1.    INTRODUCTION

My name is Markandeya Rsi das, and since some years back I have been helping Syamasundara das to develop the computer program that calculates the Vaisnava calendar.

In the middle of June 1989 I went to India to investigate the points about the Vaisnava calendar as listed in the GBC resolution of 1989. I consulted different persons connected to calendar making, astronomy, etc., and this paper is the report of this investigation. All the points in the resolution are discussed. A couple of the points are only discussed briefly.

Some parts of the text, for example excerpts of interviews, are repeated in different parts of the report. This is because it might relate to different subjects, and since it should be possible to use the report as a reference I have included some things more than once.

A)  Points of investigation as listed in the GBC resolution 1989
1) The difference in the movements of the moon and the sun, and the definition of a lunar and solar month and year.

2) Why we use a lunar calendar and not a solar one.

3) The brahminical and the Vaisnava traditions of calendar creation.

4) How ekadasis and festival days are determined.

5) Problems in creating a calendar, and how these problems are dealt with by Vaisnavas according to the specific rules in the Hari Bhakti Vilas and tradition.

6) The relevance of the present calendar in different parts of the world.

7) Calculation of the calendar by hand versus computer program.

8) The methods and criteria of verification of a computerized calendar program.

9) Comparing the capabilities of the existing computer program against these criteria.

10)  The importance of exactly determining Ekadasi. Whether or not it is important to exactly calculate other festival days.

11) Use of traditional data on the positions of the planets and the sunrise versus observable phenomena. A description of the traditional techniques of correcting formulas according to observation.

B)  List of persons consulted 

Bhagavat Maharaja at Caitanya Math at Yoga Pith in Mayapura. He makes the calendar which the present ISKCON calendar is based on. He uses values obtained from the old methods of Surya Siddhanta.

Bhakti Gunakar Maharaja, secretary for Guadiya Mission at Baghbazar in Calcutta. He makes their calendar and he uses values obtained by modern methods.

Swami Bhaktivedanta Trivikrama Maharaja from Sri Uddharan Guadiya Math, disciple of Kesava Maharaja, Chowmatha, Chinsura. Calendar maker. He uses values obtained from Surya Siddhanta.

Puri Maharaja at Sri Caitanya Gaudiya Math. Satish Mukherjee Road, Calcutta.

Narayana Maharaja in the Gaudiya Math in Mathura.

Parvarta Maharaja in Gaudiya Mission in Bombay. 

They use the calendar made by Bhakti Gunakar Maharaja with special Bombay considerations.

Haridas Shastri Goswami in Vrindavana, from the parampara of Gadadhar pandit. He makes a calendar based on modern values.

Santi Sen, secretary of P. M. Bagchi, and an elderly man who edits the result from 4 or 5 other pandits calculations. P. M. Bagchi is a company that publishes a panchanga made with calculations from Surya Siddhanta.

Shasti Ranjan Jyotishastri in Ghatal, Gambhir Nagar, Midnapur. This is the pandit that makes the calculations for P. M. Bagchi.

Kalipada Battacarya, the pandit performing the calcualtions for Gupta Press, another company that publishes a panchanga based on calculations from Surya Siddhanta.

Arun Kumara Lahiri, son of late N. C. Lahiri. They publish a panchanga called Vishuddha Siddhantika, based on modern calculations.

A.K. Bhatnagar, director of Positional Astronomy Center, Calcutta.

Amalendu Bandyopadhyay, the previous director of  Positional Astronomy Center, Calcutta.

Sada Siva Mishra. Teacher in the sanskrit college in Calcutta. He also teaches Surya Siddhanta to Kurma das, gurukul, Mayapur.

Vishva Priya Tirtha Swami, belongs to the Madhava sampradaya and is the present “president” of the Krishna temple in Udupi. He said that they follow a calendar based on values obtained from the old methods of Aryabhata except for ekadasi where new methods are used.

Kourangra Sitaram, an astrologer in Udupi called for by Vishva Priya Tirtha Swami.

Srinivas Adiga and Sripati Adiga, Udupi. Srinivas Adiga is a sanskrit teacher in the college in Udupi and Sripati Adiga is one his students, they both know astrology and are conversant with Surya Siddhanta.

Kutti Shastri, headmaster of National High School in Tiruchirapalli. He makes the panchanga based on old methods for the followers of the Ramanuja sampradaya in the Sri Rangam temple.

Om Prakash Sharma, the superintendent of the Yantar Mantar observatory in Jaipur.

Pandit Banchitar Bhavan, the previous superintendent of the Yantar Mantar of Jaipur.

Sri Braj Bhallab Sharan Adhikariji. Nimbaraka (Kumara) sampradaya in Vrindavana.

2. THE DIFFERENCE IN THE MOVEMENT OF THE MOON AND THE SUN

The sun and the moon, as well as the stars, are moving around the earth everyday. If we look at the moon and the stars in the night, we will see how they gradually move over the sky as the hours pass. It will seem as if the stars and the moon move together. But if we take a closer look and note the position of the moon in relation to the background of stars at one day, and then compare that with it’s position the next day, we will see that the moon has moved a little towards east in relation to the stars (picture 1a & b).
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The amount of this movement is approximately 13 degrees per day. This movement will make the moon complete a rotation around the belt of the stars, called the zodiac, in about one month. After that time it again comes back to the same group of stars from where it started one month ago.

A similar situation is true for the sun. The problem though is that we cannot see the sun and the stars simultaneously since the stars are too weak to be seen during the day. So the simple observation which can be done with the moon cannot be done with the sun. But if the stars could be seen simultaneously with the sun then we would see that the position of the sun on the background of stars would gradually change. This movement is not as fast as the movement of the moon though. In one day the movement of the sun is only about 1 degree. So one would have to wait for many days or weeks in order to note the difference. For the sun to come back to the same group of stars on the zodiac, it takes one year. For the moon it took only a month. 

A)  The definition of a solar and a lunar month and year

The definition of a month and a year can be done in different ways. There are two basic ways of doing it. One definition is based on the movement of the moon and the other definition is based on the movement of the sun.

a)  The solar month and year
The solar month is the time it takes for the sun to traverse a complete sign in the                                        zodiac. There are 12 signs in the zodiac and each sign thus covers an angle of 30 degrees. Because the sun moves about 1 degree each day over the zodiac, it will take about 30 days to traverse a complete sign. The more exact average of length of such a month is 30.4 days. 12 such months are one solar year, i.e. a little more than 365 days. In other words the length of the solar year is the time it takes for the sun to return to the same group of stars from which it started one year ago. This year is well synchronized with the seasons.

b) The lunar month and year
The lunar month and year is slightly more complicated to understand. The Vedic definition of the lunar month is based on the phases of the moon. We have discussed the movements of the sun and the moon over the zodiac. For the sun it took one year to complete a rotation around the zodiac and for the moon it took a month. We know that the phases of the moon change. Sometimes the moon is full, sometimes it is half, and sometimes it is new moon. These different phases are determined by how much of that side of the moon which is illuminated by the sun can be seen from the earth. When the sun and the moon are close to each other on the zodiac, practically only the backside of the moon, as seen from the earth, will be illuminated by the sun. Thus, only a part of the side we see from the earth will be illuminated, and most of it will be dark (picture 2).
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On the other hand, when the sun is on one side of the zodiac and the moon is on the opposite side then that side of the moon which we see from the earth will be completely illuminated, and we will see the moon as full (picture 3).
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All other positions of the sun and the moon in between those positions will result in all other intermediate phases of the moon (picture 4a & b).
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In our calendar a month starts when the moon is full and it continues up to the next full moon. This takes around 29.5 days.

And just as 12 solar months make one solar year, similarly 12 lunar months make one lunar year. Since one lunar month took 29.5 days, 12 such months, i.e. a lunar year, will take around 12 x 29.5 days which is 354 days.

This kind of year is 11 days shorter than the solar year (which was 365 days) and thus it is not synchronized with the seasons. The beginning of the lunar year will fall 11 days earlier every year.

In order to synchronize the lunar year with the seasons an extra month is added approximately every 3rd year according to certain rules given in Hari Bhakti Vilasa so that the mean length of the lunar year will be perfectly synchronized with the solar year in the long run.

3. THE PANCHANGA

A.  Panchanga consists of five parts

The vaisnava calendar is called panchanga. The word panchanga indicates that the calendar consists of five parts or gives information about five elements. These elements are vara (day of the week), tithi (lunar day), karana (half of tithi), naksatra, and yoga.

a)   Tithi
We have discussed how the lunar month is the time from one full moon to the next full moon. The lunar month is divided into 30 parts. Each such part is called a lunar day or a tithi. The tithis are simply the different phases of the moon. Thus the first tithi starts at the moment when the moon is full, i.e. when the angle between the moon and the sun is 180 degrees, and it continues up to when the angle has increased 12 degrees, and some part of the illuminated side of the moon is no longer visible from the earth, i.e. the moon is not completely full. At that time the second tithi starts and continues up to when the angle between the moon and the sun has increased 12 degrees more, or when slightly more of the illuminated side of the moon is on the backside of the moon as seen from the earth, and thus the moon is even less full. When 15 such tithis have passed the angle between the sun and the moon is 180 degrees + 15 x 12 degrees which is 360 degrees or 0 degrees. At that time the illuminated side of the moon can not be seen at all, and it is new moon. Then 15 more tithis are gradually passed and the moon becomes full again, 30 tithis have passed and the month comes to its end (picture 5). 
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The period of decrease of the moon in size is called the waning fortnight or krsna paksa, and the period of increase of the moon in size is called the waxing fortnight, or sukla or gaura paksha. Some lunar calendars start the month from the 0 degree position, or directly after the new moon. Such calendars are called mukhya candra. Other calendars like the one we follow start directly after the full moon, with the krsna paksa and are called gauna candra.

The angular speed of the moon in relation to the sun is not constant. Therefore a tithi is not a fixed duration of time. Its length varies between 19 and 26 hours. Thus the lunar tithi does not correspond to the 24 hours long solar day. A tithi may therefore start at any time of the day (picture 6).
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The names of the tithis are the same for the tithis occurring during Krsna paksa (the dark period of the moon), except for the new moon and the full moon.

  Krishna    Paksha
 Gaura    Paksha

 Tithi         Name 
 Tithi        Name 

   1          Pratipat
   1          Pratipat

   2          Dvitiya
   2          Dvitiya

   3          Tritiya
   3          Tritiya

   4          Caturti
   4          Caturti

   5          Pancami
   5          Pancami

   6          Shashti
   6          Shashti

   7          Saptami
   7          Saptami

   8          Ashtami
   8          Ashtami

   9          Navami
   9          Navami

  10         Dashami
  10         Dashami

  11         Ekadashi
  11         Ekadashi

  12         Dvadashi
  12         Dvadashi

  13         Trayodashi
  13         Trayodashi

  14         Caturdashi
  14         Caturdashi

  15         Amavasya ( new moon)
  15          Purnim ( full moon )

 b)   Naksatra

We have spoken about the belt of stars in the sky called the zodiac and that it is divided into 12 signs which cover 30 degrees each. There is also another way of dividing the zodiac into 27 parts which consequently cover 13 1/3 degrees each. These parts are called naksatras.

While the moon is moving over the zodiac it continuously passes these naksatras one by one. In the panchanga naksatra simply refers to the naksatra within which the moon is present at the moment.

c)   Yoga

Tithis and naksatra can easily be understood in relation to the phenomena in the sky. Tithi is the phase of the moon, and naksatra is the position of the moon. But yoga is not easily understood in a similar way. Like naksatras there are also 27 yogas. The yoga is determined by dividing the sum of the angle or longitude of the sun and moon by 13 1/3 degrees.

B)    Why we follow a lunar calendar and not a solar one

In the Vaisnava calendar the time for different calibrations is determined according to tithi. Sometimes other things like nakshatra etc. also have an influence.

Most scholars who have analyzed the old Indian calendar systems, both lunar and solar ones, have concluded that the lunar system is the most ancient and original.

It is known that the lunar phases influence different aspects of life, not only in agriculture, which is commonly known, but also in more subtle aspects of human life.

The following are excerpts from “The Law of Manu”

“On the days of the conjunction and opposition let him (the father of a family) constantly make those oblations which are hallowed by Gayatri, and those which avert misfortune; but on the eighth and the ninth lunar days of the three dark fortnights at the end of Agrahayan, (Margasirsha) let him always do reverence to the Manes of Ancestors.”

“Important duties are to be performed on some fortunate day of the moon at a lucky hour, and under the influence of a star with good qualities.”

“The most approved lunar days for sacred obsequies are the tenth and so forth, except the fourteenth, in the dark half of the moon.”

“On even lunar days, he who does honour to the manes, and under even lunar stations (i.e. constellations), enjoys all his desires. On odd lunar days and under odd Lunar Asterisms, he procures an illustrious race.”

“The dark lunar day destroys the spiritual teacher, the fourteenth destroys the learner, the eighth and the day of full moon destroy all remembrance of Scripture, for which reason he must avoid reading on those days."

“On the dark night of the full moon, and on the eighth on the night of the full moon, and on the fourteenth, let a Brahmin who keeps house be continually chaste as a student in theology.”

We also know the importance of ekadasi. In Caitanya Caritamrta, Madhya-lila, chapter 24, Lord Caitanya gives instructions to Sanatana Goswami regarding the Vaisnava regulative principles. In text 342 Lord Caitanya says regarding viddha ekadasi:

“You should recommend the avoidance of mixed Ekadasi and the performance of pure Ekadasi. You should also describe the fault in not observing this. One should be very careful as far as these items are concerned. If one is not careful, one will be negligent in executing devotional service.”

“Mixed Ekadasi” is the translation of “viddha ekadasi” described in Hari Bhakti Vilasa to be when the 10th tithi still presides at the beginning of brahma muhurta in the morning, even though the 11th tithi starts before sunrise.

4. HOW EKADASIS AND FESTIVAL DAYS ARE DETERMINED

The solar day begins at sunrise and continues upto the next sunrise, when the next day starts.

On which day should one celebrate a particular tithi? Different scriptures give different rules. The Vaisnava rules as given in the Hari Bhakti Vilas are as follows.

B)  General rule

The general rule is that one will celebrate a tithi on that day whose sunrise falls within the tithi (picture 7).
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Sometimes a tithi is not touched by a sunrise, i.e. it begins after sunrise of one day and ends before sunrise the next day. Such a tithi will be observed on the day within which the tithi falls (picture 8).
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If a tithi is touched by two sunrises, one will give preference to the first of the two days (picture9).
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C)  Special rules for observing ekadasi

When determining on which day to observe the ekadasi tithi there is a difference between the brahminical or smarta tradition and the Vaisnava tradition. In the smarta tradition the rule for determining the ekadasi day is the same as the general rule for observing tithis, i.e. the tithi must start before sunrise. But in the Vaisnava tradition, for the ekadasi to be suddha, or pure, the ekadasi tithi must start atleast  2 muhurtas before sunrise. This periods of 2 muhurtas is called Brahma Muhurta or Arunadaya.

If the ekadasi tithi  starts after the beginning of brahma muhurta, even though before sunrise, the ekadasi tithi is called viddha or contaminated, and the ekadasi fast  should be rejected that day and observed the next day.

This may or may not combine with conditions for mahadvadasi fast, but in either case a viddha ekadasi cannot be used for fasting.

C)  Rules for mahadvadasi

Under particular conditions, called mahadvadasi, one doesn’t fast on ekadasi but on the next day, the dvadasi, even though the ekadasi is not viddha but suddha or pure. There are eight different mahadvadasis, four of which are determined by naksatras.

1. If the ekadasi tithi begins by the dawn of one day and continues until or past the sunrise of the next day, i.e. the ekadasi vrddhi or increased, the second half of the two days will be called unmilini mahadvadasi. On that day one should observe the ekadasi vrata.

2. If, after a suddha ekadasi, a dvadasi tithi starts before the next sunrise and extends past the next sunrise after that, i.e. the dvadasi is vrddhi, the first dvadasi is called vyanjuli mahadvadasi. On that day one should observe ekadasi vrata.

3. If the ekadasi tithi presides at the dawn of a day and the dvadasi is completed before the next sunrise, i.e. the trayodasi tithi starts on the same day, that day where the three tithis touch is called trisprsa mahadvadasi. One should fast on that day.

4. If a new or full moon day is vrddhi crossing two consecutive sunrises, the preceding dvadasi is called paksavardini mahadvadasi. One should observe the ekadasi vrata on that day.

5. On a gaura dvadasi day, if punarvasu naksatra is present it is called jaya mahadvadasi.

6. On a gaura dvadasi day, if rohini naksatra is present it is called jayanti mahadvadasi.

7. On a gaura dvadasi day, if pusya naksatra is present it is called papa nasini mahadvadasi.

8. On a gaura dvadasi day, if sravana naksatra is present it is called vijaya mahadvadasi.

In cases 5, 6, and 7 the gaura dvadasi day must be last at least from before sunrise to the sunset. In case 8, the tithi must start before sunrise but may end before sunset. In all cases 5-8 the naksatra must start at sunrise and last until the next sunrise (trayodasi) for the day to be considered a mahadvadasi.
D)  Special Festivals

Govardhana Puja falls on gaura pratipat, the day after new moon, of Damodara month. If the pratipat begins after a sunrise and ends before the next sunrise, one shouldn’t  celebrate Govardhana Puja on that day as it is contaminated by amavasya. One should celebrate on the next day the dvitiya. If the pratipat is vrddhi, one should observe Govardhana Puja on that day where there is a moon rise.

If the appearance or disappearance of an acarya falls on a suddha ekadasi or mahdvadasi, the feast should be observed the next day.

Though Vamana appears on dvadasi, the fast for His appearance will occur simultaneous with the ekadasi fast the day before. Vamana puja will be performed on the ekadasi night or on the dvadasi morning before the parana limit. However, if sravana naksatra combines with the dvadasi according to the rules for mahadvadasi, one should fast for ekadasi and Vamana dvadasi on the mahadvadasi day and break fast the next day. ( This would be the case for other types of mahadvadasi’s also.)

Rama Navami is usually celebrated on the gaura navami of Visnu month, but if the dasami, the tithi for parana, falls within the same day as navami and the ekadasi tithi starts by dawn the next day after the navami, Ramacandra’s appearance day should be celebrated on the astami day, and the parana take place on the navami.

Janmashtami, appearance of Lord Krsna, falls on the krsna astami of Hrsikesa month. If the astami is trisprsa, i.e. contaminated by the saptami, in no case can one celebrate Krsna’s appearance on that day. Celebrations should take place the next day. If astami falls over two sunrises, if rohini naksatra presides on one of these days, that day should be taken as Janmasatami. If rohini presides over both days, one should chose the day whose midnight is touched by rohini. If rohini touches both midnights, one should celebrate on the first of the two days. If rohini doesn’t preside on either day, whichever day is Monday or Wednesday should be observed as Janmastami. If neither day is a Monday or Wednesday, then chose the first day.

Rathayatra occurs on the gaura dvitiya of Vamana month. According to scripture, the return ratha is nine tithis after, counting the dvitiya as number one. However the current custom is to count nine days from the dvitiya not nine tithis. Thus the return ratha sometimes occurs on an ekadasi and sometimes on a navami.

5.    THE LENGTH OF A MUHURTA
There are different opinions on how long a muhurta is. Some say it is 48 minutes long, and some say that there are night muhurtas and day muhurtas, and that their lengths are proportional to the length of the day and night respectively. A night muhurta is a 15th of the night time. The day time is from sunrise to sunset, and night time is from sunset to next sunrise. If night and day are equal in length they will both be 12 hours long. Thus a night muhurta and a day muhurta will both be 48 minutes long. But if the day is 10 hours long and the night is 14 hours long then the day muhurta will be 40 minutes and the night muhurta will be 56 minutes. Those who use this proportional system and thus differentiate between night muhurtas and day muhuratas take the length of brahma muhurta to be 2 night muhurtas. Thus the brahma muhurta may vary in length depending on the time of the year and the latitude of the place.

The original definition of a muhurta seems to be a 15th of the day or night. In the report from the Calendar Reform Committee, appointed in 1952 by the Indian Government, it is stated that in the old system the muhurta was defined in the proportionate way as the 15th of the day and a 15th of the night, whereas more modern systems use the fixed length of 48 minutes.

The persons I interviewed spoke in favor of both systems. As the computer program works now it uses the fixed system of 48 minutes. The program is already prepared though to use the proportional system which can therefore easily be implemented.

The opinion of the persons I spoke to was as follows:

Bhakti Gunakar Maharaja:


Proportionate

Haridas Shastri Goswami:


Proportionate

Puri Maharaja:



Fixed

Srinivas Adiga:



Fixed 

Sada Siva Mishra:



Proportionate

(I have not been searching very much for any shastric proofs for these opinions.)

Presently the computer program uses the fixed length of 48 minutes. The program is prepared though for the proportionate muhurta, and it is easy to switch over if so is decided.

A) Excerpts of interviews about the length of a muhurta

a)   Interview with Bhakti Gunakar Maharaja

MRD: 
I have heard one thing about the muhurta. The brahma muhurta is 2 muhurta before sunrise.

BGK:
1 hour and 36 minutes.

MRD:
Yes. Now I have heard that previously a muhurta, which is now 48 minutes . . .

BGK:
Not exactly. The day is divided into 15 parts. 1 part is a muhurta. So according to the length of the day it always varies.

MRD:
That method is to be used?

BGK:
Yes, we use this method.

MRD:
So that means for example in Sweden in the summer, the night might be only 6 hours long instead of of 12 hours. Then the muhurta becomes 24 minutes instead of 48.

BGK:
Sweden should use that as their muhurta.

MRD:
They should?

BGK:
They must. Because the day is divided into 15 parts. Each part is a muhurta. A muhurta is not a fixed time. If day is longer the muhurta will be longer. If day is shorter the muhurta will be shorter.

b)   Interview with Haridas Shastri in Vrindavana
MRD:
The Brahma Muhurta  is two muhurtas in length, and a muhurta is generally considered to be 48 minutes. But I have also heard that the definition is that a muhurta is a 15th of the daytime which will be 48 minutes if the day is 12 hours long. But if the day is shorter let’s say 10 hours, then you get 40 minutes. The muhurta is proportionate to the day. So I wonder now if one should use the proportionate muhurta for determining the Brahma Muhurta or should one use the muhurta which is always 48 minutes.

HDS:
One should use the proportionate.

MRD:
In Sweden there are sometimes very short days or very short nights. Should we use the proportionate muhurta there also.

HDS:
The formula is 4 gatikas. And that should be determined according to the proportionate method.

c)
Interview with Puri Maharaja at Sri Caitanya Gaudiya Math. 35, Satish Mukherjee Road,      Calcutta.
MRD:
I have heard that the length of Brahma Muhurta is proportionate to the length of the day and night. Is that correct. For example, if time between sunset and sunrise is 12 hours a muhurta will be 48 minutes, but if it is only 10 hours then a muhurta will be only 40 minutes.

PM:

Instead of 40 minutes it will remain 48 minutes.

c)   Interview with Srinivas Adiga in Udupi
Srinivas Adiga said that a muhurta is always 48 minutes.

d)   Interview with Sada Siva Mishra
MRD:
There are some different opinions about a muhurta. Some say that it is 48 minutes long, and some say that it is a 15th of the day time and a 15th of the night time. That means if the day time is shorter then also the muhurta becomes a little bit shorter. What is the proper understanding?

SSM:
A 15th part of the day and a 15th part of the night is called a muhurta. Day-muhurta and night-muhurta.

MRD:
So in Sweden sometimes in the summer the night is only 6 hours long. Then the muhurta becomes shorter.

SSM:
If in Sweden the night is 6 hours then you take a 15th part of those 6 hours and that is the muhurta.

MRD:
So if the night is 6 hours then the muhurta becomes 24 minutes instead of 48 minutes. So the brahma muhurta will be 2 times 24 minutes.

SSM:
In that day the brahma muhurta will be 48 minutes long.

6.
THE RELEVANCE OF THE PRESENT CALENDAR IN DIFFERENT PARTS OF THE WORLD

A)  The present calendar

The present calendar that ISKCON is using is an edited short version of the calendar made by Bhagavat Maharaja in Caitanya Math close to the Yoga Pit in Mayapura. When I talked with Bhagavat Maharaja he explained that he is following in the footsteps of Bhaktisiddhanta Maharaja and is making this calendar according to the rules given in the Hari Bhakti Vilasa. For the ending times of tithis etc. he consults the panchanga produced by P. M. Bagchi and also Gupta Press.

B) The question of determining tithi at local sunrise

We have seen that the determination of ekadasis and festivals is depending on the proper ascertainment of tithi and nakshatra, at the time of sunrise and brahma muhurta.

Could we follow a calendar made for the sunrise of Calcutta even though we live in other parts of the world like Europe or the USA?

I asked Bhagavat Maharaja if his calendar made for Calcutta also could be used in Bombay or even in other countries like USA. He explained that he was unable to answer that but he told me to consult P. M. Bagchi.

When I talked with  Shanti Sen, the secretary of P. M. Bagchi, and the one who edits their panchanga, the following conversation took place (when Santi Sen speaks he generally translates what the editor says):

MRD:
In ISKCON we could, for the purpose of unity, follow this calendar (the ISKCON calendar) all over the world. For example here it says Pandava Nirjala Ekadasi at the 15th of the June, this is according to the Calcutta sunrise. But if I live in Stockholm it could mean that this ekadasi should be celebrated the 14th because of the rules given in the Hari Bhakti Vilas. So if one considers the sunrise of all the different places then the date of celebration can differ one day back or forth in the different parts of the world. Now some of our members might think that this is a little bit strange. So for the sake of unity we could adopt the principle of using only one calendar for the whole world. But we could use also one calendar for each place. Should we follow one calendar for the whole world or should we follow one calendar for each place?

SS:
This is absolutely depending on the sunrise. When we are in Calcutta we observe ekadasi today, but in Bombay tomorrow could be ekadasi.*

*As far as I can see Bombay could not have ekadasi “tomorrow” but very well “yesterday”. This mistake by Shanti Sen is easy to make though.

MRD:
Is it important to make this distinction even between the different towns in India?

SS:

Yes, it is depending on the sunrise.

MRD:
Are you making panjikas for different towns?

SS:
Yes, all over India. In America there are some hindus observing the Durga Pujas. We have calculated for that people what time will be there in New York etc.

MRD:
Is there often difference of date between different towns in India, or does it happen only sometimes?

SS:

Only sometimes.

Another person I discussed this with was Sada Siva Mishra, sanskrit teacher in the sanskrit college in Calcutta. He teaches Kurma das in Mayapur Gurukula the Surya Siddhanta and its methods.

MRD:
Are you conversant with the methods of making a panjika?

SSM:
Yes.

MRD:
As far as I understand, the day for celebrating a tithi is that day where the tithi is present at sunrise. So if one makes a calendar for  Calcutta and then goes to let’s say New York, then that calendar would not necessarily be right. Instead one must consider the time of sunrise in New York. Is that right?

SSM:
Yes. Tithi is calculated on sunrise. If there is ekadasi here on sunrise, it will not necessarily be so in New York.

MRD:
 So it might be on another day let’s say if it is on the 29th here then it could be the 28th there.

SSM:
Yes

MRD:
It is important to determine the right date for ekadasi for different places. Is it also as important with Janmastami and other appearance days?

SSM:
Suppose we celebrate janmashtami here at the 24th, so in Sweden you might celebrate it the 25th.* Suppose that saptami ends here today but in America it does not end  today.

*As far as I can see the 25th is not possible, but very well the 23rd. This mistake is easy to make though when discussing.

MRD:
Then they will celebrate next day (previous day)?

SSM:
Next day (previous day).

Actually everyone that I asked confirmed that one should follow a calendar made according to the time of local sunrise. The following are excerpts from interviews with others persons I asked this question:

a)   Interviews about the importance of the local sunrise
I)
Interview with  A. K. Bhatnagar the director of Positional Astronomy Center in Alipur, Calcutta.

MRD:
When one is making a calendar, an important point is to know which tithi is present at the time of sunrise.

AKB:
Yes.

MRD:
And that determines when you should celebrate a certain tithi.

AKB:
Yes.

MRD:
ISKCON is a world wide movement with temples in different cities. Now we are following one calendar made for Mayapur, Navdvipa, according to their sunrise. Now, first of all the calculations were of course off by a couple of hours because the calculations were based on Surya Siddhanta, but apart from that according to the traditional method one should actually celebrate it depending on when the sun rises on the local place.

AKB:
Yes.

MRD:
So, what would your opinion be in that question? Would it be alright to follow the one made for Navadvipa or Calcutta . . .

AKB:
You see in this publication we are following the central meridian of India, i.e. 82.5 degrees longitude, so in different countries one could follow the corresponding central meridian of that country.

MRD:
Yes, but one should not follow let’s say in New York the one for India?

AKB:
Correspondingly you have to change the meridian and find which tithi would be at that time of sunrise.

II)
Interview with Bhakti Gunakar Maharaja
MRD:
One thing which I wonder in this connection is if Bhaktisiddhanta Maharaja gave any instructions regarding for which place the calendar should be calculated. For example, those who live here, let’s say in Navadvipa, they can make the calculation according to the sunrise in Navadvipa. But let’s say for example those who live in Bombay. Which sunrise do they use?

BGK:
We take sunrise and sunset at Calcutta time, but in our calendar, in our book, for Bombay and other places and other western places, where variations occurs we always mention in our panjika variations. Within Indian territory  we always mention variation. Suppose we observe ekadasi today. Bombay will observe tomorrow*. Let’s see in our book . . .

MRD:
It is not so common that there will be different dates between Bombay and here.

BGK:
Very seldom. In one year there will be some variation in 3 or 4 cases.

MRD:
So there is no instruction by previous acaryas that everyone should follow for example the calendar made for Navadvipa.

BGK:
No, he did not. . . Prabhupada did not give some definite instruction.

MRD:
This thing about calculating according to local sunrise. . .

BGK:
Everybody will accept, because today Ekadasi in India . . . In England what will be?

MRD:
Maybe Tomorrow*. . .

BGK:
Maybe tomorrow. They have to accept it because they are 5 hours and 30 minutes behind. And America it will be 12 hours difference.

We have  got a math in London. We calculate a vrata list for them separately and send it there.

9th of November the ekadasi tithi is viddha in Calcutta, West Bengal . . and places east of this place. But Kartak, Gaya, (we calculate sunrise and sunset separately for those places where we have got math and find out whether they have got viddha or not,) Patna, . . . Vrindavan, Mathura and Bombay – Shuddha Ekadasi. According to our panchang these places will observe ekadasi the 9th and next day . . . Calcutta will observe next day.

*When discussing these things it is easy to make the mistake to think that a place west of Calcutta where the sun appears later might have ekadasi the next day, but the fact is that they might have ekadasi the day before.

III)
Interview with Haridas Shastri in Vrindavana
MRD:
In ISKCON we are presently following the calendar made according to the sunrise in Navadvipa or Calcutta, but according to Hari Bhakti Vilas one should do it according to the local sunrise where one lives. In ISKCON we have many branches all over the world. There is very much difference between the time of sunrise of all these places. We are now having discussions about what we should do. What is your opinion about this?

HDS:
You can have for zones but not for the whole society.

IV)
Interview with Arun Kumara Lahiri son of N. C. Lahiri
MRD:
In ISKCON there has now been a decision by the GBC, the Governing Body commission, the leaders of ISKCON, that we should investigate whether we should have a calendar made for one place for the whole world or if we should have calendars for each place, depending on the longitude and also latitude, but I think longitude is the thing that has most influence.

AKL:
Yes.

MRD:
That is the main question, and there are some other question around that. As it is now we have a calendar made for Navadvipa, so let’s say the 3rd of July is a shuddha ekadasi in Navadvipa. As we are doing now in ISKCON wherever there is 3rd of July we have shuddha ekadasi.

AKL:
Suppose you want to find out when to observe a tithi in Mauritius. Then we shall have to add some hours for Mauritius. In Mauritius there is the Rama-Krishna mission, they are observing Durga Puja, and they ask us which time they should observe the tithis in Mauritius. We have explained to them that they should add the time difference for Mauritius. 

MRD:
In ISKCON  when we want to know when is ekadasi, then you see what tithi is present at sunrise . . .

AKL:
That is no difficult . . .

MRD:
This is the method. In Calcutta we have at sunrise let’s say the 11th tithi, ekadasi. So when the sun comes to Stockholm, that is maybe 4 hours later, then the tithi could be 12.

AKL:
Maybe 12 yes.

MRD:
Suppose tithi 11 is prevalent at sunrise in Calcutta at 6 o’clock IST. Now let’s say that tithi 11 ends at 7 o’clock. That means that tithi 12 starts at 7 o’clock.

AKL:
Correct.

MRD:
When the sun rises in Stockholm maybe 4 hours later, that means that tithi 12 has been going on for 3 hours.

AKL:
Yes, correct.

MRD:
So this means that at this sunrise in Stockholm it is not tithi 11, it is tithi 12. So what we are doing now in ISKCON we still consider this to be ekadasi.

AKL:
Oh, on 12?!

MRD:
Even though the tithi at sunrise in Stockholm is 12. 

AKL:
Still you are  . . .?

MRD:
Still we say that this is ekadasi.

AKL:
Because you are following Navadvipa?

MRD:
So my question is: Is that correct?

AKL:
Suppose tithi is available in IST. You convert the time to this place (Stockholm) and find out the sunrise at that place. If it covers, then you will see whether that festival is also on that day or not. Very simple thing. 

MRD:
Let’s say that the tithi at sunrise in  Stockholm is tithi 12, then maybe the day before it was tithi 11.

AKL:
11 yes.

V)
Interview with Narayana Maharaja in Mathura
This interview was not recorded.

Narayana Maharaja said that we should make separate calendars for different places, according to the time of local sunrise.

VI)
Interview with Puri Maharaja at Sri Caitanya Gaudiya Math. 35, Satish Mukherjee Road, Calcutta

MRD:
In ISKCON we have temples all over the world, like in London, New York, and we all want to follow the ekadasi vrata. Now, when the sun rises in India, after 5 hours it rises in London. The rules given in Hari Bhakti Vilasa state that one should see which tithi presides at sunrise and brahma muhurta. So, does it mean that those in London should consider which tithi presides at the sunrise in London or can they follow the sunrise in India? Should they take the London sunrise or should they take the Mayapur sunrise?

PM:

London Sunrise.

MRD:
In ISKCON there are some devotees who say that since Mayapur is a spiritual place therefore we should follow the sunrise in Mayapur even if we live in London or New York.

PM:
According to astronomy we should take the sunrise in London. We should follow that. If we follow the London sunrise that will not go against the paramartha. We should follow the advent day of Sriman Mahaprabhu, but according to your London time. You follow that.

MRD:
Can there be a different date between Calcutta and Bombay?

PM:

Yes, time may differ. According to time Ekadasi can come the next day.

MRD:
In Bombay?

PM:

In Bombay.*

*When discussing these things it is easy to make the mistake to think that a place west of Calcutta where the sun appears later might have ekadasi the next day, but the fact is that they might have ekadasi the day before.

VII)
Interview with Bhaktivedanta Trivikrama Maharaja (Disciple of Kesava Maharaja.)

Sri Uddharan Gaudiya Math Chowmatha, Chinsura

We discussed the subject of applying the ending time of tithi to the local time of sunrise. And we agreed that it should be done in that way and that this can result in Ekadasi being celebrated on different dates in different places.

C)  How often would there be a difference?

So everyone that I spoke to considered it to be important that the calendar is made according to the local sunrise.

One could ask how often would there be a difference between the Calcutta calendar and the calendar of other places?

If a calendar made according to the sunrise in Calcutta is used in Europe which has its sunrise in approximately 5 hours after India then in average every 5th ekadasi will happen one day too late. That means 5 ekadasis per year will be one day late.

In one place in the USA where the time difference is 12 hours, every 2nd ekadasi will happen one day too late. That is 12 ekadasis every year in average.

In Hawaii where the time difference is 15.5 hours (counted towards west), 2 ekadasis out of 3 will be one day too late, i.e. 16 per year.

In Bombay where the time difference is 1 hour, every 24th ekadasi will happen on the wrong date – 1 ekadasi every year. 

I compared the Calcutta calendar with the St. Louis calendar for the gaurabda year 503  (1989-90). Out of 24 ekadasis there were 11 ekadasis on the different dates, i.e. 46 percent. ( Among those ekadasis that differed was Bhima Nirjala Ekadasi.)

Comparing the Calcutta calendar and the calendar for Hawaii gives 16 ekadasis out of 24 on different dates in gaurabda year 503 – that is 67 percent.

We have here been speaking about differences of 1 day. In some circumstances in connection to mahadvadasis the difference can become 2 days. Especially when considering that the ending times of tithis which the present ISKCON calendar is based on are sometimes off by more than 4 hours compared to observable reality.

D)  The influence of the date line
 An interesting point is whether the position of the date line will have any influence on the day to observe ekadasi.

One might say that if every place has its own calendar then it could happen so that two places which are quite close to each other will observe ekadasi with 24 hours difference in time and this might cause bewilderment, and that this will not happen if we all follow the same calendar. But if we all follow the same calendar this thing also happens.

Since the Englishmen established that the zero meridian goes through England, Greenwich, the date line is positioned on the opposite side of the earth between Hawaii and New Zealand.

When the time is 12 o’clock in the night in New Zealand the 2nd of June, then at the same time it is 11 o’clock in the night in Hawaii the 1st of June. Hawaii has not yet been hit by the 2nd of June. Hawaii has to wait one hour to get the 2nd of June. But at that time, one hour later, New Zealand does not have 2nd of June any longer but is instead hit by the 3rd of June.

If ekadasi is on the 5th of June in New Zealand, then at that date the following phone conversation could take place between Mr. N on New Zealand and Mr. H on Hawaii (two places close to each other):

N:  “What is the time over there?”

H:  “It is in the middle of the day.”

N:  “Yes, it is the middle of the day here also in New Zealand.”

H:  “Do you know that it is ekadasi tomorrow?”

N:  “No, it is today.”

H:  “But we will observe it tomorrow the 5th of June.”

N:  “Here in New Zealand it is already the 5th of June.”

If they would have followed a calendar made for the local sunrise then it is likely that they would have observed the ekadasi at the same time, although that time might be called the 4th of June in Hawaii and the 5th of June in New Zealand.

We see that the date line is putting names (dates) on a specific time. As the date line is positioned now, Hawaii always observes a specific date one day later than the New Zealand and, if they both follow the Calcutta calendar, Hawaii will practically always observe ekadasi one day later than New Zealand.

The Englishmen have established that the zero meridian goes through Greenwich in England. But if the Americans would have established that the zero meridian goes through Dallas in America, then the date line would go through Dallas in America, then the date line would go through India and cause Mayapura and Vrindavana to observe a specific date with one day’s difference. (provided that no adjustments would be done to unify the date within the same country). Thus if they both followed the same calendar they would always celebrate ekadasi with one day’s difference.

This dependence on the date line is not there in the system described in Hari Bhakti Vilas. With that system, where one celebrates a certain tithi according to the tithi present at the local sunrise where one lives, it does not matter whether the date line is established by the Englishmen or the Americans, it will have no influence.

7.  CALCULATIONS OF THE CALENDAR BY HAND VERSUS COMPUTER PROGRAM

A) Manual method

Traditionally the astronomical calculations needed for making a panchanga were done according to one of the astronomical siddhantas such as Surya Siddhanta. The methods described in Surya Siddhanta are basically quite similar to modern astronomical siddhantas such as Surya Siddhanta. The methods described in Surya Siddhanta are basically quite similar to modern astronimical methods for ascertaining the positions of the planets. The main difference is that Surya Siddhanta has more simplified model. This is necessary, otherwise the calculations can not be done by hand in a practical way.

That Surya Siddhanta is simple does not mean that it was more primitive than modern methods. In one sense it is more advanced since it can be used by a skillful person at any time with little need of equipment. The only thing needed was some observatory instruments that could be built without high technology. These instruments were used at regular periods to check that the calculations tallied with observable reality. If (when) a  difference manifested after some time then corrections where made to the astronomical “constants” in the formulas. With this system fairly good results were obtainable even though the astronomical model was simple. The accuracy cannot be compared to that obtained by modern methods, but for the purpose of astrology and creation of calendars it is sufficient.

The method of doing the calculation by hand according to the method of Surya Siddhanta is laborious though. For a calendar covering one year it is necessary to determine the ending times of all tithis, naksatras, and yogas occurring in one year. This sums up to about 1100 values per year. If it takes in average 3 minutes per value then it will take 11 days if one spends 5 hours per day calculating. Such manual calculations are prone to contain errors.

a)   Interviews about manual method

I)
Interview with Amalendu Bandyopadhyay the previous director of Positional Astronomy Center in Alipur, Calcutta.
AB:
And moreover computation of the longitude of the moon.  Moon is a very complicated thing. And to compute longitude of the motion of the moon correctly is a very difficult thing. At that time they introduced only two or three corrections. But now moon is computed according to Brown’s formulas with 3600 corrections. It can be computed only with modern computers. So longitude of moon they could not compute correctly. So that was the drawback with them. Hence the correct computation of tithi depends on the longitude of sun and the longitude of moon. These are the two basic things. Now, considering these two aspects, if you compute longitude of sun and longitude of moon according to Surya Siddhanta the whole computation actually becomes erroneous. So maximum six hours errors is introduced due to these errors. We must compute longitude of sun and longitude of moon according to most modern astronomical formulas. Moreover, panjika publishers, their position of sun, moon and planets – these positions are also computed erroneously. So it doesn’t tally with the actual position observed on the sky. There is a big difference.

MRD:
But Lahiris is based on Nautical Almanac.

AB:
Yes, and Indian Astronomical ephemeris. At present Positional Astronomy Center they compute Indian Astronomical Ephemeris, a very big astronomical book, and in this Indian Astronomical Ephemeris these tithi, naksatra, yoga – all are computed with the most up to date astronomical formulae and with the help of computer. So these are most authentic. And Lahiris ephemeris or most correct panjikas they incorporate figures from Indian astronomical Panjika. But old panjikas, Gupta press. P. M. Bagchi, they are still following the old and erroneous methods of Surya Siddhanta.

MRD: 
I visited P. M. Bagchi and spoke to them . . .

AB:
I actually tried to make them explain “Why are you following this incorrect method, why don’t you adopt the latest scientific methods?”

“But if we follow this correct methods the sale of our panjika will go down.”

MRD:
Many have said that the panjika companies are using the old methods for calculating the tithis, but for eclipses they are using the modern ones because eclipses everyone can see.

AB:
They come to us, Positional Astronomy Canter, and they take all data regarding eclipses from us.

MRD:
But not for tithi?

AB:

Not for tithi.

MRD:
Because tithis you can not see.

AB:

It is actually befooling the public.

II)
Interview with Bhakti Gunakar Maharaja
BGK:
Surya Siddhanta is followed by other panjika makers, Gupta press and P. M. Bagchi. They follow Surya Siddhnata. There is some difference.

MRD:
Yes, I have seen. The ending time of tithis seems to be 1 or 2 hours off.

BGK:
Sometimes more than that.

MRD:
As far as I have understood the original idea of Surya Siddhanta is that the calculations should actually tally with observable reality and that this should be obtained by putting in proper bija corrections.

BGK:
Bija corrections, yes.

MRD:
But it seems that they are not doing that.

BGK:
They are not doing. And they take the calculations from Nautical Almanac when they calculate eclipses. They do not use the old methods.

MRD:
Because everyone can see . . .

BGK:
They will find it out. But they take it from Nautical Almanac. They do not calculate according to their methods. If they calculate according to their methods it will be about 1 hour late.

. . . . . . . 

BGK:
Bhaktisiddhanta Saraswati Goswami Prabhupada, he also followed the Surya Siddhanta method, and he told that this will be replaced by new method. He was a very big astronomer. 

(Bhakti Gunakar Maharaja later on told me that he had once gone to Sridhara Maharaja to ask him about the calendar. At that time Sridhara Maharaja had told him about this prediction by Srila Bhaktisiddhanta Maharaja about old methods being  changed to new methods.)

MRD:
And he said that in the future the old methods will be replaced by . . .

BGK:
New methods. But Indians, especially  in Bengal, have not adopted this method. 

The new method has been adopted by many calculators. In India, Varanasi,   

astronomers adopted this new method.

B) The question of accuracy in astronomical calculation

a)   Comparison between ending times of tithis according to P. M. Bagchi, Gupta Press, and Lahiri

In the following table we can see the ending times of tithis as given by P. M. Bagchi and by Lahiri. Bagchis values are off by more than 2 hours in average. Sometimes the difference is more than 4 hours.

The table shows comparison of ending times of tithis from the trayodasi the 15th of August to caturdasi the 14th of September, 1989, as given by P. M. Bagchi and Lahiri.

Tithi
Bagchi
Lahiri
Difference

13
11:20
12:47
-01:27

14
10;22
10:56
-00:34

15
08:59
08:37
00:22

16
07:14
05:55
01:19

17
05:12
02:59
02:13

18
02:57
23:57
03:00

19
00:33
20:56
03:37

20
22:05
18:04
04:01

21
19:39
15:27
04:12

22
17:18
13:10
04:08

23
15:07
11:17
03:50

24
13:12
09:51
03:21

25
11:36
08:53
02:43

26
10:23
08:25
01:58

27
09:37
08:26
01:11

28
09:20
08:55
00:25

29
09:33
09:52
-00:19

30
10:18
11:15
-00:57

1
11:31
13:01
-01:30

2
13:07
15:07
-02:00

3
15:01
17:28
-02:27

4
17:03
19:57
-02:54

5
19:04
22:25
-03:21

6
20:53
00:41
-03:48

7
22:21
02:34
-04:13

8
23:25
03:55
-04:30

9
00:00
04:33
-04:33

   *10
00:03
04:26
-04:23*

11
23:37
03:31
-03:54

12
22:42
01:52
-03:10

13
21:21
23:31
-02:10

14
19:38
20:38
-01:00

*Notice that the starting time of the ekadasi tithi the 11th of September (i.e. the ending time of dasami tithi) as given by P. M. Bagchi is before arunadaya in Calcutta which is at 03:48. According to Bagchi ekadasi should be celebrated the 11th of September. But according to lahiri the ekadasi starts after arunadaya, and the ekadasi should consequently have been celebrated the 12th of September.

b)   Interviews about the importance of accuracy
The following are parts of interviews that relate to the importance of accuracy of calculation.

I)
Interview with A. K. Bhatnagar the director of Positional Astronomy Center in Calcutta
MRD:
As far as  I can understand, the methods of Surya Siddhanta can be used but  the correct . . .

AKB:
Corrections has to be applied. So rather than  doing that you can just use the ready made data which is based on modern science and make the pachanga.

II)
Interview with Pandit Banchitar Bhavan the previous superintendent of the Yantar Mantar observatory in Jaipur
MRD:
If there is a difference of 2 hours, what should we do then?

PBB:
Then make bija-samskaras.

MRD:
It seems that those who make calculations today they use bija corrections which are made 1000 years ago. These bija corrections are not able to adjust these formulas properly. Why are they not making new bija corrections? They have the Yantar Mantar.

PBB:
Many astrologers don’t know. It is the problem. New bija samskaras are necessary for this Surya Siddhanta.

III)
Interview with Bhagavata Maharaja 

This interview was not tape recorded.

Bhagavat Maharaja said that it is important that calculations tally with observations. He further stated that the calculations used by him (which must then mean P. M. Bagchis calculations) are checked with observatory.

IV)
Interview with Haridas Shastri Goswami
MRD:
The calculations which we base our present calendar on are made according to Surya Siddhnata. As far as I know the formulas in Surya Siddhanta should be regularly adjusted with something called bija samskaras, and that they are obtained by making observations. You should have an observatory and you look and see how the calculations correspond to reality, and if there is a difference then one makes adjustments. But now the calculation are made according to methods or formulas which are very old, they have not been adjusted for a very long time. So the result is that the ending times of tithis are off by one or two hours. Let’s say it ends at twelve o’clock but actually it ends at two o’clock. As far as I understand it is important that it corresponds to reality. What is your opinion about this? How important is it that it is exact?

HDS:
There are two modes of calculations. There is one new and there is one old. In the new one they have done corrections. I follow the new system. There are those who follow the old system. They have also done corrections but their mode of calculation is outdated.

V)
Interview with Kutti Shastri head master of National High School in Tiruchirapalli. He makes the panchanga for the followers of the Ramanuja sampradaya in the Sri Rangam temple

MRD:
When one is using Surya Siddhanta one is supposed to compare calculation to observation and, in case of difference, . . .

KS:

apply correction . . .

MRD:
Yes, are you also . . .

KS:

We don’t have nay such method of applying corrections.

MRD:
Is the calculation of the positions of planets supposed to give precise values?

KS:

Sure.

VI)
Interview with Puri Maharaja 

At Sri Caitanya Gaudiya Math. Satish Mukherjee Road, Calcutta.

This was not tape recorded.

I simply asked “If the calculations say that an eclipse happens at two o’clock but everyone can see that it happens at three o’clock, can such calculations be used?” Then Puri Maharaja said: “That can not be admitted.”

VII)
Interview with Kalipada Battacarya the pandit performing the calculations for Gupta Press.

KPB:
The Indian ephemeris and the calculations by me are not equal.

We compared ending times of tithis as given by Gupta Press and Lahiri and ascertained that there were differences.

MRD:
Which one is right?

KPB:
Gupta Press is right, and this is wrong. According to Hindu dharma.

MRD:
I want to know which one is right according to the planets, what you can see. Not according to the Hindu Dharma.

KPB:
The observation of the planets in the sky corresponds to their ephemeris.

MRD:
So according to the planets this one, the Gupta Press panjika, must be wrong?

. . .

MRD:
At amavasya the angle between the sun and the moon is zero degree. So if this book says that amavasya is at this time whereas this book says it is at that time, then that means they have different opinions regarding the angle between the sun and the moon. So which one is right? At which time is the angle 0 degree?

KPB:
The value of time for amavasya according to the positions of the planets is correct according to the calculations in the Indian ephemeris. But according to our Hindu Dharma this is right.

MRD:
Do you mean that there is one sun and moon that has 0 degree at this time, and another sun and moon that has 0 degree at that time?

KPB:
The first point, adi bindu, in the Indian ephemeris is the 27th nakshatra, Revati Nakshatra. But in our panjika the adi bindu is Mesa Rasi.

MRD:
But how can that make a difference in the angle between the sun and the moon?

KPB:
If they calculate and use the Mesa Rasi as the adi bindu then they will get the same angle as in our panjika.

MRD:
Can you explain why it becomes equal.

KPB:
Indian ephemeris corresponds to observation of planets, but we calculate according to Hindu dharma.

MRD:
Yes, but why is there a difference?

No answer.

MRD:
Let’s say like this: When the moon is half then it is in between the 7th and the 8th tithi. So let’s say that Gupta press says that this happens at 3 o’ clock in the night, and that the Indian ephemeris says that it happens at 1 o’clock in the night. Now if I go out in the night and look at the moon, when will I see it as half? At 1 o’ clock or at 3 o’ clock?

KPB:
At  3 o’ clock.

MRD:
And if I look at 1 o’clock it will not be really half?

KPB:
No. Because of the different adi bindu.

MRD:
So if I go out at 1 o’ clock then the moon will not be exactly half.

KPB:
No, by our system.

MRD:
Let’s say I don’t know your system, and that I don’t know this Indian ephemeris system. But let’s say that one night I go out and look at the moon at 1 o’clock and at 3 o’clock. At which time will I see the moon exactly half?

KPB:
Adi bindu is the main point.

MRD:
But you understand. At which time will it be half?

KPB:
At 3 o’clock.

MRD:
So at 1 o’clock it will not be half?

KPB:
No.

VIII)
Interview with Kourangra Sitaram an astrologer in Udupi
One of the disciples of Varahamira says

yada yahcaiva siddhantah

ganite driksamo bhavet

“Any siddhanta that coincides with observations must be used.”

C) Computer method

The computer program which has been developed by Syamasundara das and myself uses formulas which give an accuracy of 1 minute of arc for the longitude of the sun and 2 minutes of arc for the longitude of the moon. When determining ending times of tithis these errors can result in an error of maximum 5 minutes of time. The average error is maybe 3 minutes. An average error of 3 minutes will result in 1 ekadasi on the wrong date every 20th year in average. (Average errors of 2 hours of time is the case with P. M. Bagchi results in 2 ekadasis on the wrong date every year in average.)

More accurate formulas can be implemented in the program if so desired. That would make the program considerably slower though.

8.
THE METHODS AND CRITERIA OF VERIFICATION OF A COMPUTERIZED    CALENDAR PROGRAM
The following is a brief description of the mathematical algorithm used to create the calendar.

The first thing that must be found out is the position of the sun at local mean noon (when the sun is over head). Knowing this and it’s declination, along with the latitude of the place, we are able to find out the time of sunrise and sunset to within 15 or 30 seconds. Subtracting 1 hour and 36 minutes from sunrise we thus know the beginning of  Arundaya. The computer stores these three times then calculates the position of Surya and Candra for each time and in so doing finds out the Yoga, Naksatra, and Tithi. The tithi as was explained by H. H. Bhanu Swami is the difference in longitude between the sun and moon divided by 12. The Yoga is found by adding the longitudes and dividing by 13 1/3 degrees, there are 27 Yogas. The Naksatras are lunar Mansions each 13 1/3 degrees in extent; there are also 27 of them. Krsna was born when the Moon was in Rohini Naksatra. All this information is stored, and the process is repeated in an iterative fashion for all the days between two carefully chosen dates. Next this information is analyzed to find out which days are Suddha Ekadasis or Mahadvadasis according to the rules in Ahri Bhakti Vilasa. After this has been found out the days are assigned to the different festivals.

The astronomical values which the whole calendar is based on are:

ayanamsa  
( The angle between the first point of the Western sign Aries (the Vernal equinoctal point) and the first point of the Indian sign Mesha. In other words, the angle between tropical (sayana) longitudes and sideral (nirayana) longitudes.)

time of sunrise

time of sunset

longitude of moon

longitude of sun

The time of brahma muhurta is easily obtained from the time of sunrise by subtracting 96 

minutes or by subtracting a 15th of the time between the previous sunset and the present         sunrise, depending on which definition of brahma muhurta is used. The tithi, nakshatra, and yoga is also easily obtained from the longitude of the sun and moon. So the time of brahma muhurta, and the tithi, nakshatra,and yoga, at the time of brahma muhurta, sunrise, and sunset, are derived by quite uncomplicated operations and to check that these operations are working properly is not very difficult.

But the above listed 5 values are the basic values, and to obtain these values more elaborate calculations are being undertaken by the program. In order to check these more elaborate calculations there are different things one can do.

The first thing is to check that the formulas used, and their constants, are correctly entered into the program according to astronomical books. The next thing to do is to check that the resultant values as produced by the program using these formulas are correct according to astronomical tables, i.e. tables of sunrise and sunset of different places of the world, and tables of the longitude of the sun and the moon.

When these things are checked one also has to check that the program is applying the rules of Hari Bhakti Vilasa in a proper way. There are general rules and also some special rules. To check that the program is following these rules in a proper way it would be convenient if one could feed the program with special manually prepared values of tithi, nakshatra, yoga etc and check that the program applies the rules in a correct way. In that way the programs ability to follow in a proper way both the general rules and the special rules could be checked. The program is made in such a way that this kind of test can be easily made.

The last thing to do would be to compare the final output of the program to already existing calendars and check that they are the same for some sample years. That requires a correct calendar is available.

So as a summary what has to be checked is the following:

1)
That the astronomical formulas and their constants used to obtain the ayanamsa, time of sunrise, sunset, longitude of sun, and longitude of moon, are properly entered into the program.

2) The correctness of the resultant values from these formulas.

3a)
That the time of brahma muhurta is obtained in a proper way from the time of sunrise (and sunset if that is used).

3b)
That the tithi, nakshatra, and yoga is obtained in a proper way from the longitude of the sun and the moon.

4) The programs ability to apply the general and special rules of Hari Bhakti Vilasa. 

5) That the calendar produced by the program is identical to a properly done calendar.

9.
COMPARING THE CAPABILITIES OF THE EXISTING COMPUTER PROGRAM AGAINST THESE CRITERIA

1) That the astronomical formulas and their constants used to obtain the time of sunrise, sunset, longitude of sun, and longitude of moon, are properly entered into the program.

This has been checked by Syamasundara das and later on some parts have been checked again by Syamasundara das and myself together.

2)
The correctness of the results obtained from these formulas.

This has also been checked for different parts of the year regarding sunrise, sunset and longitudes of the sun and the moon. As mentioned before the accuracy of the formulas presently used in the program results in 1 ekadasi on wrong date every 20th year.

3a)
That the time of brahma muhurta is obtained in a proper way from the time of sunrise 

(and sunset if that is used). 

This is a fairly simple calculation and is working properly.

3b)
That the tithi, nakshatra, and yoga is obtained in a proper way from the longitude of the 

sun and moon.

This is also uncomplicated calculations which have been confirmed to be correct.

4) The programs ability to apply the general and special rules of Hari Bhakti Vilasa.

This has been checked by comparing calendars and also by supplying to the program manually constructed special cases which occur very seldom.

5) That the calendar produced by the program is identical to a properly done calendar.

The computer calendar made for Calcutta has been compared to the calendar provided by the Gaudiya Math. There were differences but after consulting the Lahiris ephemeris it was always clear that the computer calendar was right and the Gaudiya Math calendar wrong in case of difference. When comparing the ekadasis in the 1989 calendars, such errors in Gaudiya Math calendar were found at 11th of September and 9th of November. These two ekadasis should actually be observed the 12th of September and 10th of November respectively (in Calcutta).

10. THE IMPORTANCE OF EXACTLY DETERMINING EKADASI 

WHETHER OR NOT IT IS IMPORTANT TO EXACTLY CALCULATE OTHER FESTIVALS DAYS

The importance of exactly determining ekadasi is clear from the translation of Hari Bhakti Vilas, which says “The ekadasi tithi must start at least 1 hr. 36 min. (two muhurtas) before sunrise, i.e. by the beginning of dawn, arunadoya if the ekadasi vrata or fasting is to be observed on that particular day. If the tithi starts after this time, even though before sunrise, the ekadasi is called viddha or contaminated, and the ekadasi fast should be rejected on that day and observed on the next day. This may or may not combine with conditions for mahadvadasi fast, but in either case a viddha ekadasi cannot be used for fasting.”

In Caitanya Caritamrta, Madhya-lila, chapter 24, Lord Caitanya gives instructions to Sanatana Goswami regarding his writing about the Vaisnava regulative principles. In text 342 Lord Caitanya says regarding viddha ekadasi:

“You should recommend the avoidance of mixed Ekadasi and the performance of pure Ekadasi. You should also describe the fault in not observing this. One should be very careful as far as these items are concerned. If one is not careful, one will be negligent in executing devotional service.”

“Mixed Ekadasi” is the translation of  “viddha ekadasi” described above from Hari Bhakti Vilasa.

Regarding other festivals the Hari Bhakti Vilasa says

“Govardhana Puja falls on gaura pratipat of Damodara month. If the pratipat begins after a sunrise and ends before the next sunrise, one shouldn’t celebrate Govardhana Puja on that day as it is contaminated by amavasya. One should celebrate on the next day the dvitiya.”

“Janmastami, appearance of Lord Krsna, falls on the krsna astami of Hrsikesa month. If the astami is trisprsa, i. e. contaminated by the saptami, in no case can one celebrate Krsna’s appearance on that day. Celebrations should take place the next day.”

So it seems to be quite important to observe other festivals on the right day as well.

In Udupi the Madhava sampradaya follows a calendar based on the calculations made according to the methods of Aryabhata. These calculations differ from observable reality by approximately as much as the calculations made according to the Surya Siddhanta. But during the interview  it became clear that they consider ekadasi to be a very important day to determine exactly, and thus they have started to use “drik ganita” for determining ekadasi. ( “Drik” means observable reality and “ganita” means calculation. Thus “drik ganita” means calculations corresponding to observable reality.) For other celebrations they use the values obtained by the uncorrected method of Aryabhata.

Interview with Vishva Priya Tirtha Swami, the present supervisor of the Krishna temple in Udupi:

MRD:
I suppose you follow ekadasi?

VPT:
Yes, but we are following ekadasi according to drik.

MRD:
You are following ekadasi according to drik. This is very interesting.

VPT:
Ekadasi is more important than other tithis.

MRD:
In ISKCON we follow ekadasi by not eating grains and some don’t take anything not even water. How are you following ekadasi?

VPT:
Without water.

MRD:
Everyone?

VPT:
Yes. Our guru, Madhavacarya, strictly ordered not to take even water.

MRD:
Which panchanga do you follow for ekadasi?

VPT:
We follow this one. We put the ekadasi in this panchanga according to drik, other tithis are Aryabhata.

MRD:
Aha, so in this panchanga ekadasi and eclipses are according to drik. And the rest . . 

VPT:
According to Aryabhata.

We then compared the ending times of ordinary tithis and ekadasi tithis as given in their panchanga and as given by Lahiri. But we found that the ending times of ekadasi tithis differed from Lahiris values by as much as the other tithis. That was a little confusing. They had some kind of argument for that, but I don’t know what is the real situation. They also had some panchangas made according to drik, so maybe they used that for ekadasi. That is what they said. Atleast they have been thinking of following drik for ekadasi.

MRD:
Since when did you start to follow drik?

VPT:
When there was a difference between different panchangas we after some time decided to use drik.

MRD:
When was that?

VPT:
3 years back.

So they consider accurate ascertainment of ekadasi to be more important that that of other celebrations.

Interview with Bhakti Gunakar Maharaja. (Bhakti Gunakar Maharaja makes the calendar for Gaudiya Mission in Baghbazar in Calcutta.)

MRD:
We were discussing that ekadasi can happen on different dates. What about other celebrations, like Janmashtami? 

BGK:
They also may vary.

MRD:
Should one take that into consideration?

BGK:
Yes. In our panchang, one year, even in India, people of Calcutta observe Janamshatami on the 7th and Bombay observed it on 8th.* Because in Hari Bhakti Vilas our original master told us that viddha tithi should not be observed. Viddha means. . . suppose if on the day of Janmashtami  there is saptami during sunrise you cannot observe that tithi on that day. You must observe the next day . . . We have got a math in London. I make a vrata list for them separately and send it there.

Interview with Sada Siva Mishra, sanskrit teacher at the sanskrit college in Calcutta. Also teaches Surya Siddhanta:

MRD:
It is important to determine the right date for ekadasi for different places. Is it also as important with Janmastami and other appearance days?

SSM:
Suppose we celebrate Janmastami here on the 24th, so in Sweden you might celebrate it the 25th.* Suppose that saptami ends here today but in America it does not end today.

MRD:
Then they will celebrate the next day?*

SSM:
Next day.*

*When discussing together these things it is easy to make the mistake to think that a place west of Calcutta might have to celebrate a festival one day later because the sun rises later there.  The fact is that, that place might have to celebrate that festival one day earlier.

11. USE OF TRADITIONAL DATA VERSUS OBSERVABLE PHENOMENA

A) Time of sunrise

Practically all the persons I asked about the definition of sunrise said that sunrise is when the upper part of sun can be seen at the horizon, and that sunset is when the whole sun disappears.

Presently the computer program is using the definition that sunrise and sunset is when the middle of the true sun is on the horizon. “True sun” means the position of the sun as calculated without taking into consideration the refraction in the atmosphere. The refraction makes the sun visible a little earlier when the sun rises and it keeps the sun visible a little longer when it sets.

The computer program is prepared though for taking into consideration the refraction and also the upper limb instead of the middle of the sun. The program can easily be switched over to these definitions if so decided.

a)   Interviews about definition of sunrise

I)
Interview with A. K. Bhatnagar 

The director of Positional Astronomy Center,

Calcutta

MRD:
Which kind of sunrise should one use.

AKB:
Sunrise in astronomy is the moment when the suns upper limb can be just seen because you start getting sunlight. If you wait until the suns center comes up sunlight already coming 4 minutes ago.

II)
Interview with Amalendu Bandyopadhyay

The previous director of Positional astronomy Center, Calcutta

MRD:
When one is calculating the time for sunrise and sunset, some say that one should take the middle of the sun and some say that we should take the upper limb. What is the proper understanding?

AB:
The calculation of sunrise and sunset, ????, the appearance and disappearance of the upper limb of the sun on the horizon.

III)
Interview with Bhakti Gunakar Maharaja 

MRD:
One thing which I also wonder in this connection regarding sunrise. What is the definition of the sunrise? Is it the upper limb or the center?

BGK:
Always take the upper limb.

MRD:
Upper limb.

BGK:
Upper limb of the sun. Because sunrise means the top of the sun above horizon. Sometimes the middle of the sun is taken. But that is not correct. At that time the sun has already risen. And when the upper limb is under the horizon that is the sunset.

IV)
Interview with Haridas Shastri in Vrindavana
MRD:
What is the definition of sunrise?

HDS:
When you can see a part of the sun above the horizon, that is sunrise.

MRD:
And sunset?

HDS:
When the whole sun goes down.

V)
Interview with Arun Kumara Lahiri son of N. C. Lahiri

MRD:
I could see that there were shastric injunctions of defining sunrise as the visibility of upper limb.

AKL:
The sunrise defined by upper limb is the basis for all these festivals. But still there is another view where the center of the sun is taken. But the definition by upper limb is widely accepted.

VI)
Interview with Santi Sen

the secretary of P. M. Bagchi, and an elderly man who edits the result from 4 or 5 other pandits.

MRD:
What is the definition of the sunrise?

PMB:
When the upper part of the sun is seen, that is the sunrise. Sunset is when the whole sun disappears.

(But in the panchanga that they publish they seem to use the center of the sun without corrections for the refractions in the atmosphere, i.e. the middle of the sun is at that time already some distance above the horizon.)

VII)
Interview with Sada Siva Mishra

MRD:
What is considered the time of sunrise. Is it when the center or the upper limb of the sun comes above the horizon?

SSM:
There are three kinds of sunrise. Some say that the sun rises when the upper limb comes above the horizon, some say it is the middle and some say that the whole sun has to be above the horizon. And the same thing for the sunset. They are all mentioned in the shastras.

b)   Shastras definition of sunrise
In the book “Tables of sunrise, sunset and moonrise, moonset” N. C. Lahiri quotes some shastras about the definition of sunrise and sunset.

“Varahamira says:
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‘visibility of sun’s limb is the rising time and complete invisibility is the setting time.’

Authors of Dharmashastras also say:
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‘the first three muhurtas of the day counted from the first visibility of the sun’s rays.’

Again
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‘when even a portion of the sun with it’s rays is visible it is to be considered as sunrise and at that time oblation (homa) is to be performed.’”

In the book “The Process of Deity Worship” published by BBT, part II. Section 9 (page 32), it is said:

“The period beginning forty-eight minutes, or two dandas, before the sunrise and ending when the sun is half risen is called the pratah sandhya,  . . . “

This seems to define sunrise as when the middle of the sun (true sun?) is at the horizon.

c)   The accuracy of the time of sunrise in panchangas
As can be seen in the above cited interview at P. M. Bagchis office they also told me the definition that uses the upper limb of the sun. Later on though I have seen in their panchanga that their value of sunrise is the time when the middle of the sun is at the horizon without consideration of refraction (i.e. the middle of the sun can be seen a couple of minutes before because of the refraction in the atmosphere).

In any case, if the true middle of the sun at the horizon is taken to be the sunrise then the timings given in P. M. Bagchis panchanga corresponds good to reality. The time of sunrise is not very difficult to calculate with a decent accuracy. I don’t know whether P. M. Bagchi uses the old methods of Surya Siddhanta or if they obtain their values from a modern source as I have heard they do with eclipses.

B)  Ending times of tithis
a)   Comparision between the ending times of tithis as given by P. M. Bagchi and Lahiri.

The astronomical calculations presented by Lahiri in his ephemeris are accepted all over the world to be very accurate. I compared the timings of full moon and new moon (i. e. the ending times of purnima and amavasya) as given by Lahiri and as given in a Swedish calendar for 1989. The timings where exactly the same except for one case where there was a difference of 1 minute of time. The accuracy was given only to the minute. This difference, is negligible, but it indicates that they don’t use the same source of information, and still there is a good correspondence.

The ending times of tithis as given by P. M. Bagchi differ from the ones given by Lahiri. The difference is in average more than 2 hours, sometimes the difference is 4 hours or more. This difference is big. It may be compared to the difference between the smarta tradition and Vaisnava tradition of calendar making. The Vaisnava tradition takes into consideration the time of brahma muhurta, whereas the smartas only consider the time of sunrise. The difference is 1 hour and 36 minutes. So average errors greater than 2 hours as is the case with P. M. Bagchi are relatively big.

The following table shows comparision of ending times of tithis from the trayodasi the 15th of August to caturdasi the 14th of September, 1989, as given by P. M. Bagchi and by Lahiri.

Tithi 
Bagchi
Lahiri
Difference

13
11:20
12:47
-01:27

14
10:22
10:56
-00:34

15
8:59
08:37
00:22

16
07:14
05:55
01:19

17
05:12
02:59
02:13

18
02:57
23:57
03;00

19
00:33
20;56
03:37

20
22:05
18:04
04:01

21
19:39
15:27
04:12

22
17:18
13:10
04:08

23
15:07
11:17
03:50

24
13:12
09:51
03:21

25
11:36
08:53
02:43

26
10:23
08:25
01:58

27
09:37
08:26
01:11

28
09:20
08:55
00:25

29
09:33
09:52
-00:19

30
10:18
11:15
-00:57

1
11:31
13:01
-01:30

2
13:07
15:07
-02:00

3
15:01
17:28
-02:27

4
17:03
19:57
-02:54

5
19:04
22:25
-03:21

6
20:53
00:41
-03:48

7
22:21
02:34
-04:13

8
23:25
03:55
-04:30

9
00:00
04:33
-04:33

   *10
00:03
04:26
-04:23*

11
23:37
03:31
-03:54

12
22:42
01:52
-03:10

13
21:21
23:31
-02:10

14
19:38
20:38
-01:00

*Notice that the starting time of the ekadasi tithi the 11th of September (i.e. the ending time of dasami tithi) as given by P. M. Bagchi is before arunadaya in Calcutta which is at 03: 48. According to Bagchi, ekadasi should thus be celebrated the 12th of September.

Gupta Press gives exactly the same ending times of tithis as P. M. Bagchi. Bhagavat Maharaja, who makes the calendar from which the present ISKCON calendar is obtained, said that it is important that calculations tally with observations. He further stated that the calculations used by him (which must mean P. M. Bagchis calculations) are checked with observatory. How these calculations can have been
checked in an observatory and still be so erroneous I can not say.

12. THE TRADITIONAL TECHNIQUES OF CORRECTING FORMULAS

Does this mean that the Surya Siddhanta which is the basis for the calculations given by P. M. Bagchi is not scientific? No, Surya Siddhanta was evidently very accurate in previous times. The problem is that the astronomical formulas, whether modern or ancient, can never describe reality perfectly. The astronomical constants in the formulas can only be given with a limited accuracy and the structure of the formulas as such are always a simplification.

Such a system of formulas and constants can describe the phenomenal world with a certain accuracy only within a limited period of time. Outside this period of time the accuracy is gradually lost.

There is no use in trying to obtain perfect formulas. Instead one should try to update the constants of the formulas regularly and thus keep them up to date. This is a natural process and it is going on in ancient astronomical systems as well as in the modern astronomy.

The following conversation with Mr. Amalendu Bandyopadhyaya, the previous director of Positional Astronomy Center in Calcutta, illustrates this.

MRD:
As far as I have understood the old principles in Surya Siddhanta the whole idea is that it should correspond to reality.

AB:

Correct.

MRD:
I have not studied Surya Siddhanta, but as far as as I have understood the idea is that one should make an observation like Yantar Mantar in Delhi.

AB:
Correct.

MRD:
And one should observe reality and make proper bija corrections.

AB:
The concept was this that it must tally with the positions in the sky. That was the concept. When it was introduced it was more or less scientific, and during that time it actually coincided with the positions. But later by the passing time everything changes, and the astronomical constants of the Surya Siddhanta should be changed. That they did not know. Only at some times there was a Bengali pandit called Madhvacarya, he introduced some corrections, bija corrections, for Surya Siddhanta. With those bija corrections some real modifications were done but again 1500 years has passed and no bija corrections have been done after that, so again it has become erroneous.

MRD:
So these bija corrections they have to be updated continuously.

AB:
Of course. Even the modern astronomers. Let’s say Mercury or Venus. There are some equations, there are some astronomical constants which we adopt for computing the positions of Mercury or Venus. Now after computing we observe through a telescope its position. Then if it differs by 0.005 seconds of arc then it is a positive sign that we should sit together and introduce changes in the astronomical constants of the equations. That is the International Astronomical Union. Under this there in one commission called Ephemerides Commission. And Ephemerides Commission they are concerned with the computation of the positions of the heavenly bodies. So if any observatory observes such difference they immediately report it to the Ephemerides Commission of the International Astronomical Union. Then all the members of the International Astronomical Union meet every third year and they analyze the reason due to which such type of difference like this has occurred. They will introduce necessary corrections for overcoming that error.

One astrologer in Udupi said that Varahamira or one of his disciples says:

yada yahcaiva siddhantah

ganite driksamo bhavet

“Any siddhanta that coincides with observations must be used.”

In the second verse of panchasiddhantica, Varahamira states:
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“I shall endeavour to state in its entirety, according to the opinions of earlier teachers, that correction of the planetary motions (bija) which is most excellent, easy, clear and a wonderful mystery.”

The commentator says:

“The term bija signifies any correction applied to astronomical elements which aims at bringing about an agreement between the celestial phenomena such as calculated agreement between the celestial phenomena such as calculated and as such as actually observed. Varaha Mihira seems anxious to show that the bija applied by him is not his own invention but bases on the authority of former teachers.”

In Brihat Samhita, chapter 2 vers 8 it is stated:
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“Despite differences of opinion among the Siddhantas (astronomical systems) regarding the expiry or ending time of an Ayana (solstice), he should be capable of reconciling them by showing the agreement between correct calculation and what has been actually observed in the circle drawn on the ground by means of the shadow of the gnomon as well as water-appliances.”

Chapter 2 vers 16 says:
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“If an astrologer has mastered the astronomical Science, and has brought about perfect agreement between the mathematical results and observations made by means of the shadow of gnomon and the water-appliance, and is well established in the science of predictive astrology, his pronouncements will never go wrong or fruitless.”

In the introduction to E. Burges English translation of Surya Siddhanta, P. C. Sengupta says:

“A Bengali edition* of Surya Siddhanta records twenty-one additional stanzas between xiv, 23 and 24, which speak of the application of a system of corrections called Bija to the mean places as calculated from the Surya Siddhanta.”

The footnote says:

*Surya Siddhanta,rendered into Bengali, by Vimala Prasada Siddhanta-Saravati, Calcutta 1896.

Sada Siva Mishra, one of the persons I interviewed, says about bija corrections:

“In some editions of Surya Siddhanta there is an extra chapter called Bija-Upanayana. It consists of 21 shlokas and the 21st shloka is:

bijam nishesa siddhanta rahasyam paramam sphutam

yatra pani graha dinam karyanam suvha siddhidam.

Which means:

‘It is a secret point of Surya Siddhanta that Surya Siddhanta plus Bija-corrections will make the celebrations successful.’ ”

The use of bija corrections is also confirmed by ancient astronomers. The following is a part of an interview with Srinivas Adiga, astrologer and sanskrit teacher in the Udupi college.

MRD:
Does Ranganath who wrote the commentary to Surya Siddhanta mention Bija-corrections?

SA:

Yes, he directly says.

MRD:
What is his complete name.

SA:

Ranganath Devanja. He says.

tat caitilya samsodanarthameva pratiyugam

shastrakatanasya avasarobhavati etath sthouliya

samsodanarthameva bhaskaradhibih bija samskaro nibaddah

iti atirohitam eva vipashcitam iti

Translation:

In order to overcome those slight changes in every yuga there is a necessity of telling the shastras. To overcome these slight changes Bhaskara and others told the bija corrections. In this way it is clear to scholars.

These bija corrections are obtained by comparing the result of calculation with observable reality, and if there is a difference then the formulas are corrected correspondingly. The following is an interview with A. K. Lahiri, the son of N. C. Lahiri:

AKL:
For eclipse they do not take their data, they take our data. Because everyone can see.

MRD:
Did your father ever use methods from Surya Siddhanta.

AKL:
Yes, Surya Siddhanta method can be used if use correct bija corrections.

MRD:
What is the practical method for obtaining bija corrections?

AKL:
You make observations of positions. Particularly you observe at the time of eclipses, when you can verify the position of the sun and moon. And by comparing that with Surya Siddhanta you get a difference and you can correct.

Eclipses can easily be seen and timed accurately and are thus preferably used for obtaining bija corrections.

The phases of the moon, i.e. tithis, can of course also be seen but not that accurate. This may be the reason why the panchanga makers still use the old out-dated formulas for calculating tithis but use modern values for eclipses.

A)  Interviews about bija corrections

The following are excerpts of the interviews that dealt with bija corrections

a)
Interview with A. K. Bhatnagar

the director of Positional Astronomy Center, Calcutta

MRD:
As far as I can understand  the methods of Surya Siddhanta can be used but the correct . . .

AKB:
Corrections has to be applied. So rather than doing that you can just use the ready made data which is based on modern science and make the panchanga.

b)
Interview with Pandit Banchitar Bhavan

the previous superintendent of the Yantar Mantar in Jaipur
PBB:
If we can daily make observations then we can compare.

MRD:
If there is a difference of 2 hours, what should we do then?

PBB:
Then make bija-samskaras.

MRD:
It seems that those who make calculations today they use bija corrections which are made 1000 years ago. These bija corrections are not able to adjust these formulas properly. Why are they not making new bija corrections? They have the Yantar Mantar.

PBB:
Many astronomers don’t know. It is the problem. New bija samskaras are necessary for this Surya Siddhanta.

MRD:
Are bija corrections supposed to be made regularly?

PPB:
Every 70 years. Every 100 year.

c)
Interview with Bhakti Gunakar Maharaja

MRD:
As far as I have understood the original idea of Surya Siddhanta is that the calculations should tally with observable reality and that this should be obtained by putting in proper bija corrections.

BGK:
Bija corrections, yes.

MRD:
But it seems that they are not doing that.

BGK:
They are not doing. And they take the calculations from Nautical Almanac when they calculate the eclipses. They do not use the old methods.

MRD:
Because everyone can see . . .

BGK:
They will find it out. But they take it from Nautical Almanac. They do not calculate according to their methods. If they calculate according to their methods it will be about 1 hour late.

BGK:
. . . Bhaktisiddhanta Saraswati Goswami  Prabhupada, he also followed the Surya Siddhanta method, and he told that this will be replaced by new method. He was a very big astronomer. We have books written by Prabhupada and now they are used in university.

MRD:
And he said that in the future the old methods will be replaced by . . .

BGK:
New methods. But Indians, especially in Bengal, have not adapted this method. The new method has been adapted by many calculators. In India, Varanasi, astronomers adapted this new method.

d)
Interview with Bhagavata Maharaja
This interview was not tape recorded.

Bhagavata maharaja said it is important that calculations tally with observations. He further stated that the calculations used by him (which must mean P. M. Bagchis calculations) are checked with observatory.

e)
Interview with Haridas Shastri in Vrindavana
MRD:
The calculations which we base our present calendar on are made according to Surya Siddhanta. As far as I know the formulas in Surya Siddhanta should be regularly adjusted with something called bija samskaras, and that they are obtained by making observations. You have an observatory and you look and see how the calculations correspond to reality, and if there is a difference then one makes adjustments. But now the calculation are made according to methods or formulas which are very old, they have not been adjusted for a very long time. So the result is that the ending times of tithis are off by one or two hours. Let’s say it ends at twelve 0’clock but actually it ends at two o’clock. As far as I understand it is important that it corresponds to reality. What is your opinion about this? How important is it that it is exact?

HDS:
There are two modes of calculations. There is one new and there is one old. In the new one they have done corrections. I follow the new system. There are those who follow the old system. They have also done corrections but their mode of calculation is outdated.

MRD:
If one follows the system of Surya Siddhanta. How often should one make observations and adjust the formulas?

HDS:
Presently the situation is very hap hazard. Because people have bought up samskaras at proper times but they have not been acknowledged. But usually it should be done at intervals of 500 years. Also at Amavasya and Purnima the correspondence should be corrected, but an over all samskara should be done every 500 years.

f)
Interview with Kalipada Battacharya
the pandit performing the calculations for Gupta Press

MRD:
I thought that the bijamsha should be determined by doing observations in an observatory. I thought that the mathematical calculations should be checked with an observatory to see that the calculations are right.

KPB:
At present this is not checked by the pandits. But in ancient times this was checked by the pandits.

MRD:
With observatory?

KPB:
With observatory.

MRD:
Why is it not checked at this time?

There were some discussions and then he claimed that they do check with observation.

KPB:
At present it is checked after 6 or 5 years.

MRD:
Which observatory is used?

KPB:
At Man Mandir at Alipura, the government has an observatory.

MRD:
When was the bija corrections made last time?

KPB:
The bijamsa is calculated by the central government of India every 6th or 5th year.

MRD:
Which year did you get this bija correction last time?

KPB:
1983.

MRD:
That’s 6 years ago, so there will be a new one this year.

MRD:
I want to compare the ending times of tithis. I have here a table of ending times calculated by a computer. I would like to compare these times with the times calculated by you according to the methods of Surya Siddhanta. Let’s take the 15th of January. Here it says that the 8th tithi ends at 6: 35 in the morning. What is your value.

KPB:
9: 26 morning.

MRD:
Here it says 6: 35, that is about 2 hours and 50 minutes earlier.

KPB:
The Indian ephemeris and the calculations by me are not equal.

MRD:
What is the ending time of the 9th tithi?

KPB:
Navami tithi ends 7: 29 morning.

MRD:
According to this it ends 5:01, 2.5 hours earlier.

g)
Interview with Kutti Shastri
Headmaster of National High School in Tiruchirapalli.

He makes the panchanga for the Sri Rangam temple
MRD:
When one is using Surya Siddhanta one is supposed to compare calculation to observation and, in case of difference, . . .

KS:

. . . apply correction . . .

MRD:
Yes,  are you also . . .

KS:

We don’t have any such method of applying corrections.

MRD:
Is the calculation of positions of the planets supposed to give precise values?

KS:

Sure.

MRD:
In your panchanga there are mentioned the ending times tithis.

KS:

Yes

MRD:
I have compared your values with the values given by Lahiri.

KS:

There will be a difference.

MRD:
Yes, one or two hours. Some say that then it is better to follow Lahiri. What is your opinion about that?

KS:

We follow the tradition.

MRD:
Take the middle of the 8th tithi. At that time the moon is exactly half white and half black. Let’s say that your calculations say that it happens at 3 o’clock in the morning whereas Lahiris says that it happens at 12 o’clock. 3 hours difference. At which time will I be able to see the moon exactly half?

KS:
They claim that this is more accurate. So it is up to the person to verify and satisfy himself.

MRD:
So the goal is to get as precise value as possible.

KS:

Yes.

h)
Interview with Om Prakash Sharma

the superintendent of Yantar Mantar in Jaipur

OPS:
In the observatory, the calculations of the panchangas can be checked by observation. And one can see whether the calculations are correct or not.

     i)   Interview with Shasti Ranjan Jyotishastri 

          In Ghatal, Gambhir Nagar, Midnapur. This is the pandit 

          that makes the calculations for P. M. Bagchi

MRD:
Some say that the formulas in Surya Siddhanta are correct but that one must adjust them with bija-corrections in order to get proper values of the longitudes of the planets. What is your opinion regarding that?

SRJ:
Yes, adjustment with bija-corrections.

MRD:
Are you using bija-correction?

SRJ:
On requirement, when felt necessary.

MRD:
Who provides those bijas?

SRJ:
We get them from “Karan Ballav”

MRD:
Is that a person?

SRJ:
It is a book composed by Pandit Ramdas Smrititha??, available probably from Sanskrit Book Depot, Cornwallesh?? Street, Calcutta.

MRD:
How are bijas made? Are they made by comparing the results of calculation with observations?

SRJ:
We have no scope of observation. Comparing the results of calculation.

MRD:
Comparing the results of observation to what?

SRJ:
It comes out of experience. Can not be expressed.

MRD:
There are differences between the ending times of tithis according to Bagchi and Lahiri. Why?

SRJ:
Bagchi follows Ban-Briddhi Rasa Kshay- but Lahiri follow any other method hence comes the difference.

MRD:
What does Ban-Brddhi mean?

SRJ:
When figures begin to increase – with increase up to five and when decreases up to six.

MRD:
I don’t understand.

SRJ’s son:
The staying period of tithi is generally 60 dandas. But it may be increased 5 dandas and decreased 6 dandas. Then the total period may be varied from 54 dandas to 65 dandas.

MRD:
Each danda is 24 minutes?

SRJ’s son:
Yes.

MRD:
Do you mean that a tithi can never be shorter than 21 hours and 36 minutes and never longer than 26 hours?

SRJ’s son:
Yes.

j)   Interview with Sada Siva Mishra
SSM:
If it comes to 4 in your calculation and in the sky it shows 6 then in his calculation he adds two.

MRD:
Bija correction . . . 

SSM:
Bija correction . . . 

MRD:
If the values calculated by the P. M. Bagchis pandit are 1 or 2 hours off, then he is not using bija correction?

SSM:
They don’t know that much so they  do not accept it. If you show them the correct calculation then they do not accept. They think that their calculation is more correct.

MRD:
I don’t know Surya Siddhanta, but as far as I have understood isn’t it said in the Surya Siddhanta itself that the principles are not changing but the particular positions might change.

SSM:
P. M. Bagchi, they don’t accept the Bija corrections in Surya Siddhanta. They don’t know how to make these Bija corrections.

k) Interview with Vishva Priya Tirtha Swami the present supervisor of the Krishna temple in Udupi, and Kourangra Sitaram, an astrologer in Udupi called for by the swami.

MRD:
You say that this panchanga here made by Herga Subraya Bhata is made     

according to Aryabatha except the eclipses, which are made according to drik ganita. From which source are the times for eclipses taken?

KSR:
Advance ephemeris are there, Raphael or . . . . or some other ephemeris.

MRD:
What is the reason for calculating the eclipses according to drik ganita?

KSR:
Because Aryabatha does not meet the purpose.

MRD:
Aha, so if Aryabatha says that eclipse happens at 1 o’clock then it may happen at 2 o’clock or 3 or 12?

KSR:
It’s not exactly coinciding. Because there is samskara.

MRD:
Samskara?

KSR:
Corrections. If corrections are made to Aryabatha that will also meet the purpose.

MRD:
There is also a book called Surya Siddhanta.

KSR:
Yes.

MRD:
Do you know anyone who is using that?

KSR:
I don’t know.

MRD:
You said that drik ganita is used because the calculations according to Aryabatha will not coincide with the eclipse. But when you use the methods of Aryabatha for determining the ending times of tithis, will that coincide with reality?

KSR:
It will not coincide exactly, but our guru Madhavacarya has ordered us to use panchang according to Aryabatha. ‘Aryanaiva vinairnayaha’ Madhavacarya says rituals should be performed according to Aryabatha, so we are using this. But tithis or anything does not exactly coincide with this (drik) ganita.

MRD:
I understand.

KSR:
Because if corrections are made that will happen (coincidence), but now without corrections we are going. Up to 2 or 3 hours difference can be there.

MRD:
In some of these old systems like Surya Siddhanta for example you are supposed to compare the result that you get from the formulas to drik, what you see, and if there is a difference, let’s say there is 2 hours difference, then you are supposed to make what is called bija corrections, some small corrections that you add to the formulas. And by regularly making such observations, you have an observatory like Yantar Mantar or so, and compare then you can always keep the formulas to reality. So in the Aryabatha system, is there something similar there that you are supposed to make observations and compare?

KSR:
Before Aryabatha was correct, just as at one time Surya Siddhanta was correct. But now, without corrections, there is a difference between drik ganita and Aryabatha. We are not making any corrections to the ganitha of Aryabatha. So it has remained as it is.

. . . . . . . . . . . . . . 

VPT:
In drik siddhanta no correction . By looking in the sky you can directly say where is the graha. But in Surya Siddhanta or in Aryabhata some correction is necessary.

MRD:
And this correction is done by making observations and then comparing and then making corrections.

VPT:
Yes.

MRD:
So this corrections should be done.

VPT:
Yes.

MRD:
Who says that corrections should be done? We see here that one of the disciples of Varahamira says that corrections should be done. But what about Aryabhata? Does he says that corrections should be done?

VPT:
I think he also says.

MRD:
These calendars here are made according to Aryabhata, but with no corrections.

VPT:
Yes, actually there is no corrections, but there should be.

MRD:
That is your opinion.

VPT:
Yes.

MRD:
And are there different opinions?

VPT:
No, everyone says that there should be a correction.

MRD:
But these are made without corrections . . . 

VPT:
But we don’t know how to correct it.

MRD:
Why does Aryabatha say that corrections should be done?

VPT:
He also agrees that after some times according to his calculations and the movement of the stars there may be some difference. Therefore he said there should be corrections.

MRD:
So the idea to make corrections is to make the formulas correspond to drik.

VPT:
Yes.

MRD:
But now you don’t know how to make corrections. So therefore you don’t do it. But in Lahiris book you have ending times of Tithis, Nakshatras, and Yogas. And these are made according to drik. They are using observations. So if the idea, the goal, of making corrections is to get drik. So why not use this? Here is drik.

VPT:
According to our system. Our ancestors they followed this only, that’s why we are following this.

MRD:
But the whole goal is to have correspondence between calculations and drik. So here we have that. So why not use this?

VPT:
When people come to us and ask when they should perform a marriage or so, “please give me a time” then we look at drik and give time.

MRD:
I see. I suppose you follow ekadasi?

VPT:
Yes, but we are following ekadasi according to drik. 

MRD:
You are following ekadasi according to drik. This is very interesting.

VPT:
Ekadasi is more important than other tithis.

MRD:
In ISKCON  we follow ekadasi by not eating grains and some don’t take anything not even water. How are you following ekadasi?

VPT:
Without water.

MRD:
Everyone?

VPT:
Yes. Our guru, Madhavacarya, strictly ordered. Not to take even water.

MRD:
Which panchanga do you follow for ekadasi?

VPT:
We follow this one. We put the ekadasi in this panchanga according to drik, other tithis are Aryabhata.

MRD:
Aha, so in this panchanga ekadasi and eclipses are according to drik. And the rest . . .

VPT:
According to Aryabhata.

We then compared the ending times of ordinary tithis and ekadasi tithis as given in their panchanga and as given by Lahiri. But we found that the ending times of ekadasi tithis differed from Lahiris values by as much as the other tithis. That was a little confusing. They had some kind of argument for that, but I don’t know what is the real situation. They also had some panchangas made according to drik, so maybe they used that for ekadasi. That is what they said. Atleast they have been thinking of following drik for ekadasi.

MRD:
Since when did you start to follow drik?

VPT:
When there was a difference between different panchangas we after some time decided to use drik.

MRD:
When was that?

VPT:
3 years back.

13. SUMMARY AND CONCLUSIONS

A) To use one standard calendar or local calendars

In part 6 of this report it is clear that everyone that I interviewed confirmed that a calendar should be made according to the local time of sunrise.

It was also seen that a calendar for India used all over the world would be more and more irrelevant the more one moves to the west.

The use of a single calendar all over the world would also becomes dependent of the placement of the date line, whereas the use of a calendar for each place is independent of the placement of the date line.

From this it is clear that the use of one calendar for each place is the proper method.

B) To make the calendar by hand or with computer

In part 7 the manual method versus the computer method of making calendars is discussed.

It is clear that the manual method is laborious and takes a long time and is therefore prone to contain errors.

It is also clear that the manual methods of the Surya Siddhanta as used today, give ending times of tithis which in average are more than 2 hours off.

According to the persons I interviewed (see part 12), this inaccuracy is supposed to be adjusted by the use of proper bija corrections. But presently bija corrections are not used, or the bija corrections are outdated.

The use of a computer program on the other hand, if properly done, is not prone to errors and can easily provide calendars for every location. The formulas used in the computer program have a very good accuracy in relation to observable reality and calculation with those formulas are therefore considered to be “drik ganita”, i.e. calculations coinciding with observable reality.’

The calendar made by the computer program will have one ekadasi on the wrong day every 20th year, whereas calendars made with the uncorrected Surya Siddhanata formulas will have two ekadasis on the wrong day every year for the place it is made for (like Mayapura), what to speak of other places.

In one of the interviews Bhakti Gunakar maharaja explains that he has once heard from Sridhara Maharaja that Bhaktisiddhanta Saraswati Goswami Prabhupada predicted that the old methods of calculation will be replaced by new methods.

C) The verification of the computer program

The methods and criteria of verification of a computerized calendar program have been discussed in part 8 and 9, and the program has been checked thoroughly and have been used practically for some time and is now working properly.

D) The importance of exactly determining Ekadasi and other days

This subject is discussed in part 10. There it is evident that the exact determination of ekadasi is very important.

The exact determination of other festival days seems to be quite important also. If a computer program is used, then exact determination for both ekadasi and other festival days will automatically be obtained.

E) The length of a muhurta 

The question of having a fixed length of 48 minutes, or the proportionate length of a 15th of the daytime and a 15th of the night time as the duration of a muhurta, is discussed in part 5.

The original concept seems to be the proportionate muhurta, whereas more modern systems use the fixed length of 48 minutes.

Although the persons that I interviewed spoke in favor of both systems, I personally, and I think Syamasundara das also, think that the proportional muhurta should used.

F) The definition of sunrise

There are different definition of sunrise and sunset. This is discussed in part 11. The majority of the persons I interviewed defined the sunrise as the time of visibility of the upper limb of the sun at the horizon, and the sunset as the time of disappearance of the upper limb of the sun at the horizon. This was also confirmed by practically all shastric injunctions that I have found.
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