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Vi PREFACE.

I must also tender my warm thanks for much invaluable help to Mr. H. H. Turner, Savilian
Professor of Astronomy at Oxford, to Professor Kielhorn, C.LE., of Géattingen, and to Professor
Jacabi.

The Tables have been tested and re-tested, and we believe that they may be safely relied

on for accuracy. No pains have been spared to secure this object.
R. SEWELL.

IL.

It was only in September, 1893, that I became acquainted with Mr. R. Sewell, after he
had already made much progress in the calculations necessary for the principal articles of
Table L. of this work, and had almost finished a large portion of them.

The idea then occurred to me that by inserting the @, 4, ¢ figures (cols. 23, 24, and 23
of Table I.) which Mr. Sewell had already worked out for the initial days of the luni-solar years,
but had not proposed to print in full, and by adding some of Professor Jacobi’s Tables published
in the /ndian Antiquary, not only could the exact moment of the beginning and end of all luni-
solar tithis be calculated, but also the beginning and ending moments of thé nakshatra, yoga,
and karapa for any day of any year; and again, that by giving the exact moment of the Mesha
sankranti for each solar year the exact European equivalent for every solar date could also be
determined. 1 therefore proceeded to work out the details for the Mesha sankrintis, and then
framed rules and examples for the exact calculation of the required dates, for this purpose
extending and modifying Professor Jacobi’s Tables to suit my methods. Full explanation of the
mode of calculation is given in the Text. The general scheme was originally propounded by
M. Largeteau, but we have to thank Professor Jacobi for his publications which have formed
the foundation on which we have built.

My calculation for the moments of Mesha sankrintis, of mean intercalations of months
(Mr. Sewell worked out the true intercalations), and of the samvatsaras of the cycle of Jupiter
were carried out by simple methods of my own. Mr. Sewell had prepared the rough draft of
a treatise giving an account of the Hindu and Muhammadan systems of reckoning, and collecting
much of the information now embodied in the Text. But I found it necessary to re-write this,
and to add a quantity of new matter.

I am responsible for all information given in this work which is either new to European
scholars, or which differs from that generally received by them. All points regarding which
any difference of opinion seems possible are printed in footnotes, and not in the Text. They
are not, of course, fully discussed as this is not a controversial work.

Every prccaution has been taken to avoid error, but all corrections of mistakes which

may have crept in, as well as all suggestions for improvement in the future, will be gladly and
thankfully reccived.

S. BALKRISHNA DIKSHIT.



























THE HINDU CALENDAR. 3

7. The tith:, ambvisya, pirnima. The moment of new moon, or that point of time
when the longitudes of the sun and moon are equal, is called amavasys (lit. the “dwelling
together” of the sun and moon). A #7#A: is the time occupied by the moon in increasing her
distance from the sun by 12 degrees; in other words, at the exact point of time whenthc moon
(whose apparent motion is much faster than that of the sun), moving eastwards from the sun
after the amavisyi, leaves the sun behind by 12 degrees, the first tithi, which is called pratipada
or pratipad, ends; and so with the rest, the complete synodic revolution of the moon or one
lunation occupying 30 tithis for the 360 degrees. Since, however, the motions of the sun and
moon are always varying in speed ! the length of a tithi constantly alters. The variatio#s in the
length of a tithi are as follow, according to Hindu calculations:

gh.  pa.  vipa. l k. Y -
Average or mean length 59 3 40.23 23 37 28.092
Greatest length 65 16 o 26 6 24
Least length 53 56 o 21 34 24

The moment of full moon, or that point of time when the moon is furthest from the sun,—
astronomically speaking when the difference between the longitudes of the sun and moon amounts
to 180 degrees—is called péarpimé.  The tithi which ends with the moment of amévisya is
itself called “amdavisyi”, and similarly the tithi which ends with the moment of full moon is
called “plrnimd.” (For further details see Arts. 29, 31, 32.)

8. The nakshatra. The 27th part of the ecliptic is called a nakshatra, and therefore each

nakshatra occupies (3—2;—":) 13° 20'. The time which the moon (whose motion continually varies

in speed) or any other heavenly body requires to travel over the 27th part of the ecliptic is
also called a nakshatra. The length of the moon’s nakshatra is:

gk pa. vipa. /. m. s.
Mean 60 42 53.4 24 17 9.36
Greatest 60 21 o] ’ 20 32 24
Least 55 56 o] 22 22 24

It will be seen from this that the moon travels nearly one nakshatra daily. The daily
nakshatra of the moon is given in every paiiching (native almanack) and forms one of its five articles.
The names of the 27 nakshatras will be found in Table VIIL, column 7. (See Arts. 38, 42.)

9. The yoga. The period oftime during which the joint motion in longitude, or the sum of the mo-
tions, of the sun and moon is increased by 13°20',is called a yoga, lit. ““ addition”. Itslength varies thus:

gh.  pa vipa. \ . m. S.
Mean 56 29 21.7% 22 35 44.7
Greatest 61 31 o] 24 36 24
Least 52 12 (o] 20 52 48

The names of the 27 yogas will be found in Table VIIL, col. 12. (See Art. 39.)

10. The karana. A karana is half a tithi, or the time during which the difference of
the longitudes of the sun and moon is increased by 6 degrees. The names of the karapas arc
given in Table VIIL, cols. 4 and 5. (See Art. 40.)

1 The variation is of cowrse really in the motions of the earth and the moon. It is caused by uetual alterations in rute of

rapidity of motion in consequence of the elliptical form of the orbits and the moon’s actual periurbatious; and by upparent
irregularities of motion in consequence of the plane of the moon’s orbit being at an angle to the plane of the ecliptic. [R.S.]
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11. 7he paksha. The next natural division of time greater than a solar day is the pakska
(lit. a wing ') or moon's fortnight. The fortnight during which the moon is waxing has several names,
the commonest of which are Sukla or Suddia (lit. *“bright”, that during which the period of the night
following sunset is illuminated in consequence of the moon being above the horizon). The fortnight
during which the moon is waning is called most commonly £rZskna or bakula or vadya (lit. “black”,
“dark”, or the fortnight during which the portion of the night following sunset is dark in consequence
of the moon being below the horizon). The first fortnight begins with the end ofamavasya and lasts
up to the end of pirnimd; the second lasts from the end of plrnima tothe end of améavasya.
The wlds “pirva” (former or first) and “apara” (latter or second) are sometimes used for
$ukla and krishpa respectively.  Sudi” (or “sudi’) is sometimes used for $ukla, and “vadi' or
“badi” for krishpa. They are popular corruptions of the words “sSuddha’ and *“vadya respectively.

12. Lunar months. The next natural division of time is the lunation, or lunar month of
two lunar fortnights, viz., the period of time between two successive new or full moons. It is
called a chandra masa, or lunar month, and is the time of the moon’s synodic revolution.?

The names of the lunar months will be found in Table II., Parts i. andii., and Table III.,
col. z, and a complete discussion on the luni-solar month system of the Hindus in Arts. 41
to 51. (For the solar months see Arts. 22 to 24.)

13. Amanta and phrypimanta systems. Since either the amivisya or parnimd, the new
moon or the full moon, may be taken as the natural end of a lunar month, there are in use
in India two schemes of such beginning and ending. By one, called the amainta system, a
month ends with the moment of amavasyd or new moon; by the other it ends with the pirnima
or full moon, and this latter is called a parpsmanta month. The plrpimanta scheme is now in
use in Northern India, and the amanta scheme in Southern India. There is epigraphical evidence
to show that the prnimanta scheme was also in use in at least some parts of Southern India

1 An apt title. The full moon stands as it were with the waxing half en one sideand the waning half en the other. The week
is an arhitrary division.

2 The “synodic revolution” of the moon is the period during which the moon eompletes one series of her snecessive phases,
roughly 291p days. The period of her exact orbital revolution ia called her ‘‘sidereal revolution”. The term ““synedie” was given
because of the sun and moou being then together in the hesvens (¢ff ““syrod”). The sidereal revolution of the moon is less by
about two days theu her synodic revolution in eensequence of the forward movement of the earth on the ecliptic. This will be
beat acen by the accompanying figure, where ST is a fixed star, S the sun, E the earth, C the eeliptic, M M! the moon, (A)the po-

sition at one new moon, (B) the position at the next mew moon. The eircle M to M! representing the sideresl revolution, its synedie
revolution ia M to M! plus ML to N, [R. S.]

i T Dian, N R el %) {A)
ST- & 7

C. A. Young (“General Astronomy”, Edit. of 1889, p. 528) gives the following as the length in days of the various lunations;

d, h. m. s.
Mean aynodic month (new moon to mew moon) 29 12 44 2.684
Sidercal monthS .o 7 . W ERRECS POl o 27 7 43 11.545
Tropical menth (equinox to equinox) . . . . 27 7 43 4.68
Anomalistic month (perigee to perigee) . . . 27 13 18 37.44

Nodical month (node to mode) . . . . . . 27 5 5 3581
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up to about the beginning of the 9% century A.D.! The Mirvidis of Northern India who,
originally from Mirwir, have come to or have settled in Southern India still use their plirpimanta
arrangement of months and fortnights; and on the other hand the Dakhanis in Northern India use
the scheme of aminta fortnights and months common in their own country.

14. Luni-solar month names. The general rule of naming the lunar months so as to
correspond with the solar year is that the amdinta month in which the Misha sankranti
or entrance of the sun into the sign of the zodiac Mesha, or Aries, oceurs in each year, isto be
called Chaitra, and so on in succession. IForthe list and succession sce the Tables. (See Arts. yr—y43 )

15. The solar year—tropical, sidercal, and anomalistic. Next we come to the solar year, or pe-
riod of the earth’s orbital revolution, /.e., the time during which the annual seasons complete their
course. In Indian astronomy this is generally called a zarska, lit. «“ shower of rain”, or ““ measured by a
rainy season’.

The period during which the earth makes one revolution round the sun with reference to
the fixed stars,*® is called a sidereal year.

The period during which the earth in its revolution round the sun passes from one cqui-
nox or tropic to the same again is called a tropical year. It marks the return of the same
season to any given part of the earth’s surface. It is shorter than a sidereal year because the
equinoxes have a retrograde motion among the stars, which motion is called the precession of
the equinoxes. Its present annual rate is about 50".264.3

Again, the line of apsides has an eastward motion of about 11".5 in a year; and the period during
which the earth in its revolution round the sun comes from one end of the apsides to the same again,
i e., from aphelion to aphelion, or from perihelion to perihelion, is called an anomalistic year. ¢

The length of the year varies owing to various causes, one of which is the obliquity of
the ecliptic, ® or the slightly varying relative position of the planes of the ecliptic and the equator.
Leverrier gives the obliquity in A.D. 1700 as 23° 28' 43".22, in A.D. 1800 as 23°27' 55".63, and

1 Sce Fleet's Corpus Inscrip. Indic., vol. 111., Introduction, p. 19 note; Ind. Ant., XVIL, p. 141 £

2 Compare the note ou p. 4 on the moon’s motion. [R. S.]

3 'This rate of annual precesaiou is that fixed hy moderna Buropeav Astronomy, butsioce the exaet accurrence of the equinoxes ean
never hecome a matter for ohservation, we have, in desling with [lindu Astronomy. to be guided by Hindu calenlations alone. It must
therefore be borne in miuod that almost all practical Hindn works (Karanas) fix the ounual precession at ove minate, or Lth of a
degree, while the S#rya-Siddidnta fixes it as 547 or 3 degrees. (see drt. 160a. given tn the Addenda sheet.)

4 The arnomaly of a planet is ita angular distavee from ita perihelion, or an aogle contained between s line drawn from the
aun to the planet, called the radius vector, and a line drawn from the sun to the peribelion point of ita orbit. Io the case iu poiut,
the earth, after eompleting ita sidereal revolution, has not arrivel quite at ita perihelion heeause the apsidal point has shifted slightly
eastwards. Henee the year occupied in travelling from the old periheliou to the new peribelion ia ealled the anomaliatic year.
A planet’s frue anomaly is the actual avgle as abave whatever may be the variations io the planet’s veloeily at different periods of
ita orbit. 1ta mean anomaly is the angle which would be ohtained were its motion between perihelion and aphelion uviform io time,
aod subjeet to vo variation of veloeity—in other worda the angle described by a uniformly revolviog radius veetor. The angle
hetween the true and raean anomalica ia ealled the equation of the ecutre. 7True anom.=mean anom. - equation of the centre.

The equation of the centre is zero at perihelion and aphelion, and &8 maximum midway betweeo them. In the case of the
sun its greatest value is wvearly 1°.55' for the present, the sun gettiog alternately that amount ahead of, and hehind, the position
it would aceupy if its motion were uniform. (C. A. Youug, General Astronomy. Edit. of 1889, p. 125.)

Prof. Jacobi’s, and our, z, &, ¢, (Table 1., eols. 23, 24, 25) give a. the diatanec of the moou from the sun, expressed in 10,000ths
of the uvit of 360°; 4. the moon's mean anomaly; c. the sun’a mean avomaly; the two last expreased in 1000ths of the uoit of
360°. The vespective equations of the centre arc given in Tables VI. avd Vii. [R. S.]

# “The eeliptic alightly and very sliwly shifts ita position among the etars, thua altering the latitades of the stars and the angle
between the ecliptic and cquator, i.c., the obliquity of the eeliptic. This ohliquity is atpresent about 24’ less than it was 2000 years ago
and it is atill deeceasing abant half a second a year. It is computed that thia diminution will coutinue for about 15,000 years, reducip’

the obliquity to 22142, when it will begin to increase. The whole change, according to Loagrange, can vever exceed about 1° ?O.m.
each side of the meav.” (C. A. Young, General Astronomy, p. 128.)
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It will be seen that the duration of the year in all the above works except the first three
approximates closely to the anomalistic year; and is a little greater than that of the sidercal year.
In some of these works theoretically the year is sidercal; in the case of some of the others it cannot
be said definitely what year is mcant; while in nonc is it to be found how the calculations were
made. It may, however, be stated roughly that the lindu year is sidercal for the last 2000 years.

18. The ycar as given in each of the above works must have been in use somewhere
or another in India at some period; but at present, so far as our information goes, the ycar
of only threc works is in use, viz., that of the present Sirya Siddhanta, the first Arya Siddhinta.

‘and the Réjamyiginka.

The Siddhéntas and other astronomical works.

19. " It will not be ont of place here to devote some consideration to these various astronomical
works; indeed it is almost nccessary to do so for a thorough comprchension of the subject.

Many other Siddhantas and Karanas are extant besides thosc mentioned in the above list. We
know of at least thirty such works, and some of them are actually used at the present day in making
calculations for preparing almanacks. ! Many other similar works must, it is safc to suppose,
have fallen into oblivion, and that this is so is proved by allusions found in the existing books.

Some of these works merely follow others, but some contain original matter. The Karanas
give the length of the year, and the motions and places at a given time of the sun, moon, and
planets, and their apogees and nodes, according to the standard Siddharta. They often add
corrections of their own, neccessitated by actual observation, in order to make the calculations
agree. Such a correction is termed a bija. Generally, however, the length of the year is not
altered, but the motions and places are corrected to meet requirements

As before stated, each of these numerous works, and consequently the year-duration
and other elements contained in them, must have been in use somewhere or another and at some
period or another in India. At the present time, however, there are only threc schools of
astronomers known; one is called the Sawra-paksha, consisting of followers of the present Sirya
Siddhénta ; another is called the Arya-pa'{’s/za, and follows the first Arya Siddhdnta; and the
third is called the Brahma-paksha, following the Réjamyiganka, a work based on Brahma-
gupta’s Brahma Siddhinta, with a certain bija. The distinctive feature of each of these schools
is that the length of the year accepted in all the works of that school is the same, though with
respect to other elements they may possibly disagree between themselves. The name Rajamyi-
génka is not now generally known, the work being superseded by others; but the year adopted
by the present Brahma-school is first found, so far as our information goes, in the Réjamyiganka,
and the three schools exist from at least A.D. 1042, the date of that work.

20. It is most important to know what Siddhéntas or Karanas were, or arc now, regarded
as standard authorities, or were, or are, actually used for the calculations of paiichangs (almanacks)
during particular periods or in particular tracts of country, * for unless this is borne in mind
we shall often go wrong when we attempt to convert Indian into European dates. The
sketch which follows must not, however, be considered as exhaustive. The original S#rya-

1 Karanas aud other praetieal works, eootaining tables hased on oue or other of the Siddhdnlas, are used for these
caleulations. [S. B. D.]

2 The positions and motions of the sun and moon and their apogees must neeessarily be fixed and known for the eorrect ealen-
lation of a tithi, nakshatra, yoga or karapa. The length of the year is also an important element, and in he samvatsara is governed
by the movement of the planet Jupiter. In the present work we are coneerned chiefly with these six elements, viz., the sun,
moon, their apogees, the length of the year, and Jupiter. The sketeh in the text is given chiefly keeping in view these clements.
When oue authority differs from another in any of the first five of these six elements the tithi as calenlated by one will differ from
that derived from another. [S. B. D.]
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Siddhinta was a standard work in early times, but it was superseded by the present
Strya-Siddhiuta at some period not yet known, probably not later than A.D. 1000. The
first Arya-Siddhédnta, which was composed at Kusumapura (supposed to be Patpa in Bengal),
came into use from A.D. 499.! Vardhamihira in his Pasickasiddhintika (A.D. 505) introduced
a bija to Jupiter's motion as given in the original Sarya-Siddhanta, but did not take it into
account in his rule (sce Art. 62 below) for calculating a samvatsara. Brahmagupta composed
his Brahma-Siddhénta in A.D. 628. He was a native of Bhillamila (the present Bhinmal), 40
miles to the north-west of the Abu mountains. Lalla, in his work named Dkii-vriddkida, intro-
duced a é&ija to three of the elements of the first Arya-Siddhanta, namely, the moon, her
apogee, and Jupiter, Z.e., three out of the six elements with which we are concerned. Lalla’s
place and date are not known, but there is reason to believe that he flourished about A.D.638.
The date and place of the second Arya-Siddhénta are also not known, but the date would
appear to have been about A.D. 950. It is alluded to by Bhdskarichirya (A.D. 1150), but does
not seem to have been anywhere in use for a long time, The Rajamriganka (A.D. 1042)
follows the Brahma-Siddhinta,® but gives a correction to almost all its mean motions and places,
and even to the length of the year‘. The three schools—Saura, Arya and Brahma—seem to have
been established from this date if not earlier, and the Braima-Siddkanta in its orginal form
must have then dropped out of use. The Karana-prakasa, a work based on the first Arya-
Siddhénta as corrected by Lalla’s bija, was composed in A.D. 1092, and is considered an authority
even to the present day among many Vaishnavas of the central parts of Southern India, who
are followers of the Arya-Siddhéinta. Bhaskarachirya’s works, the Siddhdénta Sivomani (A.D. 1150)
and the Karana-Kutihala (A.D. 1183) are the same as the Rdjamriginke in the matter of the
calculation of a pafichdang. The Vdikkya-Karara, a work of the Arya school, seems to
have been accepted as the guide for the preparation of solar pafichangs in the Tamil and
Malayilam countries of Southern India from very ancient times, and even to the present day
either that or some similar work of the Arya school is so used. A Karana named Bhdsvati was com-
posed in A.D. 1099, its birthplace according to a commentator being Jagannitha (or Puri) on the
east coast. The mean places and motions given in it are from the original Sirya-Siddhanta as
corrected by Varadhamihira’s bija, ® and it was an authority for a time in some parts of Northern
India. Vavilala Kochchanna, who resided somewhere in Telingana, composed a Karana in 1298 A.D.
He was a strict follower of the present Sérya-Siddhénta, and since his day the latter Sidd-
hinta has governed the preparation of all Telugu luni-solar calendars. The Makaranda,another
Karana, was composed at Benares in A.D. 1478, its author following the present Sirya-Siddhanta,
but introducing a bija. The work is extensively used in Northern India in the présent day for pafichanga
calculations, Bengalis of the present day are followers of the Saura school, while in the western parts of
Northern India and in some parts of Gujarit the Brihma schoolis followed. The Graka-laghava,
a Karana of the Saura school, was composed by Gane$a Daivjiia of Nandigrama (Nandgam),
a village to the South of Bombay, in A.D. 1520. The same author also produced the Brikat
and Laghutithichintamanis in A.D. 1525, which may be considered as appendices to the
Graha-léghava. Gane$a adopted the present Sirya Siddhanta determinations for the length of

1 It is not to be understood that as soon as a standard work comes into use its predecessors go out of use from all parts of
the country. There is direct cvidence to show that fhe originel S#rya-Siddhdnte was in use till A.D. 665, the date of the Kkanda-
khidya of Brahmagupta, though evidently not in all parts of the country. [S. B. D.]

2 Whenever we allude simply to the “Brakma Siddhdnta” by name, we mean the Brakma-Siddhénta of Brahmagupta.

3 Ont of the six elements allnded to in note I on the last page, only Jupiter has this bija. The present Si#rya-Siddhénta
krad undoubtedly come into use hefore the date of the Bkdsvati. [S. B. D.]

N —~
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the yecar and the motions and places of the sun and moon and their apogees, with a small
correction for the moon’s place and the sun’s apogee; but he adopted from the Arya Siddhdnta
as corrected by Lalla the figures relating to thc motion and position of Jupiter.

The Graha-lighava and the Laghutithichintamani were used, and are so at the present
day, in preparing paiichangs wherever the Mahrathi language was or is spoken, as well as in
some parts of Gujarit, in thc Kanarese Districts of the Bombay and Madras Presidencies, and
in parts of Haidarabdd, Maisir, the Berars, and the Central Provinees. Mahratha rcsidents in
Northern India and even at Benares follow these works.

21. It may be stated briefly that in the present day the first Arya-Siddhénta is the
authority in the Tamil and Malayilam countries of Southern India;! the Brihma-paksha
obtains in parts of Gujarat and in Rdjputina and other western parts of Northern India; while
in almost all other parts of India the present Siérye-Siddhanta is the standard authority. Thus
it appears that the present Sirya-Siddhanta has been the prevailing authority in India for many
centuries past down to the present day, and since this is so, we have chiefly followed it in this work. 2

The bija as given in the Makaranda (A.D. 1478) to be applied to the elements of the
Strya-Siddhanta is generally taken into account by the later followers of the Sirya-Siddhéinta,
but is not met with in any earlier work so far as our information goes. We have, thercfore,
introduced it into our tables after A.D. 1500 for all calculations which admit of it. The bija of the
Makaranda only applies to the moon’s apogee and Jupiter, leaving the other four elements unaffected.

Further detatls. Contents of the Panchanga.

22. The Indian Zodiac. The Indian Zodiac is divided, asin Europe,into 12 parts, each of
which is called a~as7or *“sign’. Each sign contains 30 degrees, a degree being called an asizsa. Each
amsa is divided into 60 kafds (minutes), and each kala into 60 vzkalas (seconds). This sexagesimal
division of circle measurement is, it will be obscrved, precisely similar to that in use in Europe. ?

23. The Sankranti. The point of time when the sun leaves onc zodiacal sign and enters another
is called a sankranti. The period between one sankrinti and another, or the time required for
the sun to pass completely through one sign of the zodiac, is called a seura masa, or solar
month. Twelve solar months make one solar year. The names of the solar months will be
found in Table Il., Part ii,, and Table IIl., col. 5. A sankrdnti on which a solar month commences
takes its name from the sign-name of that month. The Mesha sankrdnti marks the vernal equinox,
the moment of the sun’s passing the first point of Aries. The Karka sankrénti, threc solar
months later, is also called the dakshinayana (“‘southward-going") sankranti; it is the point of
the summer solstice, and marks the moment when the sun turns southward. The Tula sankranti,
three solar months later, marks the autumnal equinox, or the moment of the sun’s passing the
first point of Libra. The Makara sankrdnti, three solar months later still, is also called the
uttardyana sankrénti (“northward-going”). It is the other solstitial point, the point or moment
when the sun turns northward. When we speak of *“saikrantis " in this volume we refer always to the
nirayana sankrantis, i.e., the moments of the sun’s entering the zodiacal signs, as calculated
in sidereal longitude—longitude measured from the fixed point in Aries—taking no account of the
annual precession of the equinoxes—(x/rayana = * without movement ", excluding the precession of the

solstitial—ayara—points). But there is also in Hinduchronology the sdyana sankranti (sa-ayana = with
1 It is probable that the first xirya-Sidd/rdnta was the standard authority for South Indian solar reckouing from the earliest
times. In Bengal the Siérya-Siddhdnta is the authority sinee sbout A.D. 1100, hut in earlicr times the first Arya-Siddhdnte was
apparently the standard. {S. B. D.] "
2 When we allude simply to the Sidrya or Arya Siddhinta, it must be bhorne in mind that we mean the Present Sirya
aud the First drya-Siddhintas. 3 See note I, p. 2 above. [R. S]]



LY THE INDIAN CALENDAR.

movement”, including the movement of the ayana points), 7.e., a sankranti calculated according to
tropical longitude—longitude measured from the vernal equinox, the precession being taken into
account. According to the present Sirya-Siddhanta the sidereal coincided with the tropical signs
in K. Y. 3600 expired, Saka 421 expired, and the annual precession is 54". By almost all other authori-
ties the coincidence took place in K. Y. 3623 expired, Saka 444 expired, and the annual precession is
(1') onc minute. (The Siddhénta Siramani, however, fixes thiscoincidence as in K. Y. 3628). Taking
either year as a base, the difference in years between it and the given year, multiplied by the total
amount of annual precession, will shew the longitudinal distance by |which, in the given year,
the first point of the tropical (sdyana) sign precedes the first point of the sidereal (nirayana) sign.
Professor Jacobi (Zpig. /nd., Vol. I, p. 422, Art. 39) points out that a calculation should be made
‘“whenever a date coupled with a sankranti does not come out correct in all particulars. For it is
possible that a sdyana sankrinti may be intended, since these sankrantis too are suspicious moments.”
We have, however, reason to believe that siyana sankrintis have not been in practical use for the last
1600 years or more. Dates may be tested according to the rule given in Art. 160 (a).

It will be seen from cols. 8 to 13 of Table Il., Part ii., that there are two distinct sets of
names given to the solar months. One set is the set of zodiac-month-names (“ Mesha” etc.), the
other has the names of the lunar months. The zodiac-sign-names of months evidently belong to
a later date than the others, since it is known that the names of the zodiacal signs themselves
came into use in India later than the lumar names, “ Chaitra” and the rest.! Before sign-names
came into usc the solar months must have been named after the names of the lunar months,
and we find that they are so named in Bengal and in the Tamil country at the present day.®

24. Length of months. It has been already pointed out that, owing to the fact that the
apparent motion of the sun and moon is not always the same, the lengths of the lunar and solar months
vary. We give here the lengths of the solar months according to the Sizya and Arya-Siddhéntas.

NAME OF THE MONTH. DURATION OF EACH MONTH.
=
= &
—_ : . By the Arya-Siddhinta. By the Sirya-Siddhinta.
S T Tamil name, it g O _—y -~
7| Dpame. name.
days| gh. l pa. Idays hrs. | mn. | sec. |days| gh. | pa. [days{ his. [mD.| sec.
1| Mesha Sittirai (Chittirai) Vaisdkha 30155 30 302212 0]30]| 356 7130 (22)26 | 48
2 | Vrishahha | Vaigilsi, or Vaiyasi Jyeshtha 8112, 4 |31 9373|3112 | 13|]81(10| 5| 12
3 [ Mithuna | Ani Asbidha 31|36 (26 |31 |14 |8s | 24|81 88| a1 )30 |15]08]| s
4 | Karka Ad Srdvana 31 |28 | 4 |31 (11]13|36]31 (28] 3131|1124 ] 24
5 | Siiitha Avani Bhidrapada [ 81 | 2| 5 |31 0[50 0]31| 1 7131 02 | 48
6 | Kanyd Puratédi, or Purattasi | Aévina 80 |27 |24 |30 (10}57 )36 ]30[26{"29f30/(10]|35| 36
7| Tald Aippasi, or Arppisi, or | Karttika 20 154 |12 | 20| 21140 |45|29 53 361202126 24|
Appiéi
8| Vrischika | Karttigai Margadirsha | 29 | 30 | 31 [ 29|12 {12 {24120 |29/ 2502911 {46 0
9 | Dhanus Mérgali Pausha 20 (21 2 |29 8| 24|4s8k29 (19 412 | 7)137] 36
10 | Makara Tai Migha 20 1 27 (24 |29 (1057|8620 ({26 ) 563129)10|45] 12
11 | Knmbha | Masi Phélguna 20 (48 (30 {20019 24| 020 |49 ! 13129 (1941 | 12
12 | Mina Panguni Chaitra 30 [ 20| 191,§ 80 | 8| 7|42} 3021 [12.52030 ! 8| 29 |0.56
365 | 15 | 311,]365 6 | 12 | 30 1365 { 15 {31.52|365 6 | 12 [36.56

I My present opiniou is that the zodiacal-sign-names, Mesia, ete., hegan to be vsed in India betweea 700 B.C. and 300 B.C,,
not earlicr than the former or later thac the latter. [S. B. D.
2 It will he seen that the Beogal names differ from the Tamil ones. The same solar month Meska, the first of the year, is
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For calculation of the length by the Sirya-Siddhanta the longitude of the sun’s apogee is taken
as 77°16', which was its value in A, D. 1137, a date about the middle of our Tables. Even if its value at
our extreme dates, Ze., either in A. D. 300 or 1900, were taken the lengths would be altered by
only one pala at most. By the Arya-Siddhinta the sun's apogee is taken as constantly at 78°.!

The average (mean) length in days ofsolar and lunar months, and of a lunar year is as follows:

Strya-Siddhanta  Modern science
Solar month ({; of a sidereal year) 30.438229707 30.438030.
I narsmonth -« ", PEWSE e | 20.530587946 20.530588.
; Lunar year (12 lunations) . . . .  354.36705535 354.367056.

25. Adhika maisas. Calendar used. A period of twelve lunar months falls short of the
solar year by about cleven days, and the Hindus, though they use lunar months, have not disre-
garded this fact; but in order to bring their year as nearly as possible into accordance with the
solar year and the cycle of the seasons they add a lunar month to the lunar year at certain
intervals. Such a month is called an ediika or intercalated mouth. The Indian year is thus
cither solar or luni-solar. The Muhammadan year of the Hijra is purely lunar, consisting of twelve
lunar months, and its initial date therefore recedes about eleven days in each year. In
luni-solar calculations the periods used are tithis and lunar months, with intercalated and suppressed
months whenever necessary. In solar reckoning solar days and solar months are alone used.
In all parts of India luni-solar reckoning is used for most religious purposes, but solar reckoning
is used where it is prescribed by the religious authorities. For practical civil purposes solar
reckoning is used in Bengal and in the Tamil and Malayalam countries of the Madras Presi-
dency; in all other parts of the country luni-solar reckoning is adopted.

26. True and mean sankrintis. Sodkya. When the sun cnters one of the signs of the
zodiac, as calculated by his mean motion, such an entrance is called a mean sankrdnti; when
he enters it as calculated by his apparent or true motion, such a moment is his apparent or
true ? sankranti. At the present day true sankrintis are used for religious as well as for

called Vaisdkha in Bengal nnd Sittirai (Chaitra) in the Tamil country, Vaiédkha heing the second month in the sonth. To avoid eon-
fusion, therefore, we use only the sign-names (Meska, elc.) in framing onr rules.

! The lengths of months by the jrya-Siddﬁa’nla here given are somewhat different from those given by Warren. But Warren seems
to have iaken the longitude of the sun's apogee by the Sirya-Siddkinta in calenlating the durntion of months by the Arye-Siddhdnta, which
is wrong. Ile scems also to have taken into meconnt the chara.* (See his Kidla Sankalila, p. 11, art. 8, p. 22, explanation of Table
/1], line 4; and p. 3 of the Tables). He has used the ayandisa: (the nniformly increasing are between the point of the vernal
equinox cach year and the fixed point in Aries) which is required for finding the ckara in ealeulating the leogths of months. The
chara is not the same at the beginning of any given solar month for all places or for all years. Henee it is wroag to mse it for
gencral rulea and tables. The inaccuracy of Warren’s lengths of solar months according to the Siirya-Siddhdnta requires no claborate
proof, for they mrc practically the same as those given by him according to the Arye-Siddhdnta, and that this cannot be the case
is self-evident to all who have any experience of the two Siddkdnias. [S. B. D.]

* The chara:—*“The time of rising of a heavenly body is assumed to take place six hours heforc it comes to the meridian.
Actually this is not the ecase for any locality not on the equator, and the chara is the eorrcetion required in consequenee, i.e., the
excess or defect from six hours of the fime between rising and reaching the meridian. The nnme ia also applied to the celestial
arc described in this time.”

2 The Sanskrit word for “mean” is madhyama, and that for ‘true’ or ‘npparent’ is spashfa. The words ‘ madhyama’ and ‘spashta’
are applied fo many varictics of time and space; as, for instance, gati (motion), bkdga (longtitude), sakrinti, mina (measnre or reckon-
ing) and #dé/e (timec). In the Vnglish Nautical Almanac the word “apparent” is used to cover almost all cases where the Sanskrit
word spashte would be applied, the word ‘true’ heing sometimes, but rarely, used. * Apparent,” therefore, is the hest word to use in my
opinion; and we have adopted it prominently, in spite of the fact that previous writers on Findu Astronomy have chiefly used the
word “true.” There is as n fact a little difference in the meaning of the phrases “‘apparent ” and “trne,” but it is almost unknown
to Indian Astronomy, and we have therefore used the two words as synouyms. [S. B, D.]
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civil purposes. In the present position of the sun’s apogeec, the mean Mesha sankranti takes
place after the true sankranti, the differcnce being two days and some ghatikas. This difference
is called the Sodhya. 1t differs with different Siddiantas, and is not always the same even by
the same authority., We have taken it as 2d. togh. 14p. 30vipa. by the S#rya-Siddhanta,
and 2d. 8gh. 5tp. 15vipa. by the Arpa-Siddhénta. The corresponding notion in modern
European Astronomy is the equation of time. The Sodhya is the number of days required by
the sun to catch up the equation of time at the vernal equinox.

27k It must be remembered that whenever we use the word “sankrnti” alone, (c.g., “the
Mesha-sankranti’’) the apparent and not the mean nirayana sankrinti is meant.

28. The beginning of a solar month. Astronomically a solar month may begin, that is
a sankrdnti may occur, at any moment of a day or night; but for practical purposes it would
be inconvenient to begin the month at irregular times of the day. Suppose, for example, that
4 I\rIakarq-saﬁkrénti occurred 6 hours 5 minutes after sunrise on a certain day, and that two written
agreements were passed between two parties, one at 5 hours and another at 7 hours after sun-
rise. If the month Makara were considered to have commenced at the exact moment of the
Makara-sankrinti, we should have to record that the first agreement was passed on the last
day of the month Dhanus, and the second on the first day of Makara, whereas in fact both were
executed on the same civil day. To avoid such confusion, the Hindus always treat the beginning of the
solar month as occurring, civilly, at sunrise. Hence a variation in practice.

(1) fa) In Bengal, when a sankranti takes place between sunrise and midnight of a civil day
the solar month begins on the following day; and when it occurs after midnight the month begins
on the next following, or third, day. If, for example, a sankranti occurs between sunrise and midnight
of a Friday, the month begins at sunrise on the next day, Saturday; but if it takes place after mid-
night of Friday ! the month begins at sunrise on the following Sunday. This may be termed tke
Bengal Rule. (5) In Orissa the solar month of the Amli and Vilayati eras begins civilly on the same
day as the sankranti, whether this takes place before midnight or not. This we call zke Orissa Rule.

(2) In Southern India there are two rules. (@) One is that when a sankranti takes place
after sunrise and before sunset the month begins on the same day, while if it takes place after
sunset the month begins on the following day; if, for example, a sankrdnti occurs on a Friday
between sunrise and sunset the month begins on the same day, Friday, but if it takes place
at any moment of Friday night after sunset the month begins on Saturday.? (4) By another rule,
the day between sunrise and sunset being divided into five parts, if a sankraati takes place
within the first three of them the month begins on the same day, otherwise it begins on the
following day. Suppose, for example, that a sankranti occurred on a Friday, seven hours after sun-
rise, and that the length of that day was 12 hours and 30 minutes: then its fifth part was 2 hours
30 minutes, and three of these parts are equal to 7 hours 30 minutes. As the sankranti took place
within the first three parts, the month began on the same day, Friday; but if the sankranti had
occurred 8 hours after sunrise the month would have begun on Saturday. The latter (4) rule is
observed in the North and South Malayilam country, and the former (@) in other parts of
Southern India where the solar reckoning is used, viz., in the Tamil and Tinnevelly countries. 3
We call a. the Tamil Rule: b. the Malabar Rule.

1 Remember that the week-day is counted from sunrisc to sunrise.

2 Brown’s Fpkemeris follows this rule throughout in fixing the date corresponding to 1st Mesha, and conscquently his solar

dates are often wrong by one day for those tracts wherc the 2 4 rule is in use.
3 I deduced the Bengal rule from a Calcutta Pafiching for Saka 1776 (A.D. 1854—55) in my posssession. Afterwards it was
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29. Pajichangs. Before proceeding we revert to the five principal articles of the paifichdng.
There are 30 #thés in a lunar month, 15 to cach fortnight. The latter are generally denoted by the
ordinary numerals in Sanskrit, and these are used for the fifteen tithis of each fortnight. Some tithis
are, however, often called by spccial names. In padichdigs the tithis are generally particularized
by their appropriate numerals, but sometimes by letters. The Sanskrit names are here given. !

% 2
A Sanskrit Names. Valgar Names. ‘ g Sauskrit Names. Vulgar Nameca.
)
1 | Pratipad, Pratipadé, | 9 | Navami
Prathamd . . . . | Pddva, Pidyami
I Dvitiyd . e . e Bija, Vidiya 10 | Dasami
3 | Tritlva . . . . . . | Tije, Tadiya | 11| Ekidaii
4 Chaturthi . . . . . | Chauth, Chanthi || 12 Dvadasi . . . . . . | Béras
5 | Pafichami { 13 | Trayddadi . . . . . Teras
6 | Shashthi. . . . . . Sath 14 | Chaturdasi
& Saptafm | 15 Pryimd, Paurpimé . | Pupava, Punnam!
| Pfirpamési, Pafichadasi
8 | Ashtami 30 | Amalvisy, Darda,
Pafichadasi

The numeral 30 is generally applied to the amdvisyd (new moon day) in pafichdngs, even in
Northern India where according to the piirnimanta system the dark fortnight is the first fortnight of the
month and the month ends with the moment of full moon, the amavéasya being really the 15th tithi.

30. That our readers may understand clearly how a Hindu pafichdng is prepared and
what information it contains, we append an extract from an actual pafiching for Saka 1816,
expired, A.D. 1894—95, published at Poona in the Bombay Presidency. *

eorroborated by information kindly scat to me from Howrah by Mr. G. A. Gricrson through Dr. Fleet. It was also amply corroborated
by a act of Bengal Chronological Tables for A.D. 1882, published under the authority of the Caleutta High Coart, a copy of which
was sent to mc by Mr. Sewell. I owe the Orissa Rule to the Chronologieal Tables published by Girishchandra Tarkélaukar, whe
follows the Oriasa Conrt Pables with regard to the Amli and Vilayati years in Orisse. Dr. J. Burgess, in a noteio Mr. Krishpasvdmi
Naidu’s *South Indian Chronological Tables” edited hy Mr. Sewell, gives the 2 (z) Rule as in use in the North Malay&lam country,
but I do net know what his authority is, I aseerta’sed from Tamil and Tinnevelly pafichangs that the 2 (z) rule is in nse there,
and the fact is eorroborated by Warren’a Kéla Sankatita; 1 ascertained also from some South Malayflam pafichdngs published at Cochin
and Trevandrum, and from a North Malayflam paiiching published at Calicut, that the 2 (%) rule is followed there [S. B. D.]

Notwithstanding all this 1 have no certain guarantee that these are the only rales, or that they are iavariably followed in
the tracts mentioned. Thus 1 find from a Tamil solar paiichéng for Saka 1815 cnrrent, published at Madras, and from a Telugu
luni-aelar pafiching for Saka 1109 expired, also published at Madras, in which the solar mantha also are given, that the rule observed
is that “when a saikrinti ocenrs between aunrise and midaight the month begina en the aame day, otherwise on the following day”,
thus differing from all the fonr rules given above. This varying fifth rulc again is followed for all solar months of the Vilayati year
as given in the above-meationed Bengel Chronological Tables for 1882, and by ita use the month regularly begins oune day ia advaace
of the BengAli month. 1 find a sixth rnle in some Bombay and Benares lanar pafichdiigs, viz., that at whatever time the saakriati
may oecur, the month begins on the next day; hut this is not found in any solar pafichdag. The rules may be further elassified
as (1. a) the midnight rule (Beugal), (L. b) any time rule (Orissa), (2.4) the sunset rule (Tamil), (2. 8) the afternoon rule (Malaber).
The fifth rule ia a variety of the midaight rule, and the sixth a variety of the any time rnle. 1 canunt say for how many years
past the rules now in use in the several provincea have heen in foree and effect.

An ingeription at Kaopapfir, a village 5 miles north of Srirangam near Triehiuopoly (see Epigraph. Indic., vol. I11., p. 10, dat: No. V.,
note 3, and p. 8), is dated Tuesday the thirteenth tithi of the bright fortnight of Srévana in the year Prajdpati, which correspouded with
the 24th day of the (solar) month Adi (Karka) Trom other sourees the year of this date is known to be A.D. 1271; aud on
carefully calenlating T find that the day corresponds with the 2lst July, aad that the Karka sankrdoti took place, by the Arya-Siddhdnta,
o the 27th Juoe, Satnrday, shortly hefore miduight. From thia it follows that the month Adi began civilly on the 28th June, and
that ooe or the other of the two rules at present in use in Southern India was in uee in Triehinopely in A.D. 1271. [S. B. D.]

1 We cannot enumerate the vulgar or popular uames which ehtain inall parts of India, and it ia not necessary that we shonld do so.

2 This ia au ordinary paficbatig in daily use. It was prepared by myself from Gancsa Daivjiia’a Grakaldghava and Laghu-
tithichintdmani. [S. B. D.]



14 Extract from an

Saka 1816 expired (1817 current) (A. D. 1894) aménta Bhadrapada, Sukla-paksha. Solar months Stitha

f = g s lE

“é Vira. | gh. pa. Nakshatra. gh. pa. Yoga. 1 gh. pa. Karapa. gh. pa. } : Tij g «:51 <
& I 5§ | B | £15%2
' = 2 @ = =

14 Pri, ’ 48 59 |PhrvaPhalguni:| 40 16 | Siddha 31 22 | Kinstughna | 16 30 lSilhha*l:') 83% }5)3 16 | 29 | 31
2 | Sat. | 39 47 |Uttara Phalguni: | 37 57 | Sadhya 25 23 | Bilava 11 53 | Kanyé [ 30 57 (17 {30 | 1
3 | Sun. I 36 31 | Ilasta 36 29 | Subha 19 31 | Tsitila "8 9| Kanyh |30 54|18 | 1| 2
4 | Mon. | 34 23 | Chitrs 36 7| Sukla 14 50 | Vanij 5 27 |Kanya 6|30 52 (19| 2| 3
5 | Tues. | 33 26 | Sviti 36 52 | Brahmas 11 7 | Bava 3 54 | Tuld 30 49 | 20| 3| 4
6 | Wed. | 33 58 | Visikhé 38 58 | Aindra 8 24 | Kaulava 3 42| Tnla23|30 45121 { 4| 5
7 | Thurs.| 35 29 | Apurfdhd 42 19 | Vaidhriti 6 36 | Gara 4 44 | Vrischi: [ 30 44 | 22| 5| 6
8 [ Fri. | 38 16 | Jyeshthd 46 48 | Vishkambha | 5 49 | Vishti 6 53| Vris:47[30 41|23 6} 7
9| Sat. |42 9 ) Mila 52 13 | Priti 6 2| Bilava 10 13 | Dhanns | 30 38 | 24 | 7 —8_
10 | Sun. | 46 48 | Pdrva Ashadha | 58 11 | Ayushmat 6 53 | Taitila 14 28 | Dhanus | 30 36 [ 25 | 8| 9
11 | Mon. | 51 43 | Uttara Ashadbd | 80 0 | Sauhhéigya 8 1| Vany 19 16 | Dha:15| 30 33 {26 9|10
12 | Tues. | 56 44 | Uttara Ashadhd | 4 35 Sobhana 9 29 | Bava 24 14 | Makara | 30 80 | 27 [ 10 | 11
18 | Wed. [ 60 O émvaua 10 59 | Atiganda 10 58 | Kaulava 20 3 [Maka:44| 30 28 | 28 |11 | 12
13 | Thurs.| 1 23 | Dhanishthi 16 45 | Sukarman 11 54 | Taitila 1 23| Konmbha| 30 25 [ 29 | 12 | 13
14 | Fri. 5 18 ént:;bhishaj 21 52 | Dhriti 12 26 | Vanij 5 18 | Kumbha| 30 22 i 30113 | 14
15 | Sat. 8 11 | Pirva Bhodra: | 26 4 | Sila 12 7 { Bava 8 11 |Kum:10| 30 20 ‘ 31 |14 | 15
Amanta Bhadrapada krishnapakskha.

1| Sun. | 9 59 | Uttara Bhadra:| 28 58 Ganda [ 10 45 | Kaulava 9 59| Mina 30 17 115 (16
2 | Mon. | 10 30 | Revati 30 40 | Vriddhi 8 30 | Gara 10 30 [Mina 31|30 15| 2|16 [ 17
3 | Tues. | 9 35 | Asvini 31 9 | Dhruva 5 10 | Vishti 9 85| Mesha |30 12| 3|17 |18
4 | Wed. | 7 26 | Bharani 30 27 | Vyhghita 52 ?,g Bilava 7 26| Me:45 | 30 10| 4|18 19
5 | Thurs.| 4 19 | Krittikd 28 36 | Vajra 49 43 | Taitila 4 19 | Vrisha |30 7 5|19/ 20
6 (P |2 18| Robiu 95 59 | Siddhi 43 1| Vanij 0 16| Vri:54 (30 5| 62|21
8 | Sat. | 49 55 | Mrigasiras 22 43 | Vyatipdta 35 58 | Bilava 22 45 _Mithlma 30 2| 7212
9 Sun. |44 9 | Ardrd 18 57 | Variyas 28 28 | Taitila 16 2 | Mithuna [ 30 O | 8| 22 { 23
10 | Mon. [ 38 9 | Punarvasu 14 55 | Parigha 20 45 | Vani) 11 9 [Mithu:1| 29 57 | 9| 23 | 24
11 | Tues. | 32 9 | Pushya 10 47 | Siva 13 2 [ Bava 5 9 |Karka: 29 55|10 | 24 _;5_
12 | Wed. | 26 17 | Afleshd 6 46 | Siddha 5; §T Taitila 26 17 | Kar: 7 {29 52| 11|25 | 26
18 | Thurs.| 20 45 | Magh# 52 5% Subha 51 4 | Vanij ?0 45 | Simha | 29 49 | 12 | 26 | 27
14 | Fri. |15 48 | Uttara Phalgun| 57 25 | Sukla 44 35 | Sakuni 15 48 |Shi: 14129 47 |18 | 27| 28
30 | Sat. [ 11 40 { lasta 55 38 ! Brahman 38 46 | Niga 11 40 | Kanyi | 29 44 | 14 | 28 | 29

* Where no numbers are inserted in this colnmn it must be understood that the moon was in the sign during the whole day.
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The above extract is for the amanta month Bhidrapada or August 3ist to September 20th,
1894. The month is divided into its two fortnights. The uppermost horizontal column shews that the
first tithi, “pratipadd”, was current at sunrise on Friday, and that it ended at 43 gh. 59 p. after
sunrise. The moon was 12 degrees to the east of the sun at that moment, and after that the
second tithi, “dvitlyd”, commenced. The nakshatra Pirva-Phalguni ended and Uttara-Phalguni
commenced at 40 gh. 16 p. after sunrise. The yoga Siddha ended, and Sadhya began, at 31 gh. 22 p.
after sunrise; and the karana Kimstughna ended, and Bava began, at 16 gh. 30 p. after sunrise.
The moon was in the sign Simha up to 15 gh. after sunrise and then entered the sign Kanya.
The length of the day was 30 gh. 59 pa. (and consequently the length of the night was 29 gh.
1 pa.). The solar day was the 16th of Sirhha.! The Muhammadan day was the 29th of Safar,
and the European day was the 3ist of August. - This will explain the bulk of the table and
the manner of using it.

Under the heading ‘other particulars’® certain festival days, and some other information
useful for religious and other purposes, are given. To the right, read vertically, are given the
places of the sun and the principal planets at sunrise of the last day of each fortnight in signs
degrees, minutes, and seconds, with their daily motions in minutes and seconds. Thus the
figures under ‘“sun” shew that the sun had, up to the moment in question, travelled through
4 signs, 29 degrees, 27 minutes, and 9 seconds; 7.e., had completed 4 signs and stood in the 5th,
Sirhha,—had completed 29 degrees and stood in the 3oth, and so onj;and that the rate of his daily
motion for that moment was 58 minutes and 30 seconds. Below are shown the same in signs
in the horoscope. The akargana, here 34—227, means that since the epoch of the Grakalaghava,?
7.., sunrise on amanta Phalguna krishna 3oth of Saka 1441 expired, or Monday 1gth March, A.D.
1520, 34 cycles of 4016 days each, and 227 days, had elapsed at sunrise on Saturday the isth
of the bright half of Bhddrapada. The horoscope entries are almost always given in pafichangs
as they are considered excessively important by the Hindus.

31.  Tithis and solar days. Solar or civil days are always named after the week-days, and
where solar reckoning is in use are also counted by numbers, e.g., the 1st, 2nd, etc., of a named
solar month. But where solar reckoning does not prevail they bear the names and numerals of
the corresponding tithis. The tithis, however, beginning as they do at any hour of the day, do
not exactly coincide with solar days, and this gives rise to some little difficulty. The general
rule for civil purposes, as well as for some ordinary religious purposes for which no particular
time of day happens to be prescribed, is that the tithi current at sunrise of the solar day
gives its name and numeral to that day, and is coupled with its week-day. Thus Bhadrapada
Sukla chaturdasi Sukravéra (Friday the 14th of the first or bright fortnight of Bhadrapada) is
that civil day at whose sunrise the tithi called the 14th $ukla is current, and its week-day is
Friday. Suppose a written agreement to have been executed between two patrties, or an ordinary
religious act to have been performed, at noon on that Friday at whose sunrise Bhidrapada Sukla chatur-
dasi of Saka 1816 expired was current, and which ended (sec the table) 5 gh. 18 p., (about
2 h. 7 m.) after sunrise, or at about 8.7 a.m. Then these two acts were actually done after the
chaturdasi had ended and the plirnimé was current, but they would be generally noted as having been
done on Friday s$ukla chaturdasi. It is, however, permissible, though such instances would be

1 Solar days are not given in Bomhay pafichdiigs, bnt I bave cntered them here to complete the calendar. Some entries
actually printed in the pafichdiig are not very useful and are conscquently omitted in the cxtract. [S. B. D.]

2 The sum total of days that have elapsed sinceany other standard epoch is also called the akargana. For instance, the ahar-
gana from the beginniog of the present kaliynga is in constant usc. The word means *collection of days.”
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rare, to state the date of these actions as * Friday pfirniméi;" and sometimes for religious pur-
poscs the date would be expressed as ““chaturdasi yukta pirnimd” (the 14th joined with the pir-
nimd). Where, however, successive regular dating is kept up, as, for instance, in daily transactions
and accounts, a civil day can only bear the name of the tithi current at its sunrise.

Some religious ceremonies are ordered to be performed on stated tithis and at fixed times of
the day. For example, the worship of the god Gane$a is directed to take place on the Bhidra-
pada $ukla chaturthi during the third part (madiyidina) of the five parts of the day. A Sriddha,
a ceremony in honour of the pitris (manes), must be performed during the 4th (aparikna) of
these five periods. Take the case of a Brihmana, whose father is dead, and who has to perform
a $riddha on every amavisyi. In the month covered by our extract above the amivasya is current
at sunrise on Saturday. It expired at (1 gh. 40 p. after sunrise on Saturday, or at about 10.40 a.m.
Now the aparahna period of that Saturday began, of course, later than that hour, and so the
amavasya of this Bhidrapada was current during the aparihna, not of Saturday, but of the previous day,
Friday. The s$riddha ordered to be performed on the amivisyd must be performed, not on
Saturday, but on Friday in this case. Again, suppose a member of the family to have died on this
same Friday before the end of the tithi krishna chaturdasi, and another on the same day but
after the end of the tithi. A $riddha must be performed in the family every year, according
to invariable Hindu custom, on the tithi on which each person died. Therefore in the present
instance the $riddha of the first man must be performed every year on the day on which
Bhadrapada krishpa chaturdasi is current, during the aparihna; while that of the second must
take place on the day on which the amavisya of that month is current during the aparihna,
and this may be separated by a whole day from the first. Lengthy treatises have been written
on this subject, laying down what should be done under all such circumstances. !

At the time of the performance of religious ceremonies the current tithi, vara, and all other
particulars have to be pronounced; and consequently the tithi, nakshatra, etc., so declared may
differ from the tithi, etc., current at sunrise. There is a vrata (observance, vow) called Saskashta-
néSana-chaturthi, by which a man binds himself to observe a fast on every krishna chaturthi up
to moonrise, which takes place about 9 p.m. on that tithi, but is allowed to break the fast afterwards.
And this has of course to bc done on the day on which the chaturthiis current at moonrise. From
the above extract the evening of the 18th September, Tuesday, is the day of this chaturthi, for
though the 3rd tithi, tritiyA, of the krishpa paksha was current at sunrise on Tuesday it
expired at 9 gh. 35 pa. after sunrise, or about 9.50 a.m. If we suppose that this man made a
grant of land at the time of breaking his fast on this occasion, we should find him dating
his grant “krishna chaturthi, Tuesday,” though for civil purposes the date is krishpa tritiyd,
Tuesday.

The general rule may be given briefly that for all practical and civil purposcs, as well as
for some ordinary religious purposes, the tithi is connected with that week-day or solar day at
whose sunrise it is current, while for other religious purposes, and sometimes, though rarely,
even for practical purposes also, the tithi which is current at any particutar moment of a solar
day or week-day is connected with that day.

32. Adhika and kshaya tithis. Twelve lunar months are equal to about 354 solar days
(see Art. 24 above), but there are 360 tithis during that time and it is thus evident that six tithis
must somehow be expunged in civil (solar) reckoning. Ordinarily a tithi begins on one day and

1 The Nirpayasindku is one of these authorative works, and is io general use at the present time in most parts of India.

2
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ends on the following day, that is it touches two successive civil days. It will be seen, however,
from its length (Art. 7 above) that a tithi may sometimes begin and end within the limits of
the same natural day; while sometimes on the contrary it touches three natural days, occupying
the whole of one and parts of the two on each side of it.

A tithi on which the sun does not rise is expunged. It has sustained a diminution or
loss (kshaya), and is called a Ashaya tithi. On the other hand, a tithi on which the sun rises
twice is repeated. It has sustained an increase (vr:dd/ki), and is called an aedhika, or added, tthi.
Thus, for example, in the pafichdng extract given above (477 30) there is no sunrise during
krishna saptami (7th), and it is therefore expunged. Krishna shashthi (6th) was current at sunrise on
Friday, for it ended 16 palas after sunrisc ; while krishna saptamibegan 16 palas after that sunrise and
ended before the next sunrise; and krishpa ashtami (8th) is current at sunrise on the Saturday.
The first day is therefore named civilly the (6th) shashthi, Friday, and the second is named (8th)
ashtami, Saturday ; while no day is left for the saptami, and it has necessarily to be expunged
altogether, though, strictly speaking, it was current for a large portion of that Friday. On the
other hand, there are two sunrises on Bhadrapada Sukla trayddasi (Sukla 13th), and that tithi
is therefore rcpeated. It commenced after 56 gh. 44 pa. on Tuesday, 7.e., in European reckoning
about 4.20 a.m. on the Wednesday morning, was current on the whole of Wednesday, and
cnded on Thursday at 1 gh. 23 pa. after sunrise, or about 6.33 am. It therefore touched the
Tuesday (reckoned from sunrise to sunrise) the Wednesday and the Thursday; two natural civil
days began on it; two civil days, Wednesday and Thursday, bear its numeral (13); and therefore
it is said to be repeated. !

In the case of an expunged tithi the day on which it begins and ends is its week-day.
In the case of a repeated tithi both the days at whose sunrise it is current are its week-days.

A clue for finding when a tithi is probably repeated or expunged is given in Art. 142.

Generally there are thirteen expunctions (%skayas) and seven repetitions (vyiddhis) of
tithis in twelve lunar months.

“The day on which no tithi ends, or on which two tithis end, is regarded as inauspicious.
In the panching extract above (Arz 30) Bhidrapada S$ukla traydodasi Wednesday, and
Bhadrapada krishna shashthi, Friday (on which the saptami was expunged), were therefore
inauspicious,

33- It will be seen from the above that it is an important problem with regard
to the Indian mode of reckoning time to ascertain what tithi, nakshatra, yoga, or karana was
current at sunrise on any day, and when it began and ended. Our work solves this problem
in all cases. ,

34. Variation on account of longitude. The moment of time when the distance between
the sun and moon amounts to 12, or any multiple of 12, degrees, or, in other words, the moment
of time when a tithi ends, is the same for all places on theearth’s surface ; and this also applies to
nakshatras, yogas, and karanas. But the moment of sunrise of course varies with the locality,
and therefore the ending moments of divisions of time such as tithis, when referred to sun-
rise, differ at different places. For instance, the tithi Bhadrapada Sukla parnima (see above Art. 30)
ended at Poona at 8 gh. 11 pa. after sunrise, or about 9.16 a.m. At a place where the sun
rose I gh. earlier than it does at Poona the tithi would evidently have ended one ghatika later,
or at 9 gh. 11 pa. after sunrise, or at about 9.40 a.m. On the other hand, at a place where

1 Any assertions or definitions by previons writers on Hindu Chronology or Astronomy contrary to the above definitions
and cxamples arc certainly erroncons, and dne to misapprebension. [S. B. D.]



THE HINDU CALENDAR. 19

the sun rose 1 gh. later than at Poona the tithi would have ended when 7 gh. 11 pa. had
elapsed since the sunrise at that place, or at about 8.52 a.m.

35. For this reason the expunction and repetition of tithis often differs in different local-
ities. Thus the nakshatra Porvashidhd (see pasichang extract Art. 30) was 58 gh. 11 pa. ! at Poona
on Sunday, $ukla roth. At a place which is on thc same parallcl of latitude, but 12
degrees eastward, the sun rises 2 gh. earlier than at Poona, and there this nakshatra ended
(58 gh. 11 pa. +2 gh =) 60 gh. 11 pa. after sunrise on Sunday, that is at 11 pa. after sunrise
on Monday. It therefore touches three natural days, and therefore it (Parvashidhd) is repeated,
whereas at Poona it is Uttarishidha which is repeated. On the other hand, the nakshatra
Maghi on Krishna 13th was 3 gh. 4 pa., and Parva-phalguni was (3 gh. 4 pa. 4 56 gh. 2 51 pa. =)
59 gh. 55 pa. at Poona. At a place which has the same latitude as Poona, but is situated even at
so short a distance as 1 degree to the east, the nakshatra Pfirva-phalguni ended 60 gh. 5 pa after
sunrise on Thursday, that is 5 pa. after sunrise on Friday; and therefore there will be no
kshaya of that nakshatra at that place, but the following nakshatra Uttara phalguni will be
expunged there.

36. True or apparent, and mean, time. The sun, or more strictly the earth in its orbit,
travels, not in the plane of the equator, but in that of the ecliptic, and with a motion which varies
every day ; the length of the day, therefore, is not always the same even on the cquator. But for
calculating the motions of the heavenly bodies it is evidently convenient to have a day of uniform
length, and for this reason astronomers, with a view of obtaining a convenient and uniform
measure of time, have had recourse to a mean solar day, the length of which is equal to
the mean or average of all the apparent solar days in the year. An imaginary sun, called the
mean sun, is conceived to move uniformly in the equator with the mean angular velocity of the
true sun. The days marked by this mean sun will all be equal, and the interval between two
successive risings of the mean sun on the equator is the duration of the mean solar day, viz., 24
hours or 60 ghatikis. The time shown by the true sun is called true or apparent time, and the
time shown by the mean sun is known as mean time. Clocks and watches, whose hands move,
at least in theory, with uniform velocity, evidently give us mean time, With European astronomers
“mean noon” is the moment when the mean sun is on the meridian; and the “mean time” at
any instant is the hour angle of the mean sun reckoned westward from o h. to 24 h,, mean
noon being 0 h. for astronomical purposes.

Indian astronomers count the day from sunrise, to sunrise, and give, at least in theory,
the ending moments of tithis in time reckoned from actual or true sunrise. The #ue or apparent
time of a place, therefore, in regard to the Indian pafichdng, is the time counted from true
(s.e., actual) sunrise at that place. For several reasons it is convenient to take mean sunrise on
the equator under any given meridian to be the mean sunrise at all places under the same merid-
ian. The mean sunrise at any place is calculated as taking place at o gh. or 0 h.—roughly
6 a.m. in European civil reckoning; and the mean time of a place is the time counted from
o gh. or 0 h.

The moment of true sunrise is of course not always the same at all places, but varies with
the latitude and longitude. Even at thc same place it varies with the declination of the sun, which

1 Tnstead of writing at full length that sneh and such a tithi “ends at so many ghatikis after sunrise”, Indian astronomers
say for brevity that the tithi *is so many ghatikds”. The phrase is so used in the text in (his sense.

2 1In the case of kshayas in the pafiehdng extract the ghatikéis of expunged tithis etc., are to he counted after the end of the
previous tithi etec. In some pafichfings the ghatikds from sunrise—39 gh. 55pa. in the present instance—are given.
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varies every day of the year. And at any given place, and on any given day of the year, itis not
the same for all years. The calculation, therefore, of the exact moment of true sunrise at any
place is very complicated —too complicated to be given in this work, ! the aim of which is
extreme simplicity and readiness of calculation, and therefore mean time at the meridian of
Ujjain ? or Lanka is used throughout what follows.

All ending moments of tithis calculated by our method C (Arts. 739 to 160) arein Ujjain
mean time; and to convert Ujjain mean time into that of any other given place the difference
of longitude in time—4 minutes (10 palas) to a degree—should be added or subtracted according
as the place is east or west of Ujjain. Table XI. gives the differences of longitude in time for
some of the most important places of India. i

The difference between the mean and apparent (true) time of any place in India at the
present day varies from 7/ (in March and October) to 26 minutes (in January and June) in
the extreme southern parts of the peninsular. It is nowhere more than 65 minutes.

37. Basis of calculation for the Tables. All calculations made in this work in accordance
with luni-solar reckoning are based on the S#rya-Siddiinta, and those for solar reckoning on the
Strya and Arya Siddhéntas. The elements of the other authorities being somewhat different, the
ending moments of tithis etc., or the times of sankrantis as calculated by them may sometimes
differ from results obtained by this work; and it must never be forgotten that, when checking the date
of a document or record which lays down, for instance, that on a certain week-day there fell a certain
tithi, nakshatra, or yoga, we can only be s#re of accuracy in our results if we can ascertain
the actual Siddhidnta or other authority used by the author of the calendar which the drafter
of the document consulted. Prof. Jacobi has given Tables for several of the principal Siddiantas
in the Zpigraphica Indica (Vol. I1., pp. 103 et seq.), and these may be used whenever a doubt
exists on the point.

Although all possible precautions have been taken, there, must also bc a slight
element of uncertainty in the results of a calculation made by our Tables owing to the difference
between mean and apparent time, independently of that arising from the use of different
authorities, Owing to these two defects it is necessary sometimes to be cautious. If by any
calculation it is found that a certain tithi, nakshatra, yoga, or karana ended nearly at
the close of a solar day—as, for example, 55 ghatikds after mean sunrise on a Sunday, ze., §
ghatikas before sunrise on the Monday—it is possible that it really ended shortly after true sunrise
on the Monday. And, similarly, if the results shew that a certain tithi ended shortly after
the commencement of a solar day,—for instance, 5 ghatikds after mean sunrise on a Sunday,—it
is possible that it really ended shortly before the true termination of the preceding day, Saturday.

1 Since this work was in the Press, Professor Jacobi has published in the Epigraphia Indica (Vol. 1L, pp. 487 —498)a treatise
with tables for the ealeulation of Hindu dates in true loeal time, o which we refer our readers.

2 Here Lanka is not Ceylon, but a place supposcd to be on the equator, or in lat. 0° 0’ 0 on the meridian of Ujjain, or
longitude 75° 46'. It is of great importance to know the exaet east longitude of Ujjain, since upon it depends the verification of
apparent phecomena throughout India. Caleulation by the different Siddhéntas ean he checked by the hest Europesn science if that
point can be certainly determined. The great Trigonometical Survey map makes the centre of the eity 75° 49° 45" E. long. and
23° 11' 10° N. lat. But this is subject to two correctious; first, a correetion of 1' 9 to reduee the longitude to the origin of the
Madras Obscrvatory taken as 80° 17" 217, and secoudly, a farther reduction of 2° 30" to reduce it to the latest value, 80° 14’51~
of that Ohservatory, total 3’ 89*. This reduces the E. long. of the ecntre of Ujjain city to 75° 46’ 06-. 1 take it therefore, that
amidst eouflieting authorities, the best of whom vary from 75° 43" to 75° 51', we may for the present aceept 75° 46’ as the nearest
approach to the truth. The acecuraey of the base, the Ohservatory of Madras, will before long be again tested, and whatever difference
is found to exist between the new fixture and 80° 14’ 51", that difference applied to 75° 46" will give the correet valne of the
E. long. we require. {R. S.]
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Five ghatikds is not the exact limit, nor of course the fixed limit. The period varies from #:/
-to about five ghatikds, rarely more in the case of tithis, nakshatras, and karanas; butin the case
of yogas it will sometimes reach seven ghatikas.

Calculations made by our method C will result in the finding of a “tithi index” (£), or
a nakshatra or yoga-index (». or p.), all of which will be explained further on; but it may
be stated in this connection that when at any ascertained mean sunrise it is found that the
resulting index is within 30 of the ending index of the tithi, (7adle VI//., col. 3), nakshatra or
karana (id. col. 8, ¢, 70), or within 50 of the ending index of a yogd (id. col. r3), it is possible
that the result may be one day wrong, as explained above. The results arrived at by our
Tables, however, may be safely relied on for all ordinary purposes.

38. Nakshatras There are certain conspicuous stars or groups of stars in the moon’s
observed path in the heavens, and from a very remote age these have attracted attention.
They are called in Sanskrit “ Nakshatras”. They were known to the Chaldeeans and to the ancient
Indian Aryas. Roughly speaking the moon makes one revolution among the stars in about 27 days,
and this no doubt led to the number ! of nakshatras being limited to 2.

The distance between the chief stars, called ydga-taras, of the different nakshatras is not
uniform. Naturally it should be 13° 20, but, in some cases it is less than 7°, while in others
it is more than 20°. It is probable that in ancient times the moon’s place was fixed merely by stating
that she was near a particular named nakshatra (star) on a certain night, or on a certain occasion.
Afterwards it was found necessary to make regular divisions of the moon’s path in her orbit, for
the sake of calculating and foretelling her position; and hence the natural division of the ecliptic,
consisting of twenty-seven equal parts, came into use, and each of these parts was called after a
separate nakshatra (see Art. §). The starry nakshatras, however, being always in view and familiar
for many centuries, could not be dispensed with, and therefore a second and unequal division
was resorted to. Thus two systems of nakshatras came into use. One we call the ordinary or equal-
space system, the othec the unequal-space system. The names of the twenty-seven stellar nakshatras
are given to both sets, In the equal-space system each nakshatra has 13° 20' of space, and when
the sun, the moon, ora planet is between 0°, 7.e., 7o degrees, and 13° 20" in longitude it is said to be in
the first nakshatra Asvini, and so on. The unequal-space system is of two kinds. One is described
by Garga and others, and is called here the “Garga system.” According to it fifteen of the
nakshatras are held to be of equal average (mean) length—i.c., 13° 20',—but six measure one
and-a-half times the average—i.e., 20° and six others only half the average, viz., 6° 40'. The other
system is described by Brahmagupta and others, and therefore we call it the ¢ Brahma-Siddhanta”
system. In its leading feature it is the same with Garga’s system, but it differs a little from
Garga's in introducing Abhijit in addition to the twenty-seven ordinary nakshatras. The moon'’s
daily mean motion,—13 degrees, 10 minutes, 35 seconds,—is taken as the average space of a
nakshatra. And as the total of the spaces thus allotted to the usual twenty-seven nakshatras,
on a similar arrangement of unequal spaces, amounts to only 355 degrees, 45 minutes, 45 seconds,
the . remainder,—4 degrees, 14 minutes, 15 seconds,—is allotted to Abhijit, as an additional
nakshatra placed between Uttara-Ashidhi and Sravana.

The longitude of the ending points of all the nakshatras according to these three systems

1 The mean length of the moon’s revolution among the stars is 27.32166 days (27.321674 according to the Sirya Siddhénta).
Its least duration is 27 days, 4 hours, and the greatest about 7 hours longer. The nnmber of days is thus between 27 and 28, and

therefore the number of nakshatras was sometimes taken as 28 by the aucient Iudien Aryas. The extra nakshutra is called Abhijit
(See Table VIII, col. 7.) [S. B. D.]
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- an amrita siddhiyoga. In the panching extract (Arz. 30) given above there is an amyita siddhiyoga

on the 2nd, sth and 18th of September. It is considered an auspicious yoga, while some yogas
are inauspicious.

40. Karanas. A karapa being half a tithi, there are 60 karanasin a lunar month. There
are seven karanas in a series of eight cycles—total 56—every month, from the second half of
$ukla pratipadd (1st) up to the end of the first half of krishna chaturdasi (14th). The other four
karanas are respectively from the second half of krishna chaturdasi (14th) to the end of the first

half of Sukla pratipada. !
Table VIII., col, 4, gives the serial numbers and names of karanas for the first half, and

. 5 for the second half, of each tithi.

40a. FEclipses. Eclipses of the sun and moon play an unportant part in inscriptions, since,
aceording to ancient Indian ideas, the value of a royal grant was greatly enhanced by its being
made on the oceasion of such a phenomenon; and thus it often becomes essential that the moments
of their occurrence should be accurately ascertained. The inscription mentions a date, and an
eclipse as occurring on that date. Obviously we shall be greatly assisted in the determination of
the genuineness of the inscription if we can find out whether sueh was actually the case. Up to
the present the best list of eclipses procurable has been that published by Oppolzer in his
“ Canon der Finsternisse” (Denkschriften der Kaiserl. Akademie der Wissenschaften, Vienna,
Fol. LII.), but this concerns the whole of our globe, not merely a portion like India; the standard
meridian is that of Greenwich, requiring correction for longitude; and the accompanying maps are
on too small a seale to be useful except as affording an approximation from which details can
be worked out. Our object is to save our readers from the necessity of working out such
complicated problems. Prof. Jacobi's Tables in the /ndian Antiguary (Vol. XVIl.)and Epigraphia
Indica (Vol. 11.) afford considerable help, but do not entircly meet the requirements of the
situation. Dr. Schram’s contribution to this volume, and the lists prepared by him, give the dates
of all eclipses in India and the amount of obscuration observable at any place. His article speaks
for itself, but we think it will be well be add a few notes.

Prof. Jacobi writes (Fpig. Ind., I, p. 422):—*“The eclipses mentioned in inscriptions are
not always actually observed eclipses, but calculated ones. My reasons for this opinion are the
following : Firstly, eclipses are auspicious moments, when donations, such as are usually recorded
in inseriptions, are particularly meritorious. They were therefore probably sclected for such
occasions, and must accordingly have been ecalculated beforehand. No doubt they were entered
in pafichings or almanaes in former times as they are now. Secondly, even larger eclipses
of the sun, up to seven digits, pass unobserved by common people, and smaller ones are only
visible under favourable circumstances. Thirdly, the Hindus place implicit trust in their Sastras,
and would not think it necessary to test their caleulations by actual observation. The writers
of inscriptions would therefore mention an eelipse if they found one predicted in their almanacs.

Our general Table will occasionally be found of use. Thus a lunar eclipse can only oecur
at the time of full moon (pérnima), and can only be visible when the moon is above the horizon
at the place of the observer; so that when the pirnimd is found by our Tables to occur dur-
ing most part of the daytime there can be no visible eclipse. But it is possibly visible
if the pirnima is found, on any given meridian, to end within 4 ghatikds after sunrise, or within
4 ghatikds before sunsct. A solar eclipse occurs only on an amavisya or new moon day. If

1 According to the Sirya-Siddidnta the four kavaas are Sakuni, Niga, Chatushpada and Kimistoghna, but we have followed the
present practice of Western India, which is supported by Varfhamihira and Brahmagupta,
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the amavasya ends between sunset and sunrise it is not visible. If it ends between sunrise and
sunset it may be visible, but not of course always.

41. Lunar months and their names. The usual modern- system of paming lunar months
is given above (Art. 14), and the names in use will be found in Tables II. and III. In early times,
however, the months were known by another set of names, which are given below, side by side
with those by which they are at present known.

Ancicnt names, Modern names. Ancient names. Modern names.
IPRVIadhus: " % . . & . Chaitra 7. Isha o .00 R e S
2. Madhava . . . . . . Vaisikha 8. Uha . . . e teie Kanke
8 Swkra . . . . . . . Jyeshtha 9. .Sahas . . " . LS NMAtea Siclhe
i tsuchi™ o, . . ...« Ashidha 10.¢ Sahasyal U 2 SRR R uSka
PN abhasy e ) . .= . ~Srivana 11, Tapas! .5 4% s e Liacha
6. Nabhasya. . . . . . Bhadrapada 12., Tapasya & ‘i - eaEhiloung

The names “Madhu’ and others evidently referto certain seasons and may be called season-
names ! to distinguish them from ¢ Chaitra’ and those others which are derived from the nakshatras.
The latter may be termed sidereal names or star-names. Season-names are now nowhere in use,
but are often met with in Indian works on astronomy, and in Sanskrit literature generally.

The season-names of months are first met with in the mantra sections, or the Sasithitais,
of both the Yaijur-Vedas, and are certainly earlier than the sidereal names which are not
found in the Sasirhités of any of the Vedas, but only in some of the Brakmanas, and even
there but seldom. ?

42. The sidereal names “Chaitra”, etc., are originally derived from the names of the
nakshatras. The moon in her revolution passes about twelve times completely through the
twenty-seven starry nakshatras in the course of the year, and of necessity is at the full while
close to some of them. The fullmoon tithi (pérpuimé), on which the moon became full when
near the nakshatra Chitrd, was called Ckaitrf; and the lunar month which contained the Chaitri
plrpima was called Chaitra and so on.

43. But the stars or groups of stars which give their names to the months are not at
equal distances from one another; and as this circumstance,—together with the phenomenon of
the moon’s apparent varying daily motion, and the fact that her synodic differs from her sidereal
revolution—prevents the moon from becoming full year after year in the same nakshatra, it was
natural that, while the twenty-seven nakshatras were allotted to the twelve months, the months
themselves should be named by taking the nakshatras more or less alternately. The nakshatras
thus allotted to each month are given on the next page. ;

44. It is clear that this practice, though it was natural in its origin and though it was
ingeniously modified in later years, must often have occasioned considerable confusion; and
so we find that the months gradually ceased to have their names regulated according to the
conjunction of full moons and nakshatras, and were habitually named after the solar months
in which they occurred. This change began to take place about 1400 B.C,, the time of the

1 Madhu is “honcy”, “sweet spring”. Mddhava, “the sweet one”. Sukre and Sucki hoth mean “hright”. Nabhas, the rainy

season. Nabkasya, * vapoury”, “rainy”. Isk or Isha, *“dvanght” or “refreshment”, “fertile”. (’frj, ““strength ”’, “vigour”. Sakas

“strength”. Sahasya “strong”. Tapas “penance”, * mortification”, “pain”, “fire”. ZTapasya, “produced hy beat”, “‘pain”. All
are Vedic words.

2 In my opinion the sidereal names **Chaitra” and the rest, came into use abont 2000 B. C. They are certainly not later
than 1500 B.C., and not earlier than 4000 B.C. [S. B D.]
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Vedéngajyotisha; and from the time when the zodiacal-sign-names, ‘Mesha” and the rest,
came into use till the present day, the general rule has been that that amanta lunar month in
which the Mesha sankranti occurs, is called Chaitra, and the rest in succession.

Derivation of the Names of the Lunar Months from the Nakshatras.

Names and Grouping of the Nakshatras. Names of the Months.
RN Roliiig . e T L T e Kérttika.
it res S ATdr e 3 D R BT e e e T Miirgasirsha.
Y ail’ S B uslyia ol e e et T . e, Pausha.
Adleshd; Maghd . . . el ) TN Migha.
Plrva-Phalguni; Uttara- Phalgum Hasta B P . . e Phélguna.
Chitrd; Sviti . . . . o LT e AR TR Chaitra.
ViR O An i L O R e C I Vaisikha.
Jyeshthit; Mflla . . . N e N T Jyeshtha.
Pirva-Ashidha; Utt,ara-Ashﬁ(Iha (Abhmt) A -k - Asbadha.
(Abhl]lt), Srnvnua Dhanishthd . . . . -, SRS S AN érﬁvaua.
Satatiraka; Pdrva-Bhadrapadé; Uttara- Bhadrapadﬁ. SRR . Bhidrapada
Revati; Asvini; Bharapi. - . el Ll =il p. Aévina.

45. Adhika and kshaya mésas. 1t will be seen from Art. 24 that the mean length of
a solar month is greater by about nine-tenths of a day than that of a lunar month, and that the
true length of a solar month, according to the Sz?rya-S'z'dd/zénm, varies from 29 d. 7 h. 38 m.
to 31d. 15h. 28m. Now the moon’s synodic motion, viz., her motion relative to the sun, is also
irregular, and consequently all the lunar months vary in length. The variation is approximately
from 29d. 7h. 20m. to 29d. 19h. 30m., and thus it is clear that in a lunar month there will
often be no solar sankrinti, and occasionally, though rarely, two. This will be best understood
by the following table and explanation. (See p. 26.)

We will suppose (see the left side of the diagram, cols. 1,2.) that the sun entered the sign Mesha,—
that is, that the Mesha sankranti took place, and therefore the solar month Mesha commenced,—
shortly before the end of an amanta lunar month, which was accordingly named “ Chaitra” in con-
formity with the above rule (472 74, or 47); that the length of the solar month Mesha was greater than
that of the following lunar month; and that the sun therefore stood in the same sign durmrr
the whole of that lunar month, entermg the sign Vrishabha shortly after the beginning of the
third lunar month, which was consequently named Vaisikha because the Vrishabha sainkranti
took place, and the solar month Vrishabha commenced, in it,—the Vrishabha sankranti being
the one next following the Mesha sankrinti. Ordinarily there is one sankranti in each lunar
month, but in the present instance there was no sankrinti whatever in the second lunar month
lying between Chaitra and Vaisikha.

The lunar month in which there is no sankranti is called an adki%a (added or intercalated)
month; while the month which is not adhika, but is a natural month because a sankranti actually
occurred in it, is called #zja, ie., true or regular month.! We thus have an added month
between natural Chaitra and natural Vai$akha.

1 Professor Kielhorn is satisfied that the terms adkika and nija are quite modern, the nomenclature usually adopted in docu-
ments and ivscriptions earlier then the present cevtury being pratkama (first) and dvitiyé (second). He alluded to this in JIrd.
Ant., XX, p. 411. [R. 8]
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“The twelve lunar months, at whose first moment thc sun stands in Mina and the following
[signs], arc called Chaitra, and the others [in succession].”

According to this rule the added month in the above example (472 4£5) will be named
Vaisidkha, since the sun was in Mesha when it began; and in the example of the cxpunged
month the month between the natural Karttika and the natural Magha will be named Marga$irsha,
because the sun was in Vrischika when it commenced, and Pausha will be considered as expunged.

This rule is given in a work named Kdlatatva-vivechana,andis attributed to the sage Vydsa. The
celebrated astronomer Bhdskarichirya (A.D. 1150) seems to have followed the samec rule, ! and
it must therefore have been in use at least as early as the 12th century A. D. As it is the general
rule obtaining through most part of India in the present day we have followed it in this work.

There is another rule which is referred to in some astronomical and other works, and is
attributed to the Brakma-Siddhinta.® 1t is as follows:

“ Meshadisthe Savitari yo yo masalk prapiryate chindralk | Chaitridyak se jheyak pirtid-
vitve 'dhimaso ‘ntyal.” ||

“That lunar month which is completed when the sun is in [the sign] Mesha etc., isto be
known as Chaitra, etc. [respectively|; when there are two completions, the latter [of them]is an
added month.”

It will be seen from the Table given above (p. 26) that for the names of ordinary months
both rules are the same, but that they differ in the case of added and suppressed months. The
added month between natural Chaitra and natural Vaisikha, in the example in A»z. g5, having
ended when the sun was in Mesha, would be named ¢ Chaitra’ by this second rule, but ¢ Vai-
sakha' by the first rule, because it commenced when the sun was in Mesha. Again, the month
between natural Karttika and natural Magha, in the example of an expunged month, having
ended when the sun was in Makara, would be named ‘Pausha’ by this second rule, and conse-
quently Margasirsha would be expunged; while by the first rule it would be named ¢ Margasirsha
since it commenced when the sun was in VriSchika, and Pausha would be the expunged
month. It will be noticed, of course, that the difference is only in name and not in the period
added or suppressed. ® Both these rules should be carefully borne in mind when studying
inscriptions or records earlier than 1100 A. D.

47. Their determination according to true and mean systems. It must be noted with regard
to the intercalation and suppression of months, that whereas at present these are regulated by the sun’s
and moon’s apparent motion,—in other words, by the apparent length of the solar and lunar
months—and though this practice has been in use at least from A.D. 1100 and was followed
by Bhaskaracharya, there is evidence to show that in earlier times they were regulated by
the mean length of months. It was at the epoch of the celebrated astronomer Sripati, ¢ or about
A.D. 1040, that the change of practice took place, as evidenced by the following passage in
his Siddhénta Sekhara, (quoted in the Fyotisha-darpane, in A.D. 1557.)

Y See his Siddidnta-Siromani, madhyomddhikdra, adkimésanirnaya, verse 6, and his own commentary on it. [S. B. D.]

2 Tt is not to be found in either of the Brakma-Siddhintas referred to ahove, but there is a third Brahms-Siddbéinta which
I have not seen ss yet. [S. B. D.]

3 In Prof. Chattre’s list of sdded and suppresscd menths, in those pnblished in Mr. Cowasjee Patells’ Chronology, and in
General Sir A. Conningham’s Indian Eras it is often noted that the same month is both added and snppressed. But it is elear from
the ahove rules and definitions that this is impossible. A month cannot be both added and suppressed at the same time. The mistake
arose probably from resort heing made to the first rule for naming adkékc months, and to the second for the suppressed months.

4 Thenks sre due to Mr. \[ahsdeo Chmmﬁp Apte, B.A., LLB,, very receutly deceased, the founder of the AnandésSrama st

Poona, for his discovery of s part of Sripati’s Karana nsmed the Diikotida, from which I got @rnpstls date. 1 find that it was
written in Saka 961 expired (A,D. 1039-40). [S. B. D.]
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Madhyama-Ravi-sankrénti-pravesa-rakito bhaved adhikal
Madhyas Chandro méaso madhyidhika-lakshanam chaitat ||
Vidvémsas-tv-chéryé nirasya madhyidhikam masam
Kuryul sphuta-manena hi yato 'dhikak spaskia eva syat. |

“The lunar month which has no mean sun’s entrance into a sign shall be a mean intercal-
ated month. This is the definition of a mean added month. The learned Achéryas should leave
off [using] the mean added months, and should go by apparent reckoning, by which the added
month would be apparent (true).”

It is clear, therefore, that mean intercalations were in use up to Srfpatis time. In the Ve-
dinga Jyotisha only the mean motions of the sun and moon are taken into account, and it
may therefore be assumed that at that time the practice of regulating added and suppressed
months by apparent motions was unknown. These apparent motions of the sun and moon are
treated of in the astronomical Siddhdntas at present in use, and so far as is known the present
system of astronomy came into force in India not later than 400 A.D.! But on the other
hand, the method of calculating the ahargana (a most important matter), and of calculating the
places of planets, given in the Sérya and other Siddhéntas, is of such a nature that it seems
only natural to suppose that the system of mean intercalations obtained for many centuries after
the present system of astronomy came into force, and thus we find Sripati’s utterance quoted in an
astronomical work of the 15th century. There can be no suppression of the month by the mean
system, for the mean length of a solar month is longer than that of a mean lunar month, and
therefore two mean saitkrantis cannot take place in a mean lunar month.

The date of the adoption of the true (apparent) system of calculating added and suppressed
months is not definitely known. Bhaskarichirya speaks of suppressed months, and it seems
from his work that mean intercalations were not known in his time (A, D. r150.) We have
therefore in our Tables given mean added months up to A.D. 1100, and true added and sup-
pressed months for the whole period covered by our Tables. 2

48. For students more familiar with solar reckoning we will give the rules for the intercala-
tion and suppression of months in another form. Ordinarily one lunar month ends in each solar
month. When two lunar months end in a solar month the latter of the two is said to be an
adhika (added or intercalated) month, and by the present practice it receives the name of the
following natural lunar month, but with the prefix adkika. Thus in the Table on p. 25, two
lunar months end during the solar month Mesha, the second of which is ad/kika and receives,
by the present practice, the name of the following natural lunar month, Vaisikha. When no
lunar month ends ina solar month there is a Askaya mésa, or expunged or suppressed month;
z.., the name of one lunar month is altogether dropped, viz., by the preéent practice, the one
following that which would be derived from the solar month. Thus, in the Table above, no lunar
month ends in the solar month Dhanus. Margasirsha is the name of the month in which the
Dhanus sankranti occurs; the name Pausha is therefore expunged.

The rule for naming natural lunar months, and the definition of, and rule for naming, added

1 Up to recently the date was considered to he about the 6th cemtury A.D. Dr. Thihant, one of the highest living anthorities
on Indian Astromomy, fixes it at 400 A.D. (See his edition of the Paiicha Siddhdntiki Tntrod., p. LX.). My own opinion is that it
came into existence not later than the 2nd eentury B.C. [S. B. D]

2 T am inclined to helieve that of the two rules for naming Iunar months the sccond was connected with the mean system
of added months, and that thc first came into cxistence with the adoption of the true system. But I am not as yet in possession of
any cvideace on the point. Sce, however, the note to Art. 51 helow. [S. B. D.]




THE HINDU CALENDAR. 29

and suppressed months, may be summed up as follows. That amanta lunar month in which the
Mesha sankranti occurs is called Chaitra, and the rest in succession. That amanta lunar month
in which there is no sankrinti is ed/Zi#a and receives the name (1) of thg preceding natural lunar
month by the old Brakma-Siddhinta rule, (2) of the following natural lunar month by the present
rule. When there are two saikrintis in one aminta lunar month, the name which would be
derived from the first is dropped by the old ABrakma-Siddhanta rule, the name which would be
derived from the second is dropped by the present rule.

49. Different results by different Siddhantas. The use of different Siddhantas will some-
times create a difference in the month to be intercalated or suppressed, but only when a san-
kranti takes place very close! to the end of the amivasya. Such cases will be rare. Our
calculations for added and suppressed months have been made by the Siryae-Siddidnta,
and to assist investigation we have been at the pains to ascertain and particularize the
exact moments (given in tithi-indices, and tithis and decimals) of the sankrintis preceding and
succeeding an added or suppressed month, from which it can be readily seen if there be a probability
of any divergence in results if a different Siddhanta be used. The Special Tables published by
Professor Jacobi in the Epigraphia Indica (Vol.,1l., pp. 403 fi.) must not be relied on for calculations
of added and suppressed months of Siddkantas other than the Sirya-Siddhinta. 1f a different
Siddhanta happened to have been used by the original computor of the given Hindu date,
and if such date is near to or actually in an added or suppressed month according to our
Table 1., it is possible that the result as worked out by our Tables may be a whole month
wrong. Our mean intercalations from A.D. 300 to 1100 are the same by the original S#rya-
Siddhénta, the present Sirya-Siddhanta, and the first Arya-Siddhénta.

50. Some peculiarities. Certain points are worth noticing in connection with our calcula-
tions of the added and suppressed months for the 1600 years from A.D. 300 to 1900 according
to the Sirye-Siddhénta.

(@) Intercalations occur generally in the 3rd, sth, 8th, 11th, 14th, 16th and 19th years of a cycle
of 19 years. (/) A month becomes intercalary at an interval of 19 years over a certain period,
and afterwards gives way generally to one of the months preceding it, but sometimes, though
rarcly, to the following one. (/) Out of the seven intercalary months of a cycle one or two
are always changed in the next succeeding cycle, so that after a number of cycles the whole arc
replaced by others. (@) During our period of 1600 years the months Mairgasirsha, Pausha, and
Magha are never intercalary. (¢) The interval between years where a suppression of the month
occurs is worth noticing. Inthe period covered by our Tables the first suppressed month is in A.D. 404,
and the intervals are thus: 19, 65, 38, 19, 19, 46, 19, 141, 122, 19, 141, 141, 65, 19, 19, 19, 19, 46,
76, 46, 141, 141, and an unfinished period of 78 years. At first sight there seems no regularity,
but closer examination shews that the periods group .themselves into three classes, viz, (i.) 19,
38, 76, (ii.) 141; and (iii.) 122, 65 and 46 years; the first of which consists of 19 or its multiples,
the second is a constant, and the third is the difference between (ii.) and (i.) or between 141 and
a multiple of 19. The unfinished period up to 1900 A.D. being 78 years, we are led by these
peculiarities to suppose that there will be no suppressed month till at earliest (122 years =)

1 1t is difficult to definc the exact limit, beeanse it varies with different Siddhdntas, and even for one Siddhdnta it is not always
the same. It is, however, generally mot more than six ghatikds, or about 33 of our tithi-indices (7). But in the ease of some
Siddhdntas as corvected with a hija the difference may samount sometimes to as much as 20 ghatikds, or 113 of our tithi-indicea, It
would be very rare to find any difference in true added months; but in the case of suppressed months we might expeet some divergenee, a

month suppressed by oue authority not heing the sane as that suppressed by anotber, or there being no suppression at all by the latter
in some cases. Differences in mean added months wonld be very rare, except in the case of the Brakma-Siddhdnta, (See Art. 88.)
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A.D. 1944, and possibly not till (141 years =) A.D. 1963. ! (d) Magha is only once suppressed in
Saka 1398 current, Margaéirsha is suppressed six times, and Pausha 18 times. No other month
1s suppressed.

Bhaskarichirya lays down ? that Karttika, Margasirsha and Pausha only are liable to
be suppressed, but this seems applicable only to the Brahima-Siddhinta of which Bhaskaracharya
was a follower. He further states, “there was a suppressed month in the Saka year 974 expired,
and there will be one in Saka 1115, 1256 and 1378 all expired”, and this also seems applicable
to the Brahma-Siddhinta only. By the Sirya-Siddhinta there were suppressed months in all
these years except the last one, and there was an additional suppression in Saka 1180 expired.

Ganeéa Daivaijfia, the famous author of the Grakalighava (A.D. 1520), as quoted by his
grandson, in his commentary on the Siddhénta-Siromani, says, “By the Sirya-Siddhénta there
will be a suppressed month in Saka 1462, 1603, 1744, 1885, 2026, 2045, 2148, 2167, 2232, 2373,
2392, 2514, 2533, 2655, 2674, 2796 and 2815, and by the Arya-Siddhinta® there will be one
in 1481, 1763, 1904, 2129, 2186, 2251 (all expired).” The first four by S#rya calculations agree
with our results.

51. By the parpimanta scheme. Notwithstanding that the ptirnimanta scheme of months
is and was in use in Northern India, the améinta scheme alone is recognized in the matter of the
nomenclature and intercalation of lunar months and the commencement of the luni-solar year.
The following is the method adopted—first, the ordinary rule of naming a month is applied to
an amanta lunar month, and then, by the pirnimdnta scheme, the dark fortnight of it receives
the name of the following month. The correspondence of aminta and pirpiminta fortnights
for a year is shown in Table II, Part i, and it will be observed that the bright fortnights
have the same name by both schemes while the dark fortnights differ by a month, and thus
the plrpimanta scheme is always a fortnight in advance of the amanta scheme.

The sankrantis take place in definite amanta lunar months, thus the Makara-sainkranti invariably
takes place in aménta Pausha, and in no other month; but when it takes place in the krishna-
paksha of amainta Pausha it falls in plrniminta Magha, because that fortnight is said to
belong to Maigha by the pirpimanta scheme. If, however, it takes place in the Sukla paksha,
the month is Pausha by both schemes. Thus the Makara-sankrinti, though according to the
amanta scheme it can only fall in Pausha, may take place either in Pausha or Magha by the
purpimanta scheme; and so with the rest.

The following rules govern plrnimanta intercalations. Months are intercalated at first
as if there were no plrnimanta scheme, and afterwards the dark fortnight preceding the intercalated
month receives, as usual, the name of the month to which the following natural bright fortnight
belongs, and therefore the intercalated month also receives that name. Thus, in the example given
above (A4rt. 45), intercalated amanta Vaisdkha (as named by the first rule) lies between natural
amanta Chaitra and natural améinta VaiSakha. But by the purpimanta scheme the dark half
of natural amanta Chaitra acquires the name of natural Vaisikha; then follow the two fortnights
of adhika Vaisikha; and after them comes the bright half of the (nija) natural pfirnimanta

1 This relation of intervals is a distinct assistance to ealculation, as it should lead us to look with suspieion on any suppression
of a month which docs not conform to it. '

2 See the Siddhdnta-Siromani, Madhyamidhikdra. Bhiskara wrote in Saka 1072 (A.D. 1150). He did not give the names
of the snppressed months.

3 1 have ascertained that Ganefa has adopted in his Grahaldghava some of the clemenis of the ./jrya-Sidd/zd'nta ag eorrected
by Lall’s hija, and by putting to test one of the years noted 1 find that in these calcnlations also the ./irya-Sz'ddha‘nta as corrected
by Lalla’s hija was nsed. Gapesa was a most accurate calenlator, and 1 fecl certain that his resnlts can be depended npon. [S. B. D.]
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Vaidakha. Thus it happens that half of natural plrpimanta Vai§ikha comes before, and half
after, the intercalated month. !

Of the four fortnights thus having the name of the same month the first two fortnights
are sometimes called the ¢ First Vaisakha,” and the last two the “Second Vaisakha.”

It will be seen from Table II., Part i., that amanta Phalguna krishua is ptrpimanta Chaitra
krishna. The year, however, does not begin then, but on the same day as the aminta month,
Z.e., with the new moon, or the beginning of the next bright fortnight.

Having discussed the lesser divisions of time, we now revert to the Hindu year. And,
first, its beginning.

Years and Cycles.

52. The Hindu New-year's Day.—In lIndian astronomical works the year is considered
to begin, if lunisolar, invariably with amdinta Chaitra Sukla tst,—if solar with the Mesha
sankranti; and in almost all works mean Mesha sankranti is taken for convenience of calculations,
very few works adopting the apparent or true one. At present in Bengal and the Tamil
country, where solar reckoning is in use, the year, for religious and astronomical purposes, com-
mences with the apparent Mesha-sankranti, and the civil year with the first day of the month
Mesha, as determined by the practice of the country (See above Art. 28). But since mean Mesha-
sankranti is taken as the commencement of the solar year in astronomical works, it is only reason-
able to suppose that the year actually began with it in practice in earlier times, and we have
to consider how long ago the practice ceased,

In a Karapa named Bhdsvati {(A.D. 1099) the year commences with apparent Mesha
sankranti, and though it is dangerous to theorize from one work, we may at least quote it as
shewing that the present practice was known as early as A.D. 1100. This date coinciding fairly
well with Sripati's injunction quoted above (Ar¢, ¢7) we think it fair to assume for the present
that the practice of employing the mean Mesha sankrinti for fixing the beginning of the year
ceased about the same time as the practice of mean intercalary months,

The luni-solar Chaitradi * year commences, for certain religious and astrological purposes,
with the first moment of the first tithi of Chaitra, or Chaitra $ukla pratipadd and this, of course,
may fall at any time of the day or night, since it depends on the moment of new moon. But
for the religious ceremonies comnected with the beginning of a samvatsara (year), the sunrise
of the day on which Chaitra Sukla pratipadd is current at sunrise is taken as the first or opening
day of the year. When this tithi is current at sunrise on two days, as sometimes happens, the
first, and when it is not current at any sunrise (z.c., when it is expunged) then the day on which
it ends, is taken as the opening day. For astronomical purposes the learned take any convenient

1 Such an anomaly with regard to the plrniménta scheme eould not ocenr if the two rules were applied, one that “that
plrnimfnta month in which the Mesha sankrnti occurs is always called Chaitra, and so on in aunccession,” and the other that *that
pitrnimdnta month in which no saitkréinti occura is called an intercalated month.” The rules were, I helieve, in use in the aixth
eeutury A.D. (See my remarks Ind. Ant., XX, p. 50 f.) But the added month under such rules would never agree with the amanta
added months. There would be from 14 to 17 months’ difference in the intercalated months hetween the two, and much inconvenienee
would avise thereby. It is for this reason probahbly that the plrpiménta scheme is not recognised in naming mouths, and that plrni-
méuta mouths are named arbitrarily, as deseribed in the first para. of Art. 51. This arbitrary rnle was certaialy in use in the
Tith eentury AD. (See Ind. dnt., vol. VI, p. 53, where the Makara-saiikrfnti is said to have taken place in Mégha.)

After this arbitrary rule of naming the plirpiménta months once came into general use, it was impossible in Northern India
to contiane using the second, or Brakma-Siddhdnta, Tule for naming the months. For in the example in Ar¢. 45 above the intercalated
month would by that rule be named Chaitra, but if its preceding fortnight be a fortnight of Vaifdkba it is obvious that the inter-

calated month cannot be unamed Chaitra. Tu Southern India the practice may have continued in nse & little longer. [S. B. D.]
2 Chaitrddi, “beginning with Chaitra” ; Kdrétikddi, “beginning with Kirttika; Meshddi, with Mesha; and so on.
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moment,—such as mean sunrise, noon, sunset, or midnight, but generally the sunrise,—on or
before Chaitra sukla pratipada, as their starting-point.! Sometimes the beginning of the mean
Chaitra sukla pratipadd is so taken.

When Chaitra is intercalary there seems to be a difference of opinion whether the year
in that casc is to begin with the intercalated (edAika) or natural (#ze) Chaitra. For the purposes
of our Table I. (cols. 19 to 25) we have taken the adhika Chaitra of the true system as the first
month of the year.

But the year does not begin with Chaitra all over India. In Southern India and especially
in Gujarat the years of the Vikrama era commence in the present day with Kérttika sukla pratipada.
In some parts of Kathidvid and Gujarit the Vikrama year commences with Ashidha $ukla
pratipada. ® In a part of Ganjam and Orissa, the year begins on Bhadrapada Sukla 12th. (See under
Onko reckoning, Art. 64.) The Amli year in Orissa begins on Bhidrapada Sukla 12zth, the
Vildyati year, also in general use in Orissa, begins with the Kanya sankranti; and the Fasli year,
which is luni-solar in Bengal, commences on parpimanta Asvina kri. 1st (viz., 4 days later than
the Vildyati).

In the South Malayilam country (Travancore and Cochin), and in Tinnevelly, the solar
year of the Kollam era, or Kollam 4ndu, begins with the month Chingam (Sithha), and in the
North Malayalam tract it begins with the month Kanni (Kany4). In parts of the Madras Presidency
the Fasli year originally commenced on the 1st of the solar month Adi (Karka), but by Govern-
ment order about A.D. 1800 it was made to begin on the 13th of July, and recently it was altered
again, so that now it begins on 1st July. In parts of the Bombay Presidency the Fasli year begins
when the sun enters the nakshatra Mrigasirsha, which takes place at present about the 5th or 6th ofJune.

Alberuni mentions (A.D. 1030) a year commencing with Marga$irsha as having been in
use in Sindh, Multin, and Kanouj, as well as at Lahore and in that neighbourhood; also a
year comunencing with Bhadrapada in the vicinity of Kashmir. 3 In the Makhdbhirata the names
of the months are given insome places, commencing with Marga$irsha. (Annsdsana parva adhydyas
106 and 109). In the Vedinga Jyotisha the year commences with Magha $ukla pratipada.

53. The Sixty-year cycle of Fupiter. * In this reckoning the years are not known by numbers,
but are named in succession from a list of 60 names, often known as the * Brihaspati samvatsara
chakra,” ® the wheel or cycle of the years of Jupiter. Each of these years is called a “samvatsara.”
The word “samvatsara” generally means a year, but in the case of this cycle the year is not
equal to a solar year. It is regulated by Jupiter’s mean motion; and a Jovian year is the period
during which the planet Jupiter enters one sign of the zodiac and passes completely through it

1 See Ind. Ant., XIX., p. 45, second paragraph of my article on the Original Sirya-Siddhdnta. [S. B. D.]

2 T have myself scen a pafichinig which mentions this heginning of the year, and have also found some instances of the use
of it in the present day. I am told thal at Idar in Gujardt the Vikrama samvat hegins on Ashadha krishna dvitiyd. [S. B. D]

3 The passage, ss translated by Sachau (Vol. IL, p. 8 f), is as follows. *Those who nse the Saka cra, the astronomers,
begin the year with the month Chaitra, whilst the inhahitants of Kanir, which is couterminous with Kashmr, begin it with the
wonth Bhidrapada... All the people who inhabit the conntry hetween Bardari and Marigala hegin the year wilth the month
Kérttika . .. The people living in the conntry of Nirahara, behind Mérigala, as far as the utmost frontiers of Thkeshar and Lohfvar,
hegin the year with thc month Méargasirsha... The people of Lanhsga, z.c., Lamghén, follow their cvample. I have heen told hy
the people of I\Iu]tﬁnﬁ lhat this system is peculiar to the people of Sindh and Kanoj, aod that they uscd to hegin the year with the
new moon of MArgasirsha, hut that the people of Multdn only a few years ago had given up this system, and had adopted the system
of the people of Kashmir, and followed their example in beginning the year with the new moon of Chaitra.”

4 Artieles 53 to 61 arc applicable to Northern India only (See Art. 62).

5 The term is one not recognized in Sanskrit works. [S. B. D.]
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with reference to his mean motion. The cycle commences with Prabhava. See Table ., cols. 6, 7,
and Table XII.

54. The duration of a Barhaspatya samvatsara, according to the Sarya-Siddianta, is about
361.026721 days, that is about 4,232 days less than a solar year. If, then, a samvatsara begins
exactly with the solar year the following samvatsara will commence 4.232 days before the end
of it. So that in each successive year the commencement of a samvatsara will be 4.232
days in advance, and a time will of course come when two samvatsaras will begin during
the same solar year. For example, by the Sirya-Siddhénta with the bija, Prabhava (No. 1) was
current at the beginning of the solar year Saka 1779. Vibhava (No. 2) commenced 3.3 days
after the beginning of that year, that is after the Mesha sankranti; and Sukla (No. 3) began 361.03
days after Vibhava, that is 364.3 days after the beginning of the year. Thus Vibhava and Sukla
both began in the same solar year. Now as Prabhava was current at the beginning of Saka
1779, and Sukla was current at the beginning of Saka 1780, Vibhava was expunged in the regular
method followed in the North. Thus the rule is that when two Birhaspatya samvatsaras begin
during one solar year the first is said to be expunged, or to have become Zskaya; and it is
clear that when a samvatsara begins within a period of about 4.232 days after a Mesha sankranti
it will be expunged.

By the Sirya Siddhanta 852 solar years are equal to 867 Jovian years. So that onc
expunction is due in every period of 857 solar years. But since it really takes place according
to the rule explained above, the interval between two expunctions is sometimes 85 and sometimes
86 years.

55. Generally speaking the samvatsara which is current at the beginning of a yearis in
practice coupled with all the days of that year, notwithstanding that another samvatsara may have
begun during the course of the year. Indeed if there were no such practice there would be
no occasion for an expunction. Epigraphical and other instances, however, have been found in
which the actual samvatsara for the time is quoted with dates, notwithstanding that another sam-
vatsara was current at the beginning of the year, !

56. Variations. As the length of the solar year and year of Jupiter differs with different
Siddhantas it follows that the expunction of samvatsaras similarly varies.

57. Further, since a samvatsara is expunged when two samvatsaras begin in the same
year, these expunctions will differ with the different kinds of year. Where luni-solar years are
in use it is only natural to suppose that the rule will be made applicable to that kind of year,
an expunction occurring when two samvatsaras begin in such a year; and there is evidence to
show that in some places at least, such was actually the case for a time. Now the length of an
ordinary luni-solar year (354 days) is less than that of a Jovian year (361 days), and therefore
thc beginning of two consecutive samvatsaras can only occur in those luni-solar years in which
there is an intercalary month. Again, the solar year sometimes commences with the mean
Mesha-sarikranti, and this again gives rise to a difference. ?

The Jyotisha-tattva rule (given below Art. 59) gives the samvatsara current at thc time
of the mean, not of the apparent, Mesha-saikranti, and hence all expunctions calculated thereby must
be held to refer to the solar year only when it is taken to commence with the mean Mesha-
sankranti. ¥ It is important that this should be remembered. 3

1 See Ind. Ant, Vol. XIX., pp. 27, 33, 187.
2 These points have not yet been noticed by any Fnropean writer on Indian Astronomy. [S. B. D.]
3 As to the mean Mesha-sankréinti, sce 4. 26 above.
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58. 7o find the current samvatsara. The samvatsaras in our Table I, col. 7, are calculated
by the Sirya-Sidliinta without the bija up to A.D. 1500, and with the bija from A.D. 1501 to 1900;
and are calculated from the apparent Mesha-sankranti. If the samvatsara current on a particular
day by some other authority is required, calculations must be made direct for thatday according
to that authority, and we therefore proceed to give some rules for this process.

50. Rules for finding the Birhaspatya samvatsara currvent on a particular day.!

a. By the Sirya-Siddhinta. * Multiply the expired Kali year by 211. Subtract 108 from
the product. Divide the result by 18000. To the quotient, excluding fractions, add the numeral
of the expired Kali year plus 27. Divide the sum by 60. The remainder, counting from Prabhava
as 1, is the samvatsara current at the beginning of the given solar year, that is at its apparent
Mesha-sankranti. Subtract from 18000 the remainder previously left after dividing by 18000.
Multiply the result by 361, and divide the product by 18o00. Calculate for days, ghatikas, and
palas. Add 15 palas to the result. The result is then the number of days, etc., elapsed between
the apparent Mesha-sankranti and the end of the samvatsara current thereon. By this process can be
found the samvatsara current on any date.

Example r—Wanted the samvatsara current at the beginning of Saka 233 expired and the dateon
which it ended. Saka 233 expired = (Table 1.) Kali 3412 expired. UDXIUIR = 30100 39 + 3412 427
= 3478. ¥ — 572 The remainder is 58; and we have itthat No. 58 Raktikshin (7able X/I.) was the
samvatsara current at the beginning (apparent Mesha-sankrinti) of the given year. Again;
18000—17824 = 176. 12X% — 3 d. 31 gh. 47.2 p. Adding 15 pa. we have 3 d. 32 gh. 2.2 pa.
This shews that Raktdkshin will end and Krodhana (No. 59) begin 3 d. 32 gh. 2.2 pa. after the
apparent Meska-sankranti. This last, by the Sirya Siddianta, occurred on 17th March, A.D, 311,
at 27 gh. 23 pa. (see Zable L., col. 13, and the Table in Art. 96), and therefore Krodhana began
on the 20th March at 59 gh. 25.2 pa., or 34.8 palas before mean sunrise on 21st March. We also know
that since Krodhana commences within four days after Mesha it will be expunged (472 54 above.)

b. By the Arya Siddhanta. Multiply the expired Kaliyear by 22, Subtract 11 fromthe product.
Divide the result by 1875. To the quotient excluding fractions add the expired Kali year + 27.
Divide the sum by 60. The remainder, counted from Prabhava as 1, is the samvatsara current
at the beginning of the given solar year. Subtract from 1875 the remainder previously left after
dividing by 1875. Multiply the result by 361. Divide the product by 1875. Add 1 gh.
45 pa. to the quotient. The result gives the number of days, etc., that have elapsed between the
apparent Mesha-sankranti and the end of the samvatsara current thereon.

Example 2.— Required the samvatsara current at the beginning of Saka 230 expired, and
the time when it ended.

Saka 230 expired =Kali 3409 expired. 3®X2-1l — 391t 39 4 3409 + 27 = 3475, which,
divided by 60, gives the remainder 55. Then No. 55 Durmati (7adle X/I.) was current at the
beginning of the given year. Again; 1875—1862 = 13. 3% —2d. 30 gh. 10.56 pa. Adding 1gh.

1 By all these rules the results will be correct within two ghatikés wherc the moment of the Mesha-saiikranti according
to the anthority used is known.

2 The rule for the present Vasishtha, the Sékalya Brakma, the Romaka, and the Soma Siddhéntas is exactly the same. That
by the original S#rya-Siddhdnta is also similar, but in that case the result will be incorrect by about 2 ghatikds (48 minutes). Tor
all these authorities take the time of the Mesha-sankvinti by the present Sirya-Siddhinta or hy the Arya-Siddhinta, whichever may
be available, The moment of the Mesha-saikyntri according to the Si#rya-Siddhdnta is given in our Table I. only for the years AD.
1100 to 1900. The same moment for all years between A.D. 300 and 1100 can bc found by the Table in Art, 96. If the Arya-
Siddhinta sankrinti is nsed for years A.D. 300 to 1100 the result will never be incorrect by more than 2 ghatiks 45 palas (1 hour
and 6 minutes). The Table shonld be referred to.




THE HINDU CALENDAR. 85

45 pa., we get 2 d. 31 gh. 55.56 pa. Add this to the moment of the Mesha sankranti as given in Table L,
cols. 13-—16, viz.,, 16th March, 308 A.D., Tuesday, at 41 gh. 40 p., and we have 19th March,
Friday, 13 gh. 35.56 p. after mean sunrise as the moment when Durmati ends and Dundubhi
begins. Here again, since Dundubhi commences within four days of the Mesha sankranti, it
will be expunged.

¢. By the Sirya-Siddhinta with the bija (10 be wused for years after about 1500 A.D.).
Multiply the expired Kali year by 117. Subtract 60 from the product. Divide the result by
10000. To the figures of the quotient, excluding fractions, add the number of the expired Kali
year plus 27. Divide the sum by 60. And the remainder, counted from Prabhava as 1, is the
samvatsara current at the beginning of the given solar year. Subtract from 10000 the remainder
left after the previous division by 10000. Multiply the difference by 361, and divide the product
by 1oooco. Add 15 pa. The result is the number of days, etc., that have elapsed between the apparent
Mesha sankrdnti and the end of the samvatsara current thereon. !

Lxample.—Required the samvatsara current at the beginning of Saka 1436 expired, and
the moment when it ends. Saka 1436 expired = Kali 4615 expired (Table ). ®2X0=% — g3 %0

10000
s — 782, The remainder 15 shews that Vrisha was current at the Mesha-sankranti.

AEN-0 % + 15 p.=3 d. 47 gh. 25.8 p. 4+ 15 p.= 3 d. 47 gh. 40.8 p. Table I. gives the Mesha-

10000

sankranti as March 27th, 44 gh. 25 p., Monday. 27 d. 44 gh. 25p. 4 3 d. 47 gh. 40.8 p.=31d.
32 gh. 5.8 p.; and this means that Vrisha ended at 32 gh. 5.8 p. after mean sunrise at Ujjain
on Friday, 31st March. At that moment Chitrabhdnu begins, and since it began within four days
of the Mesha-sankranti, it is expunged.

d. DBrikatsamhita and Jyotishatattva Rules. The rules given in the Brilatsaiihité and
the Jyotishatattva seem to be much in use, and therefore we give them here. The Jyotishatattva
rule is the same as that for the Arya-Siddkénta given above, except that it yields the year current
at the time of mean Mesha-sankranti, and that it is adapted to Saka years. The latter difference
is merely nominal of course, as the moment of the beginning of a samvatsara is evidently
the same by both,? We have slightly modified the rules, but in words only and not in sense.

The Jyotishatattva rule is this. Multiply the current Saka year by 22. Add 4291. Divide
the sum by 1875. To the quotient excluding fractions add the number of the current Saka year. Divide
the sum by 60. The remainder, counted from Prabhava as 1, is the samvatsara current at the
beginning of the given year. Subtract the remainder left after previously dividing by 1875 from
1875. Multiply the result by 361. And divide the product by 1875. The result gives the
number of days by which, according to the Arya-Siddhéanta, the samvatsara ends after mean Mesha-
sankranti. The mean3 Mesha-sankranti will be obtained by adding 2d. 8 gh. 51 pa. 15 vipa. to
the time given in Table I., cols. 13 to 18.

Work out by this rule the example given above under the Arya-Siddiinta rule, and the
result will be found to be the same by both.

The Brikatsanihita rule. Multiply the expired Saka year by 44. Add 8589. Divide
the sum by 3750. To the quotient, excluding fractions, add the number of the expired Saka year

1 1In thesc three rules the apparent Mesha-saikrinti is taken. If we omit the subtraction of 108, 11, and 60, and do not
add 15 p., 1 gh. 45 p., and 15 p. respectively, the result will be correct with respect to the mean Mesha-saiikrinti.

2 1 have not secen the Jyotishataltva (or “Jyolishtava ™ as Warren calls it, hut which seems to be a mistake), hut I find the
rule in the Ratnamdid of érfpati (A.D. 1039). It mnst be as old as that by the jrya-Sz‘«ld}tana, since both are thesame. [S.B.D.]

3 If we add 4280 instead of 4291, and add 1 gh. 45 pa. to the final resnlt, the time so arrived at will be the period elapsed since
apparent Mesha-safikranti. Those wha interpret the Jyotishataltea rnle in any different way have failed to grasp its proper meaning. {S. B. D.]
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plus 1. Divide the sum by 60. The remainder, counted from Prabhava as 1, is the samvatsara current
at the beginning of the year. Subtract from 3750 the remainder obtained after the previous division by
3750. Multiply the result by 361, and divide the product by 3750. This gives the number of
days by which the samvatsara current at the beginning of the year will end after the Mesha
sankranti. !

60. List of Expunged Samuvatsaras. The following is a comparative list of expunged
samvatsaras as found by different authorities, taking the year to begin at the mean Mesha sankranti.

List of Expunged Samvatsaras.’

First Arya-Siddhinta, Brihat- Sirya-Siddhdnta Rule without | First jrya-SiddM’nta. Brihat- Sirya-Siddhdnta Rule without
samhitd, Ratnamdld, Jyotis- béja up to 1500 AD., and saihitd, Ratnamgld, Jyotis- bija up to 1500 A.D., and
hatattava Rules. with 477z afterwards. hatattava Rules. with éja afterwards.
i?; Mgk Expunged g% A.D Expunged §>§ A.D Expnnged §-E e Expunged
%% B Samvatsara. %% = Samvatsara. %é’ = Samvatsara. %% i Samvatsara.
2 2 2 2
232 { 309-10 | 57 Rudhirodgirin| 234 { 311-12 | 59 Krodhana }1084]1161-62| 19 Pérthiva 1087 | 1164-65{ 22 Sarvadhdrin
317 | 394-95 | 23 Virodhin 319* 396-97 | 25 Khara 1169 | 1246-47 ( 45 Virodhakrit | 1172% 1249-50] 48 Ananda
402 | 479-80 | 49 Rikshasa 404*| 481-82 | 51 Pingala 1254 11331-32 | 11 lsvara 1258 | 1335-36; 15 Vrisha
487 | 564-65 | 15 Vrisha 490 | 567-68 | 18 Tarana 1340 [ 1417-18 | 38 Krodhin 1343 | 1420-21| 41 Plavanga
572 | 649-50 | 41 Plavanga 575* 652-53 | 44 Shdhérana 11425 (1502-03 | 4 Pramoda 1437 | 1514-15| 16 Chitrabhfinu
658 | 735-36 | 8 Bhiva 660* 737-38 | 10 Dhitri 1510 | 1587-88 | 30 Durmukha | 1522* 1599- | 42 Kilaka
743 | 820-21 | 34 Strvari 746 | 823-24 | 87 Sobhana ' v
828 | 905-06 | 60 Kshaya 831 | 908-09 | 3 Sukls 15951 1672-73 | 56 Dundubhi 1608 |.1685-86| 9 Yuvan
913 | 990-91 | 26 Nandana 916*| 993-94 | 290 Manmatha |1680(1757-58| 22 Sarvadhérin| 1693* 1770-71| 35 Plava
999 |1076-77 | 53 Siddhdrthin 1002 |1079-80 | 56 Dundubhi ]1766|1843-44 | 49 Rékshasa 1779 | 1856-57, 2 Vibhava
If we take the years to commence with the apparent Mesha-sankrinti the sam-

vatsaras expunged by Sirya Siddhéanta calculation will be found in Table I, col. 7; and
the Arya Siddhénta can be found by the rule for that Siddhénmta given in
Art. 59 above.
The years of Jupiter’s cycle are not mentioned in very early inscriptions. They are
mentioned in the Sirya-Siddhinta.

those by
61.

were first introduced about A.D. 349, and that they were certainly in use in A.D. 530.

have therefore given them throughout in Table 1.

Dr. J. Burgess states that he has reason to think that they

We

62.  The southern (luni-solar) sixty-year cycle. The sixty-year cycle is at presentin daily
use in Southern India (south of the Narmada), but there the samvatsaras are made to correspond
with the luni-solar year as well as the solar;and we therefore term it the luni-solar 60-year cycle
in contradistinction to the more scientific Barhaspatya cycle of the North.

1 1t is not stated what Meshe-saiikrinti is meant, whether mean or apparent. The rule is here given as generally
interpreted by writers both lndian and European, but in this form its origin cannot be explained. I am strongly inelined to think
that Vardhamihira, the autbor of the Brikafsasmhitd, meant the rule to run thus: Multlply the current Saka year hy 44. Add 8582
(or 8581 or 8583). Divide the anm by 3750. To the integers of the quotient add the gwen eurrent Saka year ; (and the rest as above).
The result is for the mean Mesha-saukranti.”” In this form it is the same as the Ary ya-Siddhdnta or the Jyotishatattva rule, aud
can he casily explained. (S. B. D)

2 In this Table the Brikatsamkitd rule is worked as I interpret it. But as interpreted hy others the expunctions will
differ, the differences being in Sakn (current) 281, the 56th; 998, the 52ud; 1339 the 37th.

By the Sirya Siddhinta the years marked with an msterisk in the Saka column of this Table differ from those given in
Table 1., col. 7, being in each case one carlier; the rest are the same. (S. B. D))
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There is evidence ! to show that the cycle of Jupiter was in use in Southern India before
Saka 828 (A.D. 905-6); but from that year, according to the Arya Siddhénta, or from Saka
831 (A.D. 908-9) according to the Sirya-Sidd/hinta, the expunction of the sainvatsaras was altogether
neglected, with the result that the 60-year cycle in the south became luni-solar from that year.
At present the northern samvatsara has advanced by 12 on the southern. There is an easy
rule for finding the samvatsara according to the luni-solar cycle, viz.,, add 11 to the current
Saka year, and divide by 60; the remainder is the corresponding luni-solar cycle year. It must
not be forgotten that the samvatsaras of Jupiter's and the southern cycle, are always to betaken
as current years, not expired.

63. The twelve-year cycle of Fupiter. There is another cycle of Jupiter consisting of
twelve samvatsaras named after the lunar months. It is of two kinds. In one, the samvatsara begins
with the heliacal rising ? of Jupiter and consists of about 400 solar days, one samvatsara being
expunged every 12 years or so.® In the other, which we have named the “ twelve-year cycle
of Jupiter of the mean-sign system”, the years are similar in length to those of the sixty-year
cycle of Jupiter just described, and begin at the same moment. Both kinds, though chiefly the
former, were in use in early times, and the latter is often employed in modern dates, especially in
those of the Kollam era. The samvatsaras of this heliacal rising system can only be found by direct
calculations according to some Sidd/énta. The correspondence of the samvatsaras of the mean-sign
system with those of the sixty-year cycle are given in Table XII. They proceed regularly.

64. The Graha-parivritti and Onko cycles, There are two other cycles, but they are limited
to small tracts of country and would perhaps be better considered as eras. We however give
them here.

The southern inhabitants of the peninsula of India (chiefly of the Madura district) use a
cycle of 9o solar years which is called the Graka-parivyitti, Warren has described the cycle,
deriving his information from the celebrated Portuguese missionary Beschi, who lived for over
forty years in Madura. The cycle consists of 9o solar years, the length of one year being 365 d.
15 gh. 31 pa. 30 vi, and the year commences with Mesha. Warren was informed by native
astronomers at Madras that the cycle consisted of the sum in days of 1 revolution of the sun,
15 of Mars, 22 of Mereury, 11 of Jupiter, 5 of Venus and 29 of Saturn, though this appears
to us quite meaningless, The length of this year is that ascertained by using the original
Strya-Siddhanta; but from the method given by Warren for finding the beginning of the years
of this eycle it appears that astronomers have tried to keep it as nearly as possible in agreement
with calculations by the Arye-Siddhénta, and in fact the year may be said to belong to the
Arya-Siddhénta. The cycle commenced with Kali 3079 current (B. C. 24) and its epoch, 7., the
Graha-parivritti year o current* is Kali 3078 current (B. C. 25).

1 See Corpus Inscrip. Indic., Vol. IIL, p. 80, note; Ind. dntig., XVIL, p. 142.

3 The heliacal rising of a superior planet is its first wisidle rising after its comjunctions with the sun, i.e., when it is af a
sufficient distance from the sun fo be first seen on the horizon at its rising in the morning hefore sunrise, or, iu the casc of an
inferior plaunct (Mercury or Venus), ai its setting in the eveving after sunset. For Jupiter to be visible the aun must be about 11°
below the horizon. [R. S.]

3 It is fully deseribed hy me in the Indian Antiquary, vol. XVII. [S. B. D.]

4 In practice of conrse the word “ecnrrent” cannot be applied to the year 0, but it is applied here to distingnish it from the year
0 complete or espired, which means year 1 current. We usc the word “cpoch” to mean the year O enrreni. The cpoch of an cra
given in a year of another cra is useful for turoiog years of ome into years of another era. Thus, by adding 3078 (the number of the
Kali year corresponding to the Graha-parivritti cyele cpoch) to a Graha-parivritti year, we ean get the equivalcot Kali year; and by
subtracting the same from & Kali year we get the corresponding Graha-psrivritti year.
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To find the year of the Graha-parivritti cycle, add 72 to the current Kali-year, 11 tothe
current Saka year, or 24 or 23 to the A.D. year, viz.,, 24 from Mesha to December 3ist,
and 23 from January 1st to Mesha; divide by 9o and the remainder is the current year
of the cycle.

The Onko! cycle of 59 luni-solar years is in use in part of the Ganjam district of
the Madras Presidency. Its months are péirnimanta, but it begins the year on the 12th of
Bhadrapada-suddha,?® calling that day the 12th not the 1st. In other words, the year changes its
numerical designation every 12th day of Bhidrapada-Suddha. It is impossible as yet to say
decidedly when the Onko reckoning commenced. Some records in the temple of Jagannatha
at Puri (perfectly valueless from an historical point of view) show that it commenced with the
reign of Subhanideva in 319 A.D., but the absurdity of this is proved by the chronicler’s
statement that the great Mughal invasion took place in 327 A.D. in the reign of that king’s
successor. ® Some say that the reckoning commenced with the reign of Chodaganga or
Chorganga, the founder of the Gangavams$a, whose date is assigned usually to 1131-32
A.D., while Sutton in his History of Orissa states that it was introduced in 1580 A.D. In
the zamindari tracts of Parlakimedi, Peddakimedi and Chinnakimedi the Osnko Calendar is
followed, but the people there also observe each a special style, only differing from the parent
style and from one another in that they name their years after their own zamindars. A singular
feature common to all these four kinds of regnal years is that, in their notation, the years whose
numeral is 6, or whose numerals end with 6 or o (except 10), are dropped.* For instance, the
years succeeding the sth and 19th Onkos of a prince or zamindar are called the 7th and 21st Onkos
respectively. It is difficult to account for this mode of reckoning; it may be, as the people
themselves allege, that these numerals are avoided because, according to their traditions and Saseras,
they forebode evil, or it may possibly be, as some might be inclined to suppose, that the system
emanated from a desire to exaggerate the length of each reign. There is also another unique
convention according to which the Onko years are not counted above 59, but the years succeed-
ing 59 begin with a second series, thus “second 1”, ¢ second 2", and so on. It is also important
to note that when a prince dies in the middle of an Onko year, his successor’'s 1st Onko which
commences on his accession to the throne, does not run its full term of a year, but ends on the
11th day of Bhddrapada-Suddha following; consequently the last regnal year of the one and the
first of the other together occupy only one year, and one year is dropped in effect. To find,
th >refore, the English equivalent of a given Onko year, it will be necessary first to ascertain the
style to which it relates, 7., whether it is a Jagannatha Onko or a Parlakimedi Onko, and so on ;
and secondly to value the given year by excluding the years dropped (namely, the 1st—possibly, the
6th, 16th, 2oth, 26th, 3oth, 36th, 4oth, 46th, soth, 56th). There are lists of Orissa princes
available, but up to 1797 A.D. they would appear to be perfectly inauthentic.® The list from

L Or sika. :
2 On the' 11th according to some, but all the evidence tends to ahew that the year-begins on the 12th.

3 The real ‘date of the Muhammadan invasion seems to be 1568 A.D, (J. A. S. B. for 18883, L1L, p. 233, note). The invasion
alluded to ia ewdeut.{y that of the *Yavanas”, but as to these dates these temple chronieles must mever be believed. [R. 8]

4 . Some aay that tbe first year is also dropped, similarly; but this appears to be the result of a misunderstandiog, this
year beiog dropped onky to fit in with the aystem described lower down in this article. Mr. J. Beames states that ©the first two
years and every year that\ has a 6 or a 0 in it are omitted”, so that the 37th Oiko of the reign of Ramachandra is veally his 28th

year, since the years 1, 2‘,\6, 10, 16, 20, 26, 30 and 36 are omitted. (J. A. S. B. 1883, LIL, p. 234, note. He appears to have
been misled about the first t\wo years.

) A : /
5 Sewell'a Sketch of tlm\ Dynasties of Soutkern India, p. 64. Archaological Survey of Southern India, vol. 11., p. 204.

\
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that date forwards is reliable, and below are given the names of those after whom the later
Onko years have been numbered, with the English dates corresponding to the commencement of

the 2nd Onkos of their respective reigns.

Onko 2 of Mukundadeva . . . . September 2, 1797. (Bhadrapada Sukla 12th.)
Do. Raimachandradeva . . . September 22, 1817. Do. Do.
Do. Virakeévaradeva . . . September 4, 1854. Do. Do.
Do. Divyasihhadeva . . . September 8, 1850. Do. Do.

REASRETR R

THE VARIOUS ERAS.

65. General remarks. Different eras have, from remote antiquity, been in use in different
parts of India, having their years luni-solar or solar, commencing according to varying practice with
a given month or day; and in the case of luni-solar years, having the months calculated variously
according to the amdinta or plrnimanta system of pakshas. (A7t 12 above). The origin of
some eras is well known, but that of others has fallen into obscurity. It should never be forgotten,
as explaining at once the differences of practice we observe, that when considering “Indian”
science we are considering the science of a number of different tribes or nationalities, not of
one empire or of the inhabitants generally of one continent.

66. If a number of persons belonging to one of these nationalities, who have been in
the habit for many years of using a certain era with all its peculiarities, leave their original
country and settle in another, it is natural that they should continue to use their own era, not-
withstanding that another era may be in use in the country of their adoption; or perhaps, while
adopting the new era, that they should apply to it the peculiarities of their own. And vice versa
it is only natural that the inhabitants of the country adopted should, when considering the
peculiarities of the imported era, treat it from their own stand-point.

67. And thus we actually find in the paiicharngs of some provinces a number of other
eras embodied, side by side with the era in ordinary use there, while the calendar-makers have
treated them by mistake in the same or nearly the same manner as that of their own reckoning.
For instance, there are extant solar pafichings of the Tamil country in which the year of the
Vikrama era is represented as a solar Meshddi year. And so again Saka years are solar in
Bengal and in the Tamil country, and luni-solar in other parts of the country. So also we
sometimes find that the framers of important documents have mentioned therein the years of
several eras, but have made mistakes regarding them. In such a case we might depend on the
dates in the document if we knew exactly the nationality of the authors, but very often this
cannot be discovered, and then it is obviously unsafe to rely on it in any sense as a guide. This
point should never be lost sight of.

68. Another point to be always borne in ‘mind is that, for the sake of convenience in
calculation. a year of an era is sometimes treated differently by different authors in the same
province, or indeed even by the same author. Thus, Ganesa Daivajna makes Saka years begin
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with Chaitra $ukla pratipadd in his Grakalighava (A.D. 1520), but with mean Mesha sankranti
in his Zzthichintaman: (A.D. 1525.)

69. It is evident therefore that a certain kind of year, e.g., the solar or luni-solar year,
or a certain opening month or day, or a certain arrangement of months and fortnights and the
like, cannot be strictly defined as belonging exclusively to a particular era or to a particular part
of India. We can distinctly affirm that the eras whose luni-solar years are Chaitradi (z.e., begin-
ning with Chaitra $ukla pratipadi) are always Meshadi (beginning with the Mesha sankranti)
in their corresponding solar reckoning, but beyond this it is unsafe to go.

70. Current and expired years. lt is, we believe, now generally known what an *“expired” or
“current”” year is, but for the benefit of the uninitiated we think it desirable to explain the matter fully.
Thus; the same Saka year (A.D. 1894) which is numbered 1817 vartamdna, or astronomically current,
in the pafichdngs of the Tamil countries of the Madras Presidency, is numbered 1816 gata (*“ expired )
in other parts of India. This is not so unreasonable as Europeans may imagine, for they themselves
talk of the third furlong after the fourth mile on a road as “four miles three furlongs” which
means three furlongs after the expiry of the fourth mile, and the same in the matter of a person’s age ;
and so September, A.D. 1894, (Saka 1817 current) would be styled in India ¢ Saka 1816 expired, Sep-
tember”, equivalent to “September after the end of Saka 1816” or “after the end of 1893 A.D".
Moreover, Indian reckoning is based on careful calculations of astronomical phenomena, and
to calculate the planetary conditions of September, 1894, it is necessary first to take the planetary
conditions of the end of 1893, and then add to them the data for the following nine months.
That is, the end of 1893 is the basis of calculation. It is always necessary to bear this in mind because
often the word gata is omitted in practice, and it is therefore doubtful whether the real year in
which an inscription was written was the one mentioned therein, or that number decreased by one. !

In this work we have given the corresponding years of the Kali and Saka eras actually
current, and not the expired years. This is the case with all eras, including the year of the
Vikrama ® era at present in use in Northern India.

71.  Description of the several eras. In Table II., Part iii., below we give several eras,
chiefly those whose epoch is known or can be fixed with certainty, and we now proceed to
describe them in detail.

The Kali-Yuga.—The moment of its commencement has been already given (4rz. 76
above). lts years are both Chaitrddi (luni-solar) and Meshidi (solar.) It is used both in astro-

1 See *Catculations of Hindu dates’, hy Dr. Fleet, in the Ind. Ant., vols. XVT. to XIX.; and my notes on the date of 2
Jain Purdne in Dr. BhAnddrkar’s “Report on the searck for Samkrit manuscripta’ for 188:}—-1884 A.D, pp. 429-30
§§ 36, 37. [S. B. D] :

2 The Vikrama era is never used by Indian astronomers, Out of 150 Vikrama dates examined hy Dr. Kielhorn (Ind. Ant.,
X1X.), there are only six whieh have to he taken as current years. Is it not, however, possible that all Vikrama years are really eur-
rent years, hut that sometimes in writings and inscriptions the ant'hora heve made them doubly eurrent in eonsequeoee of thinking
them erroneoualy to be cxpired years. There is an instance of a Saka year made twice current in an inscription published in the
Ind. Ant., (vol. XX, p. 191). The year was aiready 1155 current, but the number given by the writer of the inseription is 1156,
as if 1155 had heen the expired year.

As a matter of fact I do not think that it is positively known whether the years of the Christian era are themselves really
expired or eurrent years. Warren, the author of the Kilasaikalite was not certain. He ecalls the year corresponding to the Kali
year 3101 expired “A.D. 0 complete” (p. 302) or “1 current” (p. 204). Thus, by his view, the Christian year eorresponding to
the Kali year 3102 expired would be A.D. 1 complete or A.D. 2 eurrent. But generally European scholars fix A.D. 1 current
as corresponding to Kali 3102 expired. The enrrent and expired years undouhtedly give rise to confusion. The years of the astionomical
eras, the Kali and Saka for instance, may, unlesa the contrary ia proved, he assumed to he expired ycars, and those of the non-

astronomical eras, such as the Vikrama, Gupts, and many others, may be taken as current ones. (See, however, Note 3, p. 42,
below.) [S. B. D.]
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nomical works and in painchangs. In the latter sometimes its cxpired years, sometimes current
years are given, and somctimes both. It is not often used in epigraphical records. !

Saptarshi-Kala.—This era is in use in Kashmir and the neighbourhood. At the time of
Alberuni (1030 A.D.), it appears to have been in use also in Multin and some other parts. Itis
the only mode of reckoning mentioned in the Rdja-Tarangini. It is sometimes called the “Lau-
kika-Kila” and sometimes the « Sdstra-Kala”. It originated on the supposition that the seven Rishis
(the seven bright stars of Ursa Major) move through one nakshatra (27th part of the ecliptic)
in 100 years, and make one revolution in 2700 years; the era consequently consists of cycles of
2700 years. But in practice the hundreds are omitted, and as soon as the reckoning reaches 100,
a fresh hundred begins from 1. Kashmirian astronomers make the era, or at least one of its
cycles of 2700 years, begin with Chaitra Sukla 1st of Kali27 current. Disregarding the hundreds
we must add 47 to the Saptarshi year to find the corresponding current Saka year, and 24—25
for the corresponding Christian year. The years are Chaitrddi. Dr. F. Kielhorn finds # that they
are mostly current years, and the months mostly plrnimanta.

The Vikrama era.—In the present day this era is in use in Gujarat and over almost all
the north of India, except perhaps Bengal.® The inhabitants of these parts, when migrating to
other parts of India, carry the use of the era with them. In Northern Indiathe year is Chaitradi,
and its months pirpiménta, but in Gujarat it is Kdrttikidi and its months are amanta. The settlers
in the Madras Presidency from Northern India, especially the Marvidis who use the Vikrama
year, naturally begin the year with Chaitra Sukla pratipada and employ the pirpiménta scheme
of months; while immigrants from Gujarit follow their own scheme of a Karttikddi aminta year,
but always according to the Vikrama era. In some parts of Kithidvad and Gujarit the Vikrama
era is Ashiadhidi * and its months amanta, The practice in the north and south leads in the
present day to the Chaitrddi parnimanta Vikrama year being sometimes called the ‘Northern
Vikrama,” and the Karttikadi amanta Vikrama year the “Southern Vikrama,"”

The correspondence of these three varieties of the Vikrama era with the Saka and other
eras, as well as of their months, will be found in Table II., Parts ii. and iii.

Prof. F. Kielhorn has treated of this era at considerable length in the /nd. Antig., vols. XIX.
and XX., and an examination of 150 different dates from 898 to 1877 of that era has led him
to the following conclusions (76:d., XX., p. 398 #.).

(1) It has been at all times the rule for those who use the Vikrama era to quote the
expired years, and only exceptionally ° the current year.

(2) The Vikrama era was Karttikidi from the beginning, and it is probable that the
change which has gradually taken place in the direction of a more general use of the Chaitradi
year was owing to the increasing growth and influence of the Saka era. Whatever may be the
practice in quite modern times, it seems certain that down to about the 14th century of the
Vikrama era both kinds of years, the Karttikadi and the Chaitradi, were used over exactly the same
tracts of country, but more frequently the Karttikadi.

(3) While the use of the Karttikadi year has been coupled with the plirniménta as often as with the

1 Corpus Inserip. Ind., Vol. I11., Introduction, p. 69, note.
2 Ind. dnt., Vol. XX., p. 149 ff.

3 In Bengdli pafichings the Vikrama Samvat, or Sambat, is given aloog with the Saka year, and, like the North-Indian
Vikrama Samvat, is Chaitradi pfirpiménta.

4 See Ind. Ant., vol. XVII., p. 93; also note 3, p 31, and connected Text,
5 See, however, note 2 on the previous page.
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aménta scheme of months, the Chaitridi year is found to be more commonly joined with the pirniméanta
scheme: but neither scheme can be exclusively connected with either the Karttikadi or Chaitridi year.

The era was called the  Malava” era from about A.D. 450 to 850. Theearliest known
date containing the word “Vikrama” is Vikrama-samvat 898 (about A.D. 840); but there the era
is somewhat vaguely described as ““the time called Vikrama”; and it is in a poem composed in
the Vikrama year 1050 (about A.D. 992) that we hear for the first time of a king called Vikrama
in connection with it. (See /nd. Awtig., XX., p. 404).

At the present day the Vikrama era is sometimes called the ‘ Vikrama-samvat ", and
sometimes the word “samvat’” is used alone as meaning a year of that era. But we have
instances in which the word “samvat’ (which is obviously anabbreviation of the word samvatsara,
or year) is used to denote the years of the Saka, Sirhha, or Valabhi eras ! indiscriminately.

In some native paifichings from parts of the Madras presidency and Mysore for recent
years the current Vikrama dates are given in correspondence with current Saka dates ; for
example, the year corresponding to A.D. 1893 —094 is said to be Saka 1816, or Vikrama 1951. (See
remarks on the Saka era above.)

The Christian era. This has come into use in India only since the establishment of the
English rule. Its years at present are tropical solar commencing with January 1st, and are taken
as current years. January corresponds at the present time with parts of the luni-solar amanta
months Marga$irsha and Pausha, or Pausha and Magha, Before the introduction of the new style,
however, in 1752 A.D., it coincided with parts of amanta Pausha and Magha, or Magha and
Phalguna. The Christian months, as regards their correspondence with luni-solar and solar months,
are given in Table II., Part ii.

The Saka era.—This era is extensively used over the whole of India; and in most parts
of Southern India, except in Tinnevelly and part of Malabar, it is used exclusively. In other
parts it is used in addition to local eras. In all the Karanas, or practical works on astronomy
it is used almost exclusively. * Its years are Chaitrddi for luni-solar, and Meshadi for solar,
reckoning. Its months are pfirniminta in the North and aminta in Southern India. Current
years are given in some pafichdngs, but the expired years are in use in most ® parts of India.

The Chedi or Kalachuri era.—This era is not now in use. Prof. F. Kielhorn, examining
the dates contained in ten inscriptions of this era from 793 to 934,* has come to the conclusion

1 See Ind. Ant., vol. XII., pp. 218, 293; XI., p. 242 7.

2 1 have seen only two examples in which authors of Karanas have used any other era along with the Saka, The author of
the Rima-vinoda gives, as the starting-point for calenlations, the Akbar year 33 together with the Saka year 1512 (expired), and the
author of the Phattesihaprakdsa fixes as its starting-point the 48th year of ‘‘Phattesiha’ eoupled with the Saka year 1626. [S.B.D.]

3 Certain Telugu (luni-solar) and Tamil (solar) pafichdiigs for the last few years, which I have proeured, and whieh were
printed at Madras and are elearly in use in that Presidency, as well as a Canarese pafichdng for A. D. 1893, (Sakd 1816 current,
1815 expired) edited hy the Palace Astronomer of H. 11. the Mahérfji of Mysore, give the enrrent Saka vears. But I strongly
doubt whether the authors of these pafichdfigs are themselves acqnainted with the distinetion between so-called eurrent and expired
years. For instanee, there is a pafiehdfng annually prepared hy Mr. Auna Ayyaigér, a resident of Kafijuiir in the Tanjore Distriet,
which appears to be in general use in the Tamil country, and in that for the solar Meshddi year corrcspondmg to 1887—88 he nses
the expired Saka year, ealling this 1809; while in those for two other years that 1 have seen the current Saka vear is used. 1 have
conversed with several Tamil gentlemen at Poona, and learn from them that in their part of India the generality of people are
acquainted only with the name of the samvatsara of the 60-year eyele, and give no numerical value to the years. Where the years
are numbered, however, the expired year is in genmeral nse, 1 am therefore inelined to helieve that the so-called eurrent Saka years
are nowhere in use; and it hecomea a question whether the so-called expired Saka year is reslly an expired ome. [S. B. D.]

4 Indian Antiguary for Angust, 1888, vol. XVIL,, p. 215, and the Academy of 10th Dec., 1887, p. 394 f. I had myself
calculated these same inscription-dates in March, 1887, and had, in eonjunction with Dr. Fleet, arrived at nearly the same conelusions
as Dr. Kielhorn’s, but we did not then settle the epoch, helieving that the data were not suffieiently reliable. (Compus. Inscrip.
Indic., Vol. 111, Intred, p. 9. [S. B. D.] Sec also Dr. Kielhorn’s Paper read before the Orieutal Congress in London. [R. §]
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that the 1st day of the 1st currenz Chedi year corresponds to Asdvina Sukla pratipada of
Chaitridi Vikrama 306 current, (Saka 171 current, 5th Sept., A.D. 248); that consequently its ycars
are Aévinadi; that they are used as current years; that its months are pirniménta; and that its
epoch, Z.e., the beginning of Chedi year o current, is A.D. 247—48.

The era was used by the Kalachuri kings of Western and Central India, and it appears
to have been in use in that part of India in still earlier times.

The Gupta era—This era is also not now in use. Dr. Fleet has treated itat great length
in the introduction to the Corpus. Iuscrip. Ind. (Vol. 1,  Gupta Inscriptions™), and again
in the /ndian Antiquary (Vol. XX., pp. 376 ff.) His examination of dates in that era from 163
to 386 leads him to conclude that its years are current and Chaitradi; that the months are
purnimanta; and that the epoch, 7.¢., the beginning of Gupta Samvat o current, is Saka 242 current
(A.D. 319—20). The era was in use in Central India and Nepal, and was used by the Gupta kings.

The Valabhi era.—This is merely a continuation of the Gupta era with its name changed
into “Valabhi.” It was in use in Kaithiavid and the neighbourhood, and it seems to have been
introduced there in about the fourth Gupta century. The beginning of the year was thrown
back from Chaitra Sukla 1st to the previous Karttika sukla 1st, and therefore its epoch went
back five months, and is synchronous with the current Karttikadi Vikrama year 376 (A.D. 318—19,
Saka 241—42 current). Its months seem to be both aménta and plrpimanta.

The inscriptions as yet discovered which are dated in the Gupta and Valabhi era range
from the years 82 to 9435 of that era.

The Bengali San.—An era named the *“ Bengali San”’ (sometimes written in English “ Sen ™)
is in use in Bengal. It is a solar year and runs with the solar Saka year, beginning at the
Mesha sankranti; but the months receive lunar-month names, and the first, which corresponds
with the Tamil Chaitra, or with Mesha according to the general reckoning, is here called Vaisakha,
and so on throughout the year, their Chaitra corresponding with the Tamil Phédlguna, or with
the Mina of our Tables. We treat the years as current ones. Bengali San 1300 current cor-
responds with Saka 1816 current (A.D. 1893—94.) Its epoch was Saka 516 current, A.D. 593—94.
To convert a Bengali San date into a Saka date for purposes of our Tables, add 516 to the
former year, which gives the current Saka solar year, and adopt the comparison of months given
in Table II., Part. ii., cols. 8, 9.

The Vilayati year.—This is another solar year in use in parts of Bengal, and chiefly in
Orissa; it takes lunar-month names, and its epoch is nearly the same as that of the ‘Bengali
San”, viz.,, Saka 515—16 current, A.D. 592—93, But it differs in two respects. First, it begins
the year with the solar month Kanyi which corresponds to Bengal solar Asvina or Assin.
Secondly, the months begin on the day of the sankrinti instead of on the following (2nd) or 3rd
day (see Ari. 28, the Orissa Rule).

The Amli Era of Orissa—This era is thus described in Giriéa Chandra’s “ Chronological
Tables” (preface, p. xvi.): “The Amli commences from the birth of Indradyumna, Rija of Orissa,
on Bhadrapada S$ukla 12th, and each month commences from the moment when the sun enters
a new sign. The Amli San is used in business transactions and in the courts of law in Orissa.” !

1 The Vilayati era, as given in some Bengal Government annual chronological Tables, and in a Bengali paiichdiig printed in
Calentta that I have seen, is made identical with this Amli era in almost every respect, except that its months are made to com-

mence civilly in accordance with the second variety of the midnight rule (4rt. 28). But facls seem to be that the Viliyati year
commences, not on lonar Bbidrapada Sukla 12th, bot with the Kany4 saikranti, while the Amli year does begin on lunar Bhddrapada

sukla 12th. )t may be remarked that Warren writes—in A.D. 1825—(Xdlasankalila, Tables p. 1X.) that the * Vilaity year is reckoned |

from the lst of the krishna paksha in Chailra”, and that its nnmerical designation is the same with the Bengali San. [S. B. D.]
.
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It is thus luni-solar with respect to changing its numerical designation, but solar as regards the
months and days. But it seems probable that it is really luni-solar also as regards its months
and days. .

The Kanya sankranti can take place on any day from about 11 days previous to lunar
Bhadrapada sukla 12th to about 18 days after it. With the difference of so many days the epoch
and numerical designation of the Amli and Vildyati years are the same.

The Fasali year.—This is the harvest year introduced, as some say, by Akbar, originally
derived from the Muhammadan year, and bearing the same number, but beginning in July.
It was, in most parts of India, a solar year, but the different customs of different parts of India
caused a divergence of reckoning. Its epoch is apparently A.H. 963 (A.D. 1556), when its
number coincided with that of the purely lunar Muhammadan year, and from that date its years
have been solar or lumi-solar. Thus (A.H.) 963 +4 337 (solar years) = 1300, and (A:D.)
1556 - 337 = 1893 A.D., with a part of which year Fasali 1300 coincides, while the same
year is A.H. 1310. The era being purely official, and not appealing to the feelings of the people
of India, the reckoning is often found to be loose and unreliable. In Madras the Fasali year
originally commenced with the 1st day of the solar month Adi (Karka), but about the year
1800 A.D. the British Government, finding that this date then coincided with July 13th, fixed
July 13th as the permanent initial date; and in A.D. 1855 altered this for convenience to July
ist, the present reckoning. In parts of Bombay the Fasali begins when the sun enters the
nakshatra Mriga$irsha, viz., (at present) about the sth or 6th June. The Bengali year and the
Vildyati year both bear the same number as the Fasali year.

The names of months, their periods of beginning, and the serial number of days are the
same as in the Hijra year, but the year changes its numerical designation on a stated solar day.
Thus the year is already a solar year, as it was evidently intended to be from its name. But
at the present time it is luni-solar in Bengal, and, we believe, over all North-Western India, and
this gives rise to a variety, to be now described.

The luni-solar Fasali year.—This reckoning, though taking its name from a Muhammadan
source, is a purely Hindu year, being luni-solar, parpiménta, and Asvinidi. Thus the luni-solar
Fasali year in Bengal and N. W. India began (plrpiminta Asvina krishna pratipada, Saka 1815
current =) Sept. 7th, 1882. A peculiarity about the reckoning, however, is that the months are
not divided into bright and dark fortnights, but that the whole runs without distinction of pakshas,
and without addition or expunction of tithis from the ist to the end of the month, beginning
with the full moon. Its epoch is the same as that of the Vildyati year, only that it begins
with the full moon next preceding or succeeding the Kany4 sankranti, instead of on the sankranti day.

In Southern India the Iasali year 1302 began on June 5th, 1892, in Bombay, and on
July 1st, 1892, in Madras. It will be seen, therefore, that it is about two years and a quarter in
advance of Bengal.

To convert a lunisolar Bengali or N. W. Fasali date, approximately, into a date easily
workable by our Tables, treat the year as an ordinary luni-solar pirpimanta year; count the
days after the 15th of the month as if they were days in the $ukla fortnight, 15 being deducted
from the given figure; add 515 to make the year correspond with the Saka year, for dates
between Asvina 1st and Chaitra 15th ( = amadnta Bhadrapada krishna 1st and amanta Phalguna
krishna 3oth)}—and 516 between Chaitra 15th and Agvina 1st. Thus, let Chaitra 25th 1290 be
the given date. The 25th should be converted into Sukla 1oth;adding 516 to 1290 we have 1806,

the equivalent Saka year. The corresponding Saka date is therefore améinta Chaitra Sukla roth,
.
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1806 current. From this the conversion to an A.D.date can be worked by the Tables. For
an exact equivalent the sankranti day must be ascertained.

The Makratta Sér-san or Shahir-san.—This is sometimes called the Arabi-san. 1t was
extensively used during the Mahratta supremacy, and is even now sometimes found, though
rarely. It is nine years behind the Fasali of the Dakhan, but in other respects is just the same;
thus, its year commences when the sun enters the nakshatra Mrigasirsha, in which respect it is
solar, but the days and months correspond with Hijra reckoning. It only diverged from the Hijra
in A.D. 1344, according to the best computation, since when it has been a solar year as
described above. On May 15th, A.D. 1344, the Hijra year 745 began. But since then the
Shahér reckoning was carried on by itself as a solar year. To convert it to an A.D, year,
add 599.

The Harsha-Kéla.—This era was founded by Harshavardhanaof Kanauj, ! or more properly
of Thapesar. At the time of Alberuni (A.D. 1030) it was in use in Mathura (Muttra) and Kanau;.
Its epoch seems to be Saka 529 current, A.D. 6o6—7. More than ten inscriptions have been
discovered in Nepal ? dated in the first and second century of this era. In all those discovered
as yet the years are qualified only by the word “samvat”.

The Magi-San.—This era is current in the District of Chittagong. It is very similar to
the Bengali-san, the days and months in each being exactly alike. The Magi is, however, 45 years
behind the Bengali year,® ¢.g., Magi 1200 = Bengali 1245.

The Kollam era, or era of ParaSurama.—The year of this era is known as the Kollam
andu. Kollam (anglicé Quilon) means “western ”’, apdu means “a year'. The era is in use in
Malabar from Mangalore to Cape Comorin, and in the Tinnevelly district. The year is sidereal
solar. In North ‘Malabar it begins with the solar month Kanni (Kanya), and in South Malabar
and Tinnevelly with the month Chingam (Sirhha). In Malabar the names of the months are
sign-names, though corrupted from the original Sanskrit; but in Tinnevelly the names are chiefly
those of lunar months, also corrupted from Sanskrit, such as Sittirai or Chittirai for the Sanskrit
Chaitra, corresponding with Mesha, and so on. The sign-names as well as the lunar-month names
are given in the pafichings of Tinnevelly and the Tamil country. All the names will be found
in Table II., Part ii. The first Kollam indu commenced in Kali 3927 current, Saka 748 current,
A.D. 825—26, the epoch being Saka 747—48 current, A.D. 824—235. The years of this era as
used are current years, and we have treated them so in our Tables. 3

The era is also called the “era of Paraurdma"”, and the years run in cycles of 1000. The
present cycle is said to be the fourth, but in actual modern use the number has been allowed
to run on over the 1000, A.D. 1894—95 being called Kollam 1070. We believe that there is
no record extant of its use earlier than A.D. 825, and we have therefore, in our Table 1., left the
appropriate column blank for the years A.D. 300—825. If there were really three cycles ending
with the year 1000, which expired AD. 824—25, then it would follow that the Parasurima, or
Kollam, era began in Kali 1927 current, or the year 3528 of the Julian period. #

The Nevar era. This era was in use in Nepal up to A.D. 1768, when the Saka era

1 Alberuni’s India, English translation hy Sachau, Vol. 1L, p. 5.

2 QCorpus Inmscrip. Indic., Vol. 111., Introd., p. 117 ff.

3 Girisa Chandra’s Chronological Tables for A.D. 1764 to 1900.

4 Warren (Kdlasankalita, p. 298) makes it commenee in *“the year 3537 of the Julian period, answering to the 1926th of
the Kali yug”. But this is wrong if, as we believe, the Kollam years are enrrent years, and we know no reason to think them
otherwise. Warren’s aceount was based on that of Dr. Baochanan who made the 977th year of the third eyele commenee in A.D. 1800,
But according to the present Malabar use it is quite elear that the year commencing in 1800 A.D., was the 976th Kollam year.
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was introduced. ! Its years are Karttikadi, its months amanta, and its epoch (the beginning of the
Nevar year o current) is the Karttikadi Vikrama year 936 current, Saka 801—2 current, A.D. 878—70¢,
Dr. F. Kielhorn, in his Zudian Antiquary paper on the “Epoch of the Newar era”? has come
to the conclusion that its years are generally given in expired years, only two out of twenty-five
dates examined by him, running from the 235th to the 995th year of the era, being current
ones. The era is called the “Nepil era” in inscriptions, and in Sanskrit manuscripts; ¢ Nevar”
seems to be a corruption of that word. Table II., Part iii., below gives the correspondence of
the years with those of other eras.

The Chélukya era. This was a short-lived era that lasted from Saka 998 (A.D. 1076)
to Saka 1084 (A.D. 1162) only. It was instituted by the Chalukya king Vikramaditya Tribhuvana
Malla, and seems 'to have ceased after the defeat of the Eastern Chalukyas in A.D. 1162 by
Vijala Kalachuri. It followed the Saka reckoning of months and pakshas. The epoch was Saka
998—99 current, A.D. 1075—76.

The Simha Samvat.—This era was in use in Kathiavid and Gujarit. From four dates
in that era of the years 32, 93, 96 and 151, discussed in the Zudian Antiquary (Vols. XVIII.
and XIX. and elsewhere), we infer that its year is luni-solar and current; the months are presumably
amdnta, but in one instance they seem to bé pirpimanta, and the year is most probably Ashadhadi.
It is certainly neither Karttikidi nor Chaitradi. Its epoch is Saka 1036—37 current, AD. 1113—14.

The Lakshmana Sena era—This era is in use in Tirhut and Mithila, but always along
with the Vikrama or Saka year. The people who use it know little or nothing about it.
There is a difference of opinion as to its epoch. Colebrooke (A.D. 1796) makes the first year
of this era correspond with A.D. 1105; Buchanan (A.D. 1810) fixes it as A.D. 1105 or 1106;
Tirhut almanacs, however, for the years between A.D. 1776 and 1880 shew that it corresponds
with A.D. 1108 or 1109. Buchanan states that the year commences on the first day after the
full moon of the month Ashidha, while Dr. Réjendra Lil Mitra (A.D. 1878) and General Cunningham
assert that it begins on the first Migha badi (Mégha krishna 1st).  Dr. F. Kielhorn, examining six
independent inscriptions dated in that era (from A.D. 1194 to 1551), concludes* that the year
of the era is Karttikidi; that the months are amanta ; that its first year corresponds with A.D.
1119—20, the epoch being A.D. 1118 —19g, Saka 1041—42 current ; and that documents and inscriptions
are generally dated in the expired year. This conclusion is supported by Abul Fazal’s statement
in the Akbarnima (Saka 1506, A.D. 1584). Dr. Kielhorn gives, in support of his conclusion,
the equation “Laksh: sam: 505 = Saka sam: 1546” from a manuscript of the Smyitstattvémyita,
and proves the correctness of his epoch by other dates than the six first given,

The liahi era.—The “Tarikh- I1ahi,” thatis *the mighty or divine era,” was established by
the emperor Akbar. It dates from his accession, which, according to the 7% abakit-i-Akbars, was
Friday the 2nd of Rabi-us-$ani, A.H. 963, or 14th February, * 1556 (O. S.), Saka 1478 current.
It was employed extensively, though not exclusively on the coins of Akbar and Jahingir, and
appears to have fallen into disuse early in the reign of Shah-Jahan. According to Abfil Fazal,
the days and months are both natural solar, without any intercalations. The names of the months
and days correspond with the ancient Persian. The months have from 29 to 30 days each.

1 General Sir A. Cunuingham’s Indian Eras, p. 14.

2 Ind. Ant., Vol. XVII,, p. 246 £,

3 This mueh information is from Geueral Cunningham’s * Indian Fras”

4 Ind. Ant., XIX,, p. 1

5  General Cunningham, in his “Indian FEras”, gives it as I5th February; but that day was a Ssturday..
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given. (As to current and expired years see Art. 70 above.)) A short description of eras is given
in Art. 71. The years in the first three columns are used alike as solar and luni-solar, commenc-
ing respectively with Mesha or Chaitra. (For the beginning point of the year see Art. 52 above.)
The Vikrama year given in col. 3 is the Chaitrddi Vikrama year, or, when treated as a solar
year which is very rarely the case, the Meshadi year. The Ashidhidi and Karttikidi Vikrama
years are not given, as they can be regularly calculated from the Chaitrddi year, remembering
that the number of the former year is one less than that of the Chaitrddi year from Chaitra to
Jyeshtha or Asvina (both inclusive), as the case may be, and the same as the Chaitradi year from
Ashidha or Kirttika to the end of Philguna.

Cols. 4 and 5. The eras in cols. 4 and 5 are described above (Art. 71.) The double
number is entered in col. 4 so that it may not be forgotten that the Kollam year is non-Chaitradi
or non-Meshadi, since it commences with either Kanni (Kanyd) or Chingam (Sirmha). In the case
of the Christian era of course the first year entered corresponds to the Kali, Saka or Chaitrdi
Vikrama year. for about three-quarters of the latter's course, and for about the last quarter the
second Christian year entered must be taken. The corresponding parts of the years of all these
eras as well as of several others will be found in Table 1I., Parts ii. and iii.

75. Cols. 6 and 7.—These columns give the number and name ofthe current samvatsara
of the sixty-year cycle. There is reason to believe that the sixty-year luni-solar cyele (in use
mostly in Southern India) came into existence only from about A.D. gog; and that before
that the cyele of Jupiter was in use all over India. That is to say, before A.D. gog the samvat-
saras in Southern India were the same as those of the Jupiter cycle in the North. If, however,
it is found in any case that in a year previous to A.D. go8 the samvatsara given does not agree
with our Tables, the rule in Art. 62 should be applied, in order to ascertain whether it was a
luni-solar samvatsara.

The samvatsara given in col. 7 is that which was current at the time of the Mesha saii-
kranti of the year mentioned in cols. 1 to 3. To find the samvatsara current on any particular
day of the year the rules given in Art. 59 should be applied. For other facts regarding the
samvatsaras, see Arts. 53 to 63 above.

76. Cols. & to 12, and Sa to 12a. These concern the adkika (intercalated) and kskaya
(suppressed) months. For full particulars see Arts. 45 to 51. By the mean system of interca-
lations there can be no suppressed months, and by the true system only a few. We have given the
suppressed months in italics with the suffix “ Ks4” for “kshaya.” As mean added months were
only in use up to A.D. 1100 (Art. 47) we have not given them after that year.

77- The name of the month entered in col. 8 or 8« is fixed according to the first rule
for naming a lunar month (4rz. 46), which is in use at the present day. Tlws, the name Askédka,
in cols. 8 or 8a, shows that there was an intercalated month between natural Jyeshtha and natural
Ashadha, and by the first rule its name is ‘“ Adhika Ashidha”, natural Ashadha being “ Nija Ashadha.”
By the second rule it might have been called Jyeshtha, but the intercalated period is the same
in either case. In the case of expunged months the word “Pausha”, for instance, in col. 8
shows that in the lunar month between natural Kirttika and natural Méigha there were two
sankrantis; and according to the rule adopted by us that lunar month is called Margasirsha,
Pausha being expunged.

78. Lists of intercalary and expunged months are given by the late Prof. K. L. Chhatre
in a list published in Vol. I, No. 12 (March 1851) of a Mahrithi monthly magazine called
Fiianaprasaraka, formerly published in Bombay, but now discontinued; as well as in Cowasjee
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Patell's « Chronology”, and in the late Gen. Sir A. Cunningham’s “ /ndian Eras,” ' Butin none
of these three works is a single word said as to how, or following what authority, the calculations
werc made, so that we have no guide to aid us in checking the correctness of their results.

79. An added lunar month being one in which no sankrinti of the sun occurs, it is
evident that a sankranti must fall shortly before the beginning, and another one shortly after the
end, of such a month, or in other words, a solar month must begin shortly before and must end
shortly after the added lunar month. It is further evident that, since such is the case, calculation
made by some other Siddiinta may yield a different result, even though the difference in the
astronomical data which form the basis of calculation is but slight. Hence we have deemed it
essential, not only to make our own calculations afresh throughout, but to publisli the actual
resulting figures which fix the months to be added and suppressed, so that the reader may judge
in each case how far it is likely that the use of a different authority would cause a difference
in the months affected. Our columns fix the moment of the sankranti before and the saikrinti
after the added month, as well as the sankrinti after the beginning, and the sankranti before the
end, of the suppressed month; or in other words, determine the limits of the adhika and kshaya
misas. The accuracy of our calculation can be easily tested by the plan shewn in Art. go below.
(See also Art. 88 below.) The moments of time are expressed in two ways, viz., in lunation-
parts and tithis, the former following Prof. Jacobi's system as given in /nd. Ant., Vol. XVIL

80. Lunation-parts or, as we elsewhere call them, ‘“tithi-indices” (or “#") are extensively
used throughout this work and require full explanation. Shortly stated a lunation-part is
moth of an apparent synodic revolution .of the moon (see Note 2, Art. 12 above). 1t will be
well to put this more clearly. When the difference between the longitude of the sun and moon,
or in other words, the eastward distance between them, is 77/, the sun and moon are said to be
in conjunction; and at that moment of time occurs (the end ot) amavasya, or new moon. (Arss. 7.29
above.) Since the moon travels faster than the sun, the difference between their longitudes, or their
distance from one another, daily increases during one half and decreases during the other half of the
month till another conjunction takes place. The time between two conjunctions is a synodic
lunar month or a lunation, during which the moon goes through all its phases. The lunation
may thus be taken to represent not only time but space. We could of course have expressed parts
of a lunation by time-measure, such as by hours and minutes, or ghatikds and palas, or by
space-measure, such as degrees, minutes, or seconds, but we prefer to express it in lunation-parts,
because then the same number does for either time or space (see Art. 89 beloww). A lunation
consists of 30 tithis. Lth of a lunation consequently represents the time-duration of a tithi or the
space-measurement of 12 degrees. Our lunation is divided into 10,000 parts, and about 333

lunation-parts (i;ths) go to ome tithi, 667 to two tithis, 1000 to three and so on. Lunation-

parts are therefore styled “tithi-indices”, and by abbreviation simply “z”. Further, a lunation
or its parts may be taken as apparent or miean. Our tithi-, nakshatra-, and yoga-indices are
apparent and not mean, except in the case of mean added months, where the index, like the

whole lunation, is mean.

1 Gen. Cunningham admittedly (p. 91) follows Cowasjee Patell’s * Chronology™ in this respect, and on examination I find that the
added and suppressed months in these two works (setting aside some few mistakes of their own) agree throughout with Prof, Chhatre’s
list, even so far as to inelude eertain instanees where the latter was ineorrect. Patell’s ““Chronology” was published fiftecn years after
the publication of Prof. Chhatre’s list, and it is not improbable that the former was a copy of the latter. It is odd that not a single
word is said in Cowasjee Patell’s work to shew how his ealeulatious were made, though in those days ke would have required months
or even years of intricate ealeulation hefore he could arrive at his results, {S B. D.]
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Our tithi-index, or “#", therefore shows in the case of true added months as well as
elsewliere, the spacc-difference between the apparent, and in the case of mean intercalations between
the mean, longitudes of the sun and moon, or the time required for the motions of the sun and
moou to create that difference, expressed in 10,000ths of a unit, which is a circle in the case of
space, and a lunation or synadic revolution of the moon in the case of time. Briefly the tithi-
index “7" shews the position of the moon in her orbit with respect to the sun, or the time
necessary for her to gain that position., e.g., “0” is new moon, 5000 " full moon, “10,000" or 0™

new moon; “50” shews that the moon has recently (fe., by wths, or 3 hours 33 minutes —

Table X., col. 3) passed the point or moment of conjunction (new moon); 9950 shews that she
is approaching new-moon phase, which will occur in another 3 hours and 33 minutes.

81. A lunation being equal to 30 tithis, the tithi-index, which expresses the 10,000th part of a
lunation, can easily be converted into tithi-notation, for the index multiplied by 30 (practically
by 3), gives, with the decimal figures marked off, the required figurc in tithis and decimals.
Thus if the tithi-index is 9950, which is really 0.9950, it is equal to (0.9950 X 30 =) 29.850

tithis, and the meaning is that **ths of the lunation, or 29.850 tithis have expired. Conversely

a figure given in tithis and decimals divided by 30 expresses the same in 10,000ths parts of a
lunation.

82. The tithi-index or tithi is often required to be converted into a measure of solar
time, such as hours or ghatikis. Now the length of an apparent lunation, or of an apparent tithi,
perpetually varies, indeed it is varying at every moment, and consequently it is practically im-
possible to ascertain it except by elaborate and special calculations; but the length of a mean
lunation, or of a mean tithi, remains permanently unchanged. Ilgnoring, therefore, the difference
between apparent and mean lunations, the tithi-index or tithi can be readily converted into time

by our Table X., which shews the time-value of the mean lunation-part (i th of the mean lunation),

and of the mean tithi-part (1 th of the mean tithi). Thus, if 7 = 50, Table X. gives the duration
as 3 hours 33 minutes; and if the tithi-part?! is given as 0.150 we have by Table X. (z h. 22 m.
4+ 1 h. 11min.=) 3 h. 33 m.

It must be understood of course that the time thus given is not very accurate, because
the tithi-index {#) is an apparent index, while the values in Table X. are for the mean index.
The same remark applies to the nakshatra (#) or yoga (y) indices, and if accuracy is desired
the process of calculation must be somewhat lengthened. This is fully explained in example 1
in Art. 148 below. In the case of mean added months the value of (#) the tithi-index is at
once absolutely accurate.

83. The sankrantis preceding and succeeding an added month, as given in our Table I,
of course take place respectively in the lunar month preceding and succeeding that added month.

84. To make the general remarks in Arts. 80, 81, 82 quite clear for the intercalation of
months we will take an actual example. Thus, for the Kali year 3403 the entries in cols. 9 and
11 are 9950 and 287, against the true added month Asgvina in col. 8. This shews us that the
sankranti preceding the true added, or Adhika, Asvina took place when 9950 lunation-parts of
the natural month Bhidrapada (preceding Adhika Agvina) had elapsed, or when (10,000 — 9950 =)
50 parts had to elapse before the end of Bhadrapada, or again when 50 parts had to elapse

1A thousandth part of a tithi is equal to 1.42 minutes, which is sufficiently minute for our purposes, but a thousandth of a
lunation is equivalent to 7 hours 5 minutes, and this is too large; so that we have to take the 10000th of a lunation as our unit,

which is equal to 4.25 minutes, and this suffices for all praetical purposes. In this work therefore a lunation is treated of ashaving
10,000 parts, and a tithi 1000 parts.
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before the beginning of the added month; and that the s?ﬁkrfmti succegding true Adhika Asvina
took place when 287 parts of the natural month Nija Advina had elapsed, or when 287 parts
had elapsed after the end of the added month Adhika Agvina.

85. The moments of the sankrintis are further given in tithis and decimals in cols. 10,
12, i0oa and 12a4. Thus, in the above example we find that the preceding sankranti took place
when 29:850 tithis of the preceding month Bhidrapada had elapsed, z.e., when (30—29-850 =)
0'150 tithis had still to elapse beforc the end of Bhidrapada ; and that the succceding sankranti
took place when 0861 of a tithi of the succeeding month, Aévina, had passed.

To turn these figures into time is rendered easy by Table X. We learn from it that the
preceding sankranti took place (50 lunation parts or o150 tithi parts) about 3 h. 33 mn. before
the beginning of Adhika Asvina; and that the succeeding sankranti took place (287 lunation parts,
or ‘361 tithi parts) about 20 h. 20 m. after the end of Adhika Asévina. This time is approximate.
For exact time see Arts. 82 and go.

The tithi-indices here shew (see Arz. 88) that there is no probability of a different month
being intercalated if the calculation be made according to a different authority.

86. To constitute an expunged month we have shewn that two sankrintis must occur
in one lunar month, one shortly after the beginning and the other shortly before the end of
the month; and in cols. 9 and 10 the moment of the first santkrinti, and in cols. 11 and 12
that of the second sankranti, is given. For example see the entries against Kali 3506 in
Table I. As already stated, there can never be an expunged month by the mean system

87. In the case of an added month the moon must be waning at the time of the pre-
ceding, and waxing at the time of the succeeding sankrinti, and therefore the figure of the tithi-
index must be approaching 10,000 at the preceding, and over 10,000, or beginning a new
term of 10,000, at the succeeding, sankrinti. In the case of expunged months the case
is reversed, and the moon must be waxing at the first, and waning at the second sankrinti;
and therefore the tithi-index must be near the beginning of a period of 10,000 at the firs,
and approaching 10,000 at the second, sankranti.

88. When by the Sirya-Siddhénta a new moon (the end of the amivasya) takes place
within about 6 ghatikds, or 33 lunation-parts, of the sankranti, or beginning and end of a solar
month, there may be a difference in the added or suppressed month if the calculation be made
according to another Siddkidnta. Hence when, in the case of an added month, the figure in
col. 9 or 9a is more than (10,000—33 =) 9967, or when that in col. 11 or I1a is lessthan 33;
and in the case of an expunged month when the figure in col. 9 is less than 33, or when that
in col. 11 is more than 9967, it is possible that calculation by another Siddiinta will yield a
different month as intercalated or expunged; or possibly there will be no expunction of a month
at all. In such cases fresh calculations should be made by Prof. Jacobi's Special Tables (£pig.
Ind., Vol. II) or direct from the Siddhénta in question. In all other cases it may be regarded
as certain that our months are correct for all Siddhéntas.. The limit of 33 Innation-parts here
given is generally sufficient, but it must not be forgotten that where Siddidntas are used with
a bija correction the difference may amount to as much as 20 ghatikas, or 113 lunation-parts
(See above, note to Art. 49).

In the case of the Sarya-Siddhénia it may be noted that the added and suppressed months
are the same in almost all cases, whether the bija is applied or not.

89. We have spared no pains to secure accuracy in the calculation of the figures entered
in cols. 9 to 12 and 9a to 124, and we believe that they may be accepted as finally correct,
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but it should be remempered that their timc-equivalent as obtained from Table X. is only approxi-
mate for the reason given above (4rz. §2.) Since Indian readers are more familiar with tithis
than with lunation-parts, and since the expression of time in tithis may be considered desirable
by some European workers, we have given the times of all the required saikrdntis in tithis and
decimals in our columns, as well as in lunation-parts; but for turning our figures into time-figures
it is easier to work with lunation-parts than with tithi-parts. It may be thought by some readers
that instead of recording the phenomena in lunation-parts and tithis it would have been
better to have given at once the solar time corresponding to the moments of the sankrantis
in hours and minutes. But there are several reasons which induced us, after careful consideration,
to select the plan we have finally adopted. First, great labour is saved in calculation; for to
fix the exact moments in solar time at least five processes must be gone through in each case,
as shewn in our Example 1. below {4rz. 748). It is true that, by the single process used by us,
the time-equivalents of the given lunation-parts are only approximate, but the lunation-parts and
tithis are in themselves exact. Secondly, the time shewn by our figures in the case of the mean
added months is the same by the Original Sirya, the Present Sérya, and the Arya-Siddhéanta,
as well as by the Present Sirya-Siddhanta with the bija, whereas, if converted into solar time,
all of these would vary and require separate columns. Thirdly, the notation used by us serves
one important purpose. It shews in one simple figure the distance in time of the sankréntis
from the beginning and end of the added or suppressed month, and points at a glance to the
probability or otherwise of there being a difference in the added or suppressed month in the
case of the use of another authority. Fourthly, there is a special convenience in our method for
working out such problems as are noticed in the following articles.

9o. Supposing it is desired to prove the correctness of our added and suppressed months,
or to work them out independently, this can easily be done by the following method: The
moment of the Mesha sankranti according to the Sirya-Siddiiénta is givenin cols. 13, 14 and 15a
to 17a for all years from A.D. 1100 to 1900, and for other years it can be calculated by the
aid of Table D. in Ars. 96 below. Now we wish to ascertain the moment of two consecutive new
moons connected with the month in question, and we proceed thus. The interval of time between
the beginning of the solar year and the beginning or end of any solar month according to the
Stirya-Siddhanta, is given in Table III., cols. 8 or 9; and by it we can obtain by the rules in
Art. 151 below, the tithi-index for the moment of beginning and end of the required solar month,
z.e., the moments of the solar sankrantis, whose position with reference to the new moon determines
the addition or suppression of the luni-solar month. The exact interval also in solar time between
those respective sankrantis and the new moons (remembering that at new moon “¢” = 10,000)
can be calculated by the same rules. This process will at once shew whether the moon was
waning or waxing at the preceding and succeeding sankrantis, and this of course determines the
addition or suppression of the month, The above, however, applies only to the apparent or true
intercalations and suppressions. For mean added months the Sodkya (2 d. 8 gh. 51 p. 15 vi.) must
be added (see Art. 26) to the Mesha-sankranti time according to the drya-Siddhinta (Table 1.,
col. 15), and the result will be the time of the mean Mesha sankrinti. For the required sub-
sequent sankrantis all that is necessary is to add the proper figures of duration as given in
Art. 24, which shews the mean length of solar months, and to find the “a” for the results so
obtained by Art. 151. Then add 200 to the totals and the result will be the required tithi-indices.

91. It will of course be asked how our figures in Table I. were obtained, and what guarantee
we can give for their accuracy. It is therefore desirable to explain these points. Our calcula-
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tions for true intercalated and suppressed months were first made according o the method and Tables
published by Prof. Jacobi (in the Ind. Ant., Vol. XVII., pp. 145 to 181) as corrected by the errata list
printed in the same volume. We based our calculations on his Tables t to to, and the method given in
his example 4 on pp. 152—53,! but with certain differences, the necessity of which mustnow be explain-
ed. Prof. Jacobi's Tables 1 to 4, which give the dates of the commencement of the solar months, and the
hour and minute, were based on the Arya-Siddhéanta, while Tables 5 to 10 followed the Sirya-
Siddhanta, and these two Siddhantas differ. In consequence several points had to be attended to.
First, in Prof. Jacobi’'s Tables 1 to 4 the solar months are supposed to begin exactly at Ujjain
mean sunset, while in fact they begin (as explained by himself at p. 147) at or shortly after mean
sunset. This state of things is harmless as reffards calculations made for the purpose for which
the Professor designed and chiefly uses these Tables, but such is not the case when the task is
to determine an intercalary month, where a mere fraction may make all the difference, and where the
exact moment of a sankrianti must positively be ascertained. Secondly, the beginning of the
solar year, 7e., the moment of the Mesha-sankranti, differs when calculated according to those
two Siddhantas, as will be seen by comparing cols. 15 to 17 with cols. 15¢ to 174 of our
Table 1., the difference being #//in A.D. 496 and 6 gh 23 pa. 41.4 pra. vi. in 1900 A.D. Thirdly,
even if we suppose the year to begin simultaneously by both Siddkantas, still the collective
duration of the months from the beginning of the year to the end of the required solar month is
not the same, 2 as will be seen by comparing cols. 6 or 7 with cols. 8 or 9 of our Table III.
We have applied all the corrections necessitated by these three differences to the figures obtained
from Prof. Jacobi's Tables and have given the final results in cols. 9 and t1. We know of no

' independent test which can be applied to determine the accuracy of the results of our calculations

for true added and suppressed months; but the first calculations were made exceedingly carefully
and were checked and rechecked. They were made quite independently of any previously existing
lists of added and suppressed months, and the results were afterwards compared with Prof. Chhatre’s
list; and whenever a difference appeared the calculations were completely re-examined. In some
cases of expunged months the difference between the two lists is only nominal, but in other cases
of difference it can be said with certainty that Prof. Chhatre’s list is wrong. (See note to Art. 46.)
Moreover, since the greatest possible error in the value of the tithi-index that can result by use
of Prof. Jacobi's Table is 7 (see Ahis Table p. 164), whenever the tithi-index for added and sup-
pressed months obtained by our computation fell within 7 of 10,000, 7.e., whenever the resulting
index was below 7 or over 9993, the results were again tested direct by the Sirya-Siddhanta. ®

As regards mean intercalations every figure in our cols. gz to 124 was found correct by
independent test. The months and the times of the sankrdntis expressed in tithi-indices and
tithis were calculated by the present S#rya-Siddhinta, and the results are the same whether

1 For finding the initial date of the luni-solar years Prof. Jacobi’a Tahles 1. to XI. were used, and in the course of the calen-
lations it was necessery to introduce a few alterations, and {o eorrect some misprints which had crept in in addition to those noted in
the already published errata-list. ‘Thus, the earliest date noted in Tables I. to IV., being A.D. 354, these Tables had to he extended
backwards by adding two lines more of figures above those already given. In Tahle VL., as corrected by the errata, the hija is taken
into account only from A.D. 1601, whereas we consiler that it should he introduced from A.D. 1501 (see Art. 21). In Teble VI.
the ecntury corvection is given for the New (Gregorian) Style from A.D 1600 according to the practice in the most part of Europe.
I have preferred, however, to introduce the New Style into our Tables from Sept. A.D. 1752 to auit Euglish readers, and this neccessi-
tated an alteration in the century data for two centuries. [R. S.]

2 1t is the same according to Warren, but in this respect he ia in error. (Sec nofe to Art. 24.)

8 42 celculations were thus made direet hy the Swrya-Siddhdnta with and without the hija, with tbe satisfactqry resilt that
the error in the final figure of the tithi-index originally arrived at was generally anly of 1 ar 2 unmits, while in aol‘e ses_it was
mil 1t was rarely 3, and only once 4. It never exceeded 4. It may therefore be fairly assumed that our resultsare accurate. [S.B D.]

"
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worked by that or by the Original Szzrya-gzdd/tanm, the First Arya-Siddhinta, or the Present
bury(z -Siddhanta with the bija.

We think, therefore, that the list of true added and suppressed months and that of the
mean added months as given by us is finally reliable.

92. Cols. 13 to 17 or to 17a. The solar year begins from the moment of the Mesha
sankranti and this is taken as apparent and not mean. We give the exact moment for all years
from A.D. 300 to 1900 by the Arya-Siddhinta, and in addition for years between A.D. 1100 and
1900 by the Sirya-Siddhintas as well. (See also Art. 96). Every figure hasbcen independently
tested, and found correct. The week-day and day of the month A.D. as given in cols. 13 and
14 are applicable to both the Siddkiantas, but pa‘cular' attention must be paid to the footnote in
Table I., annexed to A.D. 1117—18 and some other subsequent years. The entries in cols. I5
and 15z for Indian reckoning in ghatikis and palas, and in cols. 17 and 17¢ for hours and
minutes, imply that at the instant of the sankranti so much time has clapsed since mean sunrise
at Ujjain on the day in question. Ujjain mean sunrise is generally assumed to be 6.0 a.m.

93. The alteration of week-day and day of the month alluded to inthe footnote mentioned in the
last paragraph (Table 1., A.D. 1117—18) is due to the difference resulting from calculations made by
the two Siddhantas, the day fixed by the Sirya-Siddhinta being sometimes one later than that found
by the Arya-Siddhénta. 1t must be remembered, however, that the day in question runs from sun-
rise to sunrise, and therefore a moment of time fixed as falling between midnight and sunrise belongs to
the preceding day in Indian reckoning, though to the succeeding day by European nomenclature. For
example, the Mesha sankrantiin Saka 1039 expired (A.D. 1117) took place, according to the Arya-Sidd-
hénta on Friday 23rd March at 58 gh. 1p. after Ujjain mean sunrise (23 h. 12 m. after sunrise on Friday,
or 5.1z a.m. on Saturday morning, 24th); while by the Sirya-Siddhinta it fell on Saturday 24th at
o gh. 51 pa. (=0 h. 20 m. after sunrise or 6.20 a.m.). This only happens of course when the
sankranti according to the Arya-Siddhénta falls nearly at the end of a day, or near mean sunrise.

94. In calculating the instant of the apparent Mesha-sankrintis, we have taken the Sodhya

2 d. 8 gh. 51 pa. 15 vipa. according to the Arya-Siddhénta, and 2 d. 10 gh. 14 pa. 30 vipa.
according to the Siryae-Siddhanta. (See Art. 26.)

95. The figure given in brackets after the day and month in cols. 13 and 19 is the
number of that day in the English common year, reckoning from January ist. For instance, 75
against 16th March shows that 16th March is the 75th day from January 1stinclusive. This figure
is called the “date indicator’, or shortly (&), in the methods of computation “B” and “C " given
below (Fart 71.), and is intended as a guide with reference to Table IX in which the collective
duration of days is given in the English common year.

96. The fixture of the moments of the 1600 Mesha-sankrantis noted in this volume will
be found advantageous for many purposes, but we have designed it chiefly to facilitate the
conversion of solar dates as they are used in Bengal and Southern India.! We have not given
the moments of Mesha-sankrantis according to the Sirya-Siddhanta prior to A.D. 1100, so that
the Arya-Siddhinta computation must be used for dates earlier than that, even those occurring in
Bengal. There is little danger in so doing, since the difference between the times of the Mesha-
sankrantis according to the two Siddkintas during that period is very slight, being 72/in A.D. 496,
and only increasing to I h. 6 m. at the most in 1100 A.D. It is, however, advisable to give
a correction Table so as to ensure accuracy, and consequently we append the Table which follows, by
which the difference for any year lying between A.D. 496 and 1100 A.D. can be found. It is

1 See Art. 21, and the first footnote appended to it.

L i
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used in the following manner. First find the interval in years between the given year and A.D.
496. Then take the difference given for that number of years in the Table, and subtract or
add it to the moment of the Mesha-sankranti fixed by us in Table L. by the Arya-Siddhinta, according
as the given year is prior or subscquent to A.D. 496. The quotient gives the moment of the

Mesha-sankranti by the Saryae-Siddhanta.
TABLE

Shewing the difference between the moments of the Mesha.sankranti as calculated by the
Present Sirya and the first Arya-Siddhantas; the difference in A.D. 496 (S’aka 496 current)

being o.

No. ‘Diﬂ'creucc-_ No ‘Diﬂ‘erencc. No Difference l
of Expressed in of Expressed in of Expressed in

years. y years. ] years, 27 ST |

gh.  pa. I minutes. gh.  pa. minutes. gh. pa. [ minutes.

] o 03| o1 10 | o 27] 12 00 | o 27.3 | 109 |
2 0 0.5 0.2 20 0 5.5 2.2 200 0 54.6 21.9
3 0 0.8 0.3 30° 0 8.2 3.3 300 1 123.0 32.8 l
4 0 1.1 0.4 40 0 10.9 4.4 400 1 49.3 43.7 |
) 0 1.4 0.5 50 0 13.7 5.5 500 v 1676 | 54.7
6 0 1.6 07 (0] 0 16.4 6.6 600 2 410 65.6
f 0 1.9 0.8 70 0 19.1 7 700 3 11.3 76.5
8 0 259 kL @Y 30 0 21.9 8.7 800 3 38.6 87.5
9 0 2.5 | 1.0 90 0 24,6 9.8 900 4 6.0 98.4 I

Ezxample. Find the time of the Mesha sankranti by the Siarya-Siddhanta in A.D. 1000.
The difference for (1000—496 =) 504 yearsis (2gh. 16.6 pa. 4 1.1 pa.=) 2 gh. 17.7 pa. Adding
this to Friday, 22nd-March, 42gh. 5pa., 7.e., the time fixed by the Arya-Siddhanta (Table 1.,
cols. 14, 15), we have 44 gh. 22.7pa. from sunrise on that Friday as the actual time by the
Stirya-Siddianta.

97. Cols. 19 to 25. The entries in these columns enable us to convert and verify Indian
luni-solar dates. They were first calculated, as already stated, according to the Tables published
by Prof. Jacobi in the /wdian Antiguary} (Vol. XVIL). The calculations were not only most
carefully made, but every figure was found to be correct by independent test. As now finally
issued, however, the figures are those obtained from calculations direct from the Sirya-Siddhinta,
specially made by Mr. S. Balkrishpa Dikshit. The articles @, 4, ¢, in cols. 23 to 25 are very
important as they form the basis for all calculations of dates demanding an exact result. Their
meaning is fully described below (Arz. r02.).

The mcaning of the phrase “moon’s age” (heading of cols. 21, 22) in the Nautical
Almanack is the mean time in days elapsed since the moon's conjunction with the sun (emdvasya,
new moon). For our purposes the moon's age is its age in lunation-parts and tithis, and these
have been fully explained above.

98. The week-day and day of the month A.D. given in cols. 19 and 20 shew the civil
day on which Chaitra $ukla pratipadd of each year, as an apparent tithi, ends. * The figures
given in cols. 21 to 25 relate to Ujjain mean suarise on that day.

1 See note 1 fo Art. 91.

2 We have scea bhefore (4rfs. 45 efc. above) how months and tithis are sometimes added or expunged. Now in ease of Chaitra
sukla pratipadd heing cunrrent at sunrisc on two suceessive days, as sometimes happens, the first of these civil days, i.., the day previous
to that given by us, is taken as the first day of the lndian luni-solar year (see 4rf. 52). This does not, however, ereate aay con-
fusion in our method C sinee the quantities given in cols. 23 to 25 are correct for the day aod time for which they are given; while
as for our methods A and B, the day moted by us is more convenient.
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99 When an intercalary Chaitra occurs by the true system (Arts. 45 etc. above) it must
be remembered that the entries in cols. 19 to 25 are for the Sukla-pratipada of the zutercalated,
not the #rue, Chaitra. '

100. The first tithi of the year (Chaitra Sukla pratipadd) in Table I., cols. 19 to 25, is
taken as an apparent, not mean, tithi, which practice conforms to that of the ordinary native
panchings. By this system, as worked out according to our methods A and B, the English
equivalents of all subsequent tithis will be found as often correct as if the first had been taken
as a mean tithi ;—probably more often.

101. The figures given in cols. 21 and 22, except in those cases where a minus sign is
found prefixed (e.g., Kali 4074 current), constitute a first approximation showing how much of
chaitra Sukla pratipadd had expired on the occurrence of niean sunrise at Ujjain on the day given
in cols. 19 and zo0. Col. 21 gives the expired lunation-parts or tithi-index, and col. 22 shews
the same period in tithi-parts, 7.c., decimals of a tithi. The meaning of both of these is explained
above (Arts. 8o and &r). We differ from the ordinary pafichings in one respect, viz., that while
they give the portion of the tithi which has to run after mean sunrise, we have given, as in some
ways more convenient, the portion already elapsed at sunrise. Thus, the entry 286 in col. 21
means that 286 lunation-parts of Chaitra sukla 1st had expired at mean sunrise. The new moon
therefore took place 286 lunation-parts before mean sunrise, and by Table X., col. 3, 286
lunation-parts are equal to (14 h. 10 m.<46 h. 6 m.=) 20 h. 16 m. The new moon therefore
took place zo h. 16 m. before sunrise, or at 9.44 a.m.on the previous day by European reckoning.
The ending-moment of Chaitra $ukla pratipadid can be calculated in the same way, remembering
that there are 333 lunation-parts to a tithi.

We allude in the last paragraph to those entries in cols. 21 and 22 which stand with a
minus sign prefixed. Their meaning is as follows:—Just as other tithis have sometimes to be
expunged so it occasionally happens that Chaitra Sukla 1st has to be expunged. In other
words, the last tithi of Phalguna, or the tithi called amavasya, is current at sunrise on one civil
day and the 2nd tithi of Chaitra (Chaitra $ukla dvitiy4) at sunrise on the following civil day. In such
a case the first of these is the civil day corresponding to Chaitra $ukla 1st; and accordingly we
give this civil day in cols. 19 and 20. But since the améivasya-tithi (the lasttithi of Phdlguna) was
actually current at sunrise on that civil day we give in cols. 21 and 22 the lunation-parts and tithi-
parts of the amavasya-tithi which have to run after sunrise with a minus sign prefixed to them.
Thus, “—12" in col. 21 means that the tithi-index at sunrise was 10,000—12 = or 9988, and that
the amavasya-tithi (Philguna Krishna 15 or 30) (Zable VIII, col. 3) will end 12 lunation-parts
after sunrise, while the next tithi will end 333 lunation-parts after that.

102. (e, 6. ¢, cols. 23, 24, 25). The moment of any new moon, or that moment in each
lunation when the sun and moon are nearest together, in other words when the longitudes
of the sun and moon are equal, cannot be ascertained without fixing the following three elements,—

(@) The eastward distance of the moon from the sun in mean longitude, (4) the moon's mean

anomaly (Art. 15 and note), which is here taken to be her distance from her perigee in mean
longitude, () the sun’s mean anomaly, or his distance from his perigee in mean longitude.
And thus our “g”, “4”, “c”, have the above meanings; 2" being expressed in 10,000ths of
a circle reduced by 200.6 for purposes of convenience of use, all calculations being then additive,
“6” and “c” being given in 1000ths of the circle. To take an example. At Ujjain mean sunrise
on Chaitra $ukla pratipadd of the Kali year 3402 (Friday, 8th March, A.D. 300), the mean long-
itudes calculated direct from the Sirya-Siddhinta were as follow: The sun, 349° 22’ 27".92.
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7".4 = .0182 of the orbit of 360°.
and consequently “a" for that moment is 9981 -41.
55' 35".32—33°39' 58".03 =) 322°15' 37".29 =8935 17. And the sun’s mean anomaly ‘‘¢ " was (349°
22' 27".92—257° 14' 22".86=) 92° §' 5".06 = 255'93. !
¢=1256. The fgures for any other year can if necessary be calculated from the following Table,
The increase in a, 4, ¢, for the several lengths of the luni-solar year
and for 1 day, is given under their respective heads; the figures in brackets in the first column
representing the day of the week, and the first figures the number of days in the year.

We therefore give @ = 9981, & = 895,

The sun’s perigee, 257°14'22".86. The moon,355° 55" 35".32. The moon’s perigce, 33° 39' 58".03.
The moon’s distance from the sun therefore was (355° 55' 35".32—349° 22'27".92=) 6° 33’
This (1.0182) reduced by 0.0200,6 comes to 0.99814;
The moon’s mean anomaly “&4" was (355°

Increase of a, b, ¢, in one year, and in one day.

Number of days b. b.
in the year. % without bija. with bija. %
354(4) 9875.703337 @47.2197487 847.220646 969.1758567
855(5) 214.335267 888.5113299 883.512230 971.8136416
383(5) 9696.029305 899.675604 899.6876575 48.57161909
384(6) 34.661235 935.967185 935.968158 51.3094039
385(0) 373.293166 972.258766 972.259742 54,04789
1(1) 338.63193033 36.291581211 36.291583746 2.787784906

103. Table II., Part i., of this table will speak for itself (se¢ also Art. 51 above). In the
second part is given, in the first five columns, the correspondence of a cycle of twelve lunar
months of a number of different eras with the twelve lunar months of the Saka year 1000, *
which itself corresponds exactly with Kali 4179, Chaitradi Vikrama 11335, and Gupta 738. Cols.
8 to 13 give a similar concurrence of months of the solar year Saka 1000. The concurrence
of parts of solar months and of parts of the European months with the luni-solar months is
given in cols. 6 and 7, and of the same parts with the solar months in cols. 14 and 15. Thus,
the luni-solar aminta month Ashidha of the Chaitradi Saka year 1000 corresponds with amanta
Ashidha of Kali 4179, of Chaitradi Vikrama 1135, and of the Gupta era 758; of the
Ashadhidi Vikrama year 1133, and of the Chedi or Kalachuri 828; of the Kirttikidi Vikrama
year 1134, and of the Névar year 198. Parts of the solar months Mithuna and Karka, and
parts of June and July of 1077 A.D. correspond with it; in some years parts of the other

1 Calenlsting by Prof. Jacobi’s Tables, a, §, ¢, are 9980, 896 snd 255, each of which is wrong by 1.

The ahove figurcs were submitted hy me to Dr. Downing of the Nauticz]l Almauack office, with a rcquest that he would test
the results by scicotific European methods. In reply he gave me the following quantitics, for the sun from Leverrier’s Tahles, and
and for the moon from Hansen’s Tables (for the epoch A.D. 300, March 8th, 6 am., for the meridisn of Ujjsin). Mean long of
sun 345° 51’477, Do. of sun’s perigee 253° 54!58"5, Do. of moor 353° 0’360, Do. of moon’s perigee 36°9'48"4. He
also verified the statement that the snorise on the morning of March Sth wes that immedistely following new moon. The difference
in result is partly caused by the fact that Leverrier's and lansew’s lougitudes are Lropical. and those of the Sirya-Siddhdnta sidereal.
Compering the two results we find a difference of 0° 35! 40'9 in “2”, 5° 24’ 49'69 in 4", 0° 11'15"-87 in *“c”. The closeness
of the results obtained from the use of (1) purely Ilindu (2) purely European imethods is remarkable. Our Tables heing for lndian
documents and inscriplions we of course work by the former. [R. S.]

4 This year Saks 1000 is chosen for convenience of addition or substraction wheu calenlatiog other years, and therefore we
have not teken into account the fact that § 1000 was reslly an intercalary year, baviog hoth sn Adhika Jyeshiba and a Niju
Jyeshtha month. That peenlinrity affects only that wne year and pot the concurrence of other months of previous or snbsegnent
years in other erss.
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two Christian months noted in col. 7 will correspond with it. In the year Saka 1000, taken as
a Meshadi solar year, the month Sirha corresponds with the Bengali Bhadrapada and the Tamil
Avani of the Meshidi Kali 4179, and Meshadi Vikrama 1133 ; with Avani of the Sinhadi Tinnevelly
year 253; with Chingam of the South Malayilam Simhadi Kollam andu 253, and of the North
Malaydlam Kanyadi Kollam andu 232. Parts of the lunar months Srivana and Bhadrapada
correspond with it, as well as parts of July and August of the European year 1077 A.D; insome
years parts of August and September will correspond with it.

All the years in this Table are current years, and all the lunar months are amanta.

It will be noticed that the Tulu names of lunar months and the Tamil and Tinnevelly names
of solar months are corruptions of the original Sanskrit names of lunar months; while the north
and south Malayilam names of solar months are corruptions of the original Sanskrit sign-names.
Corruptions differing from these are likely to be found in use in many parts of India. In the
Tamil Districts and the district of Tinnevelly the solar sign-names are also in use in some places.

104. ZTable [1., Part iii. This portion of the Table, when read with the notes printed
below would seem to be simple and easy to be understood, but to make it still clearer we give
the following rules:— 3

I. Rule for turning into a Chaitradi or Meshadi year (for example, into a luni-solar Saka, or
solar Saka, year) a year of another era, whether earlier or later, which is non-Chaitradi or non-
Meshadi.

(a) For an earlier era. When the given date falls between the first moment of Chaitra
or Mesha and the first moment of the month in which, as shewn by the heading, the year of
the given earlier era begins, subtract from the given year the first, otherwise the second, of the
double figures given under the heading of the earlier era along the line of the year o of the
required Chaitradi or Meshadi era (¢.g., the Saka).

Examples. (1) To turn’ Vaiédkha Sukla 1st of the Ashidhadi Vikrama year 1837, or
Sravana Sukla 1st of the Karttikddi Vikrama year 1837 into corresponding Saka reckoning. The
year is (1837—134=) 1703 Saka. The day and month are the same in each case. (2) To
tarn Magha $ukla 1st of the Karttikidi Vikrama samvat 1838 into the corresponding Saka date.
The yearis (1838—135 =) 1703 Saka. The day and month are the same. (3) Given 1st December,
1822 A.D. The year is (1822—77 =) 1745 Saka current. (4) Given 2nd January, 1823 A.D.
The year is (1823—78 =) 1745 Saka current.

(6) For a later era. When the given day falls between the first moment of Chaitra or
Mesha and the first moment of the month in which, as shewn by the heading, the later era begins,
add to the number of the given year the figurc in the Table under the heading of the required
Chaitradi or Meshadi era along the line of the year o/1 of the given later era. In the reverse
case add that number reduced by one.

Examples. (1) To turn the 1st day of Mithuna 1061 of the South Malayalam Kollam
Andu into the corresponding Saka date. The year is (1061 4 748 =) Saka 1809 current. The
day and month are the same. (2) To turn the 1st day of Makara 1062 of the South Malayalam
Kollum Andu into the corresponding Saka date. The year is (1062 + 747 =) 1809 Saka current.
The day and month are the same.

II. Rule for turning a Chaitradi or Meshadi (¢.g., a Saka) year into a non-Chaitradi or
non-Meshadi year of an earlier or later era.

(@) For an earlier era. When the given day falls between the first moment of Chaitra
or Mesha and the first moment of the month in which, as shown by the heading, the year of the
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earlier era begins, add to the given Cl.laitrzidi or Meshadi year the first, otherwise the sccond,
of the double figures given under the heading of the earlier era along the line of the year o of
the Chaitradi or Meshadi era given. )

Lxamples. (1) To turn Bhidrapada krishna 3oth of the Saka year 1699 into the corres-
ponding Karttikddi Vikrama year, The year is (1699 + 134 =) 1833 of the Kairttikidi Vikrama
era. The day and month are the same. (2) To turn the samc Bhadrapada krishna 30th, Saka
1699, into the corresponding Ashidhidi Vikrama year. The year is (1699 + 135 =) 1834 of the
Ashiadhadi Vikrama era. The day and month are the same.

(6) For alater era. When the given day falls between the first moment of Chaitra or Mesha and
the first moment of the month in which, as shown by the heading, the later era begins, subtract from
the given year the number under the heading of the given Chaitridi or Meshddi era along the line
of the year o/1 of the given later era; in the reverse case subtract that number reduced by one.

Ezxamples. (1) To turn the 20th day of Simha Saka 1727 current into the corresponding

. North Malayilam Kollam Andu date. The day and month are the same. The era is a Kanyadi

era, and therefore the required year is (1727—748 =) 979 of the required era. (2) To turn
the zoth day of Simha Saka 1727 current into the corresponding South Malayilam (Tinnevelly)
Kollam f\ndu date. The day and month are the same. The era is Simmhidi, and therefore the
required year is (1727—747 =) 980 of the required era.

ITI. Rule for turning a year of one Chaitridi or Meshadi era into one of another Chai-
tradi or Meshddi era. This is obviously so simple that no explanations or examples are required.

IV. Rule for turning a year of a non-Chaitrddi or non-Meshddi era into one of another
year equally non-Chaitridi or non-Meshddi These are not required for our methods, but if any
reader is curious he can easily do it for himself.

This Table must be used for all our three methods of conversion of dates.

105. Table IIl.—The numbers given in columns 32 and 10 are intended for use when cal-
culation is made approximately by means of our method “B" (Arts. 137, 138).

It will be observed that the number of daysin lunar months given in col. 3« is alternately
30 and 29; but such is not always the case in actual fact. In all the twelve months it occurs
that the number of days is sometimes 29 and sometimes 30. Thus Bhddrapada has by our Table
29 days, whereas it will be seen from the pafichang extract printed in Art. 30 above that in
A.D. 1894 (Saka 1816 expired) it had 30 days.

The numbers given in col. 10 also are only approximate, as will be seen by comparing
them with those given in cols. 6 to 9.

Thus all calculations made by use of cols. 3¢ and 10 will be sometimes wrong by a day.
This is unavoidable, since the condition of things changes every year, so that no single Table can
be positively accurate in this respect; but, other elements of the date being certain, calculations so
made will on/y be wrong by one day, and if the week-day is given in the document or inscription
concerned the date may be fixed with a fair pretence to accuracy. If entire accuracy is demanded,
our method “C" must be followed. (See Arts. 2 and 126.)

The details in cols. 3, and 6 to 9, are exactly accurate to the unit of a pala, or 24 seconds.
The figure in brackets, or week-day index (w), is the remainder after casting out sevens from
the number of days; thus, casting out sevens from 30 the remainder is 2, and this is the (w)
for 30. To guard against mistakes it may be mentioned that the figure “2" does not of course
mean that the Mesha or Vrishabha sankranti always takes place on (2) Monday.

106. Tables IV. and V. These tables give the value of (w) (week-day) and (a) (4)and
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(c) for any required number of civil days, hours, and minutes, according to the Sitzya Siddhanta. Tt will be
seen that the figures given in these Tables are calculated by the value for one day given in Art. 102.

Table 1V. is Prof. Jacobi's /udian Antiguary (Vol. XVIL.) Table 7, slightly modified to suit our
purposes; the days being run on instead of being divided into months, and the figures being
given for the end of each period of 24 hours, instead of at its commencement, Table V. is
Prof. Jacobi’'s Table 8.

107. Tables VI. and VII. These are Prof. Jacobi’s Tables 9 and 10 re-arranged. It
will be well that their meaning and use should be understood before the reader undertakes com-
putations according to our method “C”. It will be observed that the centre column of each column-
triplet gives a figure constituting the equation for each figure of the argument from o to 1000,
the centre figure corresponding to either of the figures to right or left. These last are given
only in periods of 10 for convenience, an auxiliary Table being added to enable the proper equation
to be determined for all arguments. Table VI. gives the lunar equation of the centre, Table VII. the
solar equation of the centre. (Art. 15 note 3 above). The argument-figures are expressed in 1000ths
of the circle, while the equation-figures are expressed in 10,000ths to correspond with the figures
of our “a,” to which they have to be added. Our (4) and (¢) give the mean anomaly of the moon
and sun for any moment, () being the mean longitudinal distance of the moon from the sun.
To convert this last (@) into true longitudinal distance the equation of the centre for both moon
and sun must be discovered and applied ta (a) and these Tables give the requisite quantities. The
case may perhaps be better understood if more simply explained. The moon and earth are
constantly in motion in their orbits, and for calculation of a tithi we have to ascertain their
relative positions with regard to the sun. Now supposing a railway train runs from one station
to another twenty miles off in an hour. The average rate of running will be twenty miles an
hour, but the actual speed will vary, being slower at starting and stopping than in the middle.
Thus at the end of the first quarter of an hour it will not be quite five miles from the start, but
some little distance short of this, say s yards. This distance is made up as full speed is acquired,
and after three-quarters of an hour the train will be rather mwore than 15 miles from the start,
since the speed will be slackened in approaching the station,—say 7 yards more than the 15 miles.
These distances of m yards and » yards, the one in defect and the other in excess, correspond
to the “Equation of the Centre” in planetary motion. The planetary motions are not uniform
and a planet is thus sometimes behind, sometimes in front of, its mean or average place. To
get the true longitude we must apply to the mean longitude the equation of the centre. And this last
for both sun (or earth) and moon is what we give in these two Tables. All the requisite data
for calculating the mean anomalies of the sun and moon, and the equations of the centre for
each planet, are given in the Indian Siddiéntas and Karapas, the details being obtained from
actual observation; and since our Tables generally are worked according to the Sizya Siddhinta,
we have given in Tables VI. and VII. the equations of the centre by that authority.

Thus the Tables enable us to ascertain () the mean distance of moon from sun at any
moment, (4) the correction for the moon's true (or apparent) place with reference to the earth,
and (c) the correction for the earth’s true (or apparent) place with reference to the sun; and with these
corrections applied to the (@) we have the true (or apparent) distance of the moon from the sun, which
marks the occurrence of the true (or apparent) tithi; and this result is our tithi-index, or (). From
this tithi-index (#) the tithi current at any given moment is found from Table VIII., and the time
equivalent is found by Table X. Full explanation for actual work is given in Part IV. below
(Arts. 139—160).
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The method for calculating a nakshatra or yoga is explained in Art. 133.

108. Since the planet's true motion is sometimes greater and sometimes less than its
mean motion it follows that the two cquations of the centre found from (4) and (c) by our Tables
VI. and VII. have sometimes to be added to and sometimes subtracted from the mean longitu-
dinal distance (a), if it is required to find the truc (or apparent) longitudinal distance (#). Butto
simplify calculation it is advisable to eliminate this inconvenicnt element, and to prepare the
Tables so that the sum to be worked may always be one of addition. Now it is clear that this
can be done by incrcasing every figure of each equation by its largest amount, and decreasing
the figurc (@) by the sum of the largest amount of both, and this is what has been done in the
Tables. According to the S#rya Siddhinta the greatest possible lunar equation of the centre
is §° 2' 47".17 (=.0140,2 in our tithi-index computation), and the greatest possible solar equation
of the centre is 2° 10’ 32".35(=.0060,4). But the solar equation of the centre, or the equation
for the earth, must be introduced into the figure representing the distance of the moon from the
sun with reversed sign, because a positive correction to the earth’s longitude implies a negative
correction to the distance of moon from sun. This will be clear from a diagram.
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Let S be the sun, M the moon, E the earth, P the direction of perigee. Then the angle
SEM represents the distance of moon from sun. But if we add a positive correction to (Z.e.,
increase) the earth’s longitude PSE and make it PSE! (greater than PSE by ESE') we thereby decrease
the angle SEM to SE'™™', and we decrease it by exactly the same amount, since the angle
SEM = / SE'M' + / ESE', as may be seen if we draw the line EX parallel to E'S; for
the angle SEX = / ESE’ by Euclid.

Every figure of each equation is thus increased in our Tables VI. and VII. by its greatest
value, .., that of the moon by 140,2 and that of the sun by 60,4, and every figure of (a) is
decreased by the sum of both, or (140,2 4 60,4 =) 200,6. !

In conclusion, Table VI. yields the lunar equation of the centre calculated by the Sirya
Siddhanta, turned into 10,000ths of a circle, and increased by 140.2; and Table VII. yields the
solar equation of the centre calculated by the Sirya Siddhanta, with sign reversed, converted into
10,000ths of a circle, and increased by 60.4.% This explains why for argument o the equation
given is lunar 140 and solar 60. If there were no such alteration made the lunar equation for
Arg. 0 would be + o, for Arg. 250 (or 90°) + 140, for Arg. 500 (180°) = 0, and for Arg. 750 (or 270°%)
—140, and so on.

109. The lunar and solar equations of the centre for every degrec of anomaly are given

1 Prof. Jacobi gives this as 200.5, but after most careful caleulation I find it to be 200.6. [S. B. D.]
2 Prof. Jacobi has not explained these Tables.



62 THE INDIAN CALENDAR.

in the Makaranda, and from these the figures given by us for every . th of a circle, or 10
units of thc argument of the Tables, are easily deduced.

110. The use of the auxiliary Table is fully explained on the Table itself.

111. Table VIII. This is designed for use with our method C, the rules for which are
given in Arts. 130—160. As regards the tithi-index, see Art. 80o. The period of a nakshatra or
yoga is the 27th part of a circle, that is 13° 20" or ¥=3707. Thus, the index for the ending
point of the first nakshatra or yoga is 370 and so on.! Tables VIILA. and VIILB. speak for
themselves. They have been inserted for convenience of reference.

112. Table IX. is used in both methods B and C. See the rules for work.

113. Table X. (See the rules for work by method C.) The mean values in solar time of
the several elements noted herein, as calculated by the Sirya-Siddhinta, are as follow :—

A tithi = 1417.46822 minutes.
A lunation — 42524.046642 do.
A sidereal month = 39343.21 do.
A yoga-chakra = 36605.116 do.

From these values the time-equivalents noted in this Table ® have been calculated. (See
also note to Art. 82.)

114. 7Table XI. This Table enables calculations to be made for observations at different
places in India. (See Art. 36, and the rules for working by our method C.)

115. 7able XII. We here give the names and numbers of the samvatsaras. or years of
the sixty-year cycle of Jupiter, with those of the twelve-year cycle corresponding thereto. (See
the description of these cycles given above, Arts. 53 to 63.)

116. Table XITII. This Table was furnished by Dr. Burgess and is designed to enable
the week-day corresponding to any European date to be ascertained. It explains itself. Results
of calculations made by all our methods may be tested and verified by the use of this Table.

117. Tables XIV. and XV. are for use by our method A (see the rules), and were invented
and prepared by Mr. T. Lakshmiah Naidu of Madras.

Table XVI. is explained in Part V.

TN WISET LY.
USE OF THE, TABLES,

118. The Tables now published may be used for several purposes, of which some are
enumerated below.
(1) For finding the year and month of the Christian or any Indian era corresponding to
a given year and month in any of the eras under consideration.
1 'This Table contains Prof. Jacobi’s Table 11 (Izd. Ant., XVIL., p.147) and his Table 17, p. 181, in a modified form [S. B. D.}

2 The Table contains Prof. Jacobi’s Table 11 (Ind. Ant., XVIL, p. 172), as well as his Tahle 17 Part 11. (id. p. 181) modified
and enlarged. 1 have also added the cquivalents for tithi parts, and an cxplanation. [S. B. D.]

o
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(2) For finding the samvatsara of the sixty-year cycle of Jupiter, whether in the southern
(luni-solar) or northern (mean-sign) scheme, and of the twelve-year cycle of Jupiter, corresponding
to the beginning of a solar (Meshadi) year. or for any day of such a year.

(3) For finding the added or suppressed months, if any, in any year.

But the chief and most important use of them are;

(4) The conversion of any Indian date—luni-solar (tithi) or solar—into the corresponding
date A.D. and vice versa, from A.D. 300 to 1900, and finding the week-day of any such date;
(5) Finding the karana, nakshatra, and yoga for any moment of any Iudian or European
date, and thereby verifying any given Indian date;

(6) Turning a Hindu solar date into a luni-solar date, and vice versa.

(7) " Conversion of a Muhammadan Hijra date into the corresponding date A.D., and vice
versa. This is fully explained in Part V. below.

119. (1) For the first purpose Table 1., cols. 1 to 5, or Table II., must be used, with
the explanation given in Part III. above. For eras not noted in these two Tables see the description
of them given in Art. 71. In the case of obscure eras whose exact nature is not yet well
known, the results will only be approximate.

(N.B.—1It will be observed that in Table Il., Part ii., portions of twd solar months or of four !
Christian months are made to correspond to a lunar month and vice versd, and therefore that
if this Table on/y be used the results may not be exact).

The following note, though not yielding very accurate results, will be found useful for
finding the corresponding parts of lunar and solar months. The tithi corresponding to the Mesha-
safkranti can be approximately * found by comparing its English date (Table 1., col. 13) with
that of the luni-solar Chaitra sukla 1st (Table 1., col. 19); generally the saitkrintis from Vrishabha
to Tula fall in successive lunar months, either one or two tithis later than the given one. Tula
falls about 10 tithis later in the month than Mesha; and the sainkrantis from Vrischika to Mina
generally fall on the same tithi as that of Tula. Thus, if the Mesha sankrin$i falls on $ukla
paiichami (sth) the Vrishabha sankrnti will fall on sSukla shasthi (6th) or saptami (7th), the
Mithuna sankranti on $ukla ashtami (8th) or navami (9th), and so on.

120. (2) For the samvatsara of the southern sixty-year cycle see col. 6 of Table I., or
calculate it by the rule givenin Art. 62. For that of the sixty-year cycle of Jupiter of the mean sign
system, according to Sirya Siddhanta calculations, current at the beginning of the solar year, 7.e.,
at the true (or apparent) Mesha sankranti, see col. 7 of Table I.; and for that current on any day in
the year according to either the Sirya or Arya Siddhintas, use the rules in Art. 59. To find
the samvatsara of the twelve-year cycle of the mean-sign system corresponding to that of the
Jupiter sixty-year cycle see Table XII.

121. (2) 7o find the added or suppressed month according to the Sirya Siddhinta by
the true (apparent) system see col. 8 of Table I. throughout; and for an added month of the
mean system according to either the Original or Present Sirya Siddhéntas, or by the Arya
Siddhanta, see col. 8a of Table 1. for any year from A.D. 300 to 1100.

122. (4) For conversion of an Indian date into a date A.D. and wvice versé. and to find
the week day of any given date, we give below three methods, with rules and examples
for work.

123. The first method A (Arts. 135, 136), the invention of Mr. T. Lakshmiah Naidu of

1 Of course only two in a single case, but four during the catirc period of 1600 years covered by our Tables, .
2 The exact tithi can be calculated by Arts. 149 and 151.
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Madras, is a method for obtaining approximate results without any calculation by the careful
use of mere eye-tables, viz., Tables XIV. and XV. These, with the proper use of Table I., are
alone necessary. But it must never be forgotten that this result may differ by one, or at the
utmost two, days from the true one, and that it is not safe to trust to them unless the era and
bases of calculation of the given date are clearly known. (See Art. 126 below.)

124. By our second method B (Arts. 137, 138), which follows the system established by
Mr. W. S. Krishnasvimi Naidu of Madras, author of “Soutk Indian Chronological Tables”
(Madras 1889), and which is intended to enable an approximation to be made by a very simple
calculation, a generally accurate correspondence of dates can be obtained by the use of Tables I.,
111, and IX. The calculation is so easy that it can be done in the head after a little practice.
It is liable to precisely the same inaccuracies as method A, neither more nor less.

125. Tables 1I. and Il will also be sometimes required for both thesc methods.

126. The result obtained by either of these methods will thus be correct to within one
or two days, and as often as not will be found to be quite correct; but there must always be
an element of uncertainty connected with their use. If, however, the era and original bases of
calculation of the given date are certainly known, the result arrived at from the use of these
eye-Tables may be corrected by the week-day if that has been stated; since the day of the month
and year will not be wrong by more than a day, or two at the most, and the day of the
week will determine the corresponding civil day. Suppose, for instance, that the given
Hindu date is Wednesday, Vai$dkha S$ukla sth, and it is found by method A or method B
that the corresponding day according to European reckoning fell on a Thursday, it may be
assumed, presuming that all other calculations for the year and month have been correctly made,
that the civil date A.D. corresponding to the Wednesday is the real equivalentof Vaisikha Sukla
sth. But these rough methods should never be trusted to in important cases. For a specimen
of a date where the bases of calculation are not known see example xxv., Art. 160 below.

127. When Tables XIV. and XV. are once understood (and they are perfectly simple) it
will probably be found advisable to use method A in preference to method B.

128. As already stated, our method “ C” enables the conversion of dates to be made with precise
accuracy; the exact moments of the beginning and ending of every tithi can be ascertained ; and
the corresponding date is obtained, simultaneously with the week-day, in the required reckoning.

129. The week-day for any European date can be found independently by Table XIIL.,
which was supplied by Dr. Burgess.

131" (35) 7o find the karapa. nakshatra, or yoga current on any Indian or European
date; and to verify any Indian date. -

Method C includes calculations for the karana. nakshatra and yoga current atany given
moment of any given day, as well as the instants of their beginnings and endings; but for this
purpose. if the given date is other than a tithi or a European date, it must be first turned into
one or the other according to our rules (Art. 139 t0 152.)

132. It is impossible, of course, to verify-any tithi or solar date unless the week-day, nakshatra,
karana, or yoga, or more than one of these, is also given; but when this requirement is satisfied
our method C will afford proof as to the correctness of the date. To verify asolar date it must
first be turned into a tithi or European date. (Art. 134 or 149.)

133. For an explanation of the method of calculating tithis and half-tithis (karanas)

see Art. 107 above. Our method of calculation for nakshatras and yogas requires a little
1 Art. 130 has been omitted.
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more explanation. The moon’s nakshatra (Arts. 8, 38) is found from ler apparent longi-
tude. By our mcthod C we shew how to find /(= the difference of the apparent longitudes
of sun and moon), and equation ' ¢ (=the solar equation of the centre) for any given moment.
To obtain (#) the sun’s apparent longitude is subtracted from that of the moon, so that if we add
the sun’s apparent longitude to (f) we shall have the moon’s apparent longitude. Our (¢) (TableI.,
last column) is the sun’s mean anomaly, being the mean sun’s distance from his perigee. If we
add the longitude of the sun’s perigee to (¢), we have the sun’s mean longitude, and if we apply
to this the solar equation of the centre (4 or —) we have the sun’s apparent longitude.? According
to the Sirya-Siddhinta the sun’s perigee has only a very slight motion. amounting to 3' 5".8 in
1600 years. Its longitude for A.D. 1100, the middle of the period covered by our Tables, was
257°15'55".7 or .7146,3 of a circle, and therefore this may be taken as a constant for all the

years covered by our Tables.
Now, true or apparant sun = mean sun + equation of centre. But we have not tabulated
in Table VII, col. 2, the exact equation of the centre; we have tabulated a quantity (say z)
the value of which is expressed thus;—
x = 60,4—equation of centre (see Art. 108).
So that equation of centre = 60,4—x.
Hence, apparent sun — mean Ssun - 60,4——x.
But mean sun = ¢ + perigee, (which is 7146,3 in tithi-indices.)
=c -} 7146,3.
Hence apparent sun (which we call s) =¢+ 7146,3 + 60,4—x.
=c¢+ 7206,7—x; or, say, =c¢ + 7207—=z
where z is, as stated, the quantity tabulated in col. 2, Table VIIL
(c) is expressed in 1000ths, while 7207 and the solar equation in Table VIIL. are given in
10000ths of the circle, and therefore we must multiply () by 10. ¢ + s =apparent moon = x(the
index of a nakshatra.) This explains the rule given below for work (Art. 156).
For a yoga, the addition of the apparent longitude of the sun (s5) and moon (#) is required.
s+ n=y (the index of a yoga.) And so the rule in Art. 159.
134. (6) To turn a solar date into its corresponding luni-solar date and vice versa.
First turn the given date into its European equivalent by either of our three methods and
then turn it into the required one. The problem can be worked direct by anyone who has

thoroughly grasped the principle of these methods.

Method A.
APPROXIMATE COMPUTATION OF DATES BY USE OF THE EYE-TABLE.

This is the method inveuted by Mr. T. Lakshmiah Naidu, nephew of the late W. S. Krishpasvdmi Naidu of Madras, aather
of “Sonth 1odisn Chronological Tables.”

Results fouad by this method may be iusecurate hy as mueh as two days, but not more. If the cra and bases of calenlation
of the given Hindu date are clearly known, and if the given date meations a week-day, the day foond by the Tables may be altered
to suit it. Thus, if the Tahle yield result Jun. 10th, Thursday, bat the inseription meations the weck-day as “ Tuesday ”’, then Tuesday,
January 8th, may he nssumed to he the correct date A.D. correspondiag to the given Hindu date, if the principle oa which the
Hiudu date wae fixed is known. If pot, this method must not be trusted to.

135. (A.) Conwersion of a Hindu solar date into the corresponding date A.D. Work by
the following rules, always bearing in mind that when using the Kaliyuga or Saka year Hindus

' Equation ¢ is the equation in Tahle VII.
2 Reference to the disgram in Art. 108 will make ull this plain, if PSE he taken as the sun’s mean anomaly, and ESE’ the

equation of the centre, PSE! + longitnde of the sun’s perigee being the snn’s Irue or apparent longitnde,
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usually give the number of the expired year, and not that astronomically current, (¢.g., Kaliyuga
4904 means in full phrase “after 4904 years of the Kaliyuga had elapsed’’)—but when using the
name of the cyclic year they give that of the one then current. All the years given in Table L.
are current years. The Table to work by is Table XIV.

Rule I. From Table I, cols. 1 to 7, and Table IIL., as the case may be, find the year
(current) and its initial date, and week-day (cols. 13, 14, Table L). But if the given Hindu date
belongs to any of the months printed in italics at the head of Table XIV., take the next follow-
ing initial date and week day in cols. 13, 14 of Table I. The months printed in the heading in
capitals are the initial months of the years according to the different reckonings.

Rule II. For either of the modes of reckoning given at the left of the head-columns of
months, find the given month, and under it the given date.

Rule III. From the given date so found, run the eye to the left and find the week-day
in the same line under the week-day number found by Rule I. This is the required week-day.

Rule IV. Note number in brackets in the same line on extreme left.

Rule V. In the columns to left of the dody of the Table choose that headed by the
bracket-number so found, and run the eye down till the initial date found by Rule L is obtained.

Rule VI. From the month and date in the upper columns (found by Rule IL.) run the
eye down to the point of junction (vertical and horizontal lines) of this with the initial date found
by Rule V. This is the required date A.D.

Rule VII. 1If the date A.D. falls on or after 1st January in columns to the right, it belongs
to the next following year. If such next following year is a leap-year (marked by an asterisk
in Table 1) and the date falls after February 28th in the above columns, reduce the date
by one day.

N.B.—The dates A.D. obtained from this Table for solar years are Old Style dates up

to 8th April, 1753, inclusive. }

ExampLE. Find date A,D. corresponding to zoth Panguni of the Tamil year Rudhirodgari,
Kali 4904 expired.

By Rule 1. Kali 4905 current, 2 (Monday), 11th April, 1803.

0] A II. Tamil Panguni 20.

2r (s oIS S{undciisy?) MEriday.

»w » IV. Bracket-number (5).

» » V. [Under (5)]. Run down to April 11th.
» » VI (Point of junctions) March j3ist.

» » VI March 30th. (1804 is a leap year.)

Answer.—Friday, March 3oth, 1804 N.S. (See example 11, p. 74.)

(B.) Conversion of a date A.D. into the corresponding Hindu solar date. (See Rule V.,
method B, Art. 137, p. 70.) Use Table XIV.
Rule 1. From Tables I, cols. 1to 7 and 13, 14, and Table II., as the case may be, find

the Hindu year, and its initial date and week-day, opposite the given year A.D. If the given

date falls before such initial date, take the next previous Hindu year and its initial date and
week-day A.D.

Rule II.  From the columns to the left of the dody of Table XIV. find that initial date
found by Rule I. which is in a line, when carrying the eye horizontally to the right, with the
given A.D. date, and note point of junction.

— W RRERNNNNN,
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Rule III. Note the bracket-figure at head of the column on left so selected. .

Rule IV. From the point of junction (Rule II.) run the eye vertically up to the Hindu
date-columns above, and select that date which is in the same horizontal line as the
bracket-figure on the extreme left corresponding with that found by Rule IlI. This is the
required date. b

Rule V. If the given date falls in the columns to the right after the 28th February in
a leap-year (marked with an asterisk in Table L), add 1 to the resulting date.

Rule VI. From the date found by Rule IV. or V., as the case may be, carry the eye
horizontally to the week-day columns at the top on the left, and select the day which lies under
the week-day number found from Table I. (Rule I.). This is the required week-day.

Rule VII. If the Hindu date arrived at falls under any of the months printed in italics
in the Hindu month-columns at head of Table, the required year is the one next previous to that
given in Table I. (Rule L).

ExaMPLE. Find the Tamil solar date corresponding to March 3oth, 1804 (N.S.).

(By Rule 1.) Rudhirodgari, Kali 4905 current. 2 (Monday) April 11th. (March 30th precedes
April 11th.}

(By Rules II,, III.) The point of junction of March 3oth (body of Table), and April 11th,
(columns on left) is under “(4).” Other entries of April 11th do not correspond with any
entry of March 30).

(By Rule IV.) The date at the junction of the vertical column containing this « March 3oth”
with “(4)” horizontal is 1gth Panguni.

(By Rule V.) (1804 is a leap-year) 2oth Panguni.

(By Rule V1) Under “2” (Rule l.), Friday.

Answer.—Friday, 20th Panguni, of Rudhirodgari, Kali 4905 current. (See example 15, p. 76.

136. (A.) Conversion of a Hindu luni-solar date into the corresponding date A.D. Work
by the following rules, using Tables XV.A., and XV.B.

Rule I. From Table I. find the current year and its initial day and week-day in A.D.
reckoning, remembering that if the given Hindu date falls in one of the months printed in italics
at the head of Table XV. the calculation must be made for the next following A.D. year. (The
months printed in capitals are the initial months of the years according to the different reckonings
enumerated in the column to the left.)

Rule II. (a2.) Find the given month, and under it the given date, in the columns at the
head of Table XV., in the same line with the appropriate mode of reckoning given in the column
to the left. The dates printed in black type are krishna, or dark fortnight, dates.

(6.) In intercalary years (cols. 8 to 12, 8a to 12a of Table 1), if the given month is itself
an adhika mdsa (intercalary month), read it, for purpose of this Table, as if it were not so; but
if the given month is styled n:a, or if it falls after a repeated month, but before an expunged
one (if any), work in this Table for the month next following the given one, as if that and not
the given month had been given. If the given month is preceded by both an intercalated and
a suppressed month, work as if the year were an ordinary one.

Rule III. From the date found by Rule II. carry the eye to the left, and find the week-
day in the same horizontal line, but directly under the initial week-day found by Rule 1.

Rule IV. Note the number in brackets on the extreme left opposite the week-day last
found.

Rule V. In the columns to the left of the body of the Table choose that headed by the
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bracket-number so found, and run the cye down ftill the initial date found by Rulel. is obtained.

Rule VI. From the Hindu date found by Rule I runthe eye down to the point of junction,
(vertical and horizontal lines) of this date with the date found by Rule V. The result is the
required date A.D.

Rule VII. (@) If the date A.D. falls on or after January Ist in the columns tothe right,it
belongs to the next following year A.D.

() If it is after February 28th in a leap-year (marked by an asterisk in col. 5, Table I.)
reduce the date by one day, except in a leap-year in which the initial date (found in Table I.)
itself falls after February 28th.

(¢) The dates obtained up to April 3rd, A.D. 1753, are Old Style dates.

ExampLE. To find the date A.D. corresponding to aminta Karttika krishpa 2nd of Kali
4923 expired, Saka 1744 expired, Karttikidi Vikrama 1878 expired, Chaitradi Vikrama 1879 expired
(1880 current), “ Vijaya” in the Brihaspati cycle,* Chitrabhanu™ in the luni-solar 6o-year cycle.

(By Rule 1) (Kali 4924 current), 1 Sunday, March 24th, 1822.

(By Rule IL) (Karttika, the 8th month, falls after the repeated month, 7 Aévina, and before
the suppressed month, 10 Pausha), Margadirsha krishna 2nd.

(By Rule III.) (Under “1”), 1 Sunday.

(By Rule IV.) Bracket-number (1).

(By Rule V.) Under (1) run down to March 24th (Rule 1.)

(By Rule VI.) (Point of junction) December Ist.

Answer.—Sunday, December 1st, 1822.

(B.) Conversion of a date A. D. into the corresponding luni-solar Hindu date. (See Rule V.
method B, p. 67 below). Use Tables XV.A., XV.B.

Rule I. From Table I. find the Hindu year, and its initial date and week-day, using also
Table II., Parts ii, iii. If the given date falls before such initial date take the next previous
Hindu year, and its initial date and week-day.

Rule II, In the columns to the left of the body of Table XV. note the initial date found
by Rule I, which is in the same horizontal line with the given date in the body of the Table.

Rule III. Carrying the eye upwards, note the bracket-figure at the head of the initial
date-column so noted. 3

Rule IV. From the given date found in the body of the Table (Rule IL) run the eye
upwards to the Hindu date-columns above, and select the date which is in the same horizontal
line as the bracket-figure in the extreme left found by Rule III. This is the required Hindu date.

Rule V. Note in Table I. if the year is an intercalary one (cols. 8 to 12, and 8a to 12a).
If it is so, note if the Hindu month found by Rule IV. (@) precedes the first intercalary month,
(6) follows one intercalated and one suppressed month, (¢) follows an intercalated, but precedesa
suppressed month, (¢) follows two intercalated months and one suppressed month. In cases ()
and (#) work as though the year were a common year, Z¢., make no alteration in the date found
by Rule IV. In cases (¢) and (d) if the found month immediately follows the intercalated month,
the name of the required Hindu month is to be the name of the intercalated month with the
prefix “nija,” and not the name of the month actually found; and if the found month does not
immediately follow the intercalated month, then the required Hindu month is the month immediately
preceding the found month. If the found month is itself intercalary, it retains its name, but with
the prefix “adhika.”” If the found month is itself suppressed, the required month is the month
immediatcly preceding the found month.

'
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the required English date, remembering that when this is over 365 in a common year or 366
in a leap-year the date A.D. falls in the ensuing A.D. year.

Rule III. From the sum of the second addition cut out sevens. The remainder shews
the required day of the week.

Rule IV. If the Hindu date is in a luni-solar year where, according to cols. 8 to 12,
there was an added (ad/ika) or suppressed (kshaya) month, and falls after such month, the addition
or suppression or both must be allowed for in calculating the collective duration of days; ze.,
add 30 days for an added month, and deduct 30 for a suppressed month.

Rule V. The results are Old Style dates up to, and New Style dates from, 1752 A.D.
The New style in England was introduced with effect from after 2nd September, 1752. Since
the initial dates of 1752, 1753 only are given, remember to apply the correction (+ 11 days)
to any date between 2nd September, 1752, and gth April, 1753, in calculating by the Hindu
solar year, or between 2nd September, 1752, and 4th April, 1753, in calculating by the Hindu luni-
solar year, so as to bring out the result in New Style dates A.D. The day of the week requires
no alteration.

Rule VI. If the date A.D. found as above falls after February 29th in aleap-year, it
must be reduced by one day.

(a) Luni-Solar Dates.

ExAMPLE 1. Required the A.D. equivalent of (luni-solar) Vaisikha sukla shashthi (6th),
year Sirvari, Saka 1702z expired, (1703 current).

The A.D. year is 1780 (a leap-year). The initial date (@)= 5th April (96), and (w)=4
Wednesday, (Table I., cols. 5, 19, 20).

d. w.
State this accordingly . . . . . g6 4
Collective duration (Table III., col. 3a) 30 30
GivenWdateN(B)—Is. wL L. LR L YL LS 5
131
1 (Rule VL)
130 39+7 = Rem. 4

The result gives 130 (Table 1X.)=May 10th, and 4 = Wednedday. The required date is
therefore Wednesday, May 1oth, A.D. 1780.

| EXAMPLE 2, Required the A.D. equivalent of (luni-solar) Karttika $ukla pafichami (5th)
Saka 1698 expired (1699 current).

The A.D. year is 1776, and the initial date is (d) = 20th March (80), () = Wednesday (4).
This is a leap-year, and the Table shews us that the month (6) Bhddrapada was intercalated. So
there is both an adhika Bhadrapada and a nija Bhidrapada in this year, which compels us to
treat the given month Kirttika as if it were the succeeding month Mirga$irsha in order to get
at the proper figure for the collective duration.
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EXAMPLE 5. Required the A.D. equivalent of Pausha sukla trayodasi (13th) K.Y. 4853
expired, Angiras samvatsara in luni-solar or southern reckoning. This is K. Y. 4854 current.

The year (Table 1., col. 5) is A.D. 1752, a leap-year. The initial date (cols. 19, 20) is 5th
March (65), (5) Thursday. The month Ashidha was intercalated. Therefore the given month
(Pausha) must be treated, for collective duration, as if it were the succeeding month Magha.

d. w.
Intfial ydately TR N L LT T a4, 65 5
Collective duration (Table 1II., col. 3a) 295 205
Given date (13)—1 . . . . . . . 12 12
372
—1 (Rule VI)
371 312 -7, Rem. 4.

We must add eleven days to the amount 371 to make it a New Style date, because it
falls after September 2nd, 1752, and before 4th April, 1753, (after which all dates will be in New
Style by the Tables). 371 + 11=382 =January 17th (Table IX.). 4 =Wednesday.

Answer.—Wednesday, January 17th, A.D. 1753.

ExamMPLE 6. Required the A.D. equivalent of Vikrama samvatsara 1879 Ashadha krishna
dvitiyA (2nd). If this is a southern Vikrama year, asused in Gujarat, Western India, and countries
south of the Narmadi, the year is KarttikAdi and amainta, 7.., the sequence of fortnights makes
the month begin with $ukla 1st. The first process is to convert the date by Table II., Part iii.,
col. 3, Table II., Part ii., and Table 1., into a Chaitradi year and month. Thus— Ashidha isthe
ninth month of the year and corresponds to Ashidha of the following Chaitradi Kali year, so that
the giveh month Ashidha of Vikrama 1879 corresponds to Ashidha of Kali 4924. Work as before,
using Table 1. for Kali 4924. Initial date, 2z4th March (83), (1) Sunday.

d. w.
TnitialSdarelar e e B B S = . 83 I
Collective duration (Table III., col. 32) 89 89
Given date (2+15)—1 . . . . . 16 16

188 106+7 Rem. I
188 (Table IX.) =]July 7th. I = Sunday.
Answer—Sunday, July 7th, A.D. 1822.!

If the year given be a northern Vikrama year, as used in Malwa, Benares, Ujjain, and
countries north of the Narmada, the Vikrama year is Chaitrddi and corresponds to the Kali 4923,
except that, being plrnimanta, the sequence of fortnights differs (see Table II., Parti.). Insucha
case Ashidha krishpa of the Vikrama year corresponds to Jyeshtha krishna in amanta months,
and we must work for Kali 4923 Jyeshtha krishna 2nd. By Table I. the initial date is April 3rd
(93), (3) Tuesday. The A.D. year is 1821—22,

1" This ia actually wrong hy one day, owing to the approximate collective duration of days (Table 111, 3a) being taken as §9.
1t might equally well be taken as 88. If it ia desired to convert tithia into daya (p. 75, note 2) a 64th part should he subtracted.
The collective duration of the last day of Jyeshthe in tithisis90. 90 = 64 = 1.40. 90— 1.40=—=88.60. 1f taken as 8S the anawer

would be Saturday, July 6th, which ia actually correct. Thia aerves to shew how errors may arise in dayas when calculation isonly
made approximately.







74 THE INDIAN CALENDAR.

to South Malayalam Andu 1024, 20th Chingam, and to the same day of the month in the North
Malayalam (Kollam) Andu 1023, the reason being that in the former reckoning the year begins

with Chingam, and in the latter with Kanni.]
EXAMPLE 11. Required the A.D. equivalent of the Tamil date, 20th Panguni of Rudhirod-

garin, K.Y. 4905 current (or 4904 expired.)
Table I. gives (@) 11th April (101), 1803 A.D. as the initial date of the solar year, and

its week-day (w) is (2) Monday.

d. w.
Initial date . . . . . . . . ' . . 10l 2
Collective duration (Table III., col. 10) 335 335
Given date, (20)—1 . . . . . . 19 19
455
—1 (Rule VL)
454 356 + 7, Rem. 6.

6 = Friday; 454 (Table 1X.)=March 3oth in the following A.D. year, 1804.

Answer.—Friday, March 3oth, 1804. (See example 1, above.)

138, (B.) Conversion of dates A.D. into Hindu dates. (See Art. 135 above, par. I.)

Rule I. Given a year, month, and date A.D. Write down in a horizontal line (2) the date-
indicator of the initial date [in brackets (Table L., cols. 13 or 19, as the case may be)] of the corresponding
Hindu year required, and () the week-day number of that initial date (col. 14 or 20), remembering that,
if the given date A.D. is earlier than such initial date, the (¢) and (w) of the previous Hindu year
must be taken. Subtract the date-indicator from the date number of the given A.D. date in
Table IX., remembering that, if the previous Hindu year has been taken down, the number to
be taken from Table IX. is that on the right-hand side of the Table and not that on the left.
From the result subtract (Table III., col. 3a or 10) the collective-duration-figure which is nearest to,
but lower than, that amount, and add 1 to the total so obtained; and to the () add the figure
resulting from the second process under (<), and divide by 7. The result gives the required week-
day. The resulting (&) gives the day of the Hindu month following that whose collective duration
was subtracted.

Rule II. Observe (Table I., cols. 8 or 8a) if there has been an addition or suppression
of a month prior to the month found by Rule I. and proceed accordingly.

An easy rule for dealing with the added and suppressed month is the following. When
the intercalated month (Table 1., col. 8 or 8a) precedes the month immediately preceding the one
found, such immediately preceding month is the required month; when the intercalated month
immediately precedes the one found, such immediately preceding month with the prefix “nija,”
natural, is the required month; when the intercalated month is the same as that found, such month
with the prefix *“adhika” is the required month. When a suppressed month precedes the month
found, the required month is the same as that found, because there is never a suppression of a
month without the intercalation of a previous month, which nullifies the suppression so far as
regards the collective duration of preceding days. But if the given month falls after two intercal-
ations and one suppression, act as above for one intercalation only.

Rule III. See Art. 137 (A)Rule V. (p. 70), but subtract the eleven days instead of adding.

Rule IV. If the given A.D. date falls in a leap-year after 2gth February, or if its date-number
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Answer.—Saturday 2oth Chiagam. This is the 12th mouth of the North Malayilam Andu
which begins with Kanni. The year therefore is 1023.

If the date required had been in South Malayilam reckoning, the date would be the
same, 2oth Chingam, but as the South Malayalis begin the year with Chinngam as the first month,
the required South Malayilam year would be Andu 1024.

Method C.
EXACT CALCULATION OF DATES.

(A.) Conversion of Hindu luni-solar dates into dates A.D.

139. 7o caleulate the week-day, the equivalent date A.D., and the moment of beginning or
ending of a tithi. Given a Hindu year, month, and tithi.—Turn the given year into a Chaitradi
Kali, Saka, or Vikrama year, and the given month into an amanta month (if they are not already o)
and find the corresponding year A.D., by the aid of columns 1 to 5! of Table 1., and Table II.,
Parts i., ii., iii. Referring to Table 1., carry the eye along the line of the Chaitradi year so found,
and writc down? in a horizontal line the following five quantities corresponding to the day of
commencement (Chaitra $ukla pratipada) of that Chaitridi-year, viz., (¢) the date-indicator given in
brackets after the day and month A.D. (Table I., col. 19), (w) the week-day number (col. 20), and (a), (4),
{¢) (cols. 23, 24, 25). Find the number of tithis which have intervened between the initial day
of the year (Chaitra Sukla pratipada), and the given tithi, by adding together the number of tithis
(collective duration) up to the end of the month previous to the given one (col. 3, Table 111.), and
the number of elapsed tithis of the given month (that is the serial number of the given tithi reduced
by one), taking into account the extra 15 days of the Sukla paksha if the tithi belongs to the krishna
paksha, and also the intervening intercalary month,® if any, given in col. 8 (or 8e) of Table I. §
This would give tlie result in tithis. But days. not tithis, are required. To reduce the tithis to
days, reduce the sum of the tithis by its 6oth part* taking fractions larger than a half as one,
and neglecting half or less. The result is the (&), the approximate number of days which have inter-
vened since the initial day of the Hindu year. Write this number under head (), and write under
their respective heads, the (w), (). (9), (c) for that number of days from Table IV. Add together the
two lines of five quantities, but in the case of (zv) divide the result by 7 and write only the remainder,
in the casc of (@) write only the remainder under 10000, and in the case of (4) and (¢) only the
remainder under 1000.° Find separately the equations to arguments (#) and (¢) in Tables VI.and VII.
respectively, and add them to the total under (¢). The sum () is the tithi-index, which, by
cols. 2 and 3 of Table VIIL, will indicate the tithi current at mean sunrise on the wecek-day
found under (w). If the number of the tithi so indicated is not the same as that of the given
one, but is greater or less by one (or by two in rare cases), subtract one (or two) from, or add

1 The initial days in eols. 13 and 19, Table 1., belong to the first of the double years A.D. given in col. 5.

2 1t will be well for a beginner to take an example at once, and work it ont according to the rule. After a little practioe
the calenlations can be made rapidly.

3 When the intercalary month is Chaitra, connt that also. Sec Art. 99 above.

4 This nomber is taken for easy ealeulation. Properly speaking, to convert tithia into days the G4th part shonld be subtracted.
The difference does not introdnee mny material error.

5 Generally with regard to (w), (a), (8), (c) in working addition sums, take only the remainder respectively over 7, 10000, 1000 and
1000; and in subtracting, if the sum to be subtracted be greater, add respectively 7, 10000, 1000 and 1000 {o the figure above.
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one (or two) to, both () and (w);! subtract from, or add to, the (a) (¢) (¢) already found, their
value for one (or two) days (Table IV.); add to () the equations for (6) and (¢) (Tables VI. and VII.)
and the sum (#) will then indicate the tithi. If this is the same as given (if not, proceed again
as before till it corresponds), the (w) is its week-day, and the date shewn in the top line and
side columns of Table IX. corresponding with the ascertained (&) is its equivalent date A.D. The
year A.D. is found on the line of the given Chaitradi year in col. 5, Table I. Double figures
are given in that column; if (&) is not greater than 365 in a common year, or 366 in a leap-year,
the first, otherwise the second, of the double figures shows the proper A.D. year.

140. For all practical purposes and for some ordinary religious purposes a tithi is con-
nected with that week-day at whose sunrise it is current. For some religious purposes, however,
and sometimes even for practical purposes also, a tithi which is current at any particular moment
of a week-day is connected with that week-day. (See Arz. 31 above.)

141. In the case of an expunged tithi, the day on which it begins and ends is its week-
day and equivalent. In the case of a repeated tithi, both the civil days at whose sunrise it
is current,® are its week-days and equivalents.

142. A clue for finding when a tithi is probably repeated or expunged. When the tithi-
index corresponding to a sunrise is greater or less, within 40, than the ending index of a tithi,
and when the equation for () (Table VL) is decreasing, a repetition of the same or another
tithi takes place shortly after or before that sunrise; and when the equation for (4) is increasing
an expunction of a tithi (different from the one in question) takes place shortly before or after it.

143. The identification of the date A.D. with the week-day arrived at by the above
method, may be verified by Table XIII. The verification, however, is not in itself proof of the
correctness of our results.

144. 7To find the moment of the ending of a tithi. Find the difference between the (7)
on the given day at sunrise and the () of the tithi-index which shews the ending point of that
tithi (Table VIIL.). With this difference as argument find the corresponding time either in
ghatikas and palas, or hours and minutes, according to choice, from Table X. The given tithi
ends after the given sunrise by the interval of time so found. But this interval is not always
absolutely accurate. (See Arz. 82). If accuracy is desired add the (a) (%) (¢) for this interval of time
(Table V.) to the (a) (%) (¢) already obtained for sunrise. Add as before to (a) the equations of
(6) and (¢) from Tables VI. and VII., and find the difference between the () thus arrived at and the
(¢) of the ending point of the tithi (Table VIII.). The time corresponding to that difference, found from
Table X., will show the ending of the tithi before or after the first found time. If still greater accur-
acy is desired, proceed until (/) amounts exactly to the (#) of the ending: point (Table VIII.) For
ordinary purposes, however, the first found time, or at least that arrived at after one more process, is
sufficiently accurate.

145. The moment of the beginning of a tithi is the same as the moment of ending of
the tithi next preceding it; and this can be found either by calculating backwards from the (7)
of the same tithi, or independently from the (#) of the preceding tithi.

146. The moment of beginning or ending of tithis thus found is in mean time, and is
applicable to all places on the meridian of Ujjain, which is the same as that of Lanki. If the

1 Thns far the process will give the correct result if there be no probebility by the rule given helow of the expunction

(kshaya) or repetition (vriddki) of a tithi shortly preceding or following; and the (4) and (w) arrived at at this stage will indicate
by use of Table IX. the A.D. equivalent, and the week-day of the given tithi.

2 Tor the definitions of expunged and repeated tithis see Art. 82 ahove.

R RRRSSNIEEE————
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~ exact mean time for other places is required, apply the correction given in Table XI.,according
to the rule given under that Table. If after this correction the ending time of a tithi is found
to fall on the previous or following day the (&) and (w) should be altered accordingly.

Mean time is uscd throughout the parts of the Tables used for these rules, and it may
somctimes differ from the true, used, at least in theory, in Hindu panchangs or almanacks.

The ending time of a tithi arrived at by thesc Tables may also somewhat differ from the
ending time as arrived at from authorities other than the Sérya Siddhanta which is used by us.
The results, however, arrived at by the present Tables, may be safely relied on for all ordinary
purposes.!

147. N.B. 7. Up to 1100 A.D. both mean and true intercalary months are given in
Table 1. (see Art. 47 above). When it is not certain whether the given year is an expired or
current year, whether it is a Chaitridi year or one of another kind, whether the given month
is aminta or pilrpimanta, and whether the intercalary month, if any, was taken true or mean,
the only course is to try all possible years and months.

N.B. iz. The results are all Old Style dates up to, and New Style dates from, 1753 A.D The
New Style was introduced with effect from after 2nd September, 1752. Since only the initial
dates of 1752 and 1753 are given, remember to apply the correction (+ 11 days) to any
date between 2nd September, 1752, and gth April, 1753, in calculating by the Hindu solar year,
and between 2znd September, 1752, and 4th April, 1753, in calculating by the Hindu luni-solar year,
so as to bring out the result in New Style dates A.D. The day of the week requires no alteration.

N.B. 7ii. If the date A.D. found above falls after February 28th in a leap-year, it must
be reduced by 1.

N.B. i7v. The Hindus generally use expired (gafa) years, while current years are given
throughout the Tables, For example, for Saka year 1702 “expired” 1703 current is given.
| 148. EXAMPLE I. Required the week-day and the A.D. year, month, and day correspond-
" ing to Jyeshtha Sukla panchami (5th), year Sirvari, Saka year 1702 expired (1703 current), and
the ending and beginning time of that tithi.

The given year is Chaitradi (see N.B. ii.,, TableII., Partiii.). It does not matter whether the
month is amdnta or plrnimdnta, because the fortnight belongs to Jyeshtha by both systems (see
Table II., Part i). Looking to Table I. along the given current Saka year 1703, we find that
its initial day falls in A.D. 1780 (see note 1 to Art. 139),a leap-year, on the 5th April, Wednesday;
and that & (col. 19), w (col. 20), a (col. 23), & (col. 24) and ¢ (col. 25) are 96, 4, 1, 657 and 267
respectively. We write them in a horizontal line (see the working of the example below). From
Table 1., col. 8, we find that there is no added month in the year. The number therefore of tithis
between Chaitra §. 1 and Jyeshtha §. 5 was 64, viz.,, 60 up to the end of Vaisikha (sce Table III.,
col. 3), the month preceding the given one, and 4 in Jyeshtha. The sixtieth part of 64 (neglecting
the fraction . because it is not more than half) is 1. Reduce 64 by one and we have 63 as the approx-

7 7z

imate number of days between Chaitra §. 1 and Jyeshtha §. 5. We writc this number under
(@). Turning to Table IV. with the argument 63 we find under (w) (@) (&) (c)the numberso, 1334,
286, 172, respectively, and we write them under their respective heads, and add together the two
quantities under cach head. With the argument () (943) we turn to Table VI. for the equation.
We do not find exactly the number 943 given, but we have 940 and 950 and must see the
difference between the corresponding equation-figures and fix the appropriate figure for 943.
The auxiliary table given will fix this, but in practice it can be easily calculated in the head. (The
1 Sec Arts. 36 and 37 in which all the points noted in this article are fully treated of.
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full numbers are not given so as to avoid cumbrousness in the tables.) Thus the equation for (¢)
(943) is found to be 9o, and from Table VII. theequation for (¢) is found to be 38. Adding 9o and
38 to (2) (1335) we get 1463, which is the required tithi-index (/). Turning with this to Table VIII.,
col. 3, we find by col. 2 that the tithi current was $ukla 3, 7.e., the given date. Then (w) 4,
Wedpesday, was its week-day; and the tithi was current at mean sunrise on the meridian of Ujjain
on that week-day. Turning with (d) 159 to Table IX., we find that the equivalent date A.D.
was 8th June; but as this was after 28th February in a leap-year, we fix 7th June, A.D. 1780,
(see N.B. iii,, Art. 147) as the equivalent of the given tithi. As (#) is not within 40 of 1667, the
(/) of the sth tithi (Table VIIL), there is no probability of an expunction or repetition shortly
preceding or following (Art.142). The answer therefore is Wednesday, June 7th, A.D. 1780.

To find the ending time of the tithi. (¢) at sunrise is 1463; and Table VIII., col. 3, shews
that the tithi will end when (#) amountsto 1667. (1667—1463 =) 204 = (Table X.) 14 hours,
27 minutes, and this process shews us that the tithi will end 14 hours, 27 minutes, after sunrise
on Wednesday, June 7th. This time is, however, approximate. To find the time more accurately
we add the increase in (@) (8) (¢) for 14 h. 27 m. (Table V.) to the already calculated () () (¢)
at sunrise; and adding to (@) as before the equations of (4) and (c) (Tables VI. and VI1l.) we find
that the resulting (#) amounts to 1686. 1686—1667 = 19 =1 hour and 21 minutes (Table X.). But
this is a period beyond the end of the tithi, and the amount must be deducted from the 14 h.
27 m. first found to get the true end. The true end then is 13 h. 6 m. after sunrise on June 7th. This
time is accurate for ordinary purposes, but for still further accuracy we proceed again as before.
We may either add the increase in (a) (4) (¢) for 13 h. 6 m. to the value of (@) (¢) (¢) at sunrise,
or subtract the increase of (a) (4) (¢) for 1 h. 21 m. from their value at 14 h. 27 m. By either
process we obtain (#) = 1665. Proceed again. 1667—1665 = 2z = (Table X.) g minutes after 13 h. 6m.
or 13 h. 15 m. Work through again for 13 h. 15 m. and we obtain (f) = 1668. Proceed again.
1668—1667 = 1 = (Table X.) 4 minutes before 13 h. 15 m. or 13h. 11 m. Workfor 13h. 11 m,,
and we at last have 1667, the known ending point. Itis thus proved that 13 h. 11 m. after sunrise
is the absolutely accurate mean ending time of the tithi in question by the Sarya-Siddhinta.

To find the beginning time of the given tithi. We may find this independently by cal-
culating as before the (#) at sunrise for the preceding tithi, (in this case $ukla 4th) and thence finding
its ending time. But in the example given we calculate it from the (¢) of the given tithi. The
tithi begins when (¢) amounts to 1333 (Table VIIL). or (1463—1333) 130 before sunrise on June
7th. 130 is (Table X.) g h. 13 m. Proceed as before, but deduct the (a) (6) (¢) instead of adding,
and (see working below) we eventually find that (#) amounts exactly to 1333 and therefore the
tithi begins at 8 h. 26 m. before sunrise on June 7th, that is 15h. 34 m. after sunrise on Tuesday
the 6th. The beginning and ending times are by Ujjain or Lankd mean time. If we want the time, .
for instance, for Benares the difference in longitude in time, 29 minutes, should be added to the
above result (See Table X1.). This, however, does not affect the day.

It is often very necessary to know the moments of beginning and ending of a tithi.
Thus our result brings out Wednesday, June 7th, but since the 5th tithi began 15h. 34 m. after
sunrise on Tuesday, Z.e., about 9 h. 34 m. p.m., it might well happen that an inscription might
record a ceremony that took place at 10 p.m., and therefore fix the day as Tuesday the sth
tithi, which, unless the facts were known, would appear incorrect.

From Table XIl. we find that 7th June, A.D. 1780, was a Wednesday, and this helps to
fix that day as current.

We now give the working of EXAMPLE 1.
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AN TN b. 6
Sce (Table 1.) example 2 . . . 96 4 1 657 1204
Intervened days (to end of Valsakha 59, + 11 given days——l)—-69
By Table IV. S Py ™mg:s ol - - “BRL e g - . . 69 6 3366 504 189
165 3 3367 161 456
Equation for () (161) (Table VL) . . . . . . . . . . . . 258
Do. () (456) (Table WILY. . % . . & . . - 0. .0 43

3668 = ¢.
This figure (#=3668) by Table VIIL, cols. 2, 3, indicates $ukla 12th.

d—1 (N.B. ii., Art. 147) =164 and Table IX. gives this asJune 13th. The () is 3 = Tuesday.
The year (Table 11, Part iii.) is 1780 A.D.

The figure of (), 3668, shows that the r12th tithi and not the required tithi (11th) was
current at sunrise on Tuesday; but we' found in example 2 that the 1oth tithi was current at
sunrise on Monday, June 12th, and we therefore learn that the r11th tithi was expunged. It
commenced 1 h. 42 min. after sunrise on Monday and ended 4 minutes before sunrise on Tues-
day, 13th June.! The corresponding day answering to Sukla 1oth is therefore Monday, June
12th, and that answering to $ukla 12 is Tuesday the r3th June.

EXAMPLE 1v. Required the weck-day and cquivalent A.D. of the plrpimanta Ashadha
krishpa dvitiyA (2) of the Northern Vikrama year 1837 expired, 1838 current. The northern
Vikrama is a Chaitradi year, and so the year is the same as inthe previous example, viz., A.D.
17801 (Table II., Partiii.). The corresponding améinta month is Jyeshtha (Table 11., Part i.).
Work therefore for Jyeshtha krishna 2nd in A.D. 1780—1 (Table L).

d. W, & b. c.

See example 1 (Table 1) . . SRR e el I 657" %267
60 (coll. dur. to end Vais.) + 15 (for l\nslma fortmght)+1 (given

date minus 1) =76 tithis =75 days (as before); Table 1V. gives . 75 5 5397 722 205

171 2 5398 379 472

R on ORISR TONE ine e e e s e e e e 2397
Do. T AT U R SRR 50
. 5685 = 2.

(d)—1 (N B. #i., Art. 147) = 170 =(Table IX.) 19th June. (2) =Monday. The yearis 1780 A.D.

So far we have Monday, 19th June, A.D. 1780. But the figure 5685 for (#) shows that kri. 3rd and
not the 2nd was current at sunrise on Monday the 19th June. It commenced (5685—35667 = 18 =)
1 h. 17 m. before sunrise on Monday. (?) being greater, but within 40, than the ending point of kri. 2nd,
and the equation for (4) decreasing, it appears that a repetition of a tithi will shortly follow (but
not precede). And thus we know that Sunday the 18th June is the equivalent of kri. 2nd.

EXAMPLE V. Required the week-day and equivalent A.D. of the amanta Jyeshtha kri. 3rd
of the Saka year 1703 current, the same as in the last 4 examples.

1 This is shewn by (f) = 3668 at sunrise, the end being indicated by 3667. Difference 1 Junation-unit, or 4 minutes.







— g S SREN—

86 THE INDIAN CALENDAR.

A T R b5 W2
BRble L., cols. 19, 20, 23, 24, 23) . . . . . 83 1 212 899 229
(Coll. dur.) 300+ 15 (Sukla paksha) + (1—1_)0—315 tlthlS_3IO
diys. By (Table'IV.) . ... . . .. v o v v w o . . . 3o 2 4070NSECE.
393 3 5188 149 78
Blistion fors(d) (14oW(Wable VI .. L0 o~ L wr, ou o W 252
Do. (GN(78) S EFabIC VAN i S G U P ) 32

5472 = L.

The figure 5472 indicates (Table VIIL) kri. 2nd, 7., not the same as given (1st), but the
tithi following. We therefore subtract 1 from (&) and (w) (Art. 139) making them 392 and 2.
Since (#) is not within 40 of the ending point of the tithi, there is no probability of a
kshaya or wriddii shortly following or preceding. (w) 2= Monday. 392 = (Table IX.) 27th
January. And therefore 27th January, A.D. 1823, Monday, is the equivalent of the given tithi.

EXAMPLE viI. Required the week-day and the A.D. equivalent of $ukla 13th of the Tulu
month Puntelu, Kali year 4853 expired, 4854 current, “ Angiras samvatsara” in the luni-solar
or southern 60-year cycle. (See example 5, page 72.)

The initial day (Table I.) is Old Style 5th March (65), A.D. 1752, a leap-year, (5) Thursday;
and Ashidha was intercalated. The Tulu month Puntelu corresponds to the Sanskrit Pausha
(Table II., Part ii.), ordinarily the 1oth, but now the 11th, month on account of the intercalated
Ashidha.

d. e e b. s

e . Colst, 10820, 83, .24,'28) . .. . . .. S B ot 39 77740208
(Coll. dur) 300 + 12 (given tithi minus 1) =312 tlthlS—307 days

I TV . L S e L T L L L . . 90704 G ee R

372 4 3999 919 53

Rtetion Sford (AN(OIOMNIN " e a8 e o o e 71 E

Do. CPEER A B O L L L Al %20

110 = ¢,
The result, 4110, indicates Sukla 13th, 7.c., the same tithi as that given. .
(@)—1 (N.B. iii., Art. 147) =371 = (by Table IX.) January 6th, A.D. 1753.
We must add 11 days to this to make it a New Style date, because it falls after Septem-
ber znd, 1752, and before 4th April, 1753, the week-day remaining unaltered (see N.B. i.,
Art. 147), and 17th January, 1753 A.D., is therefore the equivalent of the given date.

(B.) Conversion of Hindu solar dates into dates A.D.
L]

149. 7o calculate the week-day and the equivalent date A.D. Turn the given year into a
Meshadi Kalj, Saka, or Vikrama year, and the name of the given month into a sign-name, if they
are not already given as such, and find the corresponding year A.D. by the aid of columns 1 to 5,
Table 1., and Table IL, Parts ii., and iii. Looking in Table I. along the line of the Meshadi year so
obtained, write down in a horizontal line the following three quantities corresponding to the
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- commencement of that (Meshadi) year, viz., (&) the date-indicator given in brackets after the day
and month A.D. in col. 13, (w) the week-day number (co/. 74), and the time—either in ghatikis and
palas, or in hours and minutes as desired—of the Mesha sankranti according to the Arya-Siddhinta
(cols. 15, or 17). For a Bengali date falling betwcen A.D. 1100 and 1900, take the time
by the Sirya-Siddhinta from cols. 15¢ or 17a. When the result is wanted for a place
not on the meridian of Ujjain, apply to the Mesha sankranti time the correction given in
Table XI. Under these items write from Table III., cols. 6, 7, 8, or g as the case may be, the
collective duration of time from the beginning of the yecar up to the end of the month preceding
the given one—days under (d), week-day under (w), and hours and minutes or ghatikis and palas
under /4. m., or gh.p. respectively. Add together the three quantitics. If the sum of hours
exceeds 24, or if the sum of ghatikis exceeds 6o, write down the remainder only, and add one
cach to (w) and (4). If the sum of () exceeds 7, cast out sevens from it. The result is the
time of the astronomical beginning of the current (given) month. Determine its civil beginning
by the rules given in Art. 28 above.
When the month begins civilly on the same day as, on the day following, or on the third day after,
the sankranti day, subtract 1 from, or add o, or 1, to both (#) and (w), and then to each of them
add the number of the given day, casting out sevens from it in the case of (w). (w) is then the
required week-day, and (&) will show, by Table IX., the A.D. equlvalent of the given day.
N.B.i. When it is not certain whether the given year is Meshidi or of another kind,
or what rule for the civil beginning of the month applies, all possible ways must be tried.
N.B. ii. See N.B. ., iit., 1., Art. 147, under the rules for the conversion of luni-solar dates.
EXAMPLE IX. Required the week-day and the date A.D. corresponding to (Tamil) 18th
Purattisi of Rudhirodgirin, Kali year 4904 expired, (4905 current). (See example 7, p. 73.)
The given year, taken as a solar year, is Meshadi. ©* The month Purattddi, or Purattagi,
corresponds to Kanya (Table II., Part ii.), and the year is a Tamil (Southern) one, to which
the Arya Siddhénta is applicable (see Art. 2r). Looking in Table I along the line of the given
year, we find that it commenced on 11th April (col. 13), A.D. 1803, and we write as follows :—
d. " ww. “R. e

Qiable It eols) 13, 14, 17) . . . SRR (o) B (0],
(Table III., col. 7) collective duration up to the end of Slmha t e s e 156 2. TONEEE
257 4 20 35

This shows that the Kanyd sankrinti took place on a (4) Wednesday, at
20 h. 35 m. after sunrise, or 2.35 a.m. on the European Thursday. (Always
remember that the Hindu week-day begins at sunrise.) The month Kanya,
therefore, begins civilly on Thursday. ! (Ru/e 2(a), Art. 28.) We add, therefore o

to () and () . . . W o o

Add 18, the serial number of the glven day, to (d) and castmg out sevens
Qe same figure, 18, add 4to (w) . . . . . . . . . . . 18 4
278000

Then (w) =1, 7.¢., Sunday, and 275 = (Table 1X.) 2nd October.
Answer.—Sunday, 2nd October, 1803 A.D.

EXAMPLE X. Required the week-day and A.D. date corresponding to the 2oth day of
the Bengali (solar) month Philguna of Saka 1776 expired, 1777 current, at Calcutta.

1 It wonld have so begun if the smikrinti occurred at 7 p.m. on the Wednesday, or at any time after sunset (6 p.m.)
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o = Saturday. 245 = (Table IX.) Sept. 2nd.
Answer.—Saturday, September 2nd, 1848 A.D.

EXAMPLE X1 Required the week-day and A.D. datc corresponding to the South
Malayilam Andu 1024, 19th Chingam. (The calculations in Example xi. shew that the South-
Malayilam month Chingam began civilly one day later (Art. 28, Rule 25). Therefore the Tamil
2oth Avani was the 19th South-Malayilam.)

Referring to Table Il., Part ii.,, we see that the date is the same as in the last example.

ExaMprLE X1, Required the week-day and A.D. date corresponding to the North Mala-
yalam Andu 1023, 2oth Chingam.
Referring to Table II., Part ii.,, we see that the datc is the same as in the last two examples.

(C.) Conversion into dates A.D. of tithis which are coupled with solar months.

150. Many inscriptions have been discovered containing dates, in expressing which a
tithi has been coupled, not with a lunar, but with a solar month. We therefore find it necessary
to give rules for the conversion of such dates.

Parts of two lunar months corresponding to each solar month are noted in Table I1., Part ii.,
col. 14. Determine by Art. 119, or in doubtful cases by direct calculation made under Arts. 149
and 151, to which of these two months the given tithi of the given fortnight belongs, and then
proceed according to the rules given in Art. 139.

It sometimes happens that the same solar month contains the given tithi of both the lunar
months noted in Table II., Part ii.,, col. 14, one occurring at the beginning of itand the other at
the end. Thus, suppose that in a certain year the solar month Mcsha commenced on the luni-
solar tithi Chaitra $ukla ashtami (8th) and ended on Vaisikha $ukla dasami (1oth). In this case
the tithi $ukla navami (gth) of both the lunar months Chaitra and Vai$ikha fell in the same
solar month Mesha. In such a case the exact corresponding lunar month cannot be determined
unless the vira (week-day), nakshatra, or yoga is given, as well as the tithi. Ifit is given, examine
the date for both months, and after ascertaining when the given details agree with thc given
tithi, determine the date accordingly.

EXAMPLE XIV. Required the A.D. year, month, and day corresponding to a date given as
follows;—“Saka 1187, on thc day of the nakshatra Rohipi, which fell on Saturday the
thirtecath tithi of the second fortnight in the month of Mithuna.”!

It is not stated whether the Saka year is expired or current. We will thereforc try it
first as expired. The current year therefore is 1188. Turning to Table I. we find thatits initial
day, Chaitra sukla 1st, falls on 2oth March (79), Friday (6), A.D. 1265. From Table 1l., Part ii.,
col. 14, we find that parts of the lunar months Jyeshtha and Ashadha correspond to the solar
month Mithuna. The Mesha sankranti in that year falls on (Table L., col. 13) 25th March, Wednesday,
that is on or about Chaitra $ukla shashthi (6th), and therefore the Mithuna sankranti falls on
(about) Jyeshtha $ukla dasami (1oth) and the Karka sankrinti on (about) Ashidha sukla dvadasi
(12th) (see Are. 1r9). Thus we see that the thirteenth tithi of the second fortnight falling in
the solar month of Mithuna of the given date must belong to aménta Jyéshtha.

1 This date is from en actual inscription\n Southern India. (See Ind. Ant., XXII,, p. 219).
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d w. a. 6. (o

S. 1188, Chaitra §. 1st (Table L, cols. 19, 20, 23, 24, 25) . 79 6 287 879 265
Approximate number of days from Ch. §. 1stto Jyesh. kri. 13th (87
tithis reduced by 6oth part = 86) with its (w) (@) (é) (¢) (TablelV.) 86 2 9122 121 23§

165 1 9409 0 3500

EhatonRfoil() (©): (Table VL) . . . . i Shos e 140
Do. BREbo) TAbIeWILE b S350 5F 507 L5 weln Sy 60
9609 = £

The resulting |number 9609 fixes the tithi as krishna 14th (Table VIIL.,
cols. 2, 3), Z.e., (the tithi immediately following the given tithi. There
is no probability of a Askaya or vyiddji shortly before or after this
(Art 142). Deduct, therefore, 1 from (¢) and (w) . . . . . Ter

N 164 ©
164 = (Table 1X.) 13th June; o= Saturday.
Answer.—13th June, 5 A.D., Saturday, (as required). !

(D) Conversion of dates A.D.® into Hindu luni-solar dates.

151. Given a\ year, month, and date A.D., write down in a horizontal line () the week-
day number, and (a), \@), (¢) (Table I., cols. 20, 23, 24. 25) of the initial day (Chaitra $. 1) of the
Hindu Chaitrddi (Saka) year corresponding to the given year; remembering that if the given
date A.D. is earlier’ tha[\ such initial day, the (w) (@) (&) (¢) of the previous Hindu year® must be
taken. Subtract the date-indicator of the initial date (in brackets, Table I., col. 19) from the date
number of the given date (Table IX.), remembering that, if the initial day ofthe previous Hindu
year has been taken, the number to be taken from Table IX. is that on the right-hand side, and
not that on the left (see also N.B. ii. below). The remainder is the number of days which have
intervened between the beginning of the Hindu year and the required date. Write down, under
their respective heads, the (w) () (4) (¢) of the nunber of intervening days from Table IV.,
and add them together as before (see rules for conversion of luni-solar dates into dates A.D.). Add
to (@) the equation for (4) and (c) {Tables VI., VIL.) and the sum () will indicate the tithi (Table VIIL.)
at sunrise of the given day; (w) is its week-day. To the number of intervening days add its
sixtieth ¢ part. See the number of tithis next lower than this total ° (Table IIL, col. 3) and the
lunar month along the same line (col. 2). Then this month is the month preceding the required
month, and the following month is the required month. '

When there is an added month in the year, as shown along the line in col. 8 or 8a of
Table I., if it comes prior to the resulting month, the month next preceding the resulting month

It is found by actual calculation under Art. 156 that the given nekshatra falls on the same date, and therefore we know
that the above result is correct.
2 This problem is casier than its converse, the number of intervening days here being certain.
3 If the Rule I{z) in Art. 104 (Table II., Part iii.) be applied, this latter part of the rule necessarily follows.
4 A 59th part, or more properly 63rd, should be added, but by adding a 60th, which is morec convenient, there will be ne
difference in the ultimate result. Negleet the fraction half or less, and take more than half as equivalent to onc.

5 This total is the approximate number of tithis which have intervened. When it is the same as, or very near to, the number of
tithis forming the collective duration up to the end of a month (as given in col. 3, Table ITL), there will be some doubt ahout the re-
quired month; but this difficulty will be easily solved by comparing together the resulting tithi and the number of tithis whieh have intervened.
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dirsha. But Asvina, ‘which is prior to Mirgasirsha, was intercalated. Karttika thercfore is the
required month. Pausha was expunged, but being later than Kirttika the result is not affected.
Answer.—Sunday, Karttika (Telugu), or Jarde (Tulu) (Table 1L, Part ii.), kr. 3rd of the
year Chitrabhianu, Saka 1745 (1744 expired), Kali year 4923 expircd.

EXAMPLE xviIl. Required the tithi and pdrpimanta month in the Saka year corresponding
to 18th January, 1541 A.D.

The given date is prior to Chaitra $ukla 1 in the given year. We take thercfore the
initial day in the previous year, A.D. 1540, which falls on Tuesday the gth March (69).
The corresponding Saka year is 1463 current. (RS T . [ ¢,

(Table I., cols. 20, 23, 24, 25) . . SR ML el 3 L8 is6 n229
18th January = . . 383 (Table I}x)
Add for lcap-ycar . . 1 (NV.B. 7., latter part.) .
384
et . k. . 69 (The 4. of the initial day.)
No. of intervening days. . 3[5_(by TableIV). . . . . o 6669 432 862
3 6777 188 g1
Ianationsfory (He(188) '(TableSVIIE #% 58 . . &, T8 4. 269
Do. faEmiOne (RAPEIRPS > A L. 4 28
~ 3 7074=1¢

The result gives us krishna 7th, Tuesday (3) (Table VIIL.).

315 + 3> = 320 tithis. The next lower number to 320 in col. 3, Table IIL, is
300, which shews Pausha as preceding the required month, and the required month would
therefore be Magha. Asvina, however, which is prior to Migha, was intercalary in this year;
Pausha, therefore, would be the required month; but it was expunged; Migha, therefore, becomes
again the required month. Adhika Asvina and kshaya Pausha being both prior to Magha, they
do not affect the result. By Table II. amanta Magha krishna is pGrnimdnta Phalguna krishnpa.
Therefore parnimdnta Philguna krishpa 7th, Tuesday, Saka 1463 current, is the required date.

¢ (E)) Conversion of A.D. dates into Hindu solar dates.

152. Given a year, month, and date A.D., write down from Table I. in a horizontal line the
(@) (w) and (%) (m) (the time) of the Mesha saikranti, by the drya or Sirya-Siddhinta ' as the case
may require, of the Hindu Meshadi ycar, remembering that if the given day A.D. is earlier than the
Mesha sankranti day in that year the previous? Hindu yéar must be taken. Subtract the date-indicator
of the Mesha sankrinti day from the date-number of the given date (Table IX.), remembering
that if the Mesha sankranti time of the previous Hindu year is taken the number to be taken
from Table IX. is that on the right-hand side, and not that on the left (see also Art. 151, N.B. ii); the
remainder is the number of days which intervened between the Mesha sankrinti and the given
day. Find from Table IIl., cols. 6, 7, 8 or g, as the case may be, the number next below that
number of intervening days. Write its three quantities (&), (7v), and the time of the sankranti
(%. m.), under their respective heads, and add together the three quantities separately (See Art, 149

I See Art. 21, and notes 1 and 2, and Arts. 93 and 96.
2 See note 4, p. 90.
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above). The sum is the time of the’ astronomical beginning of the required month, and the
month next following that given in col. 5, on the line of the next lowest number, is the month
required.

Ascertain the day of the civil beginning of the current required month by the rules in
Art. 28. When it falls on the same day as the sankrinti day, or the following, or the third day,
respectively, subtract 1 from, or add o or I to, both () and (w). Subtract (&) from the date-number
of the given date. The remainder is the required Hindu day. Add that remainder, casting out
sevens from it, to (w). The sum is the week-day required.

From the Meshidi year and the sign-name of the month thus found, any other corresponding
Hindu year can be found by reference to Table III, Parts ii., and iii.

Observe the cautions contained in N.B. 7. and 7. to Art. 151.

*  EXAMPLE XIX. Required the Tamil, Tinnevelly, and South and North Malayalam equiva-

lents of 30th May, 1803 A.D. (See example 14, p. 76.)

The corresponding Meshidi Saka year current is 1726. Its Mesha sankranti falls on
April 11th (101), 2 Monday. The Arya Siddhénta applies. (See Art. 21.)

4. w. k. m.

((BableSIEN ol 13 ird, L)L Wy - e e O A )
May 3oth= . 150 (Table IX)
Deduct . . . 101, the (d) of the initial day.

Intervening days 49
The number next below 49, (Table IIL, col. 7), for the end of
Mesha and beginning of Vrishabha, is 30, and we have . . . . 30 2 22 12

[Total of hours — 32. 1 day of 24 hours carried over to (&) and (w).]

Astronomical beginning of Vrishabha . . . L3205 e Mo
By all South Indian reckonings, except that in the South Mala

yalam country, the month begins civilly on the same day as the

sankranti. Subtract, therefore, 1 from () and (w) . . . . . . I I
30 Fil
Subtract 131 (4) from the number of the given date . . . 150
Remainder, 19, is the required date in the month of Vrishabha. 19
Add 19, casting out sevens, to () AR AR o5 o 5
Required week-day . . . . | 2

Answer.—Monday, 19th day of the month Vrnshabha, Tamx] Vaigéséi, of Saka 1726
current (1725 expired); Kali 4904 expired (Table I., or Table II., Part iii.); Tinnevelly Andu
978, Vaigasi 19th; North Malayilam Andu 978, Edavam 1gth.

The Vrishabha sankrinti took place 8 h. 19 m. after sunrise, viz., not within the first Zths
of the day. Therefore by the South Malayilam system the month Vrishabha began civilly, not
on (5) Thursday, but on the following day (6) Friday. Therefore we have to add or subtract
nothing from 132 and 5. Subtracting 132 from 150, the remainder, 18th, is the required day.
Adding (18 = 7) to 5 (w) we get (2) Monday as the required week-day. Therefore Monday 18th y
of Edavam, Kollam Andu 978, is the required South Malayilam equivalent.
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d w. k m

(Brought over) . . . 277 2 11 8
Subtract 1 ffomy(@Nand (@) =5 NS 3 T SRt LT
Last civil day of Karka= . . ., N 3226 1T
Subtract 226 from the date number 246 (Table IX) of the
B daga - (e St o s T e e N e e e e
IRequired ‘daterinfthe smonth #Sitiha £5 . SRR I S8 F S ie o
Add this to (w) casting outsevens . . . . . . . . . 6
The required week-day is Saturday .<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>