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PREFACE

THE present volume has been prepared in continuation of the " Indian Calendar ", which

contained, inter alia, Tables drawn up by Dr. Robert Schram for determining questions connected

with eclipses of the sun in India for a period of 1600 years. The eclipses of the moon are

now dealt with, and a few notes added.

I desire to express my best thanks for their kind advice and assistance to Professor

H. H. Turner, of Oxford, and Mr. A. C. D. Crommelin, of the Royal Observatory, Greenwich.

Pandit Sankara Balkrishna Dikshit, whose death early in the present year is greatly to be

deplored, rendered valuable help by checking my figures.

June, 1898. R. SEWELL.
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ECLIPSES OF THE MOON IN INDIA

BY

ROBERT SEWELL.

INTRODUCTION, RULES, AND EXAMPLES.

THE following Tables will be found to contain all that is necessary for the determination

of the actual time of occurrence of eclipses of the moon for the period of sixteen hundred years,

from A.D. 300 to 1900. The calculations in Table E. have been based on von Oppolzer's Canon

der Finsternisse (Denkschriften der Mathematisch naturwissen schaftlichen classe der Kais. Akademie

der Wissenschaften in Wien, Vol. LII., 1887). All eclipses are included, whether visible or

invisible. Visibility at a given spot, if not apparent on the face of Table E., must be tested

according to the rules hereinafter given.

The results obtained will be closely approximate, but are liable to small errors of a minute

or two, owing to minor inequalities in the moon's motion which have been left out of account

by Oppolzer. Table G. also is similarly liable to slight variations, for reasons which will be noted

below. Absolute exactness is impossible under the circumstances, and it would be useless to

attempt more than is given in this volume.

A comparison between the times fixed by Oppolzer's Canon and by the Nautical

Almanacks since the year 1767 (see Table H.} will shew how even the most reliable authorities

differ in their calculations.

A lunar eclipse is visible in the same degree on every part of the earth's surface which,

during any part of its occurrence, is turned away from the sun and towards the moon then at

the full and on the other side of the earth; or, in other words and speaking broadly, on any
meridian between the hours of sunset and sunrise. For Indian purposes, therefore, the calcula-

tions for these tables have been made for the meridian of Lanka (Ujjain), i.e. Greenwich East

Longitude 75 46', and the necessary time-correction, 5 h. 3 m., has been applied to the Canon

figures which were prepared for the meridian of Greenwich. All times are measured from mean
sunrise at Lanka, taken as 6 A.M.

Von Oppolzer calculated every eclipse in apparent time; and then, for civil purposes,

changed this to mean- or clock-time for the meridian of Greenwich by applying the daily equa-
tion of time. The tables in the present volume give similar mean time for the meridian of Lanka.

No account has been taken of the effect produced on the moon by the penumbra, but
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only of her passage across the cone of complete shadow. In actual observation little change
is witnessed until the phenomenon of positive occultation, or positive alteration of the shape
of the illuminated surface, takes place. Moreover I am assured by Pandit Sankara Balkrishna

Dikshit that in Hindu astronomical works only the latter is taken into account.

The dates given in Col. I of Table E. will sometimes be found to be one day behind

those given in the Canon. This is due to a different meridian having been selected as base.

Thus the Canon fixes, for Greenwich, an eclipse as having occurred on October 25th, A.D. 310,

of which the greatest phase was seen at "0.5", i.e., o h. 5 m. after midnight on the 24th-25th
October. This moment, on the meridian of Lanka, was 5 h. 8 m. A.M. But we begin our day

throughout this work, for Indian purposes, from mean sunrise at Lanka, taken as 6 A.M. Hence
the moment of greatest phase of this eclipse must be recorded as "23 h. 8 m." and the day
must be altered to October 24th, which means the same thing. The beginning was "21.24"
on 24th; and the end, which took place at Greenwich mean time I h. 49 m. A.M., the hour

at Lanka being then 6.52 A.M., cr 52 minutes after sunrise, is recorded as "24.52". This

obviates the inconvenience of having to enter two dates for the eclipse. In other words, when-

ever an eclipse happens on portions of two different days, it is recorded under the earlier day,
and the hours of the later phases of the eclipse are carried beyond 24. General Cunningham
seems not to have noticed this time-difference, due to longitude, in the list of eclipses he published
in his "Indian Eras", which is therefore apt to mislead.

I have added to the list the days of the week corresponding to the dates given in Col. i.

I have also worked out and recorded (Col. 2) the Hindu month, and current Saka

year in each case. For the latter purpose I adopt only one reckoning out of the several in use,

viz., the full-moon (purnima) day of the month in the Chaitradi Saka year. The month is the

same whether the amanta or purnimanta reckoning be used. For other modes of reckoning it

will be necessary to convert the dates according to the rules given in the "Indian Calendar".
The name given to the month in question by the Hindus necessarily varies with their

diversity of practice (prior to about noo A.D.) in the interpolation of a month in intercalary

years, some using the true and some the mean system; and this difference of name is shewn

by a double entry in Col. 2. In such case the earlier entry refers throughout to the true

system, the later to the mean system, and to this is prefixed the letters "zv. m. i." i.e. "with
mean intercalations." When the month in which the eclipse occurs bears the name of an

intercalated month, so that there are in that year two months having the same name, I have

distinguished them by numbers, at the suggestion of Professor Kielhorn. Such a system is safer

than entering a name
;

in view of the difference in the nomenclature adopted at different times

and in different tracts.

For the magnitude of the eclipse (Col. 8) I adopt the Canon figures, with the sole

exception that I have not thought it necessary to record magnitudes higher than total. For
these last, the letter "/" suffices.

A note on the page of Table E. containing the entry for A.D. 1582 explains fully the

"Old" and "New" Style of A.D. reckoning, and shews why, between A.D 1582 and 1752,

my dates differ from those given in the Canon. The subject is fully discussed in Nicholas's

Chronology of History, pp. 34 48.

The figures given in Table E. will often shew, without further examination, that an

eclipse must have been visible all over India, or invisible in any part of that country ;
but often
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the question remains doubtful, and in such case the actual visibility at any given spot must

be ascertained.

For this purpose it is necessary (a) to alter the hour given in Table E. to suit the

longitude of the given place; (b) to convert the mean time of the table into apparent (or true)

time; (c) to find the moment of sunrise or sunset on the day and at the place in question.

(a) The time-correction for longitude is plus one minute of time for every 15' of longitude

east of, or greater than, the base meridian (75 46'), and minus one minute of time for every

15' west of, or less than, the same. Four minutes of time to one degree of longitude.

(b) Table F. gives the equation of time in minutes, for intervals of five days throughout

the year for the period covered by the principal table. (If it is at any time desired to convert

apparent time into mean time, this can be done by using the table with reversed signs.)

(c) Table G., copied from Raper's Practice of Navigation Table 26, but with the days

of the year added to the sun's declination in degrees in order to facilitate work, gives the hours

and minutes of sunrise and sunset in different latitudes on different days. I have ventured to

add the days of the year to this table, because there are no almanacks extant in India earlier

than those of the last few decades to which reference can be made in order to ascertain the

sun's declination on any given day. It is true that the inclusion of the days of the year

introduces, in distant epochs, small errors due to various causes, such as the change in the

obliquity of the ecliptic, and of the perihelion point of the earth's orbit. But the sum of these

would not amount to much
;

l and if the little Table given in Rule 5 below be used, which

brings Old Style dates into harmony with the present Calendar, these slight variations in the

sun's declination may well be left out of account.

Another variation is caused by the fact that, since the moon is actually at the full at

mid-eclipse, she is not quite full at the beginning, and she is a little past the full at the end of

the eclipse. For localities such as India, no part of which is very far distant from the equator,

this variation, even in the extreme case of an eclipse prolonged to a duration of four hours,

would not amount to more than four minutes.

If all these variations operated in one direction the time-difference so caused might of

course amount to several minutes, but it often, indeed generally, happens that one cause of

variation works against and helps to annul another. At the worst they only affect the question

of the visibility at the last few moments of an eclipse ending when the moon is just rising, or

the first few moments of an eclipse beginning when the moon is just setting; and since the

difference is then compensated by the effects produced by refraction, it is not necessary to

consider them. The beginning or ending of an eclipse cannot be generally observed nearer than

one minute, and sometimes two or three minutes of time, even under the most favourable conditions.

I have thought it advisable to give a list of eclipses as fixed by the Nautical Almanack

since A.D. 1767, the date of its first publication. These may be compared with the data

obtained from Oppolzer's Canon. I have reduced the actual figures given in the Nautical

Almanack to our requirements (i) by altering the hour to suit the Indian system, according to which

the day begins at mean sunrise (6 A.M.) on the meridian of Lanka, (2) by applying the time-

difference between the longitudes of Greenwich and Lanka, and, (jj up to the year 1834, by applying
the daily equation of time. Since 1834 the Nautical Almanack figures are themselves given in

1
Probably not more than half a degree, or two minutes of time, for two years differing as much as possible. (Professor Turner.)
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mean time. Table H. therefore gives the Nautical Almanack fixtures on the basis of the system

adopted in Table E., and one or the other may be used at pleasure in examining eclipses in

India. The Connaissance des Temps was commenced about a century earlier than the Nautical

Almanack, but in those early years the lunar tables used were so imperfect that Oppolzer's

Canon is the more reliable work. Indeed the Canon is probably more accurate than the Almanack

up to about 1821 A.D., when Burchardt's tables were introduced into the latter's calculations.

The next point will be to consider within what limits the figures given in Table E. or

H. may be taken to prove conclusively that an eclipse was invisible in any part of India on the

day in question.

Let it be remembered that those figures relate to mean or clock time measured from

6 A.M., or approximate sunrise on the meridian of Lanka, or Ujjain, Gr. E. Long. 75 46',

latitude o o'.

At that point, given no minor variations and no refraction, every eclipse was invisible

which fell entirely between o h. and 12 h. in columns 4 to 7 of Tables E. or H.

But to be quite safe we will allow 5 minutes for possible variations, and reduce the limits

to o h. 5 m. and 11 h. 55 m.

The greatest possible difference between mean and apparent time was in about A.D. 300,

when it was as high as + 20 m.
;
at present the differences lie between 14 m. and +16 m.

To be quite certain we will allow 20 m. This reduces the limits to oh. 25 m. and 11 h. 35 m.

The outside differences due to longitude are, westwards 75 46' 66 45' (Karachi), or 9,

or 36 m. of time, and eastwards 97 (East of Assam) 75 46', or 21 14', or I h. 25 m. of time.

The outside parallel of north latitude is 36 (Gilgit). Here, and relatively in a less degree

for places further south, the prolongation of daylight at certain seasons may well render invisible

an eclipse visible at the equator; but we have only to consider the converse case, viz. the most

extreme case of late sunrise and early sunset which may render visible an eclipse otherwise

invisible. This occurs at the winter solstice, when in latitude 36 (Table G.) the sun rises at

7 h. 14 m. A.M and sets at 4 h. 46 m. P.M. Difference I h. 14 m. both in the morning and

the evening. If the extreme limits of both longitude and latitude were separately considered and

applied, our outside limits would thus be reduced to (o h. 25 m. + o h. 36 m. + i h. 14 m.
)

2 h. 15 m., and [H h. 35 m. (i h. 25 m. + i h. 14 m.) =] 8 h. 56 m.

But it is not necessary to allow for such a wide limit. We can ascertain
* the outside

difference for longitude and latitude combined, by drawing on a map great circles inclined at

an angle of 271/2 to the meridian (this angle being the actual angle at which the sunrise or

sunset lines intersect the meridians in India at the time of the solstices) just touching the furthest

east and west limits of India, and producing them to meet the equator. The western great

circle cuts the equator about Gr. E. long. 54 l/4, or 211/2 west of Lanka, equivalent to I h. 26 m.

of time-difference, and the eastern great circle cuts the equator about Gr. E. long. 109, or 331/4 E.

of Lanka, equivalent to 2 h. 1 3 m. of time-difference. Applying these outside time-differences to

the limits of o h. 25 m. and 1 1 h. 35 m. already obtained, we have (o h. 25 m. + i h. 26 m. =)
I h. 51 m., and (n h. 35 m. 2 h. 13 m. ) 9 h. 22 m. No eclipse could by any possibility

be visible in any part of India, provided the whole fell within these limits. I have really exceeded

the requirements of the case in fixing these limits, but the error, if one there be, is on the right side.

1 I am indebted to Mr. Crommelin for this. Similar result? are arrived at by calculation frpm Raper's Table (Table G. below).
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It may be as well to point out that these Tables are applicable not only to India, but

to all places in the world lying between N. Lat. o and 39. To use them for mean or clock

time for any part of the globe, it is only necessary to apply to the figures given in Table E.

the time-difference for longitude (4 minutes to a degree) east or west of our base-meridian,

which is, as stated, 75 46' east of Greenwich. This gives the hour of eclipse by the clock on

any meridian in latitude o. For apparent time Table F. is applicable to all parts of the world.

To find the hour of sunset or sunrise Table G. may be used for any place between the equator

and N. Lat. 39.

RULES, AND USE OF TABLES.

Rule I. Note the details regarding the eclipse given in Table E. ^
On any date and for any place in India the eclipse was invisible if it occurred altogether

between 1.51 and 9.22.

If its beginning or ending overstep these limits the eclipse may have been visible at

some place in India. In such case it must be examined.

Rule II. In case an examination is necessary take the latitude and longitude of the place

in question. Table XI. of the "Indian Calendar" (p. cxix) may be used, or a reliable map.
Rule III. Correct Table E. for longitude, thus

;
Lanka longitude, or the longitude of the

base meridian of the Tables, being 75 46' east of Greenwich, add one minute of time for every

15' of longitude east of this, and deduct one minute of time for every 15' of longitude west of it.

Rule IV. To find the apparent or true time of eclipse, apply to the figures given in

E., the correction noted in Table F.

Rule V. Then consider the latitude of the place. The moment of the occurrence of the

different phases of the eclipse will remain unaffected, but the visibility of the eclipse depends on

the time of sunrise or sunset in this locality, and this varies with the latitude.

Table G. gives these hours of sunrise and sunset. But for Old Style dates a correction

is necessary, which is supplied by the little Table below. It must be borne in mind that this

alteration of date is solely for use of Table G., the English date of eclipse remaining unaffected.

Where necessary, therefore, add to the day given in Table E. the number of days noted in this

sub-Table, and then use Table G. to ascertain the duration of daylight on the day of eclipse

at the latitude in question.
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EXAMPLES.

1. Eclipse of December 2, 1750. This began at 3 h. 32 m. after 6 A.M. and ended at

7 h. 1 6 m. It was therefore invisible in any part of India.

2. Eclipse of February 28, 1896. I select this because it can be tested by a reliable

almanack. How was it at Madras? Work with Table H. It began at 17.19 and ended at

20.18. Nearly
n
/12ths. of the disc were obscured.

Rule I. It was visible, clearly, in some part of India.

Rule III. Madras E. Long. 80 13' 30" or -f 18 m. of time. Apply this, and we have

for the beginning 17.37, and for the ending 20.36. This corresponds with the entry in the

Madras Asylum Press Almanack, viz., 11.37 PM. on 28th, and 2.36 A.M. on 29th February.

There is no need to apply Rules IV. or V.

3. Eclipse of November 13, A.D. 300. How was it at Srinagar in Kashmir?

It was total and ended at Lanka at 12.21 (Table E.} or 6 h. 21 m. P.M. Correct to apparent

time (Table F.) (6 h. 21 m. + 17 m. =) 6 h. 38 m. P.M. Totality ended (i i h. 15 m. + 17 m. =)
ii h. 32 m., or 5 h. 32 m. P.M., apparent time. At Lanka therefore the eclipse was visible for

only the last 38 m. of partial obscuration, sunset being at 6.0 P.M. But at Srinagar (N. Lat.

34 6', E. Long. 74 52' see the "Indian Calendar" Table XL ) the case was different. Correct

for longitude. 75.46' 74.52' = 54' = 4 minutes of time. 6 h. 38 m. 4 m. = 6 h. 34 m. This

then was the moment of the end of the eclipse. But the sun set (Table G.) at 5 h. 8 m. P.M.,

so that the eclipse was visible at Srinagar for an hour and twenty-six minutes after sunset.

Totality ended at
[5

h. 32 m. P.M. 4 m. (Long.) =] 5 h. 28 m. P.M., so that at Srinagar the

eclipse was total for twenty -minutes after sunset.

4. Eclipse of November 25, A.D. 364. This began at Lanka 23.8, or 5 h. 8 m. A.M.,

mean time on 26th (civil reckoning); -f- 10 m. for apparent time (Table F.~), 5 h. 18 m. A.M. It was

therefore visible at Lanka for 42 m. before sunrise. But at Rangoon (Long. 96 17', diff. + i h. 22 m.)

the eclipse began at, apparent time, 6 h. 40 m. A.M., while (Table G.) the sun rose (Lat. 16 46')

at 6 h. 27 m. A.M. Here the eclipse was invisible.
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NUMERALS EXPRESSED BY WORDS.

DATES in Indian inscriptions are often expressed by words, each word representing a

numeral, and selected for that purpose according to its meaning. Thus, bhu or chandra stood

for the figure \, since all the world knows that there is only one earth or one moon. Similarly

paksha "wing", or akshi "eye", conveyed at once the idea of two; trijagat, the "three

worlds", three; Pandava, five; avatara, ten; and so on. Extending the system with considerable

ingenuity, a large number of figures were represented.

The commoner words are given in the enclosed list; which contains, first, the words given

by Burnell (Br.) in his South-Indian Paleography, including those mentioned by Al-Biruni and C. P.

Brown, then those added by Dr. Biihler (Bh.) (Grundriss der Indo-Arischen Philologie und Alter-

tumskunde, Indische Palceographie, pp. 80, 81), lastly some supplied to me by Professor

Kielhorn. (K.)

Units are generally written first, then tens, hundreds,, and thousands. Thus Rishi-naga-kh-endu-

samvatsara is the year 1087, guna-sastra-kh-endu-ganita samvatsara is 1063.
7

36 01
0. (Br.) Abhra, akasa, ambara, ananta, gagana, kha, sunya, viyat, vyoman. (K.) Dyu,

nabhas, vindu, Vishnupada.
1. (Br.} Adi, bhu, chandra, dhara, dharani, indu, kshiti, kshma, nayaka, pitamaha,

prithivi, rasmi, rupa, sasanka, sasin, sitarhsu, soma, tanu, urvara, vasudha. (Bh.} Mahi, Sitarasmi.

(K.) Atrinayanaja, avani, chandramas, dhatri, jagati, kshapesvara, kshauni, kshoni, ku, mriganka,

sudharhsu, vasumati, vidhu.

2. (Br.) Akshi, Asvin, bahu, Dasra, drishti, kara, karna, kutumba, lochana, netra, paksha,

ravichandrau, Yama, yamala. (Bh.) Nayana. (K) Chakshus.

3. (Br.) Agni, dahana, guna, hutasana, jvalana, loka, pavaka, Rama, sahodara, sikhin, tapana,

tri, trigata, triguna, trijagat, trikala, trilochana, trinetra, vahni, vaisvanara. (Bh.) Hotri. (K.)

Anala, Haranayana, sakti, udarchis, veda, vishtapa.

4. (Br.) Abdhi, bandhu, dadhi
(?), dis, jalanidhi, jalasaya, koshtha, krita, sagara, samudra,

udadhi, veda, yuga. (Bh.) Aya or aya, sruti, jala, jaladhi. (K.) Ambhodhi, ambudhi, amburasi,

arnava, Chaturananavadana, vanadhi, varidhi, varinidhi, sindhu.

5. (Br.) Artha, bhuta, indriya, ishu, kalamba, margana, Pandava, prana, putra, ratna,

sara, sayaka, suta, tata, vana, visikha. (Bk.) Bana, vishaya. (K.) Tryakshamukha.
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6. (Br.) Anga, ari, darsana, masardha, mata, raga, rasa, ritu, sastra, tarka. (Bh.) Kaya

7. (Br.) Adri, aga, asva, Atri, chhandas, dhatu, kalatra, mahidhara, muni, naga, parvata,

rishi, saila, svara. (Bh.) Dhi. (K.) Giri, haya, loka, patala, sagara, sagara, turarhgama.

8. (Br) Ahi, bhuti, dantin, gaja, ibha, mangala, naga, sarpa, vasu. (Bh.) Anushtubh,

siddhi. (K.) Murti, naga, tanu.

9. (Br.) Anka, antara, chhidra, dvara, go, graha, nanda, nidhi, pavana, randhra. (K.)

Grahagana, nidhana.

10. (Br.) Asa, avatara, dis, karman, Ravanasiras.

11. (Br.) Akshauhini, Isvara, labha, Mahadeva, Rudra. (Bh) Isa, Siva. (K.) Bhava.

12. (Br.) Aditya, arka, bhanu, masa, sahasrariisu, siarya, vyaya. (K) Dyumani.

13. (Br.) Kama, Kamadeva, Manmatha, visva. (Bh.) Aghosha, atijagati.

14. (Br.) Indra, Manu, loka. (K.} Amarendra, purva, ratna.

15. (Br.) Ahan, paksha, tithi.

1 6. (Br.) Ashti, bhupa, kala, nripa.

17. (Br.) Atyashti.

1 8. (Br.) Dhriti.

19. (Br.) Atidhriti.

20. (Br.) Kriti, nakha.

21. (Br.) Svarga, utkriti.

22. (Br.) Jati.

24. (Br.) Jina.

25. (Br.) Tattva.

26. (Br) Utkriti.

The following are said to occur only in documents of late date. (Br.)

27. (Br.) Nakshatra. (Bh.) Bhasamuha.

32. (Br.) Danta, Rada.

33. (Br.) Deva. (Bh.) sura.

34. (Br.) Tana.

40. (Br) Naraka.

49. (Br) Tana.

NUMERALS EXPRESSED BY LETTERS OR SYLLABLES.

[Dr. Burnell's South-Indian Paleography pp. 65, 79, 80, from which most of this note is taken; Dr. Buhler's

Grundriss der Indo-Arischen Philologie und Aliertumskunde, Indische Palceographie^ pp. 82, 83 ;
Indian Antiqtiary^ 77,

pp. 3612.]

A system of notation by which numerals are expressed by letters of the alphabet is often

called the Katipayadi method, from katipaya, "a certain number", "so many".
Three systems are known.

A. The system of Aryabhatta, which he used in his treatises on astronomy, but which

does not appear to have been adopted by any other writer, or in inscriptions. It is unnecessary

to go into this. Professor Kern has edited Aryabhatta's text.
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B. The chronogram system. This seems to have originated in Southern India, and has

been constantly used in Malabar, Travancore, and the South Tamil country. According to it

the consonants of the Sanskrit alphabet have values given to them, thus :

k kh g gh n ch chh j jh n123456 7890
t th d dh n t th d dh n

i 2 3 4 56 7 89 o

When double letters are used, the last pronounced consonant only counts. The order of

the numbers is from right to left; thus Vishnu 54; Badhnati annamsasarpi = 17,750,603.
45' 3 06 05771

By this system dates may be expressed in words having a connected meaning, and it

closely resembles the Semitic system so often used by the Muhammadans. It is also used in

Southern India as a memoria technica for the contents of the Vedas.

Burnell states that the oldest use of it with which he was acquainted was in Shadguru-

sishya's commentary on the Rigveda Anukramanika (1187 A.D.). It is also used as an aid

to remember the rules for calculating horoscopes, and for astronomical tables.

C. The letter systems. There are several of these, mostly used for marking the pages
and palm-leaves of MSS. They are in use in Burmah and Ceylon as well as in India.

(a) According to one system the consonants, with the short a vowel added to each, are

used in order for representing the numerals i to 34; then the series is repeated with long a,

giving numbers to 68
;
and so on with the twelve vowels. The series runs ka, kha, ga, gha,1234

na, cha, etc la ka, kha, ga, gha, na, cha, etc

5 6 34 35 36 37 3 39 40

la, ki, etc. and goes as far as (12 X 34 ) 408.

68 69

(b) Dr. Buhler states that he has found another system in use in the Burmese Pali MSS.

in the Royal Library at Vienna. Here the twelve vowels in order are first used with the first

consonant k, then with the second consonant kh, and so on. This series runs therefore thus;

ka, ka, ki, ki, ku, etc kah, kha, kha, khi, khi, khu, etc., and

12345 12 13 14 15 16 17

goes, like the former, as far as 408. In Singhalese books this system is also sometimes

adopted, but in that case it includes the southern semi-vowels r, r
, 1, 1

,
which gives sixteen
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vowels to each consonant and enables the series to run as far as (i 6 X 34 ) 544- This

results, of course, in the letters having a different value from those of the former system; e.g.,

ka in the first (a) system =35, in the second (b} system 2.

Dr. Biihler states that in Siam arid Ceylon there are instances of this last system being

prolonged, after the exhaustion of all the syllables ending with lah (= 408 or 544 as the case

may be), by a repetition of the whole system; noted as 2 ka, 2 ka, 2 ki, 2 kl, etc

which would enable numerals to be represented to any extent.

These methods are convenient as numerals for arranging papers or pages in order,

but are manifestly useless for simple notation. Thus, if a loose page is picked up bearing the

syllable mu, it can at once be put in its proper place ;
but no one could say without reference

to a table what actual number mu represents.

Numbers in India are often abridged, as in England. We say for instance of the pages

of a book "212", "2434". This must not be lost sight of, even in the matter of inscrip-

tions and their dates, remembering that in Europe there is sometimes a similar abbreviation.

People speak of the year "ninety-eight", meaning "1798".

There is a system in use in Nepal and amongst the Jains of N. India where syllables

are used in an apparently arbitrary manner, but it is not known in the south. Dr. Burnell

treats of this in his "South-Indian Paleography" (p. 65). The series is used for numbering

pages of books, but I am not aware whether it has ever been employed for chronological

purposes.

DETERMINATION OF NAKSHATRAS AND YOGAS.

[See Ind. Calendar, Arts. 133, 138, 159, pp. 64. 65, 97

Dr. Schram proposes, in the Indian Antiquary for October 1896 (pp. 287288), a simpli-

fication of the method employed by us for the determination of nakshatras and yogas.

He gives the following table by which (), the nakshatra-'mdex., and (y) the yoga-Mex.

may be found at once from the figures for (i) and (c) ;
thus (n) = (/) + (s). Take down (/), and

find (s) from the table given below, by observing the figure given for (c).
In the example given

by us in Art. 158 we have (/)
= 1463, (c)

= 439. From the first column of the following table,

observing the difference between consecutive values of (s) (cols. 2, 3) and using the auxiliary

table, (s) is found to be 1559. Add (f) to (s) and we have 3022 = (n). (y) (s) + () (Art. 133},

and both these quantities are found from the table.
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This table may be styled Table VII A of the "Indian Calendar". It is reprinted by kind

permission of the author, and of the editor of the "Indian Antiquary".

TABLE VII A.

AUXILIARY TABLE.



ADDITIONS TO THE "INDIAN CALENDAR:'

ADDITION TO THE "INDIAN CALENDAR" TABLE I.

The commencement of the luni- solar year (cols. 19 to 25) throughout Table I of the

"Indian Calendar" was calculated for the system of true intercalations of months (cols. 8 to 12).

The use of the mean system of intercalations (cols. Sa to 120) will, in years following those

where an intercalation has taken place by the mean system but not by the true system, throw

the initial date a month later than that given in cols. 19 to 25. In such years the invariable

intercalation of a month by the true system, when none takes place by the mean system, brings
the initial dates under both systems together again in the third year. The following is a list

of initial dates (cols. 19 to 25) to be substituted for the present entries in Table I in the years

mentioned, when the mean system of intercalation of months (cols. 8a to 1 20) is used.

The figures already given in Table I, however, may equally well be used if care is taken

to remember the number of the month. Thus suppose that it is necessary to ascertain a date

in Chaitra of Kali 3412, where the mean system of intercalations was used. Noting that the

month was called "Vaisakha I" under the "true" system, the calculation may be made for

Vaisakha I, using the figures already given in Table I.
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See Text, Art. 101 above, para. 2.
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TABLE G.

APPARENT TIME OF THE SUN'S RISING AND SETTING.

N.B. On and after each date entered herein use the column to which it refers. The arrows indicate the order.
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N.B. H is probable that up to A.D. 1821 von Oppoher's Canon is more reliable than the Nautical Alir.anark.
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ECLIPSES BY NAUTICAL ALMANACK RECKONING.

It is probable 1hat up to A.D. 1821 von Oppolzer's Canon is more reliable than the Nautical Almanack.
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TABLE H. (CONTINUED)

ECLIPSES BY NAUTICAL ALMANACK RECKONING.

N.B. It is probable that vp to A. D. 1821 von Oppoher's Canon is more reliable than the Nautical Almanack.
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TABLE H. (CONTINUED)
ECLIPSES BY NAUTICAL ALMANACK RECKONING.

N.B. It is probable that up to A. H. 1821 von Oppolzer's Canon is more reliable than the Nautical Almanack.
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