ways: the year beginning at the epoch may 
be considered as year 0 or as year I of the era. Both systems are in use in 
Hindu as in other chronology. The Hindus call the years counted in the 
first way expired (gata) years, in the second way current (vartamana) years. 

ILLUSTRATION: We count the years of human life in expired years. A child 
of seven years has already lived for more than seven years; but on the famous 
18 Brumaire de l' An VIII de la Republique Franfaise une et indivisible only 7 years 
and 47 days of the French Era had elapsed. 

Our tables are constructed primarily for expired years of the astro
nomical era used by the Siirya Siddhtinta, called the Kali Yuga. 

§ 4. EPOCH OF THE KALI YUGA. The Siirya Siddhtinta accepts 
365925875648i for the astronomical duration of the year. Many different 
eras are in use, the one with the remotest epoch and therefore embracing 
all others being the Kali Yuga. The epoch of the Kali Yuga coincides 
with midnight between the 17-th and 18-th day of February of the year 
3102 B C (= year -3101 in astronomical reckoning) for the meridian of 
Lankti. In these tables the days are assumed to begin at mean sunrise, 
assumed to be 6 a.m. mean Lanktitime; therefore 48975 of the year -3101 
had elapsed at the moment when the Kali Yuga began. 

NOTE: The astronomical year of the Hindus is a sidereal year; modern authors 
on Hindu chronology call it an anomalistic year, but the anomalistic year - ac
cording to the Siirya Siddhiinta-measures 090000327211 more than the sidereal. 
The tropical year, which is the astronomical foundation of the Christian era, 
measures 3659242546. 
The civil year, which always counts a whole number of days, can be a good deal 
longer or shorter than the astronomical year, as will become clear in the course 
of this explanation. 
Lanka is a fictitious place on the equator, on the meridian of Ujjayini, the Avanti 
mentioned in the Siirya Siddhiinta (1,62); its longitude is 75°46'6" East from Green
wich. 

3 



explanation 

§ S. BASE. For practical reasons these tables are not based on the epoch 
of the Kali Yuga itself but on a moment which precedes it by 329S23466S .. 
By successively adding 36592S 8 .. we get a series of points on the "time
line", each preceding the astronomical beginning of a year of the Kali 
Yllga by 329S23. These moments we shall call the BASES of the years. It 
is easy to find the equivalents of these bases in the Julian calendar. The 
first of them is day 48.750 - 32.523 = day 16.227 of the year -3101; 
the second is day 16.2.27 + 365.259 - 365*) = 16.227 + 0.259 of the year 
-3101 + I = -3100; the third 16.227 + 2 X 365.259 - 365 - 366*) = 

16.227 + 2 X 0.259 - I, of the year -3101 + 2, etc.**) To prevent the 
subtraction of a unit each year after a bissextile the tables accept 15.722 in
stead of 16.227 as starting point which compels us to increase the numbers 
for the odd years in column B of Table II by I. Therefore Table I must 
always be used in conjunction with Table II. 

EXAMPLE: Required the base for the years K.Y. expo 5000 and 5001. 

A B A B 
Table I 5000 59.009 5000 59.009 
Table II ~+ 1.000 ~+ I.z 59 --+ --+ 

5000 60.009 5001 60.z68 

3 101 3 101 
--- ---

A.D. 1899 A.D. 1900 

NOTE: Our BASE is the moment of the true Mina saf/lkriinti, which is the nearest 
moment always to precede the beginning of the Caitriidi Hindu civil year. It is 
chosen with the aim of keeping all calculations with these tables additive on 
principle. 

SOLAR RECKONING 

§ 6. SAMKRANTIS. Two different forms of year are in use among the 
Hindus, the first based only on the movement of the sun, the second 
taking also the moon into account. I shall deal first (in this paragraph 
and the next) with the solar year. 

The Hindu zodiac is divided into 12 signs or rtifis and the moment in 
which the sun in its yearly course enters one of these rtiii.I is called a 
saf!1krtinti. A solar year is the time elapsing between two consecutive 
moments in which the sun enters the same sign; in most cases the MCfa 
saf!1krtinti is considered the astronomical beginning of the year, and such 
a year is called a MCfaai year. But Sif!1htidi and Kanytidi years also occur. 

Before about 4000 K.Y. the saf!1krtintis were placed in equal distances 
on the time-line (therefore each 1/12th of a sideral year = 309438 removed 

*) The year -3101 must be considered a common year, -3100 a leap year, etc. 
**) Reference to Tables I and II, columns A and B, will give the Julian equivalent 

of the base of any year of the Kali Yuga, calculated in this way. 
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explanation 

from the next) but afterwards increased knowledge of the astronomical 
phenomena enabled the calendar-makers to calculate the exact time which 
the sun needs to proceed 30° in longitude in its course. The distances of 
these MEAN and TRUE sa'!lk!'antis from the base are given in Section A 
of Table III; e.g. the mean Dhanus sa'!lk!'anti falls 2769029 after the base, 
the true 2769672, etc. 

It is now also possible to find the equivalent of a sa'!lkrtil1ti in the Julian 
calendar. E.g. we found that the base for the year K.Y. expo 5001 corres
ponds to day 60.268 of A.D. 1900; therefore the true Dhanus sa'!lk!'tinti 
of that year falls on day 60.268 + 276.672 = 336,940 of A.D. 1900. 

If we wish to know the corresponding date, we have to use Section E 
of Table III; the year 1900 being a leap year in the Julian calendar, we 
find 336 - 33 5 = 1 December 1900, oc;l940 after mean sunrise at Lankti. 

If the Gregorian equivalent is wanted we have - according to Section F 
of Table III - to add 13c;l, finding, therefore, December 14 A.D. 1900. 

§ 7. SOLAR MONTHS. The solar year is divided into 12 solar months, 
which receive their names from the sa'!lkrtintis, or from the lunar months 
which end after these sa'!lk!'tintis. The names of these lunar months are 
also to be found in Section A of Table III. In most cases the first day 
of the solar month begins at the sunrise next following the sa'!lk!'tinti. 

For other rules for the first day of the solar month see Section E of the first auxil
iary table. 

EXAMPLE: Required the Julian equivalent for 24 Karka K.Y. expo 4372, 
true system. 

A B 
Table I 4300 52.879 
Table II ~ + 1.630 + 

4372 54.5 09 
3101 _ Table III, true Karka 124.353 + 

A.D. 1271 178.862, 
which implies that day I begins at sunrise of day 179 and day 24 at sunrise of 
day 179 + 23 = 202. The year 1271 being a common year, this number -
according to Sect. E of Table III - corresponds to 202 - 181 = 21 July. 

LUNISOLAR RECKONING 

§ 8. LUNISOLAR YEAR AND MONTHS. The second year form is 
the lunisolar, and is based on the movements of the moon as well as of the 
sun. The lunisolar year consists of lunar months or lunations, a lunar 
month being the time elapsing between two consecutive moments of New 
Moon. The mean duration of the lunar month is called the synodic period 
of the moon; according to the S iirya S iddhtinta it amounts to 29c;l5 305 879 .. In 



explanation 

most cases the lunation which ends first after the MCfa sa1?1krtinti is consid
ered the first of the lunar months of the year; this lunation is called Caitra. 

Again there are two sytems of lunisolar reckoning: the lunations may 
be considered as having all the same duration, viz. that of the synodic 
period, or they may be taken as actual intervals between consecutive mo
ments of true conjunctions of sun and moon. The first system, using mean 
(madI?Jama) lunations is the oldest; the true (spaf!a) system became prevalent 
roughly about 4000 K.Y. We have to deal with the mean system first, as the 
true system presupposes a thorough knowledge of the mean reckoning. 

The names of the lunisolar months are given in Section A of Table III. 

LUNISOLAR RECKONING. MEAN SYSTEM 

§ 9. DISTANCE OF MEAN NE\V MOONS FROM BASE. If the 
distance of the first New Moon from the base is known for a year, all the 
other New Moons of that year are equally known, as they follow each 
other at a distance of 29953 I. The distance of the first New Moon from 
the base is found by means of columns C of Tables I and II, whilst the 
multiples of the synOdic period are given in Section G of Table III. 

As the distance of the first New Moon from the base always must be less 
than 29953 I, that number must be subtracted from the sum of the numbers 
in columns C of the Tables I and II as soon as this sum exceeds that number. 
For this reason it appears for convenience sake over column C in Table II. 

EXAMPLE: Required the Julian equivalent of the time of the 4-th mean New 
Moon in the year K.Y. expo 3874. 

Table I 3800 48.501 16.413 
20.871 Table II _74 + 1.148 --+ 

3874 49.649 
--+ 

37.284 
3101 subtract period 
---

A.D. 773 distance of first N.M. from base. 7·753 
Table III, Sect. G, 4th N.M. . . 88.592 + 
distance of fourth N.M. from base. 96.345 
Julian equivalent of base found. . 49.649 + 
... required equivalent. . . . . 145.994 

The year A.D. being a common year the result stands for 145 - 120 = 25 May 
A.D. 773, 09994 after mean sunrise at Lanka. 

NOTE: The serial numbers in brackets in Section G of Table III are only to 
be used in certain rare cases of true reckoning. See § 20. 

§ 10. NOMENCLATURE OF LUNAR MONTHS. The lunar month 
which ends with the first New Moon after the MCfa sa1?1krtinti is called 
Caitra, that which ends with the first New Moon after the Vrfabha sa1?1-
krtinti is called Vaiftikha, etc., as tabulated in Section A of Table III. 
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explanation 

As however the mean synodic period of the moon - viz. 299531 - is 
shorter than the distance between two meansaf!1krantis -this distance being 
309438, as stated in §6-it happens from time to time, that alunation which 
has begun shortly after a saf!1kranti ends before the next saf!1kranti. Such a 
saf!1kranti-Iess lunation is added to the next lunation, which obtains its re
gular name, according to the rule given at the beginning of this paragraph. 

The two homonymous lunations are distinguished by the prefixes 
prathama (= first) and dvitrya (= second) or by the prefixes adhik,a (= 
added) and nija (= regular). 

. I' . 365.258756481 NOTE 1: The slderea year eVIdently contaInS 6 = 12.3688277 .. syn-
29· 53 058794 

odic periods, which implies that there must be about 369 mean added months in 1000 
years. Robert Sewell, who calculated the mean intercalations for the period 3400 till 
4200 of the K.Y., found within these 800 years 296 mean added months, which result 
is in accordance with this calculation. The fraction '3688277 .. being nearly equal to 
7/19(= 0.3684210),about the same repetitions reappear after each period of 19 years. 
NOTE 2: The names of the lunar months have been derived from certain 
asterisms (nak!atras) in the moon's track. 

§ I I. MEAN ADDED MONTHS. If the distance of the first mean New 
Moon from the base is known, the position of all other mean New Moons with 
regard to all meansaf!1krantisisequally known. Theinferior limits determining 
if a month has to be added, and if so, which, are given in Section B (upper 
part) of Table III. We found e.g. in § 9 that the first mean New Moon of 
the year K.Y. expo 3874 falls 79753 after the base; this implies that a month 
Alvina has to be added. By way of illustration we shall discuss another. 

EXAMPLE: Is - in the mean system - a month added in the year K. Y. expo 
3926; if so, which? 

We find: 
Table I 
Table II 

~-o 
3900 19.875 

26 12.122 -+--+ 
3926 31·997 

29·531 ----
2.466 and this being> 2.085 Caitra is an added month. 

In fact, as the mean Me!a safJIkranti falls 329523 after the base (and therefore 
the mean safJIkranti preceding it 32.523 - 30.438 = 2.9085 after the base) and 
the second New Moon 2..466 + 29.531 = 319997 after the base, the year con
tains a lunation without a safJIkranti, which becomes an added lunation. 

NOTE: Instead of add e d month or lunation, the term i n t e rca 1 ate d 
(prak!pta) is often used in chronological treatises. 

§ 12. THE SERIAL NUMBER OF A LUNATION. We shall call a year 
with no month added a common year. A common year contains 12 lunar 
months, the serial numbers of which are the same of those of the saf!1krantis. 
We find these serial numbers in the top row of Section A of table IV. 
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But in the case when the year contains an added month, the serial 
numbers of the lunations show a certain shift. E.g. when the year contains 
an added Caitra, the first lunation of that year is adhika Caitra (cf. the 
example after § I I above), the second nija Caitra, the third VaiJakha, etc. 
These serial numbers are given in Section A of Table IV. The number, 
given in days and decimals of a day, which has to be added to the distance 
of the first New Moon from the base to find the beginning of the suc
cessive months is always found in Section G of table III, headed "Multiples 
of synodic period of the Moon". 

As an example, we shall calculate the New Moon marking the beginning 
of the month Kartlika in the expired years of the K.Y. 3873 and 3874; 
the first of these two years is a common year, the second contains an 
added Alvina (See § II): 

EXAMPLE: Required the Julian date of the mean New Moons, marking the 
beginning of the month Karttika for the years K.Y. expo 3873 and 3874. 

base »- 0 
3800 48.501 16.413 

--.J.l + 1.889 + 2.232 + 
3873 50.390 18.645 year common 
pOI 

772 A.D. 
Karttika, 
8-th lunation 

base 

October 

date 

206.714 --+ 
225·359 
_~_(~}9° + 
275·749 
274. (leap year) 
~--

1.749 

base »- 0 
3800 48.501 16.413 
----.li + 1.148 + 20.871 + 
3874 49.649 37-284 
3101 29.53 1 
--- ---

773 A.D. 7.753 Alvina added 

9-th lunation 23 6.245 --+ 
243.998 
49.649+ 

293.647 
273· (common 

year) 

§ 13. DAYS AND TITHIS. A mean lunation, that is, the time elapsing be
tween two consecutive mean New Moons, is divided into 30 lithis; all mean 
lithis have the same duration of l/ao of the synodic period, therefore of 09984. 

The days of the lunar months derive their serial numbers from those 
of the lithis, in that the day gets the serial number of the tithi which is 
current (i.e. which has already begun) at the moment of the sunrise which 
marks the beginning of that day. 

A mean lithi however is 1.000 - 0.984 = 09016 shorter than a day; if 
therefore a mean tithi begins < 09016 after mean sunrise, it will end 
before the next sunrise, and as it is not current at any sunrise cannot 
convey its serial number to a day. E.g. if the third tithi of a certain month 
begins shortly after sunrise and ends before the next sunrise, the days of 
that month will be counted: 1,2,4, 5 .. etc. A tithi which does not convey 
its serial number to a day of the month is called a lost (k!aya) titbi. 
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The tithis of each month are counted in two groups; the first fifteen 
forming together the bright half of the month (fukia paJua), the second 
fifteen the dark half (krftJa pakfo). The lithis of both halves are distin
guished by their sanskrit numerals, with the exception of the fifteenth of 
the bright half, which ends with the Full Moon and is therefore called 
piirtJima, and the fifteenth of the dark half, with ends with the New Moon 
and is called amavasya. The tithi amavasya always gets 30 as its serial number 
(instead 0'£ krftJa 15). 

The names of the tithis are to be found in columns 1 of Section B of 
Table IV. 

NOTE; A sidereal year contains 365· z5875 65 = 371.064 tithis, or 5.805 more 
0.9843529 

tithis than days, which implies that the number of k,qya tithis in the mean system 
must always be 5 or 6 in each year. 

§ 14. CALCULATION OF THE TIME OF BEGINNING (and end
ing) OF A MEAN TITHI. Section B of Table IV gives the numbers to 
be added to the distance of the mean New Moon from the base to get the 
times of beginning of the mean lithis reckoned from the base. By adding 
to the sum the number called the "base" of the year, we find the time 
the tithi begins according to the Julian calendar. 

EXAMPLE: Required the Julian equivalend of the time of beginning of the 
tithi saptami kruza Miigha K.Y. expo 3565. 

35 00 

~+ 
35 65 
3101 

A.D. 464 

6.oz8 

0·774 + 
6.80z the year contains an added Bhiidrapada, which 

3z4.836 implies that Miigha is the IZ-th lunation. 

zo.671 tithi 7 kmla. 

352.309 
47.693 + base. 

400.00z 
Leap year, Febr. 397. 

3.00Z A.D. 465. 
The result is now that the 7-th tithi of the dark half of the month Miigha of the year 

. K.Y, expo 3565 begins on the third day of February of the year A.D. 465, o~ooz 
after mean sunrise Lanka. As this is less than 0~016 after sunrise, the tithi will 
end before the next sunrise, and therefore cannot convey its serial number (7) 
to a day of the month. The days of the month Miigha are now numbered: .... 4, 
5,6, 8, 9, 10 .. etc. of the dark half. 
NOTE: Each decimal reckoning is an approximation; the last figure is always 
uncertain. If we had therefore found, for the beginning of the tithi, 0~001 instead 
of o~ooz after sunrise, our tables would have told us that either the 7-th or the 
6-th of the dark half of Miigha, K.Y. expo 3565 had to be considered a k,qya one. 
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§ 15. KARAJY" AS. In addition to the division of the lunar month into 
tithis, the Surya Siddhanta also knows of a division into kfZratias. A /e.aratla 
is defined as the time which the moon needs to travel 6° from the sun. A 
mean /e.aratla is therefore the l/eoth part of the synodic period; the names 
of the /e.aratlas and the numbers to be added to the distance of a New 
Moon from the base to ascertain the moment at which they start are 
given in columns 2 and 3 of Section B of Table IV. 

The Hindu calendars or paiicangas note the ending moments of the 
/e.aratlas, but as a rule only of those which are current at sunrise. 

EXAMPLE: Using the figures obtained in the example after § 14 we note that 
the kara!1a va!1ija was current at sunrise on the third of February A.D. 465. 
It ended oqooz after mean sunrise of that day. 

LUNISOLAR RECKONING. TRUE SYSTEM 

§ 16. MEAN ANOMALY AND EQUATION OF THE CENTRE. 
In the true system the times when the tithis and the /e.aratlas begin are 
derived from the values found in the mean system by applying two cor
rections, which are called: the equation of the centre of the sun, and the 
equation of the centre of the moon. 

The equation of the centre of the sun is a function of the sun's mean 
anomaly, the equation of the centre of the moon is a function of the 
moon's mean anomaly. The values of the anomalies at the bases are found 
by means of columns D and E of the Tables I and II, the corresponding 
values of the equations are found on the folding leaves, those for the sun 
on the I eft han d, those for the moon on the rig h t han don e. 

The anomalistic period of the sun is practically equal to its sidereal 
period (cf. § 4 Note), viz. 365#59; the anomalistic period of the moon 
is 27<1555; as soon as values for the anomalies surpassing these numbers 
appear in our calculation, they have to be. decreased by the amounts 
given. To find the equations of the centre with a sufficient degree of 
accuracy it is necessary to work to one decimal place in the values for 
the sun's anomaly and to two decimal places in the values for the moon's 
anomaly. 

The equations of the centre are positive or negative; for convenience' 
sake, to prevent the alternation of additions and subtractions, the negative 
values have been replaced by their arithmetical complements, which 
necessitates the subsequent subtraction of a unit; in other words: instead 
of subtracting x, we add (-x + I) and afterwards subtract I from the 
sun. As the absolute value of the equation never surpasses 0<15 this cannot 
give rise to confusion, and it greatly facilitates the reckoning. 

The Tables of the equations of the centre give values for each whole 
day of the sun's mean anomaly and for each tenth of a day of the moon's 
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mean anomaly. In the calculations the mean anomalies appear with one 
decimal more; therefore to find the equations for the intermediate values 
of the anomalies an interpolation is required. 

If e.g. the equation of the centre is wanted for the anomaly» = 12.83, 
we have to proceed as follows: 

For an. » 12.80 the equ. according to the table = 0.908 - I 

For an. » IZ.90 the equ. according to the table = 0.917 - I 

therefore for the an. 12.83: 
0·908 - I + 0.3 X (0.917 - 0.908) = 
0.908 - I + 0.3 X 0.009 
0.908 - I + 0.003 = 0.91 I - I 

The difference between two consecutive values of the equations never 
surpasses ± 0.010, which implies that the interpolation is always easily 
effected. For convenience' sake I have added a small table of proportional 
parts, in which the unit stands for the third decimal. I advise careful 
interpolating. 

EXAMPLE: Required the moment of beginning of the lo-th lithi of the dark 
half of the 10-th lunation of the year K.Y. expo 5037. 

Table I 
Table II 

K.Y.exp. 
5°00 

base 
59.°°9 
1.574 --+ 

60.5 83 
~+ 
5°37 
3101 period 

A.D. 1936 
Table III, Section G loth lunation 

Table IV, Section B tithi 10 krffJa 

Mean beginning of tithi 
With argument 5. I find equ. of 

the centre O. . . . . . . 
With argument 12.83 find equ. of 

the centre ». . . . . . . 
Base, found above . 

True beginning of tithi . . 
Table III, Section E, leap year 

Result: A.D. 1936, December 

Table III, Section F, Gregorian ca
lendar. . . . . . . . 

Dec. 

0.016 

0.911 + I 
298.652 
60.5 83 + 

359.235 
335 
24 o<;iz 35 after mean sunrise mean Lan

ka time. 

~+ 
37 = January 6 A.D. 1937. 

NOTE I: The Siirya Siddhiinta assumes that the sun moves in a circular orbit, 
the earth in its centre, at a speed which varies from moment to moment but sways 
round a mean value. To account for this variability of velocity and to render the 
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calculation of the sun's true place in its orbit possible for any moment, the Siddhiinta 
accepts two points moving in the same orbit with different, but for either of them 
constant, speeds, in the same (easterly) direction. The first of these two points is 
called the mandocca (which we shall render by a psi s in accordance with the 
editors of the translation by Burgess), the other the mea n sun. The apsis 
completes its revolution in more than II-million years, the mean sun in a period 
of 365925875648i, which period is called a sidereal year. At the end of the creation 
the sun, the mean sun, and the mandocca were in the same point of the orbit, which 
point is situated in the intersection of the orbit, with a straight line which joins 
the immovable earth with a certain point in the skies; this zero-point of the sphere 
is situated near the prin
cipal star of the asterism 
RevaH, which we call now 
l;-Piscium. 
After each sidereal year 
the apsis advances a frac
tion of a second in the 
orbit, and when after mil
lions and millions of years 
the Kali Yuga began, the 
mean sun was in the zero
line and the apsis had 
completed a certain num
ber of revolutions (175) 
plus 77° of another revo
lution. 
The apsis is attached to 
the sun by cords of air 
and, according to its near
ness, it draws the sun 
backward or forward; the 
distance of the sun from 
the mean never surpasses 
2°10' 3 I'. It is this devi
ation of the sun's place 
from that of the mean sun 
which is called e q u a
ti 0 n 0 f the c e n t r e. 
To calculate this equation 

In the figure the dimensions of the epicycles and of the amount 
of contraction in the odd quadrants have been exaggerated. 

for any given moment, the Siirya Siddhiinta avails itself of an epicyclic system; in 
a circle having a radius of 14/ 360 of that of the sun's orbit and having the mean 
sun as its centre, a point revolves at constant speed. The time of its revolution 
is equal to that elapsing between two consecutive passages of the mean sun 
through the apsis (viz. the anomalistic period) and its direction is opposite 
to that of the mean sun in the orbit. The point of intersection of the line joining 
the earth and this point revolving on the epicycle with the orbit marks the true 
place of the sun. 
The calculation is complicated by the next assumption, viz. that the dimensions 
of the epicycle undergo a contraction which reaches its maximum value in the 
odd quadrants of the anomalistic revolution, amounting there to 1/ u of the value 
in the even quadrants. 
The position of the directional point in the epicycle is found by a simple gonio
metric proportion; the table of sines, however, which the Siirya Siddhiinta contains, 
differs considerably from that of the natural sines, the chief difference being that 
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the values are only given for each 225' in the quadrant, the others being found 
by linear interpolation. 
The true places of the moon are determined in a similar way; the dimension of 
the epicycle are here 88/S60 with a contraction to 1/98 of this amount. The ano
malistic period is 27955 5 . 
The radius of the suns' orbit is accepted to be 13.36 times that of the moon's orbit 
For particulars about the construction of the tables and about the formulae used 
in the calculation of the tables of the equations of the centre I refer to parts I 

and 2 of my article on Hindu Chronology. 
NOTE 2: It follows from the text of this paragraph that the values for the equa
tions of the centre must be found with the arguments: mean anomalies of sun and 
moon for the moment of true beginning of the lithi. But as we do not know 
this moment beforehand (else we should not need to calulate it) we use the mo
ment of mean beginning. The example of the calculation given at the end of the 
paragraph has therefore the character of a first approximation. As a matter of 
fact, this first approxiamtion is amply sufficient in most cases. If, however, a 
greater degree of accuracy is desired, we can come a little nearer by entering the 
result of this approxiamtion in our calculation. E.g. we found for the total cor
rection to be applied to the mean value, in the last example, 0.016 + 0.911 - I = 
0.927 - I. Applying this value to the anomalies found for the mean beginning 
of the lithi, they have to be corrected to resp.: 5.1 + 0.9 - I = 5.0 for the sun 
and 12.83 + 0.93 - I = 12.76 for the moon. The corresponding equations of 
the centre are now 0.016 (unaltered) and 0.904 - I (instead of 0.911 - I); the total 
equation now becomes 0.920 - I; the distance of the true beginning of the lilhi 
from the base; 298,725 + 0.920 - I = 298.645, and the Julian equivalent 359.228. 
A second repetition is hardly ever of any value. 
The equations of the centre have from the nature of things always to be read 
from the mean values. 
NOTE 3: From a chronological point of view the substitution for the mean 
calendaric system of one based on the true movements of the sun and the moon, 
was anything but an improvement, as it destabilized the foundations of the time
reckoning. Indeed, the system may have had the charm of adapting daily life as 
nearly as the astronomical knowledge permitted to the movement of the heavenly 
bodies, but on the other hand it broke the ties with history, as there was no unity 
either of elements or systems. The very complexity of the system is a proof of 
its primitiveness. 
The transition from the mean system to the true occurred about A.D. 1000. 

§ 17. ElJA. The values for the moon's mean anomaly are often corrected 
by applying to them a correction called bija, which is based on a slightly 
different assumption for the period of the moon's anomalistic revolution. 
It was not introducted before about 4500 of the Kali Yuga. In our Table I 
its amount is given as if it had existed from the beginning, to give an 
insight into its progress. 

§ 18. DURATION OF TRUE LUNAR MONTHS. The joint effect of 
the two equations, that of the sun and that of the moon, causes the lunar 
months to be of unequal length. Calculated with the data of the S iirya 
Siddhtinta this duration is found to lie between the limits 299305 and 
299812. 

The time elapsing between two consecutive true sa1?1krtintis varies from 



explanation 

29Q3I8 to 31Q644. Accordingly, it is possible in the true system for a 
lunar month to remain without a saf!1kranti, as well as to contain two 
saf!1krantis. In the first case a lunation is added in a similar way to that we 
have described already when explaining the mean system (§ § 10 and II). 

In the second case a month is suppressed. 
The months Pau{a and Magha never appear as added months, whilst no 

other months can be expunged but }"largafir{a, Pau{a and Magha. Pha/guna 
occasionly figures as an added month but only in years from which a 
month has been suppressed. 

We shall treat of the true intercalations and suppressions of months in 
detail in the two following paragraphs. 

§ 19. TRUE ADDED MONTHS. The variability in the duration of the 
lunar months renders it impossible to tell with certainty from the value found 
for» - 0 at the base of a given year if a month has to be intercalated in that 
year and if so, which. Only the inferior limits determining the possibility of a 
certain month's being intercalated can be given; these limits are tabulated in 
the lower part of Section B of Table III. E.g. if we find for a certain year that 
»- 0 at the base amounts to 6.100 it is highly probable that a monthSravatza 
has to be added to that year, it is possible that not Sravatza but A{arjha has to 
be intercalated, but it is impossible that the year is to contain an additional 
Bhadrapada. To make sure, the exact determination of the distance of one 
true New Moon from the base as mentioned in Section C of Table III is 
wanted for each month. In the case under consideration a true New Moon 
occurring I24Q354 after the base would show Sravatza to be the added 
month but one occurring I24Q350 after the base would indicate Ararjha. 

EXAMPLE: Is a month added - and if so which - in the year K.Y. expo 4899? 

4800 
99 

»- 0 An·O An.» 
21.499 71.7 27.42 
I4·3 5 3 8.98 

35.852 
29.53 I 

1) 6.32I 
2) II8.I22 

124.443 
0.959- I 
0·353 

124.44 

I60.84 
I37·77 

23.0 7 
1) Intercalation of Sriivarza possible. 
S) Find in Section G of Table III the 

number, which added to 1) brings 
the sum as near as possible to 
124.35 2. 

I24.755, this being> I24.352 a lunation Sriivarza has to be added. 
A second approximation (See § I6 Note 2) is not needed; it becomes necessary 
when the result differs less thans oQ03 from the limit. 

§ 20. TRUE INTERCALATION OF CAITRA. A true New Moon 
soon after the base determines an intercalation of Caitra. If therefore 
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» ...: 0 at the base is found to be a little more than 0 (see the limits in the 
lower part of Section G of Table III), the joint effect of the two equations 
may cause the true New Moon to fall just after or just before the base (which 
we recollect to be the true Mina Sa1?Jkranti); in the first case Caitra is inter
calated, in the second case Pha/guna of the preceding year (which implies be
sides the suppression of a month, as will be shown in the next paragraph). 

But it is also possible for a mean New Moon to fall just before the base; 
we find then »- 0 nearing 29.53 I. Again the joint effect of the two 
equations may cause the true New Moon to occur now before or soon after 
the base. The first of these two cases determines an intercalation of Phal
guna of the preceding year, the second however an intercalation of Caitra. 
To attain certainty here, we might calculate the last true New Moon of that 
preceding year; we gain our object sooner however by calculating the exact 
moment of the true New Moon, derived from a mean New Moon preceding 
the first mean New Moon of the year (as shown by» - 0) by 299531. To 
prevent working with negative numbers we add instead: 09469 - 309. 

If in this case a true New Moon is found soon after the base the year 
contains an intercalary Caitra and shows the peculiarity that its first mean 
New Moon falls before the base; we have to use in such a year those serial 
numbers for the synodic periods which are shown in brackets in the first 
column of Section G of Table III. 

NOTE: The last case is a rare one; it occurs only in the years following those 
marked with an asterisk in Section A of the first auxiliary Table. 

EXAMPLES: 

Case 1. K.Y. expo 4642 
4600 

42 

»- 0 
14· 575 
15.0 38 + 
29.61 3 
29· 5 3 I ----
0.082 

o 0. 169 » 0.198 --+ 

An. 0 
71.7 

0.1 -+ 
71.8 

An.» 
22.92 
20.5 I 
0.08 --+ 

43·51 
27·55 ---
15'96 

0.449 Caitra intercalated. 

Case 2. K.Y. expo 4379 
4300 4. 191 

79 25.473+ 

29.664 
29.53 1 

0.133 
o 0. 169 » 0.607- 1+ 

0.909- I 

71.7 2.3 8 
-.- 5.78 
0.1 0.13 

71.8 8.29 

Caitra not intercalated (but Phii/guna 
of preceding year, cf. 1st auxiliary 
Table, Sect. A). 



Case 3. K.Y. expo 3628 
3600 

28 

Case 4. K.Y. expo 3525 
35 00 

25 

explanation 

9.490 
19.869 + 
29·359 
0.469- 30 + 
0.828- 1 

00.169 » 0.636 - 1 

-.-
0.8- 1 + 

71.5 

0.3 8 
4·49 
0.83- 1 + 
4.70 

+ Caitra not intercalated (but Phii/gllna 
of preceding year, cf. 1st auxiliary 
Table, Sect. A). 

6.028 
-.-23.01 3 + 

29.041 0.5 - 1 + 
0.469- 30 + 7I.2 
0.510- 1 o 0.168 

»~i!I+ 
0.063 Caitra intercalated. 

11.91 
10.90 
0.51- 1 + 

22.3 2 

§ 21. TRUE SUPPRESSIONS OF MONTHS. The values for» - 0 
at the base which serve as limits for the eventual intercalation of Alvina 
and following months, and for the suppression of months, show only 
small differences, and can even overlap each other. 

If we find, therefore, that »- 0 at the base for any year lies between 
10.0 and 11.50 we have to determine a series of true New Moons to 
establish the sequence of months in that year. This work is not difficult 
but it requires time. To prevent this trouble I collected in a special 
table (First auxiliary Table, Section A) all the years between K.Y. 
3100 end 5300 (A.D. 0 till 2000) from which a month has to be ex
punged. This table I have good reason for believing to be correct and 
exhaustive. 

A year from which a month has been expunged always contains 
one of the three months Alvina, Karttik.a or MargaJir[a as an added 
month and may contain besides an intercalary Pha1guna. MargaJir[a and 
Pha/guna never appear as added months in a year from which no month 
is expunged. 

It was for these reasons that I distinguished the months Alvina, Karttika 
and MargaJir[a in Section B of Table III by the sign! and put MargaJir[a 
in brackets. 
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EXAMPLES: I give the complete calculation for two years of different type for which » -0 at the base is found to lie between 10 and I I. 5 0 to wit: 3 608 and 480 I: 

»- 0 An. 0 
3600 9.490 71.7 0.38 
~+ 1.458 + 1.28 + 
3608 10.948 71.7 1.66 

Calculate the true New Moons beginning with the one determining an intercalation of Alvina. 

10.948 10.948 10.948 10.948 10.948 10.948 10.948 
177.184 + 206.714 + 23 6.245 + 265.775 + 295-306 + 324.836 + 354.367 + 

0 
188.132 217.662 247.193 276.723 306.254 335.784 365-3 15 

0.827-1 0. 827-1 0.872- 1 0.948- 1 0.039 0.119 0.169 » 0.269 
+ 

0.104 + 0.919-1 + 0.75 1- 1 + 0.63 2- 1 + 0.5 86- 1 + 0.624-1 + 
188.228 21 7.593 246.984 276'122 305.925 335-489 365-1 08 

Intercalation but Miirgafir!a Paula Miigha Phii/guna 
of AftJina Kiirttika IS not not k!aya repeated 
possible the intercal-

ated month 
expunged expunged 

0 188.1 217;7 247.2 276.7 306.3 335.8 365.3 

\:l ~+ ~+ ~+ ~+ ~+ ~+ ~+ 
-< 259.8 289.4 318,9 348.4 378.0 407.5 437.0 

365.3 - 365.3 - 365.3 -

12·7 42.2 71.7 

188.13 21 7.66 247.19 276.72 306.25 335.78 365-3 2 

A. 1.66 1.66 1.66 1.66 1.66 1.66 1.66 --+ --+ --+ --+ --+ --+ --+ 
\:l 189.79 219.3 2 248.85 278.38 307.91 337-44 366.98 

-< 165.33 - 192.88 - 247·99 _ 275·55_ 303.10 - 330.66 _ 35 8.21 -

24.46 26·44 0.86 2.83 4·81 6.78 8·77 

14 801 1 »-0 An. 0 An. » 
4800 21.499 7I.7 27.42 

01 18.639 ~+ -+ --+ 
4801 40.138 71.7 34·47 

29.53 1 - 27·55 ---
10.607 6.92 

Calculate the true New Moons, again beginning with the one determining an intercalation 
of Alvina. 

10.607 
177.184 + 
187.791 o 0.827-1 » 0.831-1 + 
187.449 

Intercalation 
of Alvina 
possible 

21 7.3 21 
0.827-1 

+ 

0.684-1 + 
216.832 

Intercalation 
of Kiirttika 
impossible; 

Alvina is the 
intercalated 

month 

10.607 10.607 10.607 10.607 
236.245 + 265.775 + 295-306 + 324.836 + 
246.852 276,382 305.913 335·443 

0.871-1 0.947-1 0.038 0.119 
0.599-1 + 0.594-1 + 0.670-1 + 0.810-1 + 

246.322 275.923 305.621 335;372 

Miirgafir!a nor Paula nor Miigha 
not expunged Phii/guna not 

intercalated 



o 
d 
<: 

187.8 

~+ 
259·5 

21 7.3 
71.7 + 

289.0 

explanation 

246.9 

7I.7 + 
318.6 

276.4 

~+ 
348.1 

3°5·9 

~+ 
377.6 
36503_ 

12·3 

33504 

~+ 
4°7.1 
365.3 -

41.8 

187.79 217.32 246.85 276.38 3°5.91 335·44 

~ ~+ ~+ ~+ ~+ ~+ ~+ 
194.71 224.24 253·77 28 3.3° 312. 83 342.36 
192.88 _ 220·44_ 247-99_ 275.55_ 3°3.1°_ 330.66_ 

1.83 3.80 5.78 7.75 9·73 11.70 

Inspection of Section A of the first auxiliary Table makes all calculations for the year 3608 
unnecessary and reduces those for the year 4801 to the determination of the first two true 
New Moons. 

If there are only two consecutive New Moons to be calculated the process may be 
shortened a little thus: »- 0 An. 0 An. » 

10.607 
177.184 + 
187.791 

~+ 

71.7 
187.8 --+ 
259·5 

6.92 

187.79 + 
194.71 
192 •88 ---

21 7.3 22 
~+ 

289.0 1.83 
1.98 being 29.531 - 27.5 55 cf. Section D of Table III. --+ 
3.81 

2nd true N.M. 
21 7.322 

0. 827-1 

0.683-1 + 
216.832 

NOTE: As perhaps the reader may wish to have the complete order of the serial 
numbers of the months for different types of years, I add here a schedule containing 
the serial numbers for a common year (cf. § 12), and for the two years which we 
have investigated in the two examples just given. This schedule is only an illustra
tion of how to apply the table given in Section A of Table IV. 

N° Comm. Year 3608 4801 

Caitra Caitra Caitra 
2 Vailiikha Vailiikha Vailiikha 
3 Jycf!ha Jycf!ha Jycf!ha 
4 Asiidha Asiidha Asiidha 
5 Srav~!la Srav~!la Srav~!la 
6 Bhiidrapada Bhiidrapada Bhiidrapada 

7 Alvina Alvina Alvina 
8 Kiirttika Kiirttika Alvina II 
9 Miirgalirfa Kiirttika II Kiirttika 

10 Paufa Miirgaiirfa Miirgalirfa 
II Miigha Paufa PaUfa 
12. Phiilguna Phiilguna I Miigha 
13 Phiilguna II Phiilgllna 
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explanation 

§ zz. TRUE TITHIS. A tithi is the time, which the moon needs to travel 
1 ZO from the sun. A true tithi conveys its serial number to the weekday 
in the manner of the mean tit hi (§ 13), viz. the day of the month gets its 
serial number from that tit hi which is current, i.e. which has already be
gun, at the sunrise marking the beginning of the day. Calculated from the 
data of the Surya-Siddhanta, the duration of the shortest tithi is found to 
be 09896 and of the longest, 19091. 

It is therefore possible for a tithi beginning shortly after sunrise to end 
before the next sunrise; such a tithi, on which the sun does not rise, 
cannot convey its serial number to a day and e.g. a day 3 of a month is 
followed by a day 5. As we have seen when treating of the mean tithis, 
such a tithi is called a lost (IU'!J'a) tithi. 

But in the true system it may also happen that a tithiwhichhas begun short
ly before sunrise lasts till after the following sunrise; it conveys its serial 
number to two consecutive days of the month and e.g. a day Monday NO.4is 
followed by a day Tuesday NO.4. Such a tithiis called a repeated (adhik,a) tit hi. 

The calculation of the beginning of a true tithi has already been described 
in the example given with § 16. 

It is impossible to give mean limits for the suppression or repetition of true 
tithis, that is to say: the value found for »- 0 at the base gives no clue for 
the distribution of the tithis in the course of the year. We have always to cal
culate the exact moment of beginning of the tit hi, and in cases where we wish 
to make sure of a repetition or omission, the end as well. The end of one tithi 
is the beginning of the next. We can only state that a true tithi: 

beginning more than 09103 after sunrise cannot end before the next 
sunrise, which implies that it cannot be expunged, 

beginning less than 09909 after sunrise cannot end after the sunrise 
of the following day, which implies that it cannot be repeated. 

EXAMPLES: 

1. Required the Julian equivalent of the beginning of tithi illkla 13, month 
A,ii¢ha, K.Y. expo 3585. 

K. Y.exp. base »- 0 An. 0 An. » 
35 00 45.874 6.028 71.7 11.91 
~+ 1.994 + 19.184 + 20·51 
35 85 47.868 25.212 125.6 + 3.62 + 
3101 A,ii¢ha, 4th month 88.592 197.3 158.04 

A.D. 484- lithi 13 illkla 11.812 + 137·77_ 

125.616 20.27 
o » 0.955 - 1 

0.412 + 
125.983 

base_47'----._86_8 + 
173.851 

leap year 15 2. 
--'---;---

A.D. 484, June 21,09851 after mean sunrise mean Lankii time. 



explanation 

II. An adhika lithi: Tithi Jllkla 2 VaiJakba, K.Y. expo 5025. 

5000 59.009 28.422 71.7 4·38 
25 1.469 23.01 3 + 10.90 

-+ --+ 
~+ 52.42 502 5 60.478 51·435 --+ 

3101 - 29.53 1 124. 1 67.70 

A.D. 1924 21.904 n· II ----
VaiJakba 2nd month 29.53 1 12·59 
lithi Jllkla 2 0.984 

+ 
52.419 o 0.151 

'" 0.888 - I JJ __ + 
52.45 8 

base 60.478 + 

True beginning of lithi II2.936, the fraction being> 0.909 the tithi 
might be adhika. To check calculate its end as well (= beginning of next tithi). 

52 .41 9 
I lithi 0.984 + 

o 0.15 0 

»_0_'.'-98_0 + I 

base 

True ending of lithi 

53·533 
60.478 + 

II4· 0 II 

124.1 
1.0 

--+ 
125. I 

12·59 
0.98 --+ 

13·57 

Therefore lithi 2 is current at sunrise of days I 13 and 114 and day 114 also re
ceives the serial number 2 of the month VaiJakba. 

The lithi corresponds to days May 5 and 6 A.D. 1924, Gregorian style. 

III. A k!aya lithi. Pur!1ima (= 15) VaiJakba K.Y. expo 5025. 

5000 59.009 28.422 71.7 4.3 8 
25 1.469 + 23.01 3 65.2 10.90 

-+ + --+ 65. 22 502 5 60.478 51·435 136,9 --+ 
3101 29.53 1 80.5 0 ---

55· II A.D. 1924 21.904 ----
VaiJakba 2nd month 29.53 1 25039 
tithi Jllkla I 5 13.781 

+ 
65.216 

o 0. 127 
» 0.197 + 

65.540 

base 60.478 

True beginning of tithi 126.018,+ the fraction being < O~103 the tithi 
might be k/aya. To check, calculate its ending moment as well (= beginning of 
next tithi). 
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65.216 136,9 25039 
I tithi 0.984 + 1.0 0.98 --+ --+ 

66.200 137-9 26·37 
0 0. 12 5 

» 0.1l1 + 
66.43 6 

base 60.478 + 
126,914 

The tithi begins after and ends before sunrise on day 126; tithi 14 is current at 
sunrise of day 126 and tithi 16 at that of day 127, and no day in VaiJakha K.Y. 
expo 5025 has 15 as its serial number. 

§ 23. TRUE KARA1';lAS. A k,aratla is the time which the moon needs 
to travel 6° from the sun. The beginning and end of a true k,aratla are cal
culated in the same manner as those of the lithi. The values to be added 
to those for the mean New Moons are given in columns 2 and 3 of 
Section B of Table IV. 

EXAMPLE: Which karaIJa is current at sunrise of day 10 of the month Bhiidra
pada in the year K.Y. expo 4995? 

K.Y. expo base »- 0 An. 0 An. » 

3101 

58. I 33 
1.5 82 --+ 

59.715 

Bhadrap. 6th month 
KaraIJa taitita 

o » 
base 

True beginning of karaIJa 

24.960 
28.390 + 
53035 0 

29.53 1 

23. 81 9 
147.653 

8.859 + 
180.33 1 

0.834- I 

0.809- I 

59.715 + 
239.689 

End (necessary only in close cases): 

o » 
base 

180.33 I 

0.492 + 
180.82 3 

0.833- 1 
0.852- I 

59.715 + 
240.22 3 

180·3 --+ 
25 2.0 

252.0 

0·5 --+ 
25 2.5 

15.90 
8,34 

180·33 --+ 
204·P 
192 •88 -

11.69 

II.69 
0·49 --+ 

12.18 

Therefore a karaIJa taittla is current 2t sunrise of day 24(', corresponding to 
September 10 A.D. 1894, Gregorian style. 
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THE AUXILIARY TABLES 

§ 24. VARA or WEEKDAY. The seven day week does not appear in 
Indian inscriptions before the second half of the fifth century A.D. Sec
tion B of the first auxiliary Table offers a simple means of ascertaining 
the weekday without reducing the result to European date. 

We find c.g. in the example at the end of § 23 that a certain k,aratJa be
gins on day 239 in the year K.Y. expo 4995. Here the number 239 stands 
for day No. 239 of the Julian year of which the beginning falls in the 
year K.Y. expo 4995. This day is August 27 of the Julian calendar, or 
September 9 of the Gregorian calendar, in the year A.D. 1894; and per
petual calendars showing the weekday for any given date of the Christian 
calendar are to be had in abundance. But, if we do not need the European 
equivalent of the date, we can ascertain the weekday straight away in the 
following manner: 

Section B, left hand part, gives for the argument 49 ... index 7; the 
right hand part gives under the index 7, with the argument 95 ... Roman 
numeral VII. This result means that day No. 1 of the year K.Y. expo 
4995 is a day VII. In the lower part of Section B the septuples are tabulated, 
augmented by I. The serial number of the given day, 239, happens to 
be among these, which means that day 239 is also a day VII, according 
to Section C a Saturday or faniVtira. 

This method has the additional advantage that it is the same for com
mon years and leap years. 

NOTE: The variants for the names of the weekdays in the Index to this book are 
chiefly borrowed from Sewell and Dikshit's Indian Calendar, page 12. 

§ 25. VARIOUS ERAS. For reasons given in § 4 we have used in our 
tables the era called the Kali Yuga. This era is however only seldom used 
in actual inscriptions, which implies that a given year, expressed in years 
of another era has to be reduced first of all to an expired year of the 
K.Y. For the principal eras the necessary data are to be found in Section D 
of the first auxiliary Table, which needs little explanation. If we read c.g.: 

Vikrama expo 3044 (curr. 3043) Kiirttikadi and Caitriidi, 

this stands for: 

An expired year of the Vikrama era is turned into an expired year of the K.Y. 
by adding 3044. If - in exceptional cases - the year of the Vikrama era were 
given as a current year, we should have had to add 3043 to find the expired year 
of the K.Y. The years of the Vikrama era are considered as beginning with the 
month Kiirttika or Caitra. 

If a year does not begin with Caitra the correspondence is meant for 
that part of the year which begins with the initial month mentioned. E.g. 
a date in the month Magha of the current Karttikadi year 100 of the ViJvama 
era corresponds to a date in the month Magha of the expired year of the 
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Kali Yuga (100 + 3043); but a date in a month preceding Karttika cor
responds to a date in K.Y. expo 3142. For the meaning of the word kr!!1a 
at the end of the data for some of the eras, see the description of Section 
F of the first auxiliary Table in § 26. 

NOTE: The name of the era, the way of counting, and the beginning of the 
years, is hardly ever mentioned in inscriptions, which gives rise to frequent con
fusions. The mention of the weekday often gives a clue to the correctness of 
the reduction. 

§ 26. AMANTA AND PORNIMANTA RECKONING. We as
sumed in all our calculations and examples that the months began at the 
moment of mean or of true New Moon; this is in accordance with the 
common usage. But months are not infrequently assumed to commence 
at mean or true Full Moon, especially in the Northern countries of India. 

Months commencing at New Moon are called amanta months, those 
commencing at Full Moon are called pur!1imanta months. 

The correspondence between amanta and pur!1imanta months is such 
that the lukJa pak!as of homonymous months are identical. In the pur
!1imanta scheme the lukJa pak!a is the second half of the month; therefore 
the kr !!1a pak!a of Caitra in a year counted by this scheme belongs to a 
year preceding the year counted by the amanta scheme which we use in 
our tables. E.g. a date in the kn!1a pak!a of Caitra in the year K.Y. expo 
100, counted by the pur!1imanta system, belongs to the year K.Y. expo 99 
when counted in the manner of our tables. 

The correspondence may be immediately read off from Section F of 
the first auxiliary Table. 

In Section D of the same table, the eras in which the pur!1imanta reckon
ing usually obtains are denoted by the word kr!!1a. However, many variants 
are used. 

NOTE: Intercalations and suppressions of months are calculated throughout in 
the amanta system; the correspondence of the pakfas to those of the nija months 
is retained in cases where intercalations occur. The sequence of the krf1,1a and 
iukla pakfas is therefore interrupted in a piir1,1imanta month by an entire adhika 
month. 

§ 27. Up to this point all our calculations and examples have been ex
pressed in mean time for the meridian of Lanka. 

Mean time is the time the sundials would show if the sun travelled 
along the equator at unvarying speed; for all places on the same meridian 
the sun would rise at the same moment. When the sun rises on the meri
dian of Lanka it has already risen an hour before on a meridian 15° to 
the East of Lanka. The people living in places on that other meridian 
call oh the moment the sun rises on their meridian. Therefore oh Lanka 
mean time is Ih for places on a meridian 15° East of Lanka etc. 

The moment of beginning of a certain tithi is the same everywhere, 
but only the people living on the same meridian give this moment the 
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same name. E.g. a lithi beginning at oh on the meridian of Lanka is 
thought to begin at Ih by those living on a meridian which is 15° East 
of that of Lanka, etc., if they are all using mean time. 

The sun, however, does not travel at unvarying speed, and it does not 
travel along the equator. 

The fact that the sun's speeds is variable causes the actual sun to be 
always ahead of, or behind, the mean sun; the difference, expressed in 
minutes of time, is called the equation of time; its amount is a function 
of the distance of the mean sun from the apsis (see § 16 Note I) and does 
not exceed about 15 minutes of time. 

The fact that the sun does not travel in the equator, but in orbits parallel 
to it, causes the days to be of unequal lengths. In the Northern hemisphere 
the sun rises later in winter than in summer, which implies that for each 
latitude the time of actual sunrise varies as the distance of the sun from 
the vernal equinox; in other words, the retardation or acceleration of 
sunrise is a function of the sun's tropical longitude. 

The Indian pancangas give all ti/hi-endings in true local time, and in 
this lies the weakest feature of their whole chronological system. The 
rules the Siirya Siddhanta gives for calculating the time of true sunrise are 
exceedingly complicated and lengthy, and inapplicable in practice. Even 
if these rules could be reduced to a form allowing us to determine the 
moment of true local sunrise within a reasonable time little would be 
gained, as we do not know how a pancanga-maker in bygone days acquired 
his knowledge of the terrestrial longitude and latitude which were required 
in his calculations. We only know that his methods must have been rough 
and may have contained errors of many degrees. 

For these reasons I adopted another method in constructing the simple 
tables collected in the second auxiliary Table and meant for the reduction 
to true local time of results in mean Lanka time. It is evident that the 
native methods cannot have yielded results containing very gross errors, 
as sunrise is a phenomenon which it is not difficult to observe. My tables 
here are only abbreviations of modern tables as they may be found in the 
works of Neugebauer and Schoch, arranged for arguments derivable from 
the results of the mean time calculations, or to be found on any ordinary 
atlas. 

If now our mean time calculation gives a result which differs little from 
the information offered by a pancanga we wish to check, or from the data 
mentioned in a given inscription, c.g. if the inscription mentions a 4-th 
tit hi as adhika, whilst we have found the third or the fifth, or if our answer 
is one day out, giving for example a Sunday where the inscription gives 
Saturday or Monday, we can see from this second auxiliary Table whether 
the discrepance may be caused by the difference between mean time 
Lanka and true local time. If this proves to be the case, we are justified in 
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accepting the information of the paiicanga or the inscription as correct. 
This is all we can do; Hindu chronology is not free from a certain amount 
of uncertainty. This does not apply to the intercalations and omissions 
of months; if the Siddhanta that has been followed is known, these can be 
established without a shadow of doubt. As sunrise does not enter in the 
calculations of intercalations and expunctions, they must be the same 
everywhere in the world. 

To turn the time when a tithi begins, determined by our tables in 
mean Lanka time, into true local time, we use Sections A-D of the 
second .auxiliary Table. 

EXAMPLE: We found that a true tithibegan in K.Y. expo 3585 on day 173.851 
(cf. example 1 in § 22) expressed in mean time Lanka. What is the beginning of 
that same tithi in true local time for Eran, when the longitude of that place is 
78°40' East of Greenwich, and its latitude 24°? 

We find in the second auxiliary Table: 

in Section A at the argument 78 2/3 . 
in Section B at the arguments 174 and 3600 . . 
in Section D at the arguments (174 - 5) and 24° . 

The number D, = - 5 has been found in Section C with 
the argument 3600 

Total equation . . . . . . . 
Mean beginning 

Beginning of lithi in true local time at Eran 

+ 0.008 
+ 0.000 
+ 0.034 

EXAMPLE 2: A tithi ended in K.Y. 5011 on day 182.876; when does it end 
at Madras (lat. 13°, long. 80° E. of Gr.)? 

Sect. A, argo 80 . . . . . . . . 
Sect. B, argo 183/5000 . . . . . 
Sect. D, argo 13/(183 + 5); 6 = 5 acc. to Sect. C 

Total equation . . . . 
Mean end of lithi . . . . . . . . 

End of tithi in true local time at Madras 

+ 0.012 
-0.004 
+ 0.01 7 

0.02 5 
182.876 

182.901 

NOTE: The above examples have been chosen for comparison, as they appear 
in modern works on Hindu chronology. Venkatesh and Swarnikannu both find 
for the total equation in Ex. 1 09039, although they do not quite agree as to 
the coordinates of Eran. In the second example Swarnikannu finds 09025, whilst 
his final result differs again 09015 from the information the Madras "College 
Panchang" gives for that year. 
Apart from special cases I advise the reader not to aim at closer figures for the 
determination of true local sunrise than our second auxiliary Table gives. 



PRACTICAL EXERCISES 

The answers are on page 33. 

I. (§ 5). Find the base for KY. expo 3029. 
2. What does the answer to the first question stand for? 
3. (§ 6). Find the true Kumbha sa",kriinti for KY. expo 4635. 
4. Find the equivalent Julian date and the time of day. (see Aux. Table II, Sect. E). 
4. Find the equivalent Julian date and the time of day. 
5. Find the Gregorian equivalent and the time (in gha/ikas and pa/as [see aux. Table II, 

sect. EJ) of the mean Mina sa",kriinti in K.Y. expo 4932. 
6. (§ 7). Find the Julian equivalent of 24 Karka KY. expo 4372, using the true 

sa",kriinti and the Orissa rule. 
7. (§ 9)· Find the distance of the first mean New Moon from the base in K.Y. 

expo 5772. 
8. The same for K.Y. expo 4227. 
9. Find the distance of the II-th mean New Moon from the base in K.Y. expo 5000. 

10. Find the Gregorian equivalent of the same. 
II. (§ II). Is a mean month added in KY. expo 3687; if so which? 
12. Find how much time elapsed between the beginning of the mean intercalated 

month found above and the sa",kriinti immediately preceding it, and how much 
time elapsed between the end of the same lunation and the next sa",kriinti. 

13. (§ 12). Find the mean New Moon marking the beginning of mean Miigha in 
KY. expo 3687. 

14. (§ 14). Find the Julian equivalent of the beginning of the mean tithi 5 illk/a Kiirttika 
KY. expo 4035. 

15. (§ 16). Find the mean anomaly of the sun for a moment 10090 after the first mean 
N.M. after the base in K.Y. expo 1234. 

16. The same for the mean anomaly of the moon in K.Y. expo 4321. 
17. Find the equation of the centre for the sun for the mean anomaly 200.0. 
18. The same for the mean anomaly 200.4. 
19. Find the equation of the centre of the moon for the mean anomaly 14.10. 
20. The same for the mean anomaly 14.13. 
21. (§ 17)' Find the mean anomaly of the moon as in problem 16, this time taking 

the b!ja into account. 
22. (§ 19)' Is it possible for a true month to be added in KY. expo 5013; if so, which? 

Is it in fact added? 
23. The same for K.Y. expo 5008. 
24. (§ 21). Is a month expunged in KY. expo 4454? 
25. Is a true month added in KY. expo 4454? If so, which? 
26. (§ 22). Find the beginning and end, and the Julian equivalents, of the true tithi 

9 kr!tJa Phii/gllna K.Y. expo 4303. To which day or days does it correspond? 
27. (first aux. Table, Section B). Find the weekday corresponding to day 433 of the 

the Julian year commencing in K.Y. expo 4303. 
28. (ibid. Sect. D). Find the year K.Y. expo corresponding to Saka 1000 curro 
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INDEX AND GLOSSARY 

The arabic numerals refer to the paragraphs of the Explanation, the roman 
numerals to the Tables and Sections. 

0= Sunday » = Monday <! = Tuesday ~ = Wednesday 
2j. = Thursday ~ = Friday and n = Saturday. 

Abjavara . 
added months 

adhika 

mean 
true 

Adi (tamil) 
Adivara . 
Adityavara 
Aghran (bengali) 
Aharpalivara 
Ahaskaravara 
amanta- and purpimanta schemes - correspon

dence of. . 
reckoning or -scheme 

amavaSya. . 

Angarakavara 
Angirasavara 
Ani (tamil) . 
anomalistic period » . 

year 
anomaly cf. mean anomaly 
apsis . 
Ark.avara 
Arunavara . . 
Afa¢ha, 4th month 
Astami . . . . 
Alvina, t h month. 
Ali (tamil) . 
Avani (tamil) 
Avanti. 
badi 
bahula . 
Bandhavara 
base 
Bava, karapa fukJa 2. 9. 16. 23. 30 kru1a 7. 14. 21 
Besa (tamil) . 
Bhadra, karatta fukJa 8 

» 
10 

II 

19 
added 
Karka 
o 
o 
Margalir fa 
o 
o 
1 st aux. Table F 
26 
13 
lithi 30 IV B 
<! 
2j. 

Mithuna 
16 
4 note, 16 

16 note I 

o 
o 
III A, IV A 
lithi 8, IV B 
III A, IV A 
Afa¢ha 
Siniha 
4 note 
krftta 
krftta 
~ 
5 
IVB 
Vaiftikha 
IVB 



Bhadrapada, 6th month 
Bhanuvara 
Bhargavavara . 
Bhask,aravara. 
Bha!/arak,avara 
Bhaumavara . 
Bengal San, era 

- rule . 
bija . . . 
Bontelu (tamil) 
Bradhnavara . 
Brihaspativara 
bright half 
Bhriguvara 
Budhavara 
Caitra, I -st month. 

Index and glossary 

- ,particulars of true intercalation of . 
Caitradi . 
Caturdali. . 
Caturthi . 
caturpada, k,ara!1a k,n!1a 30 
Chandramasvara . 
Chandravara . 
Chedi, era 
common year 
current years 
Daityaguruvara 
Dak,ri!1tiyana saf!J/qanti 
dark half. 
DaJami . 
day ... 
Dhanus, saf!J/qanti 9 
Dhira!1avara. . 
distance of mean New Moon from base 
duration of true lunar months 
DvadaJi 
dvitrya . 

Ek,adali 
epicycle 
epoch. 

- of the Kali Yuga 
equation of the centre 

-time 
expired years 

28 

III A, IV A 
o 
~ 
o 
o 

c! 
1st aux. Table D 
1st aux. Table E 
17 
AJvina 
o 
2j. 

13 
~ 
~ 
8, III A, IV A 
20 

beginning with Caitra 
tithi 14, IV B 
tit hi 4, IV B 
IV, B 
» » 
I-st aux. Table D 
12 

3 
~ 
Kark,a 
13 
tithi 10, IV B 
13 
IlIA 
2j. 

9 
18 
tithi 12, IV B 
second, nija, regular 
tithi 2, IV B 
tithi II, IV B 
16, note I 
2 

4 
16 
27 
3 



Indcx and glossary 

expunction of months 
- tithis, mean 

- true 
expunged months - Table of 
Gara, karapa fukJa 5. 12. 19. 26, krfpa 4, II, 18, 15 
gata 
Gregorian calendar 
Gupta, era 
Guruvara. . . . 
halfs - bright and dark 
Induvara . 
intercalated . 
Ifa. . . . 
] ardc (tamil) . 
Jycf!ha 3d month 
Julian calendar . 
Kali Yuga, era . 
Kanya, sa'!1kranti 6 
Kanyadi . . 
karapas - mean. 

- true . 
Karka, sa'!1kranti 4 
Kartclu (tami}) . . 
Karttika, 8th month 
kaulava, karapa fukJa 4, I I, 18, 25, krfpa 2, 9, 16, 23 
Kavivara, Karyavara 
Ki'!1stughna, karapa fukJa I 

Kallam, era . 
krfpa pakfa . 
Kfapakaravara 
kfaya . . .. 

- months 
- tithis . 

Kumbha, sa'!1kranti I I • 

Lanka . . . . 
lunation . 
lunisolar reckoning . 

months 
Madhava . 
Madhu 
madhyama. 

, mean 
, true 

Magha, 11th lunar month 
Mahisutavara . . . . 

21 
13 
22 
1 st aux. Table, A 
IVB 
expired 
III, F 
1st aux. Table D 
2l-
13 
» 
added 
Afvina 
Karttika 
III A, IV A 
24 
3, 4 1st aux. Table D 
III, A 
beginning with Kanya 
15 
23 
IlIA 
Jycstha 
III A, IV A 
IVB 
~ 
IVB 
1st aux. Table D 
dark half 
» 
lost 
21 
13, 22 
IlIA 
4 note 
lunar month 
8 
9-1 5 
16-13 
IlIA 
Vaiftikha 
Caitra 
mean 
III A, IV A 
C! 



Makara, sa1!lkranli 10. 

Mandavara 
mandocca . 
Mangalavara . 
Margaiir {a, 9th month. 
Mayi (tamil). . . 
mean added months 

anomalies 
karattas . 
reckoning 
sa1!lkrantis 
sun and moon 
sunrise 
time . 
lithis . 

Mc{a, 1st sa1!lkranli 
MC{aai 
Mina, sa1!lkranli 12 

Indcx and glossary 

, true = base 
Mithuna, sa1!lkranti 3 . . 
months - expunction of 

, mean added . 
, nomenclature of lunar 
,solar . . . . . . 
, true added . . . 

multiples of anomalistic period » 
- - synodic period » 

Nabhas . . . . 
Nabhaya . 
Naga, karatta kntta 29 
nak{atras . 
Navanii, ti/hi 9 
nija. . . . 
Nirnala (tamil) 
Ni{palivara . 
nomenclature of lunar months 
Orissa rule . 
Paggu (tamil). . 
pak{a. . . 
Paficami, lithi 3 . 
Pau{a, 10th month. 
Pcrardc (tamil) . 
Pha/guna, 12th month. 
prathama . 
Pratipada. 

30 

IlIA 
h 
apsIs 
~ 
III A, IV A 
Magha 
II 

I and II, D and E 
15 
8 
6 
note I; 27 
27 
27 
I4 
IlIA 
beginning with Mc{a 
IlIA 
5 
IlIA 
21 

II 

10 

7 
19 
III H 
IIIG 
Sravatta 
Bhadrapada 
IVB 
10 note 
IVB 
regular 
Bhadrapada 
» 
10 

1st aux. Table E 
Caitra 
13 
IVB 
III A, IV A 
Margaiir{a 
III A, IV A 
first, adhikp, added 
lithi I iukJa, IV B 



Puntelu (tami!) . 
pur!1ima . . 

Index and glossary 

, lithi fukJa 15. 
pur!1imanta reckoning or-scheme 
rafi 

Rauhi !1eyavara 
Ravivara . 
repeated. 

true lithis 
RevaH. 
Rohitangavara 
Sahas . . 
Sahasya 
Saka, era. 
saf!lkrantis 
Sakuni, kara!1a kn!1a 28 
San, era - Bengal. 
Sanivara . 
Saptami, tithi 7 . 
Saptarfi, era. 
$af!i, tithi 6 . 
Saumyavara 
Sauramasa 
Saurivara . 
serial numbers of lunations 
sidereal year. 
sign of the equation of the centre 
Sif!lha, saf!lkranli 5 • 
Sif!lhaai . . 
solar months 

- reckoning 
Somavara . 
S ona (tami!). . 
spaf!a. . . . 
Srava!1a, 5th month 
Suet'. 
fuddha, fudi . 
Suggi (tami!) . 
fukJa pakfa 
Sukra. . 
Sukravara. 
S uraeharyavara 
Surya Siddhanta . 
synodic period. 

Paufa 
13 
IVB 
26 

6 
kn!1a 
~ 
o 
intercalated, added 
22 

16 note 1 
~ 
MargaJir fa 
Paufa 
1st aux. Table D 
6, III A 
IVB 
1st aux. Table D 
h 
IVB 
1st aux. Table D 
IVB 
~ 
solar month 
h 
IVA 
4 note 
16 
lIlA 
beginning with S if!lha 
7 
6-7 
» 
Srava!1a 
true 
III A, IV A 
Afarjha 
iukJa 
Pha/guna 
bright half 
Jyef!ha 
~ 
2.j. 

page 1, year 1860 
8 



Index and glossary 

synodic period, multiples of . 
Taitila,karatJafukJas, 12, 19, 26kritJa 3, 10, 17,24 
Tapas. 
Tapasya . 
time - graphical representation of 
tithis - lost, kiqya . 

mean 
names of 
true. 

TrqyodafJ, tithi 13 
Trit[ya, tithi 3 . 
tropical longitude of the sun 

year 
true expunction of months 
- added months 
- intercalation of Caitra 
- karatJas 
- local time . 
- reckoning . 
- repeated tit his 
- sa1pkrantis . 
- sunrise. 
- tit his 

Tula, sa1pkranti 7 
Ujjqyini . 
Gtja 
Ufanasvara 
uttarayatJa sa1pkranti 
Vacaspativara 
vadi, varfya 
Vaifakha, 2nd month . 
Valava, karatJa fukJa 3, 10, 17,24, kntJa 1,8, 15,22 
VatJija, karatJa fukJa 7, 14,21,28, kritJaS, 12, 19,26 
vara 
vartamana. 
Vikrama, era 
Vilqyati, era . 
Vii!i, karatJa fukJa 8, 15,22,29 kntJa 6, 13,20,27 
Vrfcika, sa1pkranti 8 . 
Vnabha, sa1pkranti 2 • 

weekday. 
year - anomalistic . 

- civil . 
- common. 
- current 

III G 
IVB 
Magha 
Pha/guna 
I 

13, 22 
13, 14 
IVB 
22 
IVB 
IVB 
27 
4 note 
21 
19 
20 
23 
27 
8 
22 
6 
27 
22 
IlIA 
4 note 
Karttika 
~ 
Makara 
2j. 

k.ritJa 
III A, IV A 
IVB 
IVB 
weekday 
current 
1st aux. Table D 
1st aux. Table D 
IVB 
IlIA 
III A 
24, 1st aux. Table B 
4 note 
4 note 
12 

3 



year - expired 
sidereal 
tropical 

Index and glossary 

3 
4 note 
4 note 

THE PROBLEMS ANSWERED 

I. 43.000; z. Mean sunrise in Lankii mean time of day 43 of the Julian year 
30Z9 - 3101 = - 7z; 3. 39z.000; 4. January Z7 A.D. 1535 at mean sunrise mean 
Lanka time; 5. March 13 A.D. 183Z 45 gh. z5 p. after mean sunrise mean 
Lanka time; 6. July ZI A.D. IZ71; 7. 69715; 8. 19959; 9. 3z397Z8; 
10. January 30 A.D. 1900, 09737 after mean sunrise, mean Lanka time; II. Yes; 
Bhiidrapada; IZ. 09z67 and 09641; 13. January 14 A.D. 587, 09988 after mean 
sunrise, mean Lanka time; 14. October 14 A.D. 934, 09983 after mean sunrise, 
M.L.T.; 15. zoo.4; 16. 14.13; 17. 0.947 - I; 18. 0.946 - 1; 19. 0.031; 
ZOo 0.034; ZI. 14.z4; 22. Yes. A!ii{lha. Yes; z3. Yes. Caitra. Yes; Z4. No, as 
shown by Section A of the first auxiliary Table; Z 5. Yes. Bhiidrapada (not Alvina); 
2.6. 432.07Z and 433.134 A.D. H03, March 9; Z7. Sunday; z8. K.Y. expo 4178. 

ERRATA 

In the diagram opposite page 3 read in no. 2 I KutJJbha in stead of KutJJba. 

33 
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A IB c ID IE 

Years Base ~-o 
An. Anomaly 

o ~ 

00 1.000 0.000 0.00 
01 1.259 18.639 7.05 
02 0.518 7.747 14. 10 
03 0.776 26,386 21.15 

___ ~ __ ~ _______ 1 __ : __ ~})_____ __I5 __ : __ 1_~ __ 1___ ____ __ _ ____ ~ __ : __ ~ __ ~ __ 
o 5 
06 

1. 294 
0·553 
o. 8 I I 

4. 60 3 7. 6 9 

07 
08 
09 
10 
I I 

12 1.105 
13 1.3 6 4 
14 0.623 

.. ----------- -_.-._------------------
15 0.881 
16 1.140 
17 1.399 
18 0.658 
19 0.9 16 

20 1.175 
21 1.434 
22 0.693 
23 0.95 1 
24 1.210 

2 5 
26 
27 
28 
29 

3 0 

3 I 

3 2 

3 3 
34 

1. 469 
0.7 28 
0.9 86 
I . 24 5 
1. 504 

0.7 6 3 
I .02 I 

I .280 
1. 53 9 
0.79 8 

23. 2 4 2 
12.35 0 

1. 4 5 8 
20.097 

9. 20 5 
27. 8 44 
16'953 

6.06 I 

24. 6 7 0 

13. 808 
2.9 16 

21.555 
10.663 

18.4 11 

7·519 
26.15 8 
15. 266 

4·374 
23. 01 3 
12.122 

I • 2 3 0 

19. 86 9 
8. 977 

27. 616 
16.7 2 4 

5 . 8 3 3 
24.47 2 
13.5 80 

._---------_. .----- ._---.-.. ------_ .. 

--

14·74 
2 I .79 

I • 2 8 

8 . 3 3 

I 5 . 3 8 
22. 4 3 

1.9 2 

8. 9 7 
16.02 

23. 0 7 
2. 5 6 
9. 61 

I 6.66 

3 . 2 I 

10.26 
I 7.30 
24· 3 5 

3 . 8 5 

10.9 0 
I 7· 9 5 
24·99 

4·49 
I I • 5 4 

I 8 . 5 9 
25 .64 

5 . I 3 
I 2. I 8 

I 9. 2 3 

35 1. 0 5 6 2.688 26.28 
3 6 1.315 21.3 2 7 5·77 
37 1·574 10·435 12.82 
3 8 0.833 29. 0 74 19. 8 7 
39 1.09 2 18.182 26,9 2 

----'----"'---1------=-- ~~---- ---I----:-~-I 

4 0 1.35 0 7.291 6.4 1 
41 1. 60 9 25.930 13.46 
42 0.868 15.038 20.51 
43 1.127 4.146 0.00 
44 1.3 8 5 22.7 8 5 

45 
4 6 
47 
4 8 
49 

. ---.----------------- -----
1.644 11.893 
0.903 1.002 
1.162 19.641 
1.4 20 8·749 
1.679 27.3 88 

7. 0 5 
------ ---- ---.--.---

14. 10 
2 I . I 5 

0.65 
7. 6 9 

14·74 

A IB c ID IE 

Years Base ~-o 
An. Anomaly 

o ~ 

50 0.93 8 16.496 21.79 
51 1.197 5.604 1.29 
52 1.455 24. 2 43 8.34 
53 1.7 1 4 13.35 2 15.3 8 

__ ..5. __ 1 _____ ~_: __ ~_} __ 2 ___________ ~ __ :_1 __ ~ __ ~___ _ __________2_~_: __ 1_L_. 
5 5 
5 6 
5 7 
5 8 
5 9 

I . 2 3 2 

1. 490 
1. 749 
1.008 
1. 26 7 

21. 0 99 
10. 20 7 
28.846 
17·954 

7. 06 3 

I . 9 3 
8. 9 8 

16.03 
23. 08 

2. 5 7 
60 1.525 25.701 9. 62 

16.67 
23.7 2 

3 . 2 I 

10.26 

61 1.784 14.810 
62 1.043 3.918 
63 1.3 02 22.557 
64 1.560 11.665 

.--_-.-.----.-._--- --- --_ .. _---------------------- ----.-------- -----------------------
65 1. 81 9 0.774 17.3 1 
66 1.078 19.412 24.36 
67 1.337 8.5 21 3.85 
68 1.595 27.160 10.90 
69 1.854 16.268 17.95 

7 0 

7 I 

7 2 

73 
74 

I • I I 3 
1. 372 
I .630 
I . 8 8 9 
I . I 48 

- ---- ---1-----1 

5.376 25. 00 
24. 01 5 4·49 
13. 12 3 11.54 

2.23 2 18·59 
20.871 25. 6 4 

-------------- -- .- ...... _--- -----_._._._._._---._----_.- ----- ------ ---------._-------------
7 5 
7 6 
77 
7 8 

~ ~ I 
8 I 

82 
8 3 
84 

1. 407 
I . 66 5 
1. 924 
1. I 8 3 
1. 442 

1. 701 
1. 9 5 9 
I • 2 I 8 

1. 477 
I . 7 3 6 

9·979 
28.618 
17.7 26 

6.834 
25·473 
14.5 82 

3. 6 9 0 

22.3 2 9 
11.437 

o. 5 4 5 

5 . I 3 
I 2 . I 8 
I 9. 2 3 
26.28 

5 . 7 8 
I 2 . 8 2 

i 19. 8 7 
26. 9 2 

6.4 2 

13·47 ._ ... --... _-- -- _._._---------------" 
85 1.994 19.184 20.5 1 
86 1.253 8.292 0.01 
87 1.5 12 26,931 7.06 
88 1.771 16.040 14.11 
89 2.029 5.148 21.16 

----'-----I~-----'-----I- ------- ---1-----

9 0 1.288 23.787 0.65 
9 1 1.547 12.895 7.7 0 
92 1.806 2.003 14.75 
93 2. 06 4 20.64 2 21.80 

94 ___ .r_' 32}___9·JJ_~______________I __ :_~ __ 2 ___ _ 
95 1.5 8 2 28.39 0 8,34 
9 6 1. 8 4 1 17.49 8 15·39 
97 2.099 6.606 22.44 
9 8 1.35 8 25. 2 45 1·93 
99 1. 61 7 14,353 8,9 8 

TABLE II 



lB c 
The Samkrantis true Inferior limits for 
and mean with the the intercalation Check for true intercalations 

lunisolar months of months and suppressions of 
.---------------_._---------_.------ lunisolar months 

ending after them ~-Oat base: 

Mefa T ;0·;54 
Mean certain ! Suppressions of months 

Caitra M ;2.5 2 ; >0.000 no intercalation are possible when ~ -0 
~---.------

Caitra at base is found > 10 and Vrfabha T 61.288 2.08 5 
Vailiikha M 62.9 62 2.99 2 Vailiikha < 11.50. A suppression is 

Mithuna T 92.708 ; .9 00 fyeftha always preceded by an in-

fyeftha M 9;.4 00 4. 808 Afii¢ha tercalation of Alvina, Kiirt-

Karka T 12 4.;5; 5 ·715 Sriivatla 
tika or Miirgalirfa and may 
be followed by an inter-

Afii¢ha M 12;.8;8 6.62 ; Bhiidrapada calation of Phiilguna. True -----------
Alvina SilJlha T 155. 82 7 7· 53 I intercalations of months 

Sriivatla M 154. 2 7 6 8.4; 8 Kiirttika are checked by fixing the 
Kanyii T 186.84 6 9· ; 4 6 MiirgaJirfa moment of only one true 

Bhiidrapada M 18 4.7 1 5 10.254 Pallfa new ~. When after base 

TuM T 217.288 11.161 Miigha > than indicated below 

Alvina M 21 5. 1 5; 12. 06 9 Phiilgllna the corresp. month has to 
_. __ .. _------_. ---- ---

12.97 6 no intercalation be intercalated: 
Vrlcika T 247. 181 

Kiirttika M 245.59 1 True probable 

Dhanlls T 27 6 . 6 7 2 >0.00 Caitra > 0.000 
c 

MiirgaJirfa M 27 6 . 02 9 0.20 Vailiikha > ; 0.; 53 
Makara T ;05.99 0 1.60 fyeftha > 61. 28 7 

Paufa M ;06.4 68 
._._._._-_._-------_.--------------

···A~adh~······························ 
-----.---- ----.---.--- -------.. --._-------------_ ... "._." .... 

; .7° > 92.708 
Kumbha T ;;5·4;8 5 .9° Sr'av~t1a > 12 4.;5 2 

Miigha M ;;6.9 06 7·9° Bhiidrapada >155. 82 7 
-----------------------------,---." .. Aj~i~~···· 

____ A ------------------- _.- .. _._ .. _------------------------------------_ ... . --.. --.--
Mina T ;65. 2 59 9.4 0 I > 186.84 6 

Phiilgllna M ;67·;44 1 O. 2 5 ! Kiirttika >217.288 
Anomal. period 0 ;65. 2 59 (IO·55)! Miirgafirfa >247. 181 --------------_._--_.---.-------.-- ._-----_._---------.. _."---"."."._.--- --------- -_ ... ---- ----_._.- --------_.- _._.-------.---.-.-._-_._-_._. 

D Surplus of synodic period over I 1 . 5 0 no intercalation or sup-
pression of months 

anomal. period ~ 1. 976 28,9° Caitra, See Expl. § 2.0 > o. 000 

MiirgaJirla is suppressed when 2 true new moons are found :< 247. 181 > 27 6 . 6 7 2 
Paula " " " " " " " " " :< 27 6 . 6 7 2 > ;05.99 0 
Miigha 

" " " " " " " " " :< ;°5.99 0 > ;;5·437 
Phiilguna " intercalated " " " " " " " :> ;;5.43 8 < ;65. 2 59 

Julian I I common I 
I 

Multiples of synodic period ~ 
I 

Multiples of 
months I leap year anom. per. ~ . year 

lE 

January 0 0 An expired year of The serial numbers between I 
February ; I 3 I the Kali Yliga is reduced 

brackets to be used only when 2 7 . 5 5 
Cailra is an intercalated months 

March 60 5 9 to a year A.D. by and at the same time 5 5 . I I 
_ ... __ .. _-_ .. _--_ ... --._--- ----_._.--.----- ---- ._------------------_. subtracting ;101 ~-Oatbase > 28,9 82.66 
April 9 I 9° Gregorian Calendar. (I) 

110.22 
May 121 12O 0.4 6 9-3 0 

June I 5 2 15 1 The years 1700, 180O, (2) I 0.000 1 ; 7· 77 
----------------_.-.•.. __ . -------_ ... __ ..... _ ... . _------.•... __ ...... (;) 2 29·5;1 16 5.;; 
July 182 I 8 1 1900, 2100 etc. are 

(4) 3 59. 061 19 2 . 88 
August 2 I ; 212 cornmon years. 

(5) 4 88.59 2 220·44 
September 244 24; Difference Greg.-Jul. year: .-... _ .... - . "' .. -... ...................... -.. -... -- . 

._ .. _-_ .................... - ...•..... _ ... _ ... _._ . .. _ ... _ ... _ ........ _. after Oct. 4, 1582: lod (6) 5 118.122 247·99 

October 274 27; after Febr. 17°0: IId (7) 6 147. 6 5; 275·55 
November ; 0 5 ;04 " " 

1800: 12d (8) 7 177. 18 4 ;°3. 10 
December ; 3 5 ; ; 4 19°0: I;d (9) 8 206.7 1 4 H 0.66 

" " 
January ; 66 ; 6 5 of following year 

(10) 9 23 6 . 2 45 ;5 8 . 21 . _ ...... ....... _ ........................ 

(II) 10 26 5.775 ;85.7 6 February ; 97 ; 9 6 (12) II 295.;06 
March 4 2 5 424 4 2 5 in a leap year 4 1 ;.;2 

(I;) 12 ;24. 8 ;6 
April 45 6 455 4 5 6 in a leap year 44 0 . 8 7 

I; ;54·;67 

IH! 

IE IF G lH! 
TABLE III 
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c 

c 

Correction 
Long. for 
~ast terrestrial 

fro Gr. longitude 
0, 

70 -016 
71 - 01 3 
72 -010 
73 -008 
74 -005 

75 -002 
76 +001 
77 003 
78 006 

.. }.2 ..... ______ .~.~.2 
80 0 I 2 

8 I 0 I 5 
82 0 I 7 
83 020 
84 02 3 
85 026 

K.Y. expo I 6 

2200 - 16 
23 - 15 
24 - 15 

2 5 
26 
27 
28 
29 ................. 

3 0 

3 I 

3 2 

3 3 
3 4 

3 5 
3 6 
37 
3 8 
3 9 

-14 
-13 
-12 
-II 

-II 

-10 

9 
8 
8 

7 --------'6. 

5 
5 
4 
3 

40 - 2 

4 I - 2 

42 - I 

43 0 

44 0 

4 5 
4 6 
47 
4 8 
49 
5 0 

5 I 

5 2 

c 

+ I 

+ 2 

+ 3 
+ 3 
+ 4 
+5 
+ 6 
+ 6 

I 

d 
resp. 
d+6 

o 
10 
20 

3 0 

4 0 

50 
60 

7 0 
80 

IB 
equation of time 

3 000 I 5 000 

argument d 
0, I 0, 

-005 
8 

10 
I 2 

12 

-006 
8 

10 
10 

9 

J[) 

Sunrise in apparent time 

-: 008 021 023 
-, 6 , 
-; , 
-1 
-i 

5 
3 
I 

19 
17 
I 3 
10 

2 I 

I 8 
I 5 
I I 

026 
24 
20 
16 

02 9 
27 
23 
I 8 

I 3 14 
...................... _-_ .. -................................. . 

6 8 10 7 
.... ······l· 

8 -: 0 I I 

I 0 2 

2 2 

6 

3 
2 

6 

4 
2 

6 
9 0 

8 

5 
3 -oo~ + I i I 0 10 I I 12 

100 
I 10 
120 
I 3 0 

14 0 

I 5 0 

160 
17 0 

180 

+ oo~~;;tlil ... ~l 
4 -001 ,15 28 

~ ! I ~; 
19 0 

200 
2 I 0 

220 
23 0 

000 

I 

2 

2 

I 

240 000 
................ 

2 

+ 

5 I 3 

5 
4 
2 

000 
2 

I 2 

10 
8 
6 
4 

5 2 25 0 + 
260 4 7 I 

27 0 5 9-: 

28 
27 
2 5 
23 
20 
17 
14 
10 

6 
2 

2 

6 

I 5 
I 8 
22 

2 5 
28 

3 I 
3 I 
3 0 

28 

2 5 
22 

19 
I 5 
10 

6 
2 

3 
7 280 8 10 -: 3 

..... ~.2.~.....~.... ........ I I ...... =j ..... 4I.().... I I 

300 10 II -: 6 
3 10 9 10 -: 8 
3 20 8 8 -i 9 

~ !~. .... .... !..~.... = i ~ ~ 
000 

I 

7 

Second decimal: 

-00 I 

0 I 

5 
7 

I 

I 0 

9 
-, 8 

I 2 I 3 I 4 

I 3 
16 
19 
2 I 

22 

23 
22 

2 I 

I 5 I 

I 5 
I 8 
2 I 

2 3 
2 5 
2 5 
24 
23 

6 I 7 

I 6 
20 
24 

I 7 

28 3 I 

3 I 3 4 
'--3--3"-- ------.3--6.--. 
34 37 
34 37 
33 3 6 
3 0 3 3 
28 
24 
20 
16 
I I 

7 
2 

3 
8 

12 

I 7 
20 
23 
2 5 
28 

28 
27 
26 

I 8 I 

3 0 

26 
22 

17 
12 

7 
2 

4 
9 

14 
I 8 
23 
26 
2 8 
3 0 

3 I 

3 0 

2 8 

9 

gh. plgh. plgh. plgh. plgh. plgh. plgh. plgh. plgh. p!gh. P 
A Table for 0 00 036 I 12 1481 224 3 0 3 36 412 448 5 24 
converting I 60 636 7 12 748 824 9 0 936 1012 10 48 II 24 decimals of ., 2 120 12 36 13 12 13 48 1424 15 0 15 26 16 12 16 48 17 24 the day into '2 

3 180 18 36 19 12 1948 2024 210 21 36 22 12 22 48 gha{ikas and 'u 23 24 
palas. E.g. <1) 

4 24 0 243 6 25 12 2548 2624 27 0 273 6 28 12 28 48 29 24 '1:l 

0,769= ... 
30 36 3 148 33 36 34 48 '" 5 300 31 12 32 24 33 0 34 12 35 24 4) g 36 P 

... 
~ 6 360 36 36 3748 3824 3936 40 48 32 37 12 39 0 4012 4124 

468 7 420 42 36 43 12 4348 4424 45 0 45 36 4612 46 48 4724 
8 480 48 36 49 12 4948 5024 510 5 I 36 5212 52 48 53 24 
9 54 0 543 6 55 12 55 48 5624 57 0 57 36 5812 58 48 59 24 

third decimal: 001 041 071 o III 0141 0181 0221 0251 0291 032 

IE 
SECOND AUXILIARY TABLE 

J[) 

J[) 

IE 



year - expired 
sidereal 
tropical 

Index and glossary 

3 
4 note 
4 note 

THE PROBLEMS ANSWERED 

I. 43.000; z. Mean sunrise in Lankii mean time of day 43 of the Julian year 
30Z9 - 3101 = - 7z; 3. 39z.000; 4. January Z7 A.D. 1535 at mean sunrise mean 
Lanka time; 5. March 13 A.D. 183Z 45 gh. z5 p. after mean sunrise mean 
Lanka time; 6. July ZI A.D. IZ71; 7. 69715; 8. 19959; 9. 3z397Z8; 
10. January 30 A.D. 1900, 09737 after mean sunrise, mean Lanka time; II. Yes; 
Bhiidrapada; IZ. 09z67 and 09641; 13. January 14 A.D. 587, 09988 after mean 
sunrise, mean Lanka time; 14. October 14 A.D. 934, 09983 after mean sunrise, 
M.L.T.; 15. zoo.4; 16. 14.13; 17. 0.947 - I; 18. 0.946 - 1; 19. 0.031; 
ZOo 0.034; ZI. 14.z4; 22. Yes. A!ii{lha. Yes; z3. Yes. Caitra. Yes; Z4. No, as 
shown by Section A of the first auxiliary Table; Z 5. Yes. Bhiidrapada (not Alvina); 
2.6. 432.07Z and 433.134 A.D. H03, March 9; Z7. Sunday; z8. K.Y. expo 4178. 

ERRATA 

In the diagram opposite page 3 read in no. 2 I KutJJbha in stead of KutJJba. 
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