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J. JEAN AIDLER

The Gregorian Revolution of the Jewish Calendar

The Jewish calendar is a luni-solar calendar. It works with lunar months, having
lengths of 29 or 30 days, and with years of 12 or 13 months, in order to approach,
as best as possible, the length of the tropical year.

The mean Jewish year is nevertheless longer than the tropical year by 6.658
minutes. This small difference creates a slow shift in the Jewish calendar and its
festivals with regard to the solar year and its seasons. Based on a historical
examination of the Jewish calendar, we establish that this shift has already reached
about 5.4 days. This represents half of the shift reached by the Julian calendar at
the time of the Gregorian revolution. The present shift of the Jewish calendar
could thus become worrying. The aim of this paper is to present three acceptable
solutions for the improvement of the Jewish calendar, to discuss them thoroughly,
and to compare them.

In a mathematical supplement, after the examination and demonstration of
the most advanced formulas of the Jewish calendar, we generalize them in order
to develop a mathematical apparatus that will enable us to establish the
correspondence of these improved Jewish calendars with the Gregorian calendar.
This article should be regarded as a theoretical and mathematical analysis of
what the Sanhedrin might consider doing when it is re-established.

A. THE GREGORIAN REVOLUTION OF THE JEWISH CALENDAR'

The Julian calendar, named in honor of Julius Caesar, was introduced in 45 BCE
following the research of Sosigenes, an Alexandrian astronomer of the first century
BCE. Its year had 365.25 days — three years of 365 days and one year of 366 days.

1 This article should be regarded as a theoretical analysis of what the Sanhedrin might consider
doing when it is re-established. It is beyond the scope of this paper to examine the conditions
necessary for the implementation of a solution improving the Jewish calendar. We will not
discuss in this paper whether the rules of the calendar constitute a rule that was submitted
to a vote (7°3m2w 727), whether it requires only an authoritative and respected chief rabbinate,
recognized by all Israel, or if it requires the Sanhedrin of 71 ordinate rabbis (semiha), and
whether such a Sanhedrin precedes the coming of the Messiah* or follows it.** In any
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Sosigenes considered 25 March to be the day of the equinox. This year of 365.25
days is too long (by about three days in four centuries). 25 March, considered the
day of the equinox, therefore arrived later and later after this equinox.

As early as 325 CE at the Council of Nicaea, which fixed the date of Easter in
order to detach the church calendar from the Jewish calendar and make it
independent and autonomous, the spring equinox was considered to fall on 21
March,? four days before the date chosen by Sosigenes at the time of the Julian
reform. In fact, Sosigenes was mistaken only by one day, but the fathers of the
church attributed the four days’ difference to the imprecision of Sosigenes’
observations; they were unable to imagine that it was the consequence of their
calendar’s imprecision. On the contrary, they thought that they could definitively
fix the spring equinox to be on 21 March. They believed that the equinox would
occur on this date each year. The main features of the rules adopted at the Council
of Nicaea were as follows:

1. The Council of Nicaea’s rule of intercalation states: Easter is the Sunday
following the fourteenth day of the moon, which reaches this stage on 21 March

case, in order to make the most cautious reader comfortable, I wish to quote the commentary
of R. Abraham Karelitz (Hazon Ish) on Hilkhot ha-Hodesh V: 2:
TY2IP PITAI0 QW PRY 172 PRI 7D PV PYAIP 1IN0 WO RTIR KIT 21°0m Awn® 1397 AT 92T
LTI AR 0p By
who writes:
Syw y1ap Pawn My 0oman? MW 9011 X9X 72512 150 112wn DY 1 mwan 1900w 13197 PR
YIn1 KD DaR 132w0 DR 7723 597 yap 71 97¥1 13390 DAY ARAN NIY MR 023w 1ITI0° 17D
1993 °03pNY R19°37 7272 1177, DRIDY KT 7329 ARnn N1UY 17T7I0° 10 DY DA INK 1awn y1apb
7712 DXINWY 023778 1K 71 °30n 2pn Hhn pawvn ox

The subject of this paper is exactly within the scope of the research considered and even
encouraged by Hazon Ish, aiming at a better determination of the length of the Jewish year.
This paper is thus perfectly within the boundaries of normative Judaism and cannot rise
any objection.
* Maimonides in his commentary on Mishna Sanhedrin 1: 3 and Hilkhot Sanhedrin IV: 11.
** R. Hananel on B. Rosh ha-Shanah 20b wrote that the Sanhedrin will follow the coming
of the liberator.
Nahmanides on Sefer ha-Mitzvot writes that Hillel had sanctified all the neomenia and the
years until the coming of Elijah; afterwards we will return to the observation calendar. This
seems to imply that the Sanhedrin will be re-established after the coming of Elijah.
Rashi on B. Yoma 80a writes that the re-establishment of the Sanhedrin will follow the
reconstruction of the Temple. The opinion of Rashi can be deduced fromm B. Temura 8a,
dealing with the possibility of condemning a town to be “nr7ai 9°y” where it states that if
there in no Temple there is no Sanhedrin of 71 able to deal with this problem.

2 In fact, the spring equinox of 325 CE was on 20 March, at about 10 a.m. U.T; or 7h 40m
a.m. JMT, Jerusalem Mean Time.

18 B.D.D. 27, March 2013
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or slightly later. When we consider that the church had the true equinox in
mind, which precedes the mean equinox by two days, we ascertain that this
rule is identical® with the rule of intercalation of Shitsar, taught by Rabbi Huna
bar Avin (B. Rosh ha-Shanah 21a) if we accept that Nissan 16 may occur on the
day of the tekufa, according to R. Hananel* and R. Abraham bar Hiya.’

2. Ifwe compare our modern order of intercalation with theirs, we get the following
scheme.

Jewish 17* 18 19* 1 2 3* 4
Christian 1 2 3* 4 5 6* 7
Jewish 5 6* 7 8* 9 10 11*
Christian 8* 9 10 11* 12 13 14*
Jewish 12 13 14* 15 16

Christian 15 16 17* 18 19*

The numbers of the Jewish lines represent the order of the years in the 19-year
cycle. In the Christian lines, one finds the order number of the Christian years;
their order number is called the gold number and is defined by: G =1 + [N],.

Thus year 0 CE has 1 as gold number, and it corresponds to the Jewish year
3760 which is the 17th of the cycle: hence the correspondence between the Jewish
and Christian lines.

As ibn Ezra already noted,® they intercalate in our years 5 and 16. Their cycle
of intercalation is, thus, expressed in Jewish years: 3, 5, 8, 11, 14, 16, 19.7 We will
see below that this order of intercalation corresponds to the opinion of Rabbi Eliezer®
in the baraita of intercalation,’ and was the order of intercalation fitting the period
of the third, fourth and fifth centuries. It seems thus that the Church adopted the

3 As far as we have an agreement about the dates of the mean and true equinox.

4 Seenote 29.

5 See p. 25 “Which Equinox was Considered in the Rules of Intercalation?” See also notes
28,29 and 44.

6 Sefer ha-Ibbur, p. 6b, bottom.

7 We could also write that the Christians intercalated the years 3, 6, 8, 11, 14, 17, 19, according
to our order of intercalation, if we consider that the first year of their cycle is the year 0 CE,
which corresponds to the 17th year of our cycle. This is exactly what R. Abraham bar Hiya
wrote in his Sefer ha-Ibbur, Book I11, chap. 10.

8  See note 44.

9  Seenote 43.
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empirical order of intercalation of the Jewish calendar,'’ and imposed it as a
definitive rule to satisfy their new rule of intercalation. By the eighth century, they
must have ascertained that this was not true and that the equinox shifted with regard
to the sun toward the winter.

The Julian year was indeed too long, by 11m 8s, which represents one day in
128 years. However, Easter was connected to the date of 21 March; it must take
place on the first Sunday after the first full moon of spring, i.e. on the Sunday
following the 14th day of the lunation that reaches this stage after the vernal equinox,
fixed rigidly on 21 March. As the equinoxes always came earlier, because the
Julian year was too long by one day every 128 years, 21 March was shifting toward
the summer. Therefore, Easter was also shifting toward the summer.

In 1147, R. Abraham ibn Ezra determined the true equinox in Verona: Friday,
14 March, at 7h." He notes that 130 years later the equinox would already be on 13
March. "

In about 1300 CE, the vernal equinox fell on 13 March'® instead of 21 March.
Moreover, the 235 lunar cycles of a 19-year cycle, assumed to be 19 x 365.25 =
6939.75 days, in reality were 6939.69 days. Thus, in about 1300 CE, 51 cycles
after the Council of Nicaea, the full moon came three days earlier than was
computed.'

10 We must be very cautious regarding this simplistic statement since we don’t know how the
leap years were fixed in the calendar of Hillel when it was instituted. There are pieces of
evidence proving that the Christians reproached the Jews for not keeping the rules of the
equinox (see Jaffe, pp. 49-50 and Stern, pp. 69 and 78) during the fourth and fifth centuries.
The Christians placed the true equinox on 21 March. If the mean vernal equinox of the
Jews was on 22 March (the astronomical truth at that time), they could have Pesah on
March 21 and the eve of Pesah (the Pascha) on 20 March — if they considered the rule of
Shitsar according to the understanding of R. Abraham bar Hiya and R. Hananel (see note
60). No wonder that the Christians considered that the Jews began Passover too early. In
any event, it is likely that the rule of intercalation was the rule of Shitsar and that it lead to
the empiric order 3, 5, 8, 11, 14, 16 and 19, which was also adopted by the Church.

11 I am assuming that we are discussing Jewish hours, thus 1h a.m. (contradicting what I
wrote incorrectly in B.D.D. 16, p. 26 n. 74). His equinox would then be about 12h in
advance. This explains why ibn Ezra spoke of a shift of the tekufa of Adda of two days. His
equinox was 0.5 day in advance and therefore the true shift was only 1.5 days.

12 Sefer ha-Ibbur, p. 9b.

13 In 1300 CE the spring equinox was on 12 March, 16h U.T. or 13h 40m JMT, thus between
12 and 13. During the period 325-1300, the shift is 975/128 = 7.62 days. Thus,
approximately, we have March 20.32 — 7.62 = March 12.70.

14 51x(0.75-0.69) = 3.06 days. Today, in the ecclesiastical calendar of the Orthodox church,
this difference has reached: 88 x (0.75 — 0.69) = 4.86 days.

20 B.D.D. 27, March 2013
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The computation for Easter was thus completely wrong. Easter was celebrated
on the wrong days, and flesh was eaten during Lent; the Jews and the Mohammedans
of the time regarded this with derision. The internal quarrels of the Church in the
succeeding centuries prevented any corrective measure from being taken; it took
nearly three more centuries until a solution was adopted. For a long period, the
problem was a familiar one. It was raised at the Council of Constance in 1414; it
was raised again at the Council of Trent (1545-53). In 1475, the Pope summoned
the great German astronomer Regiomontanus to Rome to seek his advice on the
urgently needed reform of the calendar. Regiomontanus informed the Pope that
new observations would be needed to provide a reliable basis for improved rules.
However, he died in Rome the following year and matters remained as they were.
The calendar was in disorder; the ancient rules of intercalation had not been
sufficiently accurate, and the discrepancies had become unduly large. In the 16th
century, the vernal equinox fell on 11 March instead of 21 March, and the full
moons came three days too early.

It was Pope Gregory XIII who finally imposed a new calendar in 1582. Chosen
from many propositions, the adopted solution was one put forward by a lecturer in
medical science at the University of Perugia, Luigi Lilio, mostly known by his
Latinized name, Aloysius Lilius. The solution was criticized by such important
scholars as the French mathematician Francois Viéte," the astronomer Michael
Maestlin, Johannes Kepler’s professor at Tiibingen, and the renowned scholar Joseph
Justus Scaliger.'® They criticized the new ecclesiastical calendar of the moon,
which would remain far from the true movement of the moon. Clavius'’ was a
tireless defender of the reform, and wrote many books to this effect, to such a point
that his name is better known than that of the inventor. The choice of Lilio’s solution
was motivated by its simplicity. The solution consisted in the removal of ten days,
by jumping suddenly from 4 October to 15 October, and the omission of three leap
years every 400 years. The solution also consisted in keeping the 19-year cycle
and having the time of full and new moons pushed back one day eight times in
2,500 years. This should be done in the years 1800, 2100, every 300 years until
3900, and then in 4300 and again every 300 years. Now, if the calendar reform had
come before the Reformation, nothing would have stood in the way of its general
acceptance. However, because of the great religious discord, the calendar reform

15 Frangois Viéte (1540-1603), the father of modern algebra.

16  Joseph Justus Scaliger (1540—1609), philologist and chronologist, author of De Emendatione
Temporis.

17  Christoph Clavius (1537-1612), Jesuit and mathematician.
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was accepted immediately only by Spain, France, and Poland. The Protestant
countries accepted it much later. In the course of the 18th century, the Gregorian
calendar was introduced everywhere in Protestant Europe and in England (in 1752).
Russia followed only in the 20th century. We see thus how long the process was
from the recognition of the problem to the will to solve it, the research of a solution,
the definition and the implementation of the solution, and finally to its general
acceptance.

B. WHEN DID THE JEWISH CALENDAR DEFINITIVELY
SETTLE DOWN?'®

1. The Date of the Institution of the Jewish Calendar

According to a responsum of R. Hai Gaon, written in 992 CE and mentioned by R.
Abraham bar Hiya,"” the fixed calendar was instituted in 670 S.E. (Seleucid
Era=minyan shtarot), i.e. 358/59 CE by Hillel 11, the Patriarch. We have already
shown? that as early as about 325 CE, a calculated and predictable calendar was
communicated to Babylonia, probably year by year. What then does the date of
358/59 represent? I have suggested that 358/59 CE could represent the date of the
official and irreversible institution of the fixed calendar. It seems very likely that
the calendar calculated in around 325 CE was still a semi-empirical calendar,
calculated year by year. It was probably a flexible calendar and it is very likely that
the neomenia were still intended to coincide with the first observation of the new
moon. Indeed, the transition to a fixed calendar requires the choice of a molad
(conjunction), the length of a synodical month, and a rule of intercalation (to respect
the lunisolar character of the Jewish calendar). It also requires a shift of about two
days of the neomenia, to shift the neomenia from the day of first visibility of the
moon to the day of the mean conjunction. It is likely that it took about 34 years to
define all these elements, during which time the calendar evolved from the former
semi-empirical calendar to a fixed calendar.

18  Sections 2—5 contain historical data based on the research and assumptions of Borenstein
and Jaffe, accepted by Rahamim Sar Shalom in his Shearim le-Luah ha-Ivri, and on personal
assumptions that have already been explained in my paper “The Equation of Time in Ancient
Jewish Astronomy,” B.D.D. 16. Some of these conclusions were contested by R. Casher in
Torah Shelemah, 13. However, the latter must accept the existence of Talmudic evidence
of later enactments in the Jewish calendar. These data are known only by specialists, and
cannot be considered as being universally accepted.

19  Sefer ha-Ibbur, Book 3, chap 7.

20 J. Jean Ajdler, Hilkhot Kiddush ha-Hodesh (Jerusalem, 1996), p. 695.

22 B.D.D. 27, March 2013
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2. Further Evolution of the Jewish Calendar

It is likely that these elements mentioned above, a synodical month, a molad and
rules of intercalation, were not adopted at once definitively but evolved and were
subject to research, debate, and evolution.

a. Rosh ha-Shanah on a Sunday

We know from a passage in B. Sukkah 43b that, in about 325 CE (the time of
Rabbin), Rosh ha-Shanah could fall on a Sunday. Similarly, we know from
Y. Megilah I, 2 that later, in about 350 CE at the time of R. Yose (Youssa), Purim
could fall on a Wednesday. This implies that now, when the calendar has become
non-variable between Purim and Rosh ha-Shanah, Rosh ha-Shanah can fall on a
Sunday. We know from a passage in B. Niddah 67b, that at the time of R. Yeimar
(head of the academy of Sura after R. Ashi, 427-32 CE), Rosh ha-Shanah could
still fall on a Sunday. We know further from a passage of the epistle of R. Sherira
Gaon?*! that in 817 S.E., i.e. 4266 AMI, Purim could still fall on a Wednesday** and
Rosh ha-Shanah on a Sunday. This situation could have continued until the middle
of the seventh century.?

b. The Length of the Jewish Lunation

The length of the Jewish lunation adopted in our calendar is 29d 12h 793ch. The
date of the introduction of this value of the Jewish lunation is the subject of endless
discussions that are outside the scope of this article. Stern* considers that the first
allusion to a Jewish month of this length appears in a liturgical poem of R. Pinkhas,?
which refers to the division of the hour into 1,080 parts.

c¢. The Molad

According to the beginning of the fifth chapter of the baraita of Samuel, as it
appears in our printed text,* the molad of Tishri 4537 AMI was on Tuesday, 17
September 776 CE at 18h, i.e. (4) — 0 — 0 instead of the modern value of (4) — 3 —
363; thus a difference of about 3h 20m.

21 Edition Aharon Heyman, p. 85, part 3, chap 4.

22 Adar 4 was a Sunday this year.

23 This at least was the opinion of Borenstein, but we have no direct evidence.

24 Sacha Stern, Calendar and Community (Oxford University Press, 2001), p. 204.
25  Late eighth or early ninth century.

26 Based on the edition of R. Nathan Amram, Salonika, 1861.
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d. The Letter of the Resh Galuta of 4596 AMI”
From this letter we know that the fixing of the years 4596 and 4597 AMI were
different than in our calendar.

The molad of Nissan 4596 was thus less than (3) — 13 — 642. Otherwise, the
molad of Tishri 4597 would be zaken and Rosh ha-Shanah would be delayed until
Saturday, 16 September. The molad was probably still in accordance with the molad
of the baraita of Samuel, near (3) — 12 — 720.

The molad (3) — 16 mentioned in the letter of the Resh Galuta was probably a
Babylonian approximation deduced from the value of the Almagest, (3) — 14 —
1041, by a translation from Alexandria to Bagdad. In conclusion, the molad used
by the Palestinians in 4596 was still different from the modern molad.

Table 1: The Situation According to Our Modern Calendar

4596 AMI 835 CE Tishri 1 Nissan 1
385 days Saturday, 28 August
Molad (6) — 22 — 660
836 CE Thursday, 23 March
Molad (3) — 15811
Molad Zaken if
Molad >= (3)—13-642
4597 AMI Saturday, 16 Sept.
Molad (5)—20-169
Molad Zaken

Table 2: The Data According to the Letter of the Resh Galuta

4596 AMI | 835 CE Tishri 1 Nissan 1
383 days

836 CE Tuesday, 21 March
4597 AMI Thursday, 14 Sept.

Therefore, the proposition of Borenstein and Joffe, according to which the definitive
rules of the Jewish calendar were fixed in 4599, seems likely. However, there still
remained a difference between the Palestinians, who fixed the first molad in Nissan

27 See Rahamim Sar Shalom, Shearim le-Luah ha-Ivri.
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of'year 1 AMI on (4) — 9 -0, and the Babylonians, now associated with the process,
who fixed the first molad in Tishri of year 2 AMI on (6) — 14 — 0. This last difference
of 642ch, which apparently subsisted between the molad of the Palestinian Council
of Intercalation and the molad of the Babylonian scholars, would create the dispute
of 922-24 between Ben Meir and R. Saadia Gaon. The victory of R. Saadia Gaon
will definitively fix the molad to its modern value, and inevitably undermine the
dominant position of the Palestinian council regarding the calendar.

3. Which Equinox was Considered in the Rules of Intercalation?

It is generally accepted that the rule of intercalation that was adopted to determine
the regular years (12 months) and the leap years (13 months) is that set out by Rav
Huna bar Avin to Rava in B. Rosh ha-Shanah 21a: “When you see the winter
season prolonging itself until the 16th of Nissan, intercalate that year and do not
worry [about contradictory opinions (Rashi), or about the two other signs of maturity
(Tosafot)].”

The existence of such a rule of intercalation (together with concurrent rules
mentioned in B. Sanhedrin) implies that the 19-year Metonic cycle was not yet
instituted in Hillel’s calendar. The exact significance of this passage has often been
discussed. The first problem was the meaning of “until the 16th of Nissan.”
According to Rashi and Maimonides, we intercalate only if the equinox occurs on
the 16th of Nissan. According to others, such as Tosafot, Savasorda (R. Abraham
bar Hiya)*® and R. Hananel,?” we intercalate only if the equinox occurs on the 17th
of Nissan.

A second problem, which interests us particularly, is whether the fekufa (the
mean equinox) was the tekufa of Samuel, the tekufa of Rabbi Adda or another
tekufa. In any case, it must have been a mean equinox and not, as some claim, a
true equinox. A true equinox is the passage at the vernal or autumnal point of the
true sun, while a mean equinox is the passage at these points of the mean sun. True
vernal equinox occurs nowadays two days before the mean vernal equinox, and
true autumnal equinox occurs two days after the autumnal mean equinox.

Some have claimed that the fekufa of Adda coincided well with the true vernal
equinox in the fourth century, and that this fekufa was already in use when Hillel’s
calendar was instituted.*® T consider these assumptions false, and believe that this

28  Sefer ha-Ibbur, Sha’ar V, p. 92.
29  B. Rosh ha-Shanah 21a. His commentary on B. Sanhedrin 13a-b raises difficulties.
30 Y. Loewinger, A/ ha-Sheminit, pp. 160-62.
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rule — the rule of R. Huna bar Avin — without any doubt involved a mean equinox.
In B. Sanhedrin (13b), the Talmud seems concerned with the timing of Sukkot,
that the occurrence of the 21st of Tishri should be during autumn, and with the
timing of Passover, that the occurrence of the 16th of Nissan should be during the
spring. This co-occurrence can be reached only by applying the intercalation rule
to the mean equinox. Indeed if we apply an intercalation rule to the spring equinox,
then the rule concerning the position of Sukkot with respect to the true autumnal
equinox cannot be respected.’!

It can be demonstrated further that the view that this was the mean equinox was
the view of all rabbinical authorities and all Jewish calendar specialists throughout
Jewish history. It is the mean equinox that is involved in all the Talmudic rules of
intercalation. For example, Tosafot in B. Sanhedrin (13a; 13b) consider that the
tekufa used was the tekufa of Samuel. Maimonides thinks that the rule of Shitsar
was applied with the fekufa of Adda,** and he considers that this tekufa is a mean
equinox.*

Rabbi Abraham bar Hiya ha-Nasi gives the definition of true and mean equinox,
and he writes explicitly that the Jewish tekufot are based on the mean movement of
the sun.*

R. Judah ha-Levi** considers that the fekufa of Rabbi Adda coincides with the
observation of Al-Battani.*® This implies that Judah ha-Levi compares the tekufa
of Adda of Sunday, 16 September 882, at 21h Omin 23 sec Jerusalem mean time
with the mean equinox of Al-Battani. The true equinox of Al-Battani occurred on
19 September 882 at 1h 15m ar-Raqua mean time, and the mean equinox was then
on 17 September 882 Oh 42min Jerusalem mean time.

In the baraita of Samuel, chapter V, an observed autumnal equinox is mentioned
on Tuesday, 17 September 776 at 16h JMT.>” This time was obviously a mean
equinox as the true equinox was on Thursday, 19 September 776 at 8h 51m JMT
with the mean equinox on 17 September 776 at 8h 51m. The precision was quite

31 Indeed, the distance between 16 Nissan and 21 Tishri is 182 days. The distance between 22
March and 21 September (mean equinoxes) is 183 days. The distance between 20 March
and 23 September (true equinoxes) is 187 days.

32 Hilkhot Kiddush ha-Hodesh XI, 6.

33 Hilkhot Kiddush ha-Hodesh XI, 7.

34 Sefer ha-1bbur, Book 111, chap. 2, last lines of the chapter.

35  Sefer ha-Kuzari, Book 4, chap. 29.

36  Al-Battani, Opus Astronomicum (Milan, 1903), pp. 42 and 210.

37 Z.H. Jaffe, Korot Heshbon ha-Ibbur (Jerusalem, 1931), p. 64.

26 B.D.D. 27, March 2013
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good (a difference of about seven hours).

In his Sefer ha-Ibbur, R. Abraham ibn Ezra notes:

1. That the tekufa of Adda is, in contradiction with common opinion, a mean
equinox. These four points are on the circle of the sun and not on the ecliptic.*®

2. The rule of intercalation is based on the tekufa of Adda.*

In his famous book Yessod Olam,* the 14th-century Jewish astronomer Isaac Israeli
of Toledo writes that it is the mean vernal equinox that is considered for the fixing
of Passover.

4. The Adoption of a Stable Intercalation Cycle

According to Borenstein*' and Jaffe,** the adoption of a stable intercalation cycle
happened during the eighth century, before the adoption of the definitive molad.
Until that period, the intercalations were probably fixed empirically based on the
rule of Shitsar, according to which Nissan 16 should occur, at the earliest, on the
day of the mean equinox (Gregorian 22 March) and, at the latest, 29 days later. The
decision to adopt a fixed intercalation rule implies that the mean Jewish year is
equal or nearly equal to the tropical year.

According to a baraita,” probably dating from that period, three orders of
intercalations were proposed. The first is the order attributed to Rabbi Eliezer.* It
seems that this was the order of intercalation that worked and appeared empirically
during the third, fourth, fifth, and beginning of the sixth centuries.* The second is
attributed to the Sages,* and must correspond to the empirical order used during
the sixth, seventh and eighth centuries. The third order of intercalation is attributed
to Rabban Gamliel, and corresponds to the years of intercalation of our modern

38 P. 6b, bottom.

39 P.8b-9a.

40 Book 4, chap. 2, p. 3 column 2.

41  Divrei Yemei ha-Ibbur, p. 268.

42 Korot Heshbon ha-Ibbur, p. 84.

43 The text of the baraita can be found in Yessod Olam, Book 4, chap. 2. See also Pirkei de
Rabbi Eliezer, end of chap. VIII. See also Borenstein mentioning the text of this baraita in
Sefer ha-1bbur of Rashbam (still in manuscript): Divrei Yemei ha-1bbur ha-Aharonim, p.
18 and Z. H. Jafte, Korot Heshbon ha-Ibbur, p. 83.

44  Cycle: 3,5,8,11, 14, 16 and 19. 1= 18 — Rabbi Eliezer is known for his transmission of the
old traditions. See B. Sukkah 28b.

45  Exactly the order of intercalation that the Church adopted as a rule in its calendar.

46 Cycle: 3,6,8,11, 14, 16 and 19.1=19.
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calendar.*’” If we consider that the first opinion, attributed to Rabbi Eliezer,
corresponded to an old order of intercalation and that the doubt was in determining
the most suitable order between the last two systems, then the assumption that this
baraita dates from the eighth century, when a cycle of intercalation was adopted,
seems likely. There was indeed a possibility of doubt with regard to the best system
of intercalation between the different systems. It seems even that the system of
intercalation definitively adopted in the eighth century was, in fact, implemented
too early when it did not yet fit perfectly; during the eighth century the order of
intercalation of the Sages would probably have worked better. It was only a century
later that the new order of intercalation worked perfectly. It would prove very
efficient and precise when the modern calendar was definitively fixed. As we show
in the next chapter, the Jewish calendar, with the new order of intercalation, was
perfectly centered during the ninth century with regard to the solar year.

5. The Jewish Calendar was Definitively Fixed in about 4599, not During
the Fourth Century: Additional Evidence

We have established two tables, the first for the 243rd cycle, probably the first
cycle working under the definitive rules of the Jewish calendar, with the corrected
molad probably calculated according to the Almagest. It is striking to note that the
16th of Nissan of the critical year 16 of the cycle occurs on the fictitious Gregorian
22 March, the date of the mean spring equinox and that Tishri 21 of the same year
occurs on the fictitious Gregorian 20 September, corresponding to the mean autumn
equinox. It appears that the intention of the founders of the Jewish calendar was
probably twofold: they wanted to satisfy two conditions, one in spring and the
second in autumn.

Apparently, Nissan 16 and Tishri 21 were allowed to coincide with the day of
the mean equinoxes once in each cycle of 19 years, and must always occur during
the month following these mean equinoxes.

This coincidence reinforces the conviction that the last changes in the Jewish
calendar were performed at this time, and that the rules of intercalation must be
understood as explained before. Now, when we examine the second table, calculated
for the 247th cycle, we observe that the conditions, both in spring and in autumn,
are still satisfied.

Nevertheless, we observe also that the results of the Julian shift of one day are
already noticeable. Within a century, the shift toward the summer, because the

47 Cycle: 3,6, 8,11, 14, 17 and 19. i = 1. This cycle did not fit before the ninth century.
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Jewish year is too long, will bring the critical day of Nissan 16 of year 8 of the
cycle out of the spring. Of course, this seems not to have been noticed. On the
contrary, the world was struck by the precision of the Jewish calendar with regard
to the Julian calendar.

Table 3: The Dates of Nissan 16 and the Following Tishri 21 During the 243rd Cycle

N Year Jewish Year | Nissan 16 Nissan 16 Tishri 21 Tishri 21
Julian Gregorian Julian Gregorian
1 839 4599-4600 4 April 8 April 3 October 7 October
2 840 46004601 24 March 28 March 22 Sept. 26 Sept.
3 841 4601-4602 11 April 15 April 10 Oct. 14 Oct.
4 842 4602-4603 31 March 4 April 29 Sept. 3 Oct.
5 843 4603-4604 | 21 March 25 March 19 Sept. 23 Sept.
6 844 4604-4605 7 April 11 April 6 Oct. 10 Oct.
7 845 460546006 27 March 31 March 25 Sept. 29 Sept.
8 846 4606-4607 16 April 20 April 15 Oct. 19 Oct.
9 847 4607-4608 6 April 10 April 5 Oct. 9 Oct.
10 848 4608-4609 | 25 March 29 March 23 Sept. 27 Sept.
11 849 4609-4610 12 April 16 April 10 Oct. 14 Oct.
12 850 4610-4611 2 April 6 April 1 Oct. S Oct.
13 851 4611-4612 22 March 26 March 20 Sept. 24 Sept.
14 852 4612-4613 10 April 14 April 9 Oct. 13 Oct.
15 853 46134614 | 29 March 2 April 27 Sept. 1 Oct.
16 854 4614-4615 18 March 22 March 16 Sept. 20 Sept.
17 855 4615-4616 | 7 April 11 April 6 Oct. 10 Oct.
18 856 46164617 | 27 March 31 March 25 Sept. 29 Sept.
19 857 4617-4618 14 April 18 April 13 Oct. 17 Oct.

Table 4: The Dates of Nissan 16 and the Following Tishri 21 During the 247th Cycle

N Year Jewish Year | Nissan 16 Nissan 16 Tishri 21 Tishri 21
Julian Gregorian Julian Gregorian

1 934 4694-4695 4 April 9 April 3 Oct. 8 Oct.

2 935 4695-4696 23 March 28 March 21 Sept. 26 Sept.
3 936 4696-4697 10 April 15 April 9 Oct. 14 Oct.
4 937 4697-4698 31 March S April 29 Sept. 4 Oct.

5 938 4698-4699 | 21 March 26 March 19 Sept. 24 Oct.
6 939 4699-4700 8 April 13 April 7 Oct. 12 Oct.
7 940 47004701 27 March 1 April 25 Sept. 30 Sept.
8 941 4701-4702 16 April 21 April 15 Oct. 20 Oct.
9 942 4702-4703 6 April 11 April 5 Oct. 10 Oct.
10 943 4703-4704 | 26 March 31 March 24 Sept. 29 Sept.
11 944 4704-4705 12 April 17 April 11 Oct. 16 Oct.
12 945 4705-4706 | 2 April 7 April 1 Oct. 6 Oct.
13 946 4706-4707 22 March 27 March 20 Sept. 25 Sept.
14 947 4707-4708 9 April 14 April 8 Oct. 13 Oct.
15 948 4708-4709 | 29 March 3 April 27 Sept. 2 Oct.
16 949 4709-4710 18 March 23 March 16 Sept. 21 Sept.
17 950 4710-4711 7 April 12 April 6 Oct. 11 Oct.
18 951 4711-4712 26 March 31 March 24 Sept. 29 Sept.
19 952 4712-4713 14 April 19 April 13 Oct. 18 Oct.
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6. The Precision of the Jewish Calendar and the Consecutive Problems

a. Comparison of the Jewish Calendar with the Gregorian Calendar

The length of the Gregorian year is 365.2425 days, and 19 Gregorian years have a
length of 6939.6075 days. The Jewish month has a length of 29d 12h 793ch. One
cycle of 19 years has the length of 235 months, representing 6939.689621914
days. The Jewish mean year is thus too long, and the difference at the end of 19
years is 0.082121914 d. This difference reaches one day after 231.36334 years. It
reaches one Jewish month after 6832.2969 years, corresponding to 359.5946 cycles
of 19 Jewish years.

b. Comparison of the Jewish Year with the Tropical Year

The length of the tropical year is 365.24219878 d, and 19 years have a length of
6939.60177682 d. The difference between 19 Jewish mean years and 19 tropical
years is thus 0.08784509 d. This difference reaches one day in 216.2898 years. It
reaches one Jewish month after 6387.1670 years, corresponding to 336.1667 cycles
of 19 Jewish years. The only Jewish calendar specialists who were aware of this
problem were Maimonides*® and Abraham ibn Ezra.* Isaac Israeli in about 1310
does not notice any problem of precision with regard to the tekufa of Adda.

c. Improvement of the Jewish Calendar

The Jewish calendar shifts by one day every 216.2898 years. If we consider that
the Jewish calendar was perfectly centered at the beginning of the 243rd cycle,
then the shift today is (1167 / 216.2898) = 5.4 days. The shift will increase with
time. In the 725th cycle, Nissan 16 will fall at the earliest on 2 May and at the latest

48  Maimonides writes in Hilkhot Kiddush ha-Hodesh X: 6 and 7: The tekufa of Adda is better
than that of Samuel but it remains an approximation. Nevertheless, he must have considered
it to be sufficiently precise, since he believed that the Sanhedrin considered this tekufa in
order to appreciate if the year must be intercalated. However, from another point of view
Maimonides should have noted, on the basis of his own data, that the mean spring equinox
was on 15 March 1178 at about 14h 27m JMT, while the tekufa of Adda was on 17 March
1178 at 7h 28m JMT. See J. Ajdler, Hilkhot Kiddush ha-Hodesh al pi ha-Rambam, p. 179.
The shift was thus more than 1.5 days.

49  In his Sefer ha-Ibbur, p. 9b and 10a, he notes that the tekufa of Adda has shifted in his time,
i.e. 1147, by about 2 days. Therefore, the distance between the true spring equinox and the
tekufa of Nissan is 4 days, in Tishri the distance is nearly non-existent, and in Tamuz and
Tevet it is about 2 days plus (Tamuz) or minus (Tevet) a few hours. A correct calculation
shows that the shift was only 1.42 days. Indeed, (2007 — 1146) x 6.66 m = 3.98 days. The
shift was thus 5.4d — 3.98d = 1.42 days.
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on 30 May. Similarly, Tishri 21 will fall at the earliest on 31 October and at the
latest on 28 November.

Taking into consideration the value of a shift of one day every 216.2898 years,
we see that the answer to the problem would be to find a harmonious and smooth
solution that would allow us to suppress one lunation in about 336 cycles.

d. Comparison between the Jewish Lunation and the Lunation of Brown

The Jewish lunation is: 29. 530 594 135 803
The lunation of Brown is: 29.530 587 731 481
Excess of the Jewish lunation: 0. 000 006 404 322

This excess will amount to one day after a delay of 156144.5 lunations,
corresponding to 156,144.5 x (19/235) = 12624.45 years. During this period, the
Jewish years will exceed the Gregorian years by 12624.45/231.36334 = 54.56 days,
and the tropical years by 12624.45/216.3634 = 58.37 days. It appears that the lunar
problem is negligible with regard to the difference that will appear between the
Jewish calendar and the solar calendar. It is a matter of fact that despite the great
irregularity of the moon’s movement, the ancients knew it very well. From
Maimonides’ Hilkhot Kiddush ha-Hodesh, it appears clearly that he knew and
quantified the difference between the molad and the mean equinox. In Nissan 4938
the molad was (3) — 1 — 721 or 7h 40m p.m. while the astronomical mean equinox
was at 6h 45m p.m; thus a delay of 55 minutes of the molad. In July 1953, the
molad of Av was at (0) —22 — 513 or in July at 14h 07m 46s + 17.57m* = 14h 25m
UT, while the mean equinox was at 12h 13m. The molad was thus delayed by 2h
12m. This span of time increases slowly, and the danger is that there is an increased
probability of seeing the new moon before the 1st of a month, more specifically
before Tishri 1. Based on the precedent of 4536,°' when the molad was increased
by more than three hours to fit the Almagest, we will have to diminish the molad
by three hours when the difference reaches this value, although we could probably
wait until the difference reaches six hours. Of course, we will lose the periodicity
that was supposed to exist with the molad but which existed in fact only from 4599
AMI on, and more precisely from 4683 on, when R. Saadia Gaon imposed the
Babylonian molad, which was 642 ch less than the Palestinian molad.

50 Mean Time of Almagest + 17.57 m = modern mean time.
51  See the baraita of Samuel, chap V, 1.
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C. IMPROVEMENT OF THE JEWISH CALENDAR: FIRST SOLUTION

Let us refer to Table 5, representing all nineteen possible orders of intercalation.
Let us further suppose that for all of the 17 x 19 =323 years we adopt a different
order of intercalation. Thus, the current order of intercalation corresponding to
i=1 will be replaced by the order of intercalation i = 2 and so on. We will be faced
with a problem at the transition from the order i = 2 to the order i = 3 because,
without the implementation of a special disposition against it, we would have two
consecutive leap years, which is unacceptable. We will then be obliged to make
the last year of the last cycle, i = 2, an ordinary year instead of a leap year.

Of course, this will have no noticeable consequence, because the following
year will be a leap year. At the end of the process, after 19 x 323 = 6137 years, the
number of elapsed months, which should normally be 323 x 235 = 75905 months,
will now be: 75905 — 1 = 75904 months because of the suppressed month in the
19th year of the last cycle, i = 2. Finally, we will have suppressed one lunation in
6137 years instead of in 6387 years, as we initially expected.

=3
5
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Figure 1: The shift of the Jewish calendar with regard to the sun; the limits of the date of
Nissan 16 as a function of the serial number of the 19-year cycles. Thus, for each cycle we
find the extreme dates of Nissan 16, the earliest for the 16th year and the latest for the 8th
year of the cycle. The two straight lines of the figure are in fact an approximation and a
general tendency.
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Ifthis process had been implemented at the assumed beginning of the definitive
calendar in 4599 AMI (autumn 838), then we would have had the following
succession:
1=11in the years 4599-4921; i =2 in the years 4922—-5244; i = 3 in the years 5245
—5567; 1 =4 in the years 5568-5890; i = 5 in the years 5891-6213. The cycle of
intercalation i = 4 corresponds to 1772 v”1K.>?

Table 5: The 19 Types of Intercalation Cycles (first part)
For the signification of the coefficients K, i, and a,, see below.

K=8 K=7 K=6 K=5 K=4
i=1 i=2 i=3 i=4 i=5

N a; N a, N as N a, N as

1 17 1 18 1* O* 1* 1* 1* 2%
2 10 2 11 2 12 2 13 2 14
3* 3* 3* 4% 3% 5* 3* 6* 3 7
4 15 4 16 4 17 4 18 4% 0%*
5 8 5 9 5 10 5 11 5 12
6* 1* 6* 2% 6* 3* 6* 4% 6* 5*
7 13 7 14 7 15 7 16 7 17
8% 6% 8 7 8 8 8 9 8 10
9 18 9* 0* 9* 1* 9* 2% Ok 3*
10 11 10 12 10 13 10 14 10 15
11%* 4% 11%* 5% 11%* 6* 11 7 11 8
12 16 12 17 12 18 12% 0%* 12% 1%
13 9 3 10 13 11 13 12 3 13
14* 2% 14* 3* 14* 4% 14%* 5* 14* 6*
15 14 15 15 15 16 15 17 15 18
16 7 16 8 16 9 16 10 16 11
17* 0* 17* 1* 17* 2% 17* 3% 17* 4%
18 12 18 13 18 14 18 15 18 16
19% 5% 19* 6* 19 7 19 8 19* 9*

52 Prof. A. Fraenkel was thus right in his article in Sinai, 17, pp. 17681, and Y. Loewinger
was mistaken in A/ ha-Sheminit, p. 123. It is particularly interesting to note that the current
cycle of intercalation of the ecclesiastical Gregorian calendar transposed in the corresponding
Jewish years gives exactly the same cycle of intercalation, i = 4.
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Table 5: The 19 Types of Intercalation Cycles (first part continued)

K=3 K=2 K=1 K=0 K=18
i=6 i=7 i=8 i=9 i=10

a N a, N ag N a9 N aj

1* 3% 1* 4% 1* 5* 1* 6* 1 7
15 2 16 2 17 2 18 2% 0*

3 8 3 9 3 10 3 11 3 12
4% 1* 4% 2% 4% 3% 4% 4% 4% 5%
5 13 5 14 5 15 5 16 5 17
6% 6% 6 7 6 8 6 9 6 10
7 18 7* 0* 7* 1* 7* 2% 7* 3*
8 11 8 12 8 13 8 14 8 15
9* 4% 9* 5% 9* 6* 9 7 9 8
10 16 10 17 10 18 10* 0% 10* 1%
11 9 11 10 11 11 11 12 11 13
12%* 2% 12%* 3* 12%* 4% 12% 5* 12%* 6*
13 14 13 15 13 16 13 17 13 18
14 7 14 8 14 9 14 10 14 11
15% 0* 15* 1* 15% 2% 15% 3* 15% 4*
16 12 16 13 16 14 16 15 16 16
17%* 5% 17* 6* 17 7 17 8 17 9
18 17 18 18 18% 0* 18* 1% 18* 2%
19 10 19 11 19 12 19 13 19 14

The coefficients i and K define the considered intercalation cycle. The first cycle of 19 years
corresponds to i = 1; it is the current cycle v”37x n”33. The coefficient i varies from 1 to 19, and
corresponds to the natural succession of the intercalation cycles. The coefficient K plays a similar
role as i and is bound to K by the equation [i + K] , = 9; thus i = [28 = K], and K = [28 —i] ,. The
coefficients a, of the cycle of intercalation i define the characteristics of the corresponding year:
when a <= 6* we have a leap year, when a > 6* we have an ordinary year. Furthermore,
a = 6* corresponds to the leap year ending the latest, its Pesah is the latest. a = 7 is the common
year which begins the earliest and Pesah is the earliest. These two years are the critical years of
the cycle.

This type of cycle should therefore fit our period. In this project, we propose to
introduce this solution in 6214 with a cycle of the type i = 6.

It seems impossible to think about this revolution before 6001 AMI. We should
then introduce a sudden transition from the order i =1 to the order i = 6 with the
transformation of the 19th year of the last cycle i = 1, the leap year 6213, into an
ordinary year. This solution was briefly outlined by Prof. Abraham Fraenkel.> Tt
was also considered by Jaffe.**

53  Prof. Abraham ha-Levi Fraenkel, Sinai, 17: 176-81.
54 Korot Heshbon ha-Ibbur, pp. 119-20. See also Rahamim Sar Shalom, Shearim le-Luah ha-
Ivri, p. 151.
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Table 6: The 19 Types of Intercalation Cycles (second part)

K=17 K=16 K=15 K=14 K=13
i=11 i=12 i=13 i=14 i=15
N an N ap N a3 N g N s
1 8 1 9 1 10 1 11 1 12
2% 1* 2% 2% 2% 3% 2% 4% 2% 5%
3 13 3 14 3 15 3 16 3 17
4% 6* 4 7 4 8 4 9 4 10
5 18 5% 0* 5% 1* 5% 2% 5% 3%
6 11 6 12 6 3 6 14 6 15
T* 4% 7* 5% 7* 6* 7 7 7 8
8 16 8 17 8 18 8* 0* 8* 1*
9 9 9 10 9 11 9 12 9 13
10* 2% 10* 3% 10* 4% 10%* 5% 10%* 6*
11 14 11 15 11 16 11 17 11 18
12 7 12 8 12 9 12 10 12 11
13* 0* 13* 1* 13* 2% 13* 3% 13* 4%
14 12 14 13 14 14 14 15 14 16
15% 5* 15 6% 15 7 15 8 15 9
16 17 16 18 16* 0* 16* 1* 16* 2%
17 10 17 11 17 12 17 13 17 14
18* 3* 18%* 4* 18* 5* 18* 6* 18 7
19 15 19 16 19 17 19 18 19% 0*
K=12 K=11 K=10 K=9 K=28
i=16 i=17 i=18 i=19 i=1
N a6 N ap; N A N a9 N ap
1 3 1 14 1 15 1 16 1 17
2% 6* 2 7 2 8 2 9 2 10
3 18 3% 0* 3* 1* 3* 2% 3% 3%
4 11 4 12 4 3 4 14 4 15
5* 4% 5* 5% 5% 6% 5 7 5 8
6 16 6 17 6 18 6* 0* 6* 1*
7 9 7 10 7 11 7 12 7 13
8* 2% 8* 3* 8* 4% 8* S5* 8* 6*
9 14 9 15 9 16 9 17 9 18
10 7 10 8 10 9 10 10 10 11
11* 0* 11* 1* 11* 2% 11%* 3% 11* 4%
12 12 12 3 12 14 12 15 12 16
13* 5* 13* 6* 13 7 13 8 13 9
14 17 14 18 14* 0* 14* 1* 14%* 2%
15 10 15 11 15 12 15 13 15 14
16* 3% 16* 4% 16* 5% 16* 6* 16 7
17 15 17 16 17 17 17 18 17* 0*
18 8 18 9 18 10 18 11 18 12
19* 1* 19* 2% 19%* 3* 19* 4* 19% 5*
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Figure 2: The principle of the improvement of the Jewish calendar according to Solution I:
The shift of the Jewish calendar with regard to the sun; the limits of the date of Nissan 16
as a function of the serial number of the 19-year cycles. The figure can also apply to the
improvement of the Jewish calendar according to Solution II, but the scale of the Y-axis
must be adapted.

D. IMPROVEMENT OF THE JEWISH CALENDAR:
SECOND SOLUTION

We refer to Tables 5 and 6. All 19-year cycles of intercalation are represented in
these tables. Each year is characterized by a coefficient a. This coefficient gives us
information about the civil date of Rosh ha-Shanah. More precisely, it indicates to
us the order of succession of Rosh ha-Shanah during the 19 years of the cycle in
the civil year. We know that the Jewish year is too long, resulting in the festivals
shifting ahead, with Passover moving toward the summer and the Tishri festivals
toward the winter. Therefore, we can imagine that after a certain number of cycles
of type i, when the shift has reached an unacceptable level, one jumps to the cycle
i+ 1. The modality of the jump would be the following. We begin for the last time
the cycle i, for example i = 1, but when we reach the leap year 8, characterized by
the coefficient a = 6*, which begins the latest and has the latest Passover of the

36 B.D.D. 27, March 2013

© Copyright Bar-llan University Press 2013. All rights reserved. This PDF is for the author’s use and distribution only.



The Gregorian Revolution of the Jewish Calendar

cycle, we decide that because this year ends too late to transform it into an ordinary
year of index a =7, this year will end now the earliest, and we will let it be followed
by aleap year that begins the earliest and will have an index a = 0*. A more detailed
mathematical approach will be given in a mathematical supplement.

The above explanation explains clearly and intuitively how the successive orders
of intercalation are generated. We see now that a cycle i will begin with a year of
index a =7 and it will end with a year of index 13. The period P, will thus contain
p cycles of 19 years + 11years, and the number of lunar months will be 235 x p +
136.

We can then write: (19 xp + 11) x A = (235 x p + 136) x M. A represents the
length of the tropical year.

C11A,-136M
P 23sM-194A,

with M = 29.5305941358 and A = 365.24219878.
We find p=17.1140
If we adopt: p = 17 then the cycle p will contain 334 years and
(19p + 11) x 12 +7p + 4 = 4131 lunar months.
Now: 334 tropical years contain 121,990.8944 days

4131 Jewish months contain 121,990.8844 days.
At the end of 19 periods of 334 years, 6346 years and 19 x 4131 = 78489 Jewish
months have elapsed. If we had worked with the traditional calendar, we would
have had 334 x 235 = 78490 elapsed months. We have thus suppressed one month
in 6346 years, or one day in about 214.9 years. This is approximately what we

Thus

wanted to end up with.

Ifthis process had been implemented at the beginning of the definitive calendar
in 4599 AMI (autumn 838), then we would have had the following succession:
1=11in the years 4599-4947; i=2 in the years 4948-5281; i =3 in the years 5282
—5615: 1 =4 in the years 5616-5949; i = 5 in the years 5950-6283: i = 6 in the
years 6284—6617.

The first cycle must last 15 years more, because the cycle begins normally with
the sixteenth year of index a = 6 of the cycle type i — 1.

The cycle of intercalation i = 4 corresponds to 1772 v”9X. It is thus this type of
cycle that should fit for our period. In this project, we propose to introduce this
solution in 6284. It doesn’t seem possible to think about this revolution before
6001 AML
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Table 7: Improvement of the Jewish Calendar: Second Solution
[The new cycle begins with a year of index 7 (dark gray) and ends with a year

of index 13 (light gray)]

K-8 K=7 K=6 K=5 K=4
i=1 i=2 i=3 i=4 i=5
N a, N a N a3 N ay N as
1 17 1 18 1* 0* 1* 1* 1* 2%
2 10 2 11 2 12 2 13 2 14
3* 3% 3* 4 3* 5 3 7
4 15 4 16 4 17 4 18 4* 0*
5 8 5 9 5 10 5 11 5 12
6* 1 6* 2% 6* 3% | 6* 4* 6* 5
7 13 7 14 7 15 7 16 7 17
8 7 8 8 8 9 8 10
9 18 9% 0* 9% 1 | o 2% 9% 3%
10 11 10 12 10 13 10 14 10 15
11* 4% 11* 5% 11 7 11 8
12 16 2 17 12 18 12* 0* [ 12¢ 1*
13 9 13 10 13 11 13 12 13 13
14* 2% 14* 3% [ 14* 4x [ 14% 5*
15 14 15 15 15 16 15 17 15 18
16 7 16 8 16 9 16 10 16 11
17% 0* 17 x| 17* 2* 7% 3*  [17* 4
18 12 18 13 18 14 18 15 18 16
19% 5+ |[lome 10 i 19 8 19% 9%
K=3 K=2 K=1 K=0 K=18
i=6 i=7 i=8 i=9 i=10
N a N a; N ag N a9 N a
1* 3% 1* 4 1* 5% 1 7
2 15 2 16 2 17 2 18 2% 0%
3 8 3 9 3 10 3 11 3 12
4% 1* 4% 2% 4% 3% 4% 4% 4% 5*
5 13 5 14 5 15 5 16 5 17
6 7 6 8 6 9 6 10
7 18 7* 0* 7* 1* 7* 2% 7* 3
8 11 8 12 8 13 8 14 8 15
9% 4* 9% 5* 9 7 9 8
10 16 10 17 10 18 10* 0* 10* 1*
11 9 11 10 11 11 11 12 11 13
12% 2% 12% 3% 12% 4% 12% 5%
13 14 13 15 13 16 13 17 13 18
14 q 14 8 14 9 14 10 14 11
15% 0* 15% 1* 15% 2% 15% 3 15* 4%
16 12 16 13 16 14 16 15 16 16
17* 5* 17 7 17 8 17 9
18 17 18 18 18* 0* 18* 1* 18* 2%
19 10 19 11 19 12 19 13 19 14
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Table 8: Improvement of the Jewish Calendar: Second Solution (continued)

K=17 K=16 K=15 K=14 K=13
i=11 i=12 i=13 i=14 i=15
N an N ap N a3 N Ay N as
1 8 1 9 1 10 1 11 1 12
2F 1* 2% 2% 2% 3% 2% 4% 2% S5*
3 13 3 14 3 15 3 16 3 17
& e 4 7 4 8 4 g 4 10
5 18 Tt 0* 5% 1* 5% ¥ i 3*
6 11 6 12 6 13 6 14 6 15
7* I s+ [ETeRT 7 7 7 8
8 16 8 17 8 18 8* 0* 8* 1*
9 9 9 10 9 11 9 12 9 13
10* 2% 10* 3% 10* & 10 s |mor [ e |
11 14 11 15 11 16 11 17 11 18
12 7 12 8 12 9 12 10 12 11
13* 0* 13* 1* 13* 2% 13* 3* 13* 4*
14 12 14 13 14 14 14 15 14 16
15* 5% 5 i 15 8 15 9
16 17 16 18 16* ()% 16* ek 16* 4
17 10 17 11 17 12 17 13 17 14
18* 3* 18* 4* 18* 5* 18 7
19 15 19 16 19 17 19 18 19* 0*
K=12 K=11 K=10 K=9 K= 8
i=16 i=17 i=18 i=19 i=1
N a6 N a7 N alg N a9 N a;
1 13 1 14 1 15 1 16 1 17
NG - 7 2 8 2 9 2 10
3 18 3% 0* ¥ 1* 3* 2% 3% 3*
4 11 4 12 4 13 4 14 4 15
5* A ECRI T e 7 5 8
6 16 6 17 6 18 6* 0* 6* I
7 9 7 10 7 11 7 12 7 13
8 2t [ 8% 3% 8% 4 8 ERT e
9 14 9 15 9 16 9 17 9 18
10 7 10 8 10 9 10 10 10 11
11* 0* 11* 1% 11* 2¥ 11* i 11* 4*
12 12 12 13 12 14 12 15 12 16
13%* 5k 13 7 13 8 13 9
14 17 14 18 14%* 0* 14%* 1* 14%* 2%
15 10 15 11 15 12 15 13 15 14
16* E 16* 4% 16* 5¥ 16 7
17 15 17 16 17 17 17 18 17* 0*
18 8 18 9 18 10 18 11 18 12
19%* 1* 19* ¥ 19%* 3% 19* 4* 19%* i
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E. IMPROVEMENT OF THE JEWISH CALENDAR: THIRD SOLUTION

We have already seen that the difference between the Jewish year and the tropical
year amounts to 1 day in 216.2898 years. The cycle of 19 years is actually made up
of two cycles: a cycle of 11 years comprising 136 months and a cycle of 8 years
comprising 99 months. The eleven Jewish years are shorter than eleven tropical
years by about 1.5 days and the eight Jewish years are shorter than the eight tropical
years by about 1.5 days.

136M =4016.16080247 days and 11A =4017.664187 days.

Difference: — 1.50338453 d.

99M = 2923.52881944 days and 8 A =2921.937590 days.

Difference: 1.59122944 d.

19 Jewish years exceed 235 Jewish months by 0.08784509 d.

In order to compensate for this difference, one can thus consider introducing a
small cycle of Jaffe of 11 years after a number of ¢ cycles of 19 years, when the
excess of the Jewish years compared to the tropical years reaches about 1.50 days.
The number ¢ of cycles after which we must introduce a cycle of Jaffe is given by
c=(1.503384) /(0.08784509) = 17.1140.

We observe that c is identical to p in the second method. We will adopt: ¢ = 17.
Thus, after 17 cycles of 19 years or 323 years, always with the traditional order of
intercalation of 3, 6, 8, 11, 14, 17 and 19, we will introduce a cycle of 11 years,
whose leap years are the years 3, 6, 8 and 11. Then we begin another series of 17
cycles of 19 years, and so on. 323 Jewish years exceed 323 tropical years by
1.49297247 d, but 11 tropical years exceed 136 Jewish months by 1.503384 d.
There is nearly perfect compensation. If we consider now 19 cycles of 334 years,
we have:

6346 tropical years =2317826.9935 d
6346 Jewish years =2317826.8031 d
The 19 cycles of 334 years are shorter than the 6346 tropical years by 0.1903 d.

The knowledge of the length of the tropical year and its evolution over time is
insufficient to bother with this difference.

Again, in a cycle of 334 years we have 17 x 235 + 136 = 4131 Jewish months,
and in 6346 years we have 78489 Jewish months. In the traditional calendar we
would have 334 x 235 = 78490 months.

If we compare this with the second method, we see that we got exactly the
same results by means of interventions presenting exactly the same periodicity.

If this process had been implemented at the beginning of the definitive calendar
in 4599 AMI (autumn 838), then we would have had the following succession:
4599 —4921: 1st cycle of 323 years
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4922 —4932: 1st cycle of 11 years
4933 — 5255: 2nd cycle of 323 years
5256 — 5266: 2nd cycle of 11 years
5267 — 5589: 3rd cycle of 323 years
5590 — 5600: 3rd cycle of 11 years
5601 — 5923: 4th cycle of 323 years
5924 — 5934: 4th cycle of 11 years
5935 — 6257: 5th cycle of 323 years
6258 — 6268: 5th cycle of 11 years
6269 — 6591: 6th cycle of 323 years
This third solution was briefly mentioned by Jaffe®> and briefly outlined by
Feldman.%

In this project, we propose to introduce this solution in 6233 after the completion
of 328 cycles of 19 years. We then introduce five small cycles of eleven years that
were omitted from 6233 until 6287, and 6288 will be the first year of the cycle of
323 years.

F. COMPARISON BETWEEN THESE SOLUTIONS

The three solutions give similar results; they re-establish the calendar in the same
position with regard to the sun as it was during the first cycles after 4599, when all
the elements of the Jewish calendar were fixed. The first solution seems less precise
than the two others; the cycle of 334 years fits better than the cycle of 323 years.

The two last methods, although essentially different — the second is based on
the principle of regularly changing the order of intercalations while the third always
works with the traditional order of intercalation — have many similarities. In both
methods, there appears a regular cycle of 17 x 19 + 11 = 334 years. In this cycle,
we have 7 x 19 + 4 = 123 leap years. The excess of the tropical year compared to
12 Jewish months is about 10.8751 days, or 15660.1013 minutes, corresponding
to 0.36827 of the Jewish month. We observe that the traditional solution of 7 leap
years in 19 years gives the ratio 7/ 19 = 0.36842.

The ratio of our solution 123 /334 = 0.36826 is nearly equal to the former ratio
0f 0.36827, proving the quality of the proposed solution.

We have just written that the first solution seems less precise than the other two
with regard to the length of the tropical year. Indeed, the difference between the

55  Korot Heshbon ha-Ibbur, p. 119-20. See also Shearim le-Luah ha-Ivri, p. 151.
56  Rabbinical Mathematics and Astronomy, p. 208.
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length of 19 Jewish years and 19 tropical years amounts to about 126.49693 minutes,
corresponding to 1 day in 216.2898 years and one Jewish month in 336.1667 cycles
of 19 Jewish years.

Indeed, according to Tables 10 to 12, we observe that Nissan 16, at the horizon
of 10000 CE will fall, at the earliest, on 19 March, according to the first solution,
and on 20 March according to the second and third solutions. Today, the true equinox
is on 20-21 March and the mean equinox is on 22—-23 March. But the Gregorian
year of 365.2425 days is too long compared to the tropical year of 365.24219878
by 0.000302 d, and, after 8100 years,”’ this difference will amount to 2.45 days.
The date of the mean equinox will then be 20 March. Therefore, the date of 19
March for the earliest 16 Nissan, given by the first solution seems too early.

In fact, the reality is more complex. As the earth’s rotation slows, the day
becomes longer and the tropical year shortens. This phenomenon increases the
difference between the tropical year and the Gregorian year. According to G.
Moyer,*® the true equinox in 10000 CE would be on 16 March. According to Parisot
and Suager,* the length of the tropical year is given by:

365.24219878 — (616 x 10"®) x t, where t is measured in centuries counted from
1900.

Therefore, the length of the tropical year diminishes by 5.32s per millenary.

The length of the day is given by 1 + (1.74 x 10"®) x t.

Therefore, the length of the day increases by 1.5 milliseconds after a century.

The second effect is negligible, but the first has an important effect in 10000
CE.

The shrinkage of the span of time between 1900 and 10000 CE is then given by
the integration of the function (616 x 10"*) x 100 x t dt from 0 to 81 centuries; this
gives (616 x 107) x (1/2) x (81)"* =2.02 days.

Thus, at the horizon of 10000 CE, the effect of the diminution of the tropical
year is nearly as important as the consequences of the approximation of the length
of the Gregorian year. The true equinox would then fall on 16 March and the mean
equinox would be on 18 March, at least if we can admit that the span of time
between the true and the mean equinox is still two days.

Jean Meeus® has indicated that the true equinox in 10000 CE, according to the
theory VSOPS87 of Bretagnon, is 19 March 10000 CE, 7h 46m Dynamic Time. The

57  Counted from 1900 CE.

58  “The Gregorian Calendar,” Scientific American (1982).
59  Calendriers et Chronologie (Paris: Masson, 1996).

60  Personal communication of 14 August, 2006.
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dynamic time is the uniform time used today in astronomy. The time used in civil
life is Universal Time, or Greenwich Mean Time; it depends on the rotation of the
earth and it is difficult to predict with precision. The difference AT = DT — UT is
approximated by different formulas. Meeus has used the formula:

AT (in seconds) = 32 x u”?, with u = (year — 1820) / 100. If year = 10000 CE, then
AT =214120 sec = 2d 11h 29m.

This brings us to the date of 16 March, around 20h UT. Meeus insists, however, on
the fact that this result is conjectural and uncertain because we are outside the
confidence interval of the theory of Bretagnon, and because of the uncertainty of
the formula of AT depending on the regularity of the earth’s rotation.

Thus, at first glance, the first solution corrects the Jewish calendar slightly too
much and makes the Jewish calendar retrograde faster than the Gregorian calendar,
and even a little too fast with respect to the length tropical year of 1900, contrary to
the second and third solutions, which are in accordance with the tropical year. But,
when we take into consideration the shrinkage of the tropical year, we observe that
the first solution appears to be the best.

In fact, it appears that it is ambitious to define with precision a solution that
works perfectly until 10000 CE. It is probable that the solution adopted from among
the three proposed solutions will require a slight adaptation at a certain moment in
order to take into consideration the diminution of the length of the tropical year,
the lengthening of the day, and the irregularities of the earth’s rotation. The date of
the true equinox in 10000 CE is still conjectural. In any case, the three solutions
proposed in this paper are versatile and can be adapted to these new challenges by
diminishing c, for example from 17 to 16 if necessary, using periods of 304 years
in the first solution and 315 years in the second and third solutions.
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Figure 3: The principle of the improvement of the Jewish calendar according to Solution
II1. The limits of the date of Nissan 16 in a function of the Jewish year divided by 19.

G. CONCLUSIONS

The reader could have perceived the title of this paper as provocative. In fact, the

title was intended to emphasize the similarity between the Gregorian revolution of

the Julian calendar and the future revolution of the so-called “Hillel calendar.” The

similarity between these two revolutions turns on the following points:

1. The necessity of finding a solution that is as simple as possible, and that continues
the former rules.

2. The changes should be imperceptible to the common people.

This solution should be versatile in order to be long lasting.

4. The difficulty of imposing a solution without provoking a schism.

hed
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Table 9: Traditional Jewish Calendar for the Years 13757-13775

N Year Jewish Nissan 16 | Tishri 21
Year Gregorian | Gregorian
19 9996 13756-57 29 May 27 Nov.
1 9997 13757-58 18 May 16 Nov.
2 9998 13758-59 6 May 4 Nov.
3 9999 13759-60 26 May 24 Nov.
4 10000 13760-61 14 May 12 Nov.
5 10001 13761-62 4 May 2 Nov.
6 10002 1376263 22 May 20 Nov.
7 10003 13763-64 11 May 9 Nov.
8 10004 13764-65 30 May 28 Nov.
9 10005 1376566 18 May 16 Nov.
10 10006 1376667 8§ May 6 Nov.
11 10007 1376768 27 May 25 Nov.
12 10008 1376869 16 May 14 Nov.
13 10009 13769-70 4 May 2 Nov.
14 10010 13770-71 23 May 21 Nov.
15 10011 13771-72 13 May 11 Nov.
16 10012 13772-73 2 May 31 Oct.
17 10013 13773-74 20 May 10 Nov.
18 10014 13774-75 9 May 7 Nov.
19 10015 13775-76 29 May 27 Nov.

Table 10: Improved Jewish Calendar I for the Years 13757-13775

N Year Jewish Nissan 16 | Tishri 21
Year Gregorian | Gregorian
19 9996 1375657 29 March 27 Sept.
1 9997 1375758 19 March 17 Sept.
2 9998 13758-59 8 April 7 Oct.
3 9999 13759-60 28 March 26 Sept.
4 10000 1376061 14 April 13 Oct.
5 10001 13761-62 4 April 3 Oct.
6 10002 13762-63 24 March 22 Sept.
7 10003 1376364 11 April 10 Oct.
8 10004 1376465 31 March 29 Sept.
9 10005 13765-66 20 March 18 Sept.
10 10006 1376667 9 April 8 Oct.
11 10007 1376768 28 March 26 Sept.
12 10008 13768-69 16 April 15 Oct.
13 10009 13769-70 5 April 4 Oct.
14 10010 13770-71 26 March 24 Sept.
15 10011 13771-72 13 April 12 Oct.
16 10012 1377273 1 April 30 Sept.
17 10013 13773-74 22 March 20 Sept.
18 10014 13774-75 11 April 10 Oct.
19 10015 13775-76 30 March 28 Sept.
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Table 11: Improved Jewish Calendar II for the Years 13757-13775

N Year Jewish Nissan 16 | Tishri 21
Year Gregorian | Gregorian

19 9996 13756-57 29 March 27 Sept.

1 9997 1375758 18 April 17 Oct.

2 9998 13758-59 8 April 7 Oct.

3 9999 1375960 28 March 26 Sept.

4 10000 13760-61 14 April 13 Oct.

5 10001 13761-62 4 April 3 Oct.

6 10002 13762-63 24 March 22 Sept.

7 10003 13763-64 11 April 10 Oct.

8 10004 1376465 31 March 29 Sept.

9 10005 1376566 | 20 March 18 Sept.
10 10006 1376667 | 9 April 8 Oct.
11 10007 1376768 | 28 March 26 Sept.
12 10008 13768 69 | 16 April 15 Oct.
13 10009 1376970 | 5 April 4 Oct.
14 10010 13770 71 | 26 March 24 Sept.
15 10011 1377172 | 13 April 12 Oct.
16 10012 13772-73 1 April 30 Sept.
17 10013 13773-74 | 22 March 20 Sept.
13 10014 13774 75 11 April 10 Oct.
19 10015 1377576 | 30 March | 28 Sept.

Table 12: Improved Jewish Calendar III for the Years 13757-13775

N Year Jewish Nissan 16 | Tishri 21
Year Gregorian | Gregorian
19 9996 1375657 29 March 27 Sept.
1 9997 13757-58 18 April 17 Oct.
2 9998 13758-59 8 April 7 Oct.
3 9999 13759-60 28 March 26 Sept.
4 10000 1376061 14 April 13 Oct.
5 10001 13761-62 4 April 3 Oct.
6 10002 13762-63 March 24 22 Sept.
7 10003 13763-64 11 April 10 Oct.
8 10004 13764-65 31 March 29 Sept.
9 10005 13765-66 20 March 18 Sept.
10 10006 13766-67 9 April 8 Oct.
11 10007 1376768 28 March 26 Sept.
12 10008 13768-69 16 April 15 Oct.
13 10009 13769-70 S April 4 Oct.
14 10010 13770-71 26 March 24 Sept.
15 10011 13771-72 13 April 12 Oct.
16 10012 13772-73 1 April 30 Sept.
17 10013 13773-74 22 March 20 Sept.
18 10014 13774-75 11 April 10 Oct.
19 10015 13775-76 30 March 28 Sept.
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Furthermore, in both cases, the former Julian calendar and the present Jewish
calendar could each continue to work and fulfill their respective roles despite a
shift with regard to the tropical year; the Egyptian calendar also played this role
despite a much greater shift.

In both cases, however, religious reasons are the primary cause making it
necessary to re-establish the correct correspondence with the solar year. In the case
of the Julian calendar, it was Easter, which was connected to the equinox. It was
supposed to occur on 21 March, but the spring equinox was shifting toward winter
and Easter was shifting toward summer. In our Jewish calendar, it is Passover that
is shifting toward summer at the rate of one day in 216.2898 tropical years. More
precisely, Nissan 16 should fall in the span of time between the Gregorian dates of
22 March and 21 April,®' i.e. in the month following the mean vernal equinox. If

61 Ithasbeen objected that this final limit, the “terminus ad quem” is not universally accepted.
Furthermore, Professor Merzbach had objected that Maimonides in Hilkhot Kiddush ha-
Hodesh (H.K.H.) IV: 2 mentions an initial limit, “terminus a quo,” but mentions no final
limit. I think that these objections are not significant.

1. In Deut. 16:1: .....n0D NPW¥I 22K W DX NN
In Exod. 13:4: ......... 2°2R1T WIN2 DR DOX 010
In Exod. 13:4: a1 wana DRI A280 DR D723
The biblical text indicates, without any doubt, that Pesah must belong to the month of
the spring, the month that Rashi calls nn 5w 70°3 and also 793P0 %W jo°1.

2. Maimonides in H.K.H. IV:1 writes that Nissan must fall during the month of spring:
npoIT X919 2737 19712 AT WIN 7°0°W 2°2RT W0 DX MDY IRIW 7227 INIR 10D 107w 070

LD°RWAT N12°2 DONYDI NIRRT N122°2 D°RYD X1 N0DT A wInn
Pesah in summer is thus as disturbing as in winter.

3. Nissan 15 (according to Maimonides, but Nissan 16 according to R. Abraham bar
Hiya) may not occur too early, before 22 March, because we need the maturity of the
barley. Nowever, it also cannot occur too late, after 21 April, after the barley has grown,
when the population is waiting for its harvesting, and when the maturity of the wheat is
approaching, announcing the time of Shavuot.

4. Why did Maimonides not mention a final limit in H.K.H. IV: 2?

a. Maimonides uses the text of the dictum of Rabbi Huna bar Abin in B. Rosh ha-
Shanah 21a.

b. We are in the section of the empirical calendar or vision calendar. The year has 12
months except if we decide to give it a 13th month in order to make it a leap year.
The fear is that the year will be too short and that Nissan 16 will arrive too early,
before the mean spring equinox. The regular application of the rule of Shitsar prevents
this occurrence. But there is no danger and no possibility that Nissan 16 will occur
after the month of the spring. The mechanism prevents Nissan 16 from moving
from the equinox and another lunation intercalating itself between the equinox and
Nissan 16. Indeed, the years always have 12 months unless the month of Nissan
would arrive too early and Nissan 16 would occur before the day of the mean equinox.
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we accept that the Jewish calendar was perfectly centered in the 243rd cycle, it has
shifted since then by 5.4 days.® This already represents half the shift reached by
the Julian calendar at the time of the Gregorian revolution at the end of the 16th

century.

Among the reasons that make it urgent® to solve the problem of the shift of the

Jewish calendar, we can enumerate:

1.

62
63

64

48

The Jews have always been proud of the exactitude of their calendar and they
referred with pride to the verse “because it is your wisdom and your
understanding among the people who will hear these rules...” Deut. 4:6. It would
be difficult to face a situation where our calendar is wrong.
If we remember that Jews and Muslims mocked the incoherence of the Julian
calendar and the Christian festivals, we can imagine the reaction of the Gentile
world should the shift of the Jewish calendar become generally known.
It is well known in the Talmud that the date of Jewish festivals is fixed by the
Jewish people and imposed upon God and His servants. This is clearly the
significance of the introduction of the Sephardi and Hassidic kedusha of the
mussaf of Shabbat and festivals:
JTOR 212 DRIW Ty OY 79Yn 23 2°OKM .. 70 00 N3

Therefore, the heavy divine penalties (karef) imposed on the violator of such
infractions as the violation of the fast of Yom Kippur or of the interdiction of
eating leaven on Passover, depend on the human fixation of the year. Similarly,
the dates of the annual “judicial appearances” of Tishri before the Celestial
Court are in fact fixed by the accused. In the Talmud it says:*

LTI DR 09 DY 772 WP 97RK 119 10393 19y Bw 172 PRY bR
All these elements are sufficient to convince us that it would be courteous to
work with a correct calendar and to summon the Celestial Court at the proper
dates without giving the impression that we are trying to win time and delay the
case.

Therefore, the lack of a reference to a “terminus ad quem” cannot be understood as
meaning that there is no final limit for Nissan 16.
5. In Sefer Yessod Olam, Book 4, chap. 13, p. 26a column 2:
13 102°MN2 17 27387 WA XIPIT NNKRA pID2 XOX N0D7 MWY? ROW X1 710 I nAnb...
3722 9930 272 21922 IR MINNT NIW 2192 RIT 1OW 1120 YRR X Mk v M 92 X1 1w
IIANRY R NIwa X DY
R. Abraham ibn Ezra had already noted a shift of 2 days in 1147. See Sefer ha-1bbur, p. 9b
and 10a.
Anything is relative: we propose the implementation of a solution in about 450 years, or if
not possible, 334 years later.
B. Rosh ha-Shanah 8b.
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4. The respect of our calendar by Jews. When the discrepancy of the Jewish
calendar increases and becomes widely known, I am afraid that the observance
of the Jewish holidays will dramatically diminish. Today, there is still a general
respect among nearly all Jews for the fast of Yom Kippur and the seder of
Passover. What will the situation be after a shift of two weeks and after a shift
of one month, when the Jewish calendar will have lost its credibility?

5. A draft of an article, of which I was co-reviewer, wrote that there is no other
solution for improving the Jewish calendar than waiting until the shift reaches
the length of a lunar month, i.e. the beginning of the cycle 579 or 10983 AMI.
At this moment, one month should be suppressed. This solution would be similar
to the jump of ten days made in 1582 on the occasion of the Gregorian revolution
according to the solution proposed by Lilio. Such a solution would be a brutal
and traumatizing one. Imagine in 10983, at the end of Tishri, that one announces
in the synagogues at the benediction of the month that the next month will be
Kislev! Such a solution would be unacceptable!

It seems urgent to react in a timely manner, and implement a solution while we still
have command of the situation, and not to wait until it becomes too late, when the
problem is known by all and debated in the international press.

The object of the present paper is to present three acceptable, smooth solutions,
without any brutal jump. The common layman wouldn’t even notice anything.

The first solution probably seems to correspond to what the old council of
intercalation would have enacted if it were confronted with this problem. Maybe
this was already their initial project, since we see that they debated the order of
intercalation at the moment of its implementation. It is likely that they were aware
of the influence of this order on the position of the Jewish calendar with regard to
the solar year.

The second solution is similar to the first; it seems more accurate at the price of
greater complication.

The third solution seems to me the simplest, and has the same accuracy as the
second. I would champion this last solution. Indeed, this solution will be understood
easily. The solutions based on the permutation of the intercalation cycles are
conceptually difficult. Furthermore, although it seems that the Jewish council of
intercalation discovered experimentally that the shift of the Jewish calendar with
regard to the solar equinox involves a permutation of the order of intercalation,
such solutions could be perceived as being influenced by the Gregorian computation.
This third method has one weak point, however: the correction, when it is
implemented, is not instantaneous and requires a period of transition, which will
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be all the longer as we delay its implementation.

In light of the difficulties met in the implementation of the Gregorian revolution
and taking into consideration the pusillanimity and the ideological division of the
Jewish people, I think that 450 years is not too long a period to convince the different
influential circles of the necessity of this revolution. If really necessary, the
revolution could even be delayed by another 334 years; but [ am persuaded that
when the time comes, the adopted solution will be one of the three solutions
presented above. It is clear that the implementation of this calendar revolution
requires the existence of a central and authoritative rabbinical council. The Jewish
people cannot afford itself a new schism. Hopefully, this important delay will allow
the emergence of an authoritative and respected chief rabbinate, independent from
the political streams, in accordance with the hopes raised by the greatness of the
first chief rabbis of Israel.

Mathematical Supplement

A. THE CLASSICAL CALENDAR

1. Notations and Definitions

M =29d 12h 793ch = 29. 530594136 d = (765,433 / 25,920) d.

M /19 =1.55424179662118 d = (1 + 272953 / 492480) d.

m=1h485 ch.

h=m/19

B =0d 9h 642ch = 0.399768519 d.

M is the length of the Jewish lunation.

m is the excess of 19 Julian years with regard to 235 Jewish lunations.

Jewish years are counted from the molad Beharad, (2) — 5 —204; this is the common
style AMI; the ancient chronologists used to count the years from molad Veyad,
(6) — 14 twelve months later than Beharad, this was the style AMIL.

F is the number of elapsed months from molad Nissan year 1 until the considered
molad Nissan.

Ftis the number of elapsed months from Beharad until the considered molad Tishri.
G is the number of leap years (and the number of leap months) from molad Nissan
year 1 until the considered molad Nissan.

Gt is the number of leap years (and the number of leap months) from molad Tishri
year 1 until the considered molad Tishri.

Q is the number of years between molad Nissan of year 1 until molad Nissan of the
examined year.
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N is the Jewish year in which the considered month of Nissan finds itself; N=Q + 1.
A is a Jewish year beginning after the considered month of Nissan; it is preceded
by N years and A=N + 1 =Q + 2. Without the use of Q and A, N can also represent
the beginning of a Jewish year.

The total number of months from Nissan of the first year of the era until the molad
of Nissan Q years later, i.e. the molad Nissan of the year N = Q +1 is given by:%

(D) F=INT [(235Q + 8) / 19]

The total number of leap years and leap months from Nissan of the first year of the
era until the molad of Nissan Q years later, i.e. the molad Nissan of the year
N=Q + 1 is given® by:

2)G=INT [(7Q + 8) / 19]

The total number of months from Beharad until the molad of Tishri N years later,
1.e. the molad of Tishri of the Jewish year A =N + 1 is given by Ft = 12 + F with
N=Q+1in(1).

Thus Ft=12 + INT [(235(N —1) + 8) / 19] = INT [(228 + 235N — 235 + 8) /19] =
INT [(235N + 1) /19]

(3) Ft=INT [(235N + 1)/ 19]

The total number of leap years and leap months from Beharad until the molad
Tishri N years later, i.e. the molad of Tishri of the Jewish year A= N + 1 is given
by:

4) Gt=INT [(TN +1)/19]

All these formulas can be checked in Table 13.

65 See Y. Loewinger, A/ ha-Sheminit, p. 55.
66 Ibid., p. 56.
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Table 13: Table of the Computed Values of Different Functions

N A B C D E F G H I
1 12 12 0 8 7 7 17 10 0
2 24 25 0 15 14 14 10 3 1
3 37 37 1 3 2 2 3 15 1
4 49 49 1 10 9 9 15 8 1
5 61 62 1 17 16 16 8 1 2
6 74 74 2 5 4 4 1 13 2
7 86 87 2 12 11 11 13 6 3
8 99 99 3 0 18 -1 6 18 3
9 111 111 3 7 6 6 18 11 3
10 123 124 3 14 13 13 11 4 4
11 136 136 4 2 1 1 4 16 4
12 148 148 4 9 8 8 16 9 4
13 160 161 4 16 15 15 9 2 5
14 173 173 5 4 3 3 2 14 5
15 185 185 5 11 10 10 14 7 5
16 197 198 5 18 17 17 7 0 6
17 210 210 6 6 5 5 0 12 6
18 222 223 6 13 12 12 12 5 7
19 235 235 7 1 0 0 5 17 7
20 247 247 7 8 7 7 17 10 7

A =INT [(235N+1)/19]
B =1INT [(235Q+8)/19]
C =1INT [(7N+1)/19]
D =[7N+1] mod 19

E =[7N] mod 19

F = {{7N+1] mod 19}-1
G = [12N+5] mod 19
H = [12N+17] mod 19
I=INT [(7Q+8)/19]

2. The Molad Expressed in the Julian Calendar
The molad of Beharad occurred on Sunday, 6 October —3760 or 6 October 3761
BCE, at 11 h 204 ch, p.m. civil time of Jerusalem corresponding to 5 h 204 ch in
the second Jewish weekday. This represents the epoch of the Jewish calendar; this
epoch will be noted as e. This epoch was thus at the end of a bissextile Julian year.
If the length of twelve Jewish lunations, i.e. of twelve synodical months, were
equal to the length of a Julian year, i.e. 365.25 days, then after N years counted
from the epoch, the molad of year N + 1 would be:
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Mol =¢e+0.25 x (N) mod 4
(N) mod 4 or [N], or also in Matlab language, mod (N, 4), read “N, modulo 4”
represent the remainder of the division of N by 4.

In reality, the mean Jewish year is shorter than the Julian year by h=m/19 and
therefore, after N years, we have the relation:
Mol =e +0.25 x [N], - N x h.

We must now compare the mean Jewish year with the true Jewish years of 12
or 13 lunar months.

Except for year 8 of the cycle, the real Jewish year always ends before the end
of the mean Jewish year and, therefore, we must subtract a new term in the former
relation. The mean Jewish year has a length of 235 x M/19, while the real year has
a length of 12 M for a regular year or 13 M for a leap year.

One ascertains that the difference between the mean years and the real years is
expressed by [7N] , x M/19, except at the end of the eighth year, when the real
Jewish year ends M/19 after the mean Jewish year.

In order to consider this case, one must introduce the term {[7N + 1], — 1} x
M/19, which expresses the fact that the molad Tishri of the ninth year is exceptionally
delayed with regard to the beginning of the mean Jewish year.

The final formula is now:
(5)Mol=¢e+0.25x [N], -Nxh—{[TN+1],, -1} x M/19

It gives the molad of Jewish year A =N + 1 expressed in the Julian calendar,
i.e. in October of Julian year N —3761.

3. The Molad of Jewish Year A Expressed in Days and Fraction Counted from
Noon of Julian September

a. The Expression of the Molad of Year A
In formula (5): the molad of Beharad occurred on 6 October, at 23h 204ch, or on
36 September at 11h 204ch, counted from noon.

e =36.466203703703
h=0.00317779402

M/19 = 1.55424179662118
N=A-1

(6) Mol = 38.02362329434697 — 0.003177794022A + 0.25 [A - 1],
—1.554241796621 [7A - 6],
If we consider the identity: [12 A+ 5], +[7A - 6], = 18, we can transform (6) into

).
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Mol can be replaced by M + m, in which M represents the day of Julian September
at noon and m the fraction of the Julian day counted from noon.

(7)M + m = 10.04727095516575 — 0.003177794022A + 0.25 [A - 1], +
1.554241796621 [12A + 5] ,

M is the date of Julian September at noon preceding the molad of Tishri or coinciding
exceptionally with it, and m is the fraction of day between noon and the molad of
Tishri.

This is the equivalent for Tishri of the celebrated formula of Gauss for Nissan.

b. The Coefficient a= [124 +5] ,

The formula (10) shows that each Jewish year of the intercalation cycle is
characterized by a coefficient a, depending on the order of that year in the
intercalation cycle of 19 years.

Table 14: Table of the Coefficient a = [12A + 5]

A=0 a=>5 A=35 a= 8§ A =10 a=11 A =15 a=14
1 17 6* 1 11* 4 16 7
2 10 7 13 12 16 17* 0
3* 3 8* 6 13 9 18 12
4 15 9 18 14* 2 0or19* 5

If we classify these coefficients according to a numerical order, we get:

Table 15: Table of the Coefficient a Classified According to the
Numerical Order

Years L | Years L Years Years Years Years Years Years
L-1 L-1 |L+1,L-1|L+1,I-1| L+1 L+1
a A a A a A a A
0 17* 7 16 12 18 14 15
1 6* 8 5 13 7 15 4
2 14%* 9 13 16 12
3 3% 10 2 17 1
4 11% 11 10 18 9
5 19%*
6 8*

We see thus that a > 6 corresponds to regular years while a <= 6 corresponds to
leap years. a > 11 corresponds to years L + 1 (year following a leap year) or to
years L +—1 (year following and preceding a leap year).
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c. Implementation of the Rules of the Jewish Calendar
Jis the weekday of September M. The convention of the numbering of the weekdays
is the following:

J =0 corresponds to Sunday,

J =1 corresponds to Monday,

J =2 corresponds to Tuesday,

J =3 corresponds to Wednesday,
J =4 corresponds to Thursday,

J =5 corresponds to Friday,

J =6 corresponds to Saturday.

t =0 corresponds to noon, t = 0.25 corresponds to 6 p.m., i.e. the beginning of the
next Jewish day. The Julian day begins 12 hours after the civil day and the next
Jewish day begins six hours, or 0.25d, after the beginning of the former Julian day.
In other words, the Julian Sunday begins on Sunday at noon, but six hours later,
the Jewish Monday begins.
Rule 1. If the molad falls at or after 18 hours, measured by Jewish hours (noon),
Rosh ha-Shanah is postponed to the following day. The day of Rosh ha-Shanah
will then be J + 1.
Rule 2. If the molad falls on ADU, Sunday, Wednesday or Friday, Rosh ha-Shanah
is postponed to the day after. Thus if J = 0, 3 or 5, Rosh ha-Shanah will be on day
J+1.
Rule 3. Rules 1 and 2 are cumulative. If the molad falls on Saturday, Tuesday or
Thursday at 18 Jewish hours or later, Rosh ha-Shanah is postponed by two days
and will be on day J + 2.
Rule 4. If the molad of a common year falls on Tuesday at 9h 204 ch, Jewish time,
Rosh ha-Shanah is postponed to Thursday. In other words, if J=1,a> 6 and t >=
0.632870370370 or (311676 / 492480), Rosh ha-Shanah will be on day J + 3
(Thursday).
Rule 5. If the molad of a common year of the type L + 1 (following a leap year)
falls on Monday at 15h 589 ch. Jewish time, Rosh ha-Shanah will be postponed
until Tuesday. In other words, if J=0,a> 11 and t >=10.897723765435 or (442111
/492480), Rosh ha-Shanah will be on Tuesday, J + 2.

We know that 6 October, —3760 was a Sunday and therefore 0 September,
— 3760 was a Saturday with J = 6 and September M, —3760 was the weekday
J=M + 6. We are now examining the weekday of September M of the current civil
year B=A—3761. The number of elapsed days between September M, —3760 and
September M, A — 1 years later is 365.25 (A—1) — 0.25 [A — 1],. The weekday of
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September M of the current civil year B =A — 1 will then be:
J=[M+6+36525(A-1)-025[A-1],],
J=[M+6+365A+A/4-364—-1-1/4-025[A-1],],
J=[M+5+A+8A/4-8/4—(8/4)*[A-1]],
J=[M+5+3A-2-2[A-1],],

@®J=[M+3A+3+5[A-1] mod 4] mod 7

It is also possible to calculate the shift of the weekday between September M,
—3760 and September M, of the civil year B=A —3761.
J=[M+6+(A-1)+INT[(A-1D/A4]],=[5+M+A+(A-1)/4-0.25[A—-1]],
J=[5+M+A+8A/4-8/4—(8/4)*[A-1]],

@®)J=[M+3A+3+5[A—-1] mod 4] mod 7

Conclusions:

If J =2, 4 or 6, Rosh ha-Shanah is on the day J + 2, Julian September M + 2.
IfJ=1,a>6and t>=0.632870370370, Rosh ha-Shanah is the day J + 3, Julian
September M + 3.

IfJ=0,a>11 and t >=0.897723765435, Rosh ha-Shanah is the day J + 2, Julian
September M + 2.

In all other cases, Rosh ha-Shanah is the day J + 1, Julian September M + 1.

4. The Formula of Gauss for Nissan of the Jewish Year A9

If we consider the fictitious moment corresponding to molad Tishri of the next
Jewish year A + 1, minus 162 days, and we note this moment as P + p, P being the
date in Julian March of noon preceding this fictitious moment or coinciding
exceptionally with it, and p being the fraction of day counted from this noon until
this fictitious moment, we will deduce P + p from the formula (7) if we say that
September M minus 162 days = March (M + 22) = March P.

Thus P=M + 22. In (7) we replace Aby A + 1:

M +m = 10.04727095516575 — 0.003177794022 (A + 1) + 0.25[A],, +
1.554241796621 [12A + 17],

Introducing P+ p=M + m + 22:

(9) P+p=32.044093161144 + 1.554241796621 [12A + 17] , + 0.25 [A], -
0.003177794022A

67 Gauss, Werke VI Bd. 1874, pp. 80-81. Berechnung des Judischen Osterfestes, Zach's
Monatliche Correspondenz zur Beforderung der Evd- und Himmelskunde (May 1802),
p- 435. Note: 162 days after March 23 is September 1, and 163 days after Nissan 15 (1st
day of Pesah) is Tishri 1 (1st day of Rosh ha-Shanah).
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P is a date in March at noon preceding the molad of next Tishri minus 162 or
coinciding with it, and p is the fraction of day counted from that noon until the
molad of the next Tishri minus 162 days. This is the formula of Gauss. We must
now implement the rules of the Jewish calendar in this formula.

0 March, —3760 was a Thursday, J = 4, thus March P, -3760 was the weekday
J =P + 4 and September M, —3760 was the weekday J=P +4 + 162 =P + 5.
Now September M, Civil year B=A+1-3761 = A - 3760, A years later will be
the weekday: J =[P+ 5+ A+INT (A/4)], =[P+ 5+A/M4—(1/4) [A]],
J=[P+5+A+8A/4—(8/4)*[A]],

(10) J=[5+P +3A + 5[A] mod 4] mod 7
The coefficient a characterizing the different years of the intercalation cycle has
now become: a =[12A + 17] ,.

We know that Pesah is 163 days before Rosh ha-Shanah, therefore the weekday
of Pesah will be two days before the weekday of the following Rosh ha-Shanah.
Therefore J will be replaced by J — 2 and M will be replaced by P =M —[162], =
M-1.

IfJ=2, 4 or 6, Pesah is the day J, Julian March P + 1.
IfJ=1,a>6and p >=0.632870370, Pesah is the day J + 1, Julian March P + 2.
IfJ=0,a> 11 and p >= 0.897723765, Pesah is the day J, Julian March P + 1.

In all other cases, Pesah is the day J — 1, Julian March P.

To the best of my knowledge, this is the shortest and the most elegant
demonstration of the formula of Gauss for Nissan ever written.

5. The Formula of Schram®

a. Expression of the Molad of Jewish Year A

The Julian Period was defined by Scaliger; its origin was Monday, 1 January
—4712 at noon. This moment is the epoch of the Julian period; at this moment, the
elapsed time of the Julian period was 0 and, according to the convention of this
paper, the weekday was [0 + 1], = 1, corresponding to Monday.

The era of the creation of the world was Sunday, 6 October —3760 at 23 h 204
ch. At this moment: 347,997.466203703703 days had elapsed from the epoch of
the Julian period.

Indeed, on 1 January —3760, 4712 — 3760 = 952 years had elapsed corresponding
to 952 x 365.25 = 347,718 days of the Julian period. Year —3760 is bissextile and

68  Schram, R. Kalendariographische und Chronologische Tafeln (Leipzig, 1908).
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therefore, on 7 October —3760 Julian, at noon, 347,718 + 280 = 347,998 days had
elapsed from the beginning of the period. This day was [347,998 + 1], = 1 or
Monday.

The mean Jewish year has a length of 235M/19 = 365.246822205978 d.

If the Jewish years were identical to the mean year, then, after N years, the
molad expressed in days and hours of the Julian period would be:
Mol =¢e + (235M/19) x N.

In reality, the real Jewish years are made up of 12 or 13 months. Ordinary years
have a length of 12 months while leap years have a length of 13 months. One
ascertains that the difference between mean Jewish years and real Jewish years is
expressed by: [7N],, x M/19, except at the end of the eighth year, when the real
Jewish year ends M/19 after the mean Jewish year. In order to consider this case,
we must introduce the term {[7N + 1] ;— 1} x M/19, which expresses the fact that
the molad of the ninth year of the cycle is exceptionally delayed with regard to the
beginning of the mean Jewish year. We can then write:

(11) Mol =T +t=e+ (235M/19) x N — {[TN + 1] , — 1} x M/19

This formula can also be deduced from formula (3).

Ft=INT[(235N + 1)/19] = I2N + INT [(7N + 1)/19] = I2N + (TN + 1)/19 - [IN+ 1]
x 1/19.

Therefore Mol = e + M x Ft (11 bis)

Mol=e+ I2NxM+Mx (7N +1)/19 -Mx [N + 1] , x 1/19.

Mol=e+ I2NxM+ 7N x M/19 + M/19 -M x [N + 1] , x 1/19.

Mol =e + 235N x M/19 — {[TN + 1] , — 1} x M/19.

T represents the number of whole days elapsed from the epoch of the Julian period
and t the last fraction of a day counted from noon until the moment of the molad. If
we replace N by A — 1, A being the Jewish year that begins:
T+t=e+(235M/19) x N - {[TA - 6] ,— 1} x M/19.

e =347,997.466203703703

235M/19 = 365.246822205978

M/19 = 1.554241796621

Making use of the identity: [12A + 5], + [7A - 6] , = 18, we find:

(12) T+t=e+(235M/19) x N + [12A + 5] , x M/19 — 18M/19 + M/19

After calculations we find:
(13) T +t=347605.797270955166 + 365.246822205978A + 1.554241796621
[12A +5],,

T is the number of whole days elapsed of the Julian period, and t is the fractional
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part of a day counted from noon until the molad Tishri of year A. Thus, at the
moment of the molad, T whole days and t parts of the T + 1 day of the Julian period
have elapsed. At noon, at the end of Julian day T and at the beginning of Julian day
T + 1, according to the rule of Scaliger, the weekday is J = [T + 1]; J =0
corresponding to Sunday.

b. The Implementation of the Rules of the Jewish Calendar in the Formula of
Schram

Rule 1. If the molad falls at or after 18 hours, measured by Jewish hours (noon),

Rosh ha-Shanah is postponed to the following day. The day of Rosh ha-Shanah

will then be J + 1.

Rule 2. If the molad falls on ADU, Sunday, Wednesday or Friday, Rosh ha-Shanah

is postponed to the day after. Thus if ] =0, 3 or 5, Rosh ha-Shanah will be the day

J+1.

Rule 3. Rules 1 and 2 are cumulative. If the molad falls on Saturday, Tuesday or

Thursday at 18 Jewish hours or later, Rosh ha-Shanah is postponed by two days

and will be the day J + 2.

Rule 4. If the molad of a common year falls on Tuesday at 9h 204ch, Jewish time,

Rosh ha-Shanah is postponed until Thursday. In other words, if J =1, a > 6 and

t>=0.632870370370 or (311676 / 492480), Rosh ha-Shanah will be the day J + 3

(Thursday).

Rule 5. If the molad of a common year of the type L + 1 (following a leap year)

falls on Monday at 15h 589ch Jewish time, Rosh ha-Shanah will be postponed to

Tuesday. In other words, if J =0, a> 11 and t >= 0.897723765435 or (442111/

492480), Rosh ha-Shanah will be on Tuesday, J + 2.

Conclusion:

IfJ =2, 4 or 6, Rosh ha-Shanah is on the day J + 2.

IfJ=1,a>6and t>=0.632870370370, Rosh ha-Shanah is the day J + 3.
IfJ=0,a> 11 and t >=0.897723765435, Rosh ha-Shanah is the day J + 2.
In all the other cases, Rosh ha-Shanah is the day J + 1.

6. The Formula of Gauss for Tishri of Jewish Year A, Deduced from the
Formula of Schram

On 1 January —3760 at noon, 347,718 days of the Julian period had elapsed. On 0

January —3760 at noon, 347,717 days of the Julian period had elapsed. On 0

September —3760 at noon, 244 more days of the Julian period have elapsed and on

September M, —3760 at noon, M days more had elapsed, i.e. 347961 + M.
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At the beginning of the Jewish year A, A — 1 years later, September M will be
on the day of the Julian period given by the following relationship:
T=347961 + M +365.25 x (A—1) - 0.25[A - 1],
(14) T =347595.75+ M + 365.25A - 0.25[A - 1],

Now, if T is the integer of the molad of Tishri, expressed in the Julian period,
which is equal to T + t, then:

(13) T + t = 347605.797270955166 + 365.246822205978A + 1.554241796621 x
[124+5],,

(14) T = 34759575 + M + 365.25A + 0.25[A - 1],
(15)t=m

Equation (13) is the formula of Schram, and equation (14) has just been established
above. The equation (15) expresses the fact that we consider that the molad Tishri
of Jewish year A is T + t, expressed in the Julian period, and M + m, expressed
according to the notation of Gauss. M is the date in Julian September at noon
preceding the molad and m is the fraction of day counted from noon preceding the
molad. Subtracting (14) and (15) from (13) we get:

(7) M+ m =10.047270955166 — 0.003177794022A + 1.554241796621 [12A + 5] ,
+0.25[A -1],

M is the date of Julian September at noon preceding the molad Tishri or coinciding
exceptionally with it, and m is the day fraction counted from noon until the molad
of Tishri of Jewish year A.

The weekday of this molad is given by J = [T + 1].. We can write:

J=[T+1],=[347961 + M +365.25(A — 1) - 0.25[A - 1], + 1],
=[347962 + M +365A + A/4 - 365 - 1/4 - 0.25[A—-1],],
=[6+M+A+(8A)4-1+20/4+(20/4)x [A—-1],],
=[5+M+3A+5+5[A-1],],

8) J=[M+3A +3+5[A-1] mod 4] mod 7

Conclusions:

If J =2, 4 or 6, Rosh ha-Shanah is on the day J + 2, Julian September M + 2.
IfJ=1,a>6and t>=0.632870370370, Rosh ha-Shanah is the day J + 3, Julian
September M + 3.

IfJ=0,a> 11 and t >=0.897723765435, Rosh ha-Shanah is the day J + 2, Julian
September M + 2.

In all the other cases, Rosh ha-Shanah is the day J + 1, Julian September M + 1.
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7. The Formula of Gauss for Nissan of Jewish Year A, Deduced from the

Formula of Schram
On 0 January —3760, a number of 347717 days had elapsed from the beginning of
the Julian period. Now the year —3760 is bissextile and on 0 March, at noon, 60
more days had elapsed, i.e. 347717 + 60 = 347777 days and on March P, at noon,
of the same year, the number of elapsed days of the Julian period was 347777 + P.

If we consider the same March P in the Jewish year A, A years later, we will
have the following day of the Julian period:

T =347777 + P +365.25A - 0.25[A],

Let us consider that this March P was 162 days before the day T and, more
precisely, let us consider the moment 162 days before the molad of Jewish year
A+ 1; this moment is defined in the Julian period by T + t — 162 and, with regard
to March, by P + p, P being the date of Julian March at noon preceding this fictitious
moment and p the fraction of day counted from noon until this moment.

Replacing A by A+ 1 in (13), we can write the following relations:
T +t=347605.797270955166 + 365.246822205978 (A + 1) +[12 (A + 1) + 5] ,x
1.554241796621
T—-162=347777+P+36525xA-0.25x [A],

t=p
Subtracting the two last relations from the first, we find:

(9) P+ p = 32.044093161144 + 1.554241796621 [12A + 17] , + 0.25[A], -
0.003177794022A

P is a date in March at noon preceding the molad of next Tishri minus 162 and p is
the fraction of day counted from that noon until the molad of next Tishri minus 162
days. This is the formula of Gauss. We must now implement the rules of the Jewish
calendar in this formula. The basic weekday to consider is J = [T + 1], where T is
the integer of T + t, the molad of Tishri of next year, Jewish year A + 1. Thus:
J=[347777+P+365.25x A~ 025 x [A—-1],+162 +1]..
J=[3+P+A+A/A-[A]/A+1+1]

(10)J=[5+P +3A +5|A] mod 4] mod 7

The coefficient a characterizing the different years in the intercalation cycle has
now become: a = [12A + 17],.. We can now implement the rules of the Jewish
calendar.

We know that Pesah is 163 days before Rosh ha-Shanah, therefore the weekday
of Pesah will be two days before the weekday of the following Rosh ha-Shanah.
Therefore J will be replaced by J — 2 and M will be replaced by P=M —[162], =M - 1.
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If J=2, 4 or 6, Pesah is the day J, Julian March P + 1.

IfJ=1,a>6and p >=0.632870370, Pesah is the day J + 1, Julian March P + 2.
IfJ=0,a> 11 and p >= 0.897723765, Pesah is the day J, Julian March P + 1.
In all other cases, Pesah is the day J — 1, Julian March P.

8. Numerical Examples

Let us consider the Jewish years 5767 and 5768.

Year 5767: Molad (0) — 1 — 672. Rosh ha-Shanah: Saturday, 23 September 2006.
The molad is on Friday, 22 September at 7 h 672 ch p.m., or, according to the
formalism of Gauss, at M + m = 22.31759259259.

On Friday, 22 September at noon, the number of elapsed days of the Julian period
was:

2000 2451544
2006, September 2435
22 22
JP 2454001
Molad in JP 2454001.31759259259

Relationship of Schram

T+t= 347605.797270955166
2104955
1423.42366189
17.0966597
T+t= 2454001.31759

J = [T + 1], = [2454002], = 5. Rosh ha-Shanah is on the weekday J + 1 = 6,
Saturday, the day 2454002 of the Julian Period, 23 September 2006.

Relationship of Gauss for Tishri

M+m= 10.047270955166
—18.3263381138
+17.0966597628

+0.5
M+m= 9.31759
Julian delay +13

In Gregorian calendar 22.31759

J=[9+3x5767+3+(5x2)],=5

a=11

Rosh ha-Shanah falls on the weekday J + 1 = 6 Saturday, September M + 1 = 23.
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Relationship of Gauss for Nissan: Pesah 5766

P+p= 32.044093161144
17.0966597628
—18.3231603193
0.25
P+p= 31.31759 March
Julian delay 13

In Gregorian Calendar 13.31759 April

J=[31+3x5766+5x[5766], + 5], =[17344], =5

Pesah falls on day J — 1 = 4 thus Thursday, Julian March P = 31 or Gregorian 13
April 2006.

Year 5768: Molad (4) — 10 —468. Rosh ha-Shanah: Thursday, 13 September 2007.
The molad is on Wednesday, 12 September at 4 h 468 ch a.m., or according to the
formalism of Gauss at M + m = 11.6847222222.

The number of days elapsed from the origin of the Julian period until the molad of
5768 is 2454355.68472222.

Relationship of Schram

T+t= 347605.797270955166
2105320
1423.67048409
6.21696718648
T+t= 2454355.68472

J = [T + 1], = [2454356], = 2. Rosh ha-Shanah is on the weekday J + 2 = 4:
Thursday, the day 2454357 of the Julian Period, September 13, 2007.

Relationship of Gauss for Tishri

M+m= 10.047270955166
—18.3295159074

6.21696718648

0.75
M+m= —1.31527776582 Julian September = — 2 + 0.6847222342

31

M+m= 29.6847222342 Julian August
M+m= 11.6847222342 Gregorian September
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J=[-2+3x5768 +3+5x3],

J=[17320], =2

A=[12A+5] =4

Rosh ha-Shanah falls on day J + 2 = 4 Thursday, M + 2 = 13 September.

Relationship of Gauss for Nissan: Pesah 5767

P+p= 32.044093161144
6.21696718648
0.75
—18.3263381133
P+p= 20.6847222343

J=[20+3x5767+5x3+5],=[17341] ,=2
Pesah is on the weekday J = 2, Tuesday, Julian March P + 1 = 21 or Tuesday,
3 April 2006 Gregorian.

B. THE NINETEEN JEWISH FUNDAMENTAL CALENDARS

Engineer Jacob Loewinger® has studied the properties of a family of 19 Jewish
calendars, corresponding to all the possible combinations of the seven leap years
in a 19-year cycle of intercalation. Of course, these 19 cycles of intercalation, the
traditional intercalation cycle in use in the Jewish calendar and the 18 other virtual
calendars must have a common element in order to be compared to one another. In
the first year of the chronology, 1 AMI, we assume that all these intercalation
cycles had the same molad Nissan (4) — 9 — 642 and the same fekufa of Adda
(4)—0-0, preceding the molad Nissan by 9 h 642 ch. The molad Tishri of the first
year of these cycles was Beharad (2) — 5 — 204, except for the seven cycles beginning
with leap years whose molad Tishri was a month before Beharad (0)—16—-491, on
Saturday, 7 September —3760 at 10 h 491 ch a.m. We call these 19 calendars the 19
fundamental calendars. Other calendars, derived from them by a shift of a certain
number of Jewish lunar months, will be called derived calendars.

Formula (1) now becomes:
(16) F=INT [(235Q + K)/19]

It gives the number of elapsed months between the molad Nissan of year 1 AMI
and the molad Nissan Q years later, i.e. the molad Nissan of the year N=Q + 1.
K is a coefficient that was introduced by Loewinger; it takes 19 values from 0

69  See Al ha-Sheminit, pp. 53-58 and pp. 118-19.
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until 18, and defines the different intercalation orders. The coefficient K of the

current intercalation order 3, 6, 8, 11, 14, 17, 19 is thus 8 because of formula (1).
The generalization of formula (3) requires some attention. Fb is the number of

elapsed months from molad Beharad until the molad of Tishri N years later, i.c.

until the molad of Tishri of the Jewish year A= N + 1; it is given by:

Fb=12+F withN=Q + 1 in (16). Therefore, Fb=12+F=12+INT [(235(N-1) +

K)/19]

Fb=INT [(228 + 235N - 235+ K)/19] =INT [235N + K- 7) / 19].

Ftis the number of elapsed months from molad Tishri of year 1 of the Jewish era of
AMI until the molad Tishri N years later. Normally, this moment is Beharad, but in
the case of the seven cycles of intercalation K = 6 until K =0, K — 7 is negative and
the first year of the cycle is a leap year; therefore the molad of Tishri is one month
before Beharad.

Ft=13+INT [(235(N—-1) + K) / 19] =INT [235N + 12 + K) / 19].

Thus, if K-7>=0

(17) Fb=Ft=INT [(235N+ K -7)/ 19]

IfK—7<0, the first year of the cycle is a leap year and we must make the distinction:
(18) Fb=INT [(235N+ K -7)/19]

(19) Ft=INT [(235N + [12 + K],/ 19]

With Ft=Fb +1
Fb is counted from Beharad and Ft is counted from the molad of the first of Tishri
of the era.

Normally, in the case of the 19 fundamental calendars, we will need Fb in order
to find the molad of a year of this particular calendar, but we will see that Ft will
also be useful. Indeed, in the case of a derived calendar, Beharad no longer has any
significance and we must refer to the epoch of this calendar, i.e. the molad of the
first Tishri of this calendar.

The number of elapsed months from the epoch until the molad Tishri N years
later is then in this case:

(19) Ft=INT [(235N + [12+ K],/ 19]

The order of the leap years in an intercalation cycle characterized by the
coefficient K is given by the following formula:
(20) N=INT [(19G + 13 -K) /7]

Thus, for each value of K, we find the order number N of the different leap
years corresponding to the order number G of the seven leap years of the intercalation
cycle; G taking the successive values 1, 2, 3,4, 5, 6, and 7.
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Table 16: Table of the Seven Leap Years in the Different Types
of Intercalation Cycles

K[8 |7 |6 |5 |4 [3 [2 |1 |0 |18]17]16|15]14]13 1211|109
i |1 ]2 |3 |4 |5 [6 |7 |8 |9 [10]11]12|13|14]15]16[17[18]19
13 |3 (1 J1 1 |1 )1 1 1 |2 (2 ]2 ]2 ]2 |2 |2 |3 [3]3
216 |6 |3 (3 |4 (4[4 14 1414 4 ]5|5][5]5 515|516
318 (9 |6 |6 |6 |6 |7 |7 7|7 |7 1717 |8 [8 |8 |8 |88
4 1111119 {9 [9 [9 |9 |9 |10]10]|10]10 101010 1111|1111
S (141411 1212121212 (12|12 |13 |13 [13[13[13 13|13 |14 |14
6 (1717141414 15|15 15[15|15|15]|15[16[16[16]16[16]|16]|16
711901917 1717117171818 |18 |18 |18 [18|18[19]19[19]19]19

N =INT [(19G + 13 — K)/7]. In the left column we have under K and i the seven
values 1, 2, 3, 4, 5, 6 and 7 of G. The table then gives the leap years in 19-year
cycles. For example, fori=1 or K =8 we find the leap years 3, 6, 8, 11, 14, 17 and
19. The exactness of this table can be checked on pages 38-39, where the 19
calendars were naturally generated.

The leap years in the different intercalation cycles correspond to the successive
values: 1,2, 3,4, 5, 6,and 7 of G.

K is the figure characterizing the cycle defined by Loewinger; is the natural
order number of these cycles.

Generalization of the Formula of Schram

The generalization of formula (11) gives:
Mol=e+FbxM=¢+INT[(235N+K-7)/19] x M.

Considering the identity (7N +K—7)/19 =INT [(TN+K~7)/19] +[TN+K ~7]
x 1/19, we get:

Mol=e+ I2NxM+Mx (7N +K~7)/19 - [ITN + K~ 7] , x M/19

(21) Mol =e+235Nx M/19 - {[TN+K-7] , - (K-7)} x M/19

If we write that N = A— 1, referring to the molad of the coming year, we will get
the generalization of formula (12), the formula of Schram.
Mol =¢ +235M x (A - 1)/19 - {[TA-7+K~-T7] ,— (K-7)} x M/19
Considering the identity: [7A + K —14] , + [12A + 13 - K] =18,
Mol =e +235M x (A - 1)/19 + {[12A + 13 - K]~ 18 + (K- 7)} x M/19.

We see thus that the coefficienta = [12A + 5] ;, which allows us to characterize
the different years of the intercalation cycle, now becomes:
(22) a=[12A+13-K],,
Or, more generally,

(23) a=[12A + [32 - K]

19] 19
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C. THE POSITION OF THE 19 FUNDAMENTAL CALENDARS
AND THE TEKUFA OF ADDA

If we consider the traditional intercalation cycle of our traditional calendar,
corresponding to the coefficient K = 8, we observe that the coefficienta=[12A +5]
gives us indications about the Jewish year A. Values of “a” from 0 until 6 correspond
to leap years, while values from 7 until 18 correspond to ordinary years.

Furthermore, the formulas (12) and (13) show that a = [12A + [32 — K] (],
informs us whether the Jewish year begins early or late in the civil year.

Table 17: The Correlation between a = [12A + [32 — K] mod 19] mod 19
when K = 8 (Our Current Calendar)
and the Date of Rosh ha-Shanah in the Civil Calendar

a Rankinthe | Date of RH a Rank in the Date of RH
Cycle 303rd Cycle Cycle 303rd Cycle
0 17* 6 September 10 2 22 September
1 6* 8 September 11 10 24 September
2 14* 9 September 12 18 25 September
3 3* 11 September 13 7 27 September
4 11* 12 September 14 15 28 September
5 19%* 14 September 15 4 29 September
6 8* 16 September 16 12 30 September
7 16 16 September 17 1 2 October
8 5 18 September 18 9 4 October
9 13 20 September 19 17* 6 September

The leap year 17, whose coefficient a is 0, begins the earliest and, consequently,
the year 16 ends the earliest. Pesah of the 16th year of the cycle is thus the earliest
of the cycle in the season.

The year 8 has the coefficient 6. Among the leap years, it is the year that begins
the latest and, because it has thirteen months, it is the year that ends the latest.
Pesah of the eighth year is the latest of the cycle in the season.

We know that in the first year of the era, the tekufa of Adda was on Wednesday
at (4) — 0 — 0 while the molad Nissan was at (4) — 9 — 642. This delay of 9h 642ch
is noted as B = 0.399769d. M = 29.530594136 is the Jewish lunation, and A =
235M /19 =365.246822d is the mean Jewish year.

In the eighth year, the tekufa occurs after molad Nissan by:

B+ 7A — (7 x 12 + 3) x M = -12.83370d (The tekufa precedes the molad by
12.83374d).
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In the 16th year, the tekufa occurs after molad Nissan by:
B+ 15A - (15x 12+ 5)x M =15.142650d.

Thus, in the course of the 19 years’ cycle, the molad of Nissan can move from
15.14265d before the tekufa until 12.8337d after the tekufa.” This is the rule for
our current calendar. It corresponds to an adaptation of the rule of Shitsar, applied
to the distance between the molad and the tekufa. This is thus the situation for the
intercalation cycle i = 1 or K = 8. In the intercalation cycle i = 2 or K =7, the leap
year 19, with a,= 6* ends the latest and has the latest Pesah. The tekufa occurs
after the molad Nissan by: B+ 18A— (18 x 12+ 7) x M =-11.27946d.

The leap year 9, with a =0* begins the earliest and, consequently, Pesah of the
eighth year will be the earliest. The tekufa will occur after molad Nissan by:
-B+7A - (7x12+2)x M=16.69686d.

Now, in our current cycle i = 1, when Pesah of the eighth year, the latest in the
cycle will be considered as occurring too late after the month of spring, we could
make this year ordinary and decide to pass to cycle i = 2. The coefficient a, of the
eighth year would become 6* + 1 = 7 and now Pesah of the regular eighth year
would become the earliest year of the cycle. By contrast, the year 19 would have a
coefficient a,= 5* + 1 = 6*. The leap year 19 would end the latest and its Pesah
would be the latest in the cycle. The process explains how the different cycles can
be successively generated and how it is possible to correct a shift of 1.5542 days
by the passage from the cycle of intercalation i to the cycle i + 1. The tekufa of
Adda shifts by one day in 216.2898 years, or 1.5542 days in about 336 years.

Conversely, we can deduce that during about three centuries, during the sixth,
seventh and eighth centuries, the cycle of intercalation that fitted the application of
the rule of Shitsar was the cycle i = 19. Similarly, during the third, fourth and fifth
centuries, the cycle that fitted was the cycle i=18. We observe that this was exactly
the cycle of intercalation that the church introduced at the Council of Nicaea in
about 325. It appears that the church adopted the empirical order of intercalation
used by the rabbis (and corresponding to the order of intercalation championed by

70  This mathematical model was in fact the great achievement of Engineer Yakov Loewinger
in his book Al ha-Sheminit (Tel Aviv, 1985), pp. 116-23. There is a direct correlation between
the order of intercalation and the position of the tekufa of Adda with regard to the extreme
positions of the molad of Nissan during the cycle. In other words, the choice of an order of
intercalation during the 19-year cycle automatically imposes a rule of intercalation, i.e.
“hok ha-ibbur” or the extreme positions of the molad of Nissan in the cycle with regard to
the tekufa of Adda. Z. H. Jaffe had already described this property in Korot Heshbon ha-
Ibbur (Tel Aviv, 1931), pp. 21, 28-29, 71, 118-20, 230-31. Prof. Abraham Fraenkel
mentioned it in his paper in Sinai, 17: 176-81.
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R. Eliezer, see note 44) as a definitive rule for their intercalation cycle, while the
latter fixed the order of intercalation much later and got a much better result.

Table 18: The Position of the Critical Years of the Different Intercalation
Cycles with Regard to the Tekufa
[The 19 first rows relate to the 19 fundamental calendars. The two last rows
relate to two derived calendars and will be examined later.]

K N critical Molad Nissan N critical Molad Nissan
before Tekufa after Tekufa
18 12 -0.3998 1 28.3761
17 4 1.1545 12 26.8219
16 15 2.7087 4 25.2676
15 7 4.2630 15 23.7134
14 18 5.8172 7 22.1592
13 10 7.3714 18 20.6049
12 2 8.9257 10 19.0507
11 13 10.4799 2 17.4964
10 5 12.0342 13 15.9422
9 16 13.5884 5 14.3871
8 8 15.1427 16 12.8337
7 19 16.6969 8 11.2795
6 11 18.2511 19 9.7252
5 3 19.8054 11 8.1710
4 14 21.3596 3 6.6117
3 6 229139 14 5.0625
2 17 24 4681 6 3.5083
1 9 26.0223 17 1.9540
0 1 27.5766 9 -0.3998
18 12 29.1308 1 -1.9540
17 4 30.6851 12 -3.5083

D. IMPROVED JEWISH CALENDAR 1
1. Another Point of View on this Method

We have seen above that each fundamental calendar, the traditional Jewish calendar
and the eighteen other fictitious calendars, has its own position with regard to the
tekufa of Adda. When K diminishes from K = 18 until K = 0, the distance between
the fekufa of Adda and the preceding earliest molad of Nissan of the cycle, belonging
to the year of coefficient a =7, increases by 1.5542 days each time that K diminishes
with one unity. Now we know that the mean Jewish year is longer than the tropical
year by 6.6559 minutes and therefore, after 17 x 19 = 323 years, the difference
reaches 1.4930 days.
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If at the end of 323 years we jump to the next calendar, we observe that the
earliest Pesah of this new calendar will occur 1.5542 days in advance of the fekufa
of Adda. This will thus compensate and even slightly over-compensate for the
delay in the mean Jewish year and the shift of Pesah toward the summer. Now,
when we jump from calendar K = 7 to calendar K = 6, we must transform the last
year of the last cycle K = 7 into a regular year. This last cycle K =7 will end, and
the new cycle K = 6 will begin a month earlier than expected. This is normal
because we have already seen that the fundamental calendars K = 6 until 0 begin
with a leap year, and their molad Tishri of year 1 AMI was one month before
Beharad. Now, when K jumps from 0 to —1 or 18, then the cycle K = 18 begins
again with an ordinary year but it happens one month earlier. That means that this
calendar K = 18 is no longer a fundamental calendar but a derived calendar. Its
molad of Tishri I AMI is no more on Beharad but one month before and, therefore,
the earliest molad Nissan of this cycle doesn’t begin —0.3991 days before the tekufa
of Adda but —0.3991 + 29.5306 = 29.1308 days before the tekufa.

Thus, the solution works, and at each jump of the calendar, the shift of 1.4930
days of the spring tekufah of Adda toward the summer is slightly over-compensated
for by the advance of 1.5542 days of the new calendar with regard to the same
tekufa. After 19 jumps, when K will jump again from O to 18, the beginning of this
cycle will begin two months in advance and the earliest molad Nissan of the cycle
with coefficient a = 7 will precede the spring tekufa of Adda by
—0.3991 + 2 x 29.5306 = 58.6614 days.

2. Algorithm of this Method

The process begins in 6214. The year 6213, which is normally a leap year, becomes
an ordinary year. Then, at the beginning of 6214 we jump from the calendar type
K = 8 into the calendar K =3 and i = 6 (see page 33).

The number of elapsed months at the beginning of 6214 is then
Em, =INT [((235x 6213) + 1)/ 19] — 1 = 76844.

We define: I, = INT [(A - 6214)/323]
I,=[A-6214]
[, is the number of elapsed cycles of 323 years and I, is the number of elapsed
years in the (I, + 1) and not completed cycle, before the Jewish year A.
In 6214, we begin the process with K = 3. At each change of calendar type, K
diminishes by one unity, but K must remain positive.

323
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The number of elapsed months is: Em = Em +1 x 17 x 235+ Em,. With Em,
equal to the number of elapsed months in the non-completed cycle I+ 1 of 323
years.

(19) Em, =INT [((235x L) + [K +12],,) / 19]

Indeed, the calendar beginning in Tishri 6214 is not a fundamental calendar;
we must use (19) and not (17) or (18).

For the implementation of the rules of the calendar, we must consider the
coefficienta=[12x 1, +[32-K] ], =[12xA+[32-K] ] ,, because [A] ;= [L],,.

Now, we must take into account that each time K jumps from K =7 to K =6,
the last leap year of the former calendar becomes an ordinary year. This will happen
for the first time after 15 cycles of 323 years and 322 years of the 16" cycle counted
from 6214 when we will introduce the first calendar K =3 and i=6. This condition
can be expressed in the following way:

If[I,],,=15and if I,=322, thena=a+ 1 (a= 6* becomes a = 7).
If[I,],,= 15 can correspond to I, = 15 and i therefore increases from 6 to 6 + 15 =
21 =2, K diminishes from3to3-15=-12=7.

Or it can correspond to 1 =34,”" and then i increases from 6 to 6 + 34 =40 =2
and K diminishes from 3 to 3 — 34 =31 = 7 and so on. Further, if [1,],, = 16, we
must subtract another month from Em; when it reaches 35 we must subtract one
month more and so on.

Thus Em =Em — 1 - INT (I, - 16)/19).

E. IMPROVED JEWISH CALENDAR II
Algorithm of this Method

In this method, we enter the new calendar type by a year of coefficient a =7 and
we exit through a year of coefficient 6, which becomes 7 in the new calendar.

The process begins in year 6284, which is the 14th year of the cycle 331. If the
process had begun in 4599, at the beginning of the definitive calendar, we would
be in the 14th year of a cycle of the calendar type K =4, with the coefficient a = 6*
and, by the jump in 6284 to K = 3, the coefficient a = 6* becomes a = 7. The
calendar K = 3 will jump to the calendar K=2, 17 x 19 + 11 =334 years later with
the year 6618, year 6 of a cycle K = 3 with coefficient a = 6* becoming year 6 of
the first cycle K = 2 with the coefficient a = 7. Thus, each calendar of a certain K
works during 334 years.

71 19 x 323 =06137 years later.
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We define: I, = INT [(A - 6284) /334]
L=[A-6284],,

I, is the number of elapsed cycles of 334 years and I, is the number of elapsed
years in the [, + 1, not completed cycle, before the Jewish year A.

The number of elapsed months at the beginning of Tishri 6284, the beginning
of the cycle of 334 years characterized by K = 3, is given by:
Em, = INT [(235 x 6283) + 1)/19] = 77710.

The number of elapsed months from the molad Tishri 6284 until the beginning
of the Jewish year A, is given by:
Em=1 x4131 +INT [(235x (A—1)+[K~7] )/ 19] - INT [(235x (A~ 1)~ 1, +
[K—7],)/19].

The first term, I, x 4131, represents the number of months of the elapsed cycles
of 334 years, each of them comprising 17 x 235 + 11 x 12 + 4 = 4131 months.

We must now calculate the number of elapsed months in the current and
uncompleted cycle I, + 1. This cycle begins with a Jewish year of coefficient a =6,
which is not a multiple of 19, making the problem harder. In the calendar type K
corresponding to the Cycle [, + 1, i.e. K =3 — I, the number of elapsed months is
the difference between the number of elapsed months from Beharad until the
beginning of year A, and the number of elapsed months between the beginning of
Beharad and the beginning of the cycle I + 1. Because of the difference, it doesn’t
matter if we use formula (19) or (17). Theoretically, we should use formula (17).

F. IMPROVED JEWISH CALENDAR III
Algorithm of this Method

The process begins in 6233. In this year, we introduce five consecutive short cycles
of eleven years. By 6288, we are again at a good level and begin a cycle of 334
years, comprising 17 cycles of 19 years followed by a shorter cycle of 11 years.
The order of intercalation is always the standard order 3, 6, 8, 11, 14, 17, and 19
corresponding to K = 8. For 6232 < A < 6288,

We define: I = INT [(A—6233) / 11]
I,=[A-6233]

The number of elapsed months before the molad Tishri of year 6233 is
em, = 77080. The number of elapsed months until Tishri of year A is:

Em =77080 +1, x 136 + INT [((235 x 1) + 1)/ 19].

Each small cycle of 11 years contains 136 months, and the number of elapsed
months in the uncompleted cycle I, + 1 is given by the formula (17) for K = 8.
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For A > 6288,
We define: I, = INT [(A — 6288) / 334]
L=[A-6284],

I, is the number of elapsed cycles of 334 years and L, is the number of elapsed
years in the I, + 1, the not completed cycle, before the Jewish year A.

The number of elapsed months at the beginning of year 6288 is 77760. Each
cycle of 334 years comprises 4131 months, and the number of elapsed months in
the cycle I + 1 is given by INT [(235 x I, + 1) / 19]. Therefore Em = 77760 + 1, x
4131 + INT [(235 x I, + 1)/19]. What now about the coefficient a? The formula
(22) with K = 8 becomes a = [12 x (I, + 1) + 5] ,.

G. COMPARISON BETWEEN THESE METHODS
1. Numerical Example: The Year A =13760

Traditional Calendar
(3) Em =INT [(235 x 13759 + 1)/ 19] = 170177 months
The molad of Tishri in the Jewish week:

Mol = [31,524 + 170,177 x 765,433] ,, ., = 81245 =(4) -3 - 245

181,440

Thus, Tuesday at 9h; 13m 36s p.m. Rosh ha-Shanah will fall on Thursday.
The molad calculated in the Julian Period:

M=T+t=347,997.466204... + (170,177 x 765,433) / 25,920 = 5,373,425.3845...
JP.

It corresponds to Tuesday, 2 November; 9999 at 9h 13m p.m. By application of
the rules of the Jewish calendar, we find that Rosh ha-Shanah is then on Thursday,
4 November 9999, and Tishri 21 is on Wednesday, 24 November 9999. The shift of
the Jewish calendar with regard to the Gregorian calendar is (9999 — 839)/231.3633
=39.16 days. The shift of the Jewish calendar with regard to the tropical year 2000
is (9999 — 839) / 216.2898 = 42.35 days.

Improved Calendar: Solution 1

I, =INT [(13760 — 6214) / 323] =23
I,=[13760 - 6214] . = 117
L=[117],=3
K=3-23+19+19=18

Thus, A= 13760 is in calendar 24 of 334 years; it is the year 118 in this calendar.
This calendar corresponds to K = 18. This year is also the fourth year in a cycle
K =18 of 19 years. The number of elapsed months from Beharad is:
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Em = 76844 +23 x 3995 + INT [(235x 117 +[18 +1,] ;) / 19] = 76844 + 91885 +
1447 = 170176 months

I, =23, thus 16 <I <35 and Em = Em — 1 = 170175 months
a=[12A+ (32 -K) ], = 5. Aisaleap year 4*.

Improved Calendar: Solution I1

[=INT [(13760 — 6284) / 334] =22

I, =[13760 - 6284],,, = 128

3760 is thus the year 129 of calendar 23

K=3-22=-19=0

13760 is the fourth year of a cycle K = 0 of 19 years. The number of elapsed
months from Beharad is: Em = 77710+ 22 x 4131 + INT [(235x 13759 -7) / 19]
— INT [(235 x (13759 — 128) — 7)/19] = 77710 + 90882 + 170176 — 168593 =
170175.

a=[12A+ (32 -K) ,],, = 4. Ais a leap year 4*.
Improved Calendar: Solution 111

I, =INT [(13760 — 6288) / 334] = 22

I, =[13760 - 6288],,, = 124

I =[124],=10

K=38

a=[12x124+5],=4.Ais aleap year 11*.

Em=77760+22 x 4131 + INT [(235x 124+ 1)/ 19]=77760 + 90882 + 1533 =
170175 months.

13760 is the tenth year of a cycle of 19 years.
The number of elapsed months before Tishri 13760 is the same in the three
calendars. This would not be true in 13758.

The molad in the Jewish week:
Mol = [31,524 + 170,175 x 765,433] ,, ,,, = 1899 = (1) -1 - 819

Thus, Saturday at 7h 45m 30s p.m. Rosh ha-Shanah will fall on Monday.

The molad calculated in the Julian period:
M =T +t=347,997.466204... + 170,175 x 765,433) / 25,920 = 5,373,366.3233...
JP.

It corresponds to Saturday, 4 September 9999 at 7h 45m p.m. By application of
the rules of the Jewish calendar, we find that Rosh ha-Shanah is then on Monday,
6 September 9999 and Tishri 21 is on Sunday, 26 September 9999.
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The Gregorian Revolution of the Jewish Calendar

2. Conclusion

The calendar has been improved, Nissan 16 is now again in the month of the spring.
In the traditional calendar, Nissan 16, 13772 falls on May 2 and Nissan 16, 13764
falls on May 30; the Jewish calendar has shifted by about 42 days with regard to
the tropical year.

In the improved calendar I, Nissan 16 is found between March 19 and April 16.
In the improved calendar II, Nissan 16 is found between March 20 and April 18. In
the improved calendar I1I, Nissan 16 is found between March 20 and April 18.

The Jewish calendar is again correctly centered with regard to the solar year.

3. Comparison Between the Three Systems

Table 19: Table of Ordinary and Leap Years and Their Serial Numbers in
the 19-Year Cycle

Calendar I Calendar 1T Calendar IIT
13757 1 earliest 1*  latest 8* latest
13758 2% 2 9
13759 3 3 10
13760 4% 4% 11*
13761 5 5 12
13762 6 6 13
13763 7* 7* 14*
13764 8 8 15
13765 9 9 earliest 16 earliest
13766 10* 10* 17*
13767 11 11 18
13768 12*  latest 12* 19 *
13769 13 13 1
13770 14 14 2
13771 15% 15% 3*
13772 16 16 4
13773 17 17 5
13774 18%* 18%* 6*
13775 19 19 7
Kandi K=18, i=10 K=0,i=9 K=8, i=1

B.D.D.27,March 2013 75



J. Jean Ajdler

Table 20: Dates of Nissan 16 in the Traditional and in the Three Improved

Calendars

Traditional Calendar I Calendar IT Calendar TIT

Nissan 16 Nissan 16 Nissan 16 Nissan 16
13757 18 May 19 March 18 April 18 April
13758 6 May 8 April 8 April 8 April
13759 26 May 28 March 28 March 28 March
13760 14 May 14 April 14 April 14 April
13761 4 May 4 April 4 April 4 April
13762 22 May 24 March 24 March 24 March
13763 11 May 11 April 11 April 11 April
13764 30 May 31 March 31 March 31 March
13765 18 May 20 March 20 March 20 March
13766 8 May 9 April 9 April 9 April
13767 27 May 28 March 28 March 28 March
13768 16 May 16 April 16 April 16 April
13769 4 May 5 April S April 5 April
13770 23 May 26 March 26 March 26 March
13771 13 May 13 April 13 April 13 April
13772 2 May 1 April 1 April 1 April
13773 20 May 22 March 22 March 22 March
13774 9 May 11 April 11 April 11 April
13775 29 May 30 March 30 March 30 March

Table 21: Dates of Tishri 21 in the Traditional and in the Three Improved

Calendars
Traditional Calendar I Calendar II Calendar III

Tishri 21 Tishri 21 Tishri 21 Tishri 21
13757 27 November 27 September 27 September 27 September
13758 16 November 17 September 17 October 17 October
13759 4 November 7 October 7 October 7 October
13760 24 November 26 September 26 September 26 September
13761 12 November 13 October 13 October 13 October
13762 2 November 3 October 3 October 3 October
13763 20 November 22 September 22 September 22 September
13764 9 November 10 October 10 October 10 October
13765 28 November 29 September 29 September 29 September
13766 16 November 18 September 18 September 18 September
13767 6 November 8 October 8 October 8 October
13768 25 November 26 September 26 September 26 September
13769 14 November 15 October 15 October 15 October
13770 2 November 4 October 4 October 4 October
13771 21 November 24 September 24 September 24 September
13772 11 November 12 October 12 October 12 October
13773 31 October 30 September 30 September 30 September
13774 10 November 20 September 20 September 20 September
13775 7 November 10 October 10 October 10 October
13776 27 November 28 September 28 September 28 September

76

B.D.D. 27, March 2013



s
L

]

£

Ny

®

=
!
)
Z
. R
7S
4
71
Ia
I

-

*

721 N0

1YY Ny

1'hwn 77X

.

IR

#

YT AMNN




MYTR | 77957 532

YINY AN 1MyY ny-ans

)/YUn 9INR - 27 72N

19y
7289 25y

s

179129 ,)PIR79 DVIDIIN NNYIN



12IN"92 NVIDINN ,APYONNNY NPONNN ,TANIN MDY

12IN792 NVIDIVNN,TINOND NPONNN 1219V INROYT
1PIN7I2 NVIDIDNN ORIV DY MDY NPONNN ITIDTIY NN

Ny

$NIVN 23Ny

oMY aNYT DNONY :(16-1 TNVDI) BN TNY

DOYYIPI MY NVIDIDNND ,NPIINNIN PN MIND~PIAN 12100
1PN NVIDIDNN ,DIVIYND NVIPAN

DOV (25 1NI1) PNONIV N1 190" NN

19N ,)1DO0N ,NPIVNNND NVIPIN

L(OMYTON) NTIN DI YOO BY DY MNN IPNY NN 2917 12190
19IN"I2 NVIDIDININ

7N TINTPNRN NYOINN ,DXPDY DN 190N N1

2N PINT)A NVIDIDNN N0 NPINNN

1PINTI2 DVIOIDNN ,TIOD YTIIDD DTN

2N, PN 1ON ,NLY 7)Y DXINND NPINND

1PIN7I2 NVIDIDNN ORIV XIN YTINDD NPONNN

12IN7I2 NVIDIDNN,DIPIVNDND NPINNN

PIN7I2 NVIDININ ,NDTIND NVIIPON

PPINTI2 NOVIDIDNN MDD NPONNN

1PINR7I2 NOVIOIDNN L AVNNN PYTID NPONNN

PPN NVIOIDNN,NPIVDLVLDY NN

19N NVIDIVNN ,NMITION PYTID NPINNN

12IN792 NVIDIDNN,INND 1IN NINN
NN I YTH OYIN NTON

NOLDMI ,PYN¥NANID GOV 270 )ION
PPINTI2 NOVIDIDNN MDD NPONNN

ISSN 0793-3894
©
P"NNT PRI NOXOTDNIND MNHDY NN 93

NN

PDIN DN
IPIN IIN
97T qOP
NPYIN ONOT
YPDAVIDT MIN

172D YW
NN T
1PAD LI
1790 DNINY
INY IMN
X12IVDMNA OON
POP9 MT
279 MIN
2P NWN
POP IMDION
NP DN
DNIIN YNV
(SRR Rk
NIMY PRD
VoW AP
9299Y DNV

YON PNIVPIHN FYNAN DIV NN DY NIRN DOYOP N N NN PPNYND PR
270N 2N NYIN XY (NVIPT NYHN 012N N1IID) NN N

Y'YWD DX DT
NI, NODN DIOT



0222397 199N

DOYTN DIRYNNA :NYINN NNOT 109N INNNY M9

— DMPMONN NNAYN NINVI PYINN DN NIND 91929 21

JOYM NAIIND NNNID NYSN

DN NI XTIND NND NND NP 991 209

DYWNI 213 MY :2%29 )9y

DOYTN DMVDIVLLD DYV — >3 TIVHNN DY DDV YTY 11D 150 DION
DOPM DNPIVIP — DTN DXTIVN NPNIN A92DP0) /N NPOY
THIDN NDW NII5 DPNYIN DIYSHN DY DNMIN 9P 90

mMann

DRIPIN DY 199N Py Ty (0NN INIM

DNIIN IR NIAND :1°2232 JHN

YTIND WYTP MIYNA D700 DY IPOYN DI 11N ININ
ATHON Y HY MADNN PMIYNY NIAND )13 INPIN

Ay1 DPXPN

YINN PoN

21N M1 MNINN DINNY NPRTIO NHVNNN NN :A1NINN IYI)
17200 0 WYTPD 1Y NIV INIPY DAY N IWIND TN DY
YN MN DY DN NN NI9NNM 991X PN DY

D190 NN
2NN NON DN DY D90 WDV DY ORIV NDITN :991NR PNYY 40

nann
102 HNOIN DY MNNY NAND 99PN PN 409
102 ONOIN DY NIWND NIAND DTN PN 90

YNNI DXPIPN

29

39
63
77
101
123

129
151
155
163

165

17

77

93

99

101



D2ANNYNN NNPYH

PIN7I2 NVIDINN ,NNND NN PONN,DNIIAIN ONRIIN
NIV SROIN ONDIDIDNND 127, 2ININN PYND

141/3 chaussé de Charleroi, 1060 Brussels, (Nt DTN0) 997N PNYY Q0D
Belgium

JPISY N NDY PN 1NN

PIN-12 NVIOINN ,DXVAVND NOIPOM ITID 1IN ,NIOX NHYIN ,XI20PID) /N NNOY
DYV NPIAYN NVIDININD ,7DI0 NN ,INT IRINY 1)

DOV TNDNILY NN I9DN N’ ,I1)72)) 1IN

NIV MMN NDDINY NN NYHIN 108 YDV

19N NVIDINN INIY NAYNND 1NN ,D0 DION

DYYVIPA NPIAYN NVIDINND NINT-NTI OYTHO NIND 11D INIIN

12)N-72 NVYDIDNN ;TN 190N M1, 100 QoD

12IN772 NVYOIMNIN ,NPIVNNND NPONNT ,2°27 Y



nrIaya DIVLPN

9IN 21322 NINKIND DINNY NPNTIY NVNRNN NN
NAYA N IWOND N Dy
TA0N N YT Y NIYD NNIP)

DNIIN PV

20 7 — 2HW ¥IDOWA WIptan NPy Pw 29053 H7Ima — movnnn A7I%a 0°v0m IX
1NAW3a DR N TIILD MWDK ANY 270 70 o2 DI N97I8 oxnxk 0710985 0
YWRY n%” ox (377,071 WPYY) 1200 N WITRY 1Y DAV NNIPY D77Pn 1K 792
1°0 00 AR Y7IW) 7Nawn 7207 72 0o IRW3 0xnxD 708 19 by 0 17 npins
(27m

XY (1884-1963) PI2P .1 T3 /DIID PXP MK 19293 2N0n XA KRN YW ATNn
.0°POY NN SWw XWn N72a07 01 00377 By pronn 00008 00w

0°19p 0°329877 .(772 *pwn) 0197%7 (2°37%87) D7PD0 :NIZIAR *NW MNP TARHa DTna
,M°D ,0IP7° ,M3°23 ,00% , 003,72 13 I PR ,a1P 0IxD Ho 50X bW ovvipn o°vo
1 TPW 1A% P17 AT .NAwR DD AR WUW D131 — WU 01 TV WK 0P — AN
5510 *ww 0 Y PRI PR DDA MW 13702 MW DOYaIR DRI oyh 0nwn
00% 10377172 X7 2IN2W NAW3 11 T XD OWOW 012 D217 17 770 W 013 1131 NH0IN
PN WR NY IN PIND YN 1Y DY ONY Swwi 0P DY 1M NXIN 12 DY Navn
(D73 170 MnY) >yavn o3

SHRP0PR TN IRIN VIR NRIPY .NAW D1 910 00 Hw cwiptan ninpy v v STima
TN NAW W WIptan NRIPY 0170 NI 290 T50m 301 D3 aya 05w 0107 01073
nREWMT 32 931 NAwa 0272 K NPT DN om0 DW wIptan nnipy Ywn (1a°9) mmaa
.DAW3a %22 T2 MTIY0 WY 2°9IKR

01 7Y WK 2R ,20% 01D AR AN Donwnt pIwa 3K 290 0°p 0°39787 DTl
N %0 9°nn o3 wrw 0% 11PIp 090 9501 WU 01D Hob PRn v WY 0172 .ownn
0°%0 9901 T°1p 7123 TPANAW 12902 0 PARD 0w 0712787 .NavY N1P3p 90 150m)
.A07° 5173 ©°90 9501 0213 7R3 PARAY AN T3

nMIPY 2 9 2 PR PAnn M3 AN DAY PR PAnw ,27Ina 007N 1R
DI 192 AT DX 0799 13K 273 .50 000 wIp an nnpys 123 a0 Navs vipUan

165 VYWD 1IN ,27 1712



N°I92y2 03PN

DIP NHOIN ANY *T2) NAYR i DR 2T (9 Onva NP DIZRY W D)
.(Mawb

0719787 DPARA DMWY TNRY 2105w 5N NRDITS N1otoa NN CNY Mnvp
SW YWY D31 13K . Y12w2 1577 702 290 907 IMIK 0°92pn1 MIRENT MK DORPYn
I N NIMI XY ,0°107%7 7977y NAWw Sw Phnk nnom 9 0w b 1nnk 1oo1n
0P DpYY P AR 12 wIn AN 1%

nawh 5% NooIn% DIW PN onva DR DISHY 0IDMTYR 02378 PTIMa 1non
200 X1 ¥2Ip IR0 PY XOWR ,Nawa 901 DRPDOX LY12wa 9197 702 0umbwni onxa
.73 0P IR WY DAX 730 IR 7AW AR W0 IR DAY 1D YW1 31 NI XU
W 772 AIPPORT DY 1R 7718 TN 0Ip19n

290 MY Y NININNIND N9NNN

951998 PN 90Y

T 02 917 30-1 29 °32 007 DWTIN O DWTIAN OWnRw-"nT MY XN Mayn mbn
VDTN MW TR DX L,YEMNI ,WORY 19 7Y ,27PY 710 0WIIN 13-1 12 12

VPR WD .NIPT 6.658-2 MDYV IWAN TIIIR DY NTNIT MW ,NRT 992
711799 TN PWHRYR 13w 0mPa 1AM 1Ay mbn Y nvweR A1mY 72007 X1
7opn

D17 Y31 723 72y M DY nmmw ,NI0R Apn Dw 0°02 By ,0OREI 1M
NIW3A NPIRPTIAINT DR 1112 23RN M DW NI XN X7 DRI AT .00 5.4-5
JTART YR 79197 77 R 129 2y mIPn Dw T 197 1582

72y MBI DR DYH 70 opDon MNIND AWIPW woARY RO AT MKRNT NI
.03 DR NNWADY NP0 aMmX Mpn®

272y mPa Pw MnTpnmn 90T MIRADIN DX D711 D°PT12 133K VRN 15012
073w MY°ap DX 2R NIWORNI NPYRNN T07W AP 712 1NIK 097227 13RI 19-7I0K
LPIROMIAT 02IWR By 102apm

WK LIITIOD Y07 WYY SLRmM 1Y MM I MRN2 MRI? 079778 MK
.72y mPa W nTa YA IR Ine wInnn

M32572 072an7 727 By an1on 7WOR 1TR7 PY¥a 297 S nww IR oxIN A1 Ipnen
9732 X7 ,1°07099 93 0y, non MW 07anan TN 1A PRY (2 ,7) wNnn viTp
1°KN71 D7V 170 1D DYW V1P 11aWR MYYD MW 02N DAk L 21%0n Iwn? navn
13257 DY fnann M

VYWD VIN 27 4744 166



D
)

Bekhol Derakhekha Daehu

Journal of Torah and Scholarship

No. 27 — March 2013

Editor

Ely Merzbach

Ny

BAR-ILAN UNIVERSITY PRESS, RAMAT GAN



Editor:
Sub-Editors:

Founding Editor:

Editorial Board:

Zohar Amar
Yisrael Aumann

Joseph S. Bodenheimer

Aharon Enker

Dror Fixler

Aryeh Frimer

Hillel Furstenberg

Daniel Hershkowitz

Menachem Kellner

Alexander Klein

Moshe Koppel

David Leiser

Yehoshua Liebermann

Shabtai Avraham
Hacohen Rapaport

Samuel Safran

Jacob Schacter
Meir Schwartz
Shubert Spero
Milon Sprecher
Ari Z. Zivotofsky

Ely Merzbach, Mathematics Dept., Bar-Ilan University

Yehuda Friedlander, Dept. of Literature of the Jewish People,
Bar-Ilan University
Daniel Sperber, Talmud Dept., Bar-Ilan University

Cyril Domb, z"1

Dept. of Land of Israel Studies, Bar-Ilan University

The Center for the Study of Rationality, The Hebrew University of
Jerusalem

Jerusalem College of Technology (Machon Lev)

Faculty of Law, Bar-Ilan University

Faculty of Engineering, Bar-Ilan University

Chemistry Dept., Bar-Ilan University

Mathematics Dept., Bar-Ilan University

Mathematics Dept., Technion, Haifa

Dept. of Jewish History and Thought, Haifa University

Statistics Unit, Bar-Ilan University

Computer Science Dept., Bar-Ilan University

Dept. of Behavioral Sciences, Ben Gurion University of the Negev
School of Business Administration, Netanya Academic College

Institute for Advanced Torah Studies, Bar-Ilan University

Dept. of Materials and Interfaces, Weizmann Institute of Science,
Rehovot

Rabbi Joseph Soloveitchik Institute, Boston

Israel Association of Orthodox Jewish Scientists

Basic Jewish Studies Dept., Bar-Ilan University

Chemistry Dept., Bar-Ilan University

The Leslie and Susan Gonda (Goldschmied) Multidisciplinary Brain
Research Center, Bar-Ilan University

ISSN 0793-3894
©

Copyright Bar-Ilan University, Ramat Gan

All rights reserved, including those of translation.

No part of this journal may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and recording, or by any information storage and retrieval
system, without permission in writing from the publisher.

Printed in Israel, 2013
Alpha Ltd., Tel Aviv



17

77

93

99

101

CONTENTS

Gerald Aranoff: A Mathematical Proof: Call the Sabbath Delight, the
Lord’s Holy Day Honored — Reducing Expenditure on Weekdays to
Allow More for the Sabbath

J. Jean Ajdler: The Gregorian Revolution of the Jewish Calendar

Book Presentation
J. Jean Ajdler: Virtual Edition of Three New Books by Rafael Levi
of Hanover Still in Manuscript

Comments

J. Jean Ajdler: Reaction to Ariel Cohen’s Article, “How Maimonides
Chose His Epoch. Clarifications Regarding the Astronomical Calcula-
tions in the Sanctification of the New Moon.” (B.D.D. 26)

J. Jean Ajdler: A Reaction to Professor Cohen’s Answer

English Abstracts

Hebrew Section

7

29

39

63

77

101

123

Roy Emanuel Hoffman: The Identity of Tekhelet (Biblical Blue
Dye): New Findings

Zvi Weinberger: Identifying the Biblical Arneveth with the Musk-
Deer and the Shafan with the Mouse-Deer: A Hypothesis

Yossi Ziv: Shaving the Head as Part of the Mourning Rites of the Beta
Yisrael

Eran Raviv: 213-Row Table — A New Tool to Determine Type Per-
centages in the Hebrew Calendar

Alex J. Tal: Classification of Textual Witnesses of the Babylonian
Talmud — New Statistical Aspects

Shlomo E. Glicksberg: Preventing Modern Nuisances — Criteria and
Standards

Joseph Klein: Computational Tools for Identifying the Most Accurate
Tenachic (Old Testament) Version



Comments

129 Michael Abraham: More on Okham'’s Principle

151 Matan Benyamin: A Reaction to Michael Abraham

155 Ariel Cohen: Maimonides’ Main Point in his Laws of the
Sanctification of the New Moon

163 Ariel Cohen: A Reaction to J. J. Ajdler’s Additional Comments

165 Hebrew Abstracts

List of Contributors

Michael Abraham, Jesselson Institute for Advanced Torah Studies, Bar-Ilan
University

J. Jean Ajdler, (civil engineer), 141/3 chaussé de Charleroi, 1060 Brussels,
Belgium

Gerald Aranoff, Ariel University Center of Samaria

Matan Benyamin, Yeshivat Har Etzion

Ariel Cohen, Institute of Earth Sciences, The Hebrew University of Jerusalem

Shlomo E. Glicksberg, Michlelet Efrat, Lander Institute, and Department of
Law, Bar-Ilan University

Roy Emanuel Hoffman, Institute of Chemistry, The Hebrew University of
Jerusalem

Joseph Klein, School of Education, Bar-Ilan University

Eran Raviv, Department of Mathematics, Bar-Ilan University

Alex J. Tal, Department of Jewish Thought, University of Haifa

Zvi Weinberger, School of Engineering, Jerusalem College of Technology

Yossi Ziv, Herzog College, and Orot Israel Academic College of Education,
Elkana-Rechovot



ENGLISH ABSTRACTS

THE IDENTITY OF TEKHELET (BIBLICAL BLUE DYE): NEW FINDINGS
Roy Emanuel Hoffman

The secret of the tekhelet (biblical blue) dye was lost long ago. Attempts to
rediscover it have led to mistakes in the past, so that religious authorities are very
wary of accepting its reintroduction. In this work, new findings are reported that
resolve the remaining major objection, i.e. that the dying process had not been
reliably reproduced without resorting to modern chemicals, unknown in ancient
times. A description is given of the dying process using chemicals used in ancient
times, and comparisons are made with similar dying techniques. The resulting
color is analyzed, and compared with ancient writings and archaeological artifacts.
We discuss the ramifications for religious law pertaining to the new findings reported
here.

IDENTIFYING THE BIBLICAL ARNEVETH WITH THE MUSK-DEER
AND THE SHAFAN WITH THE MOUSE-DEER: A HYPOTHESIS

Zvi Weinberger

The Torah identifies three animals that chew the cud but do not have split hooves:
the camel, the arneveth and the shafan (Leviticus 11:4, 5, 6; Deuteronomy 12:7).
Accepted translations of the Torah identify the arneveth with the hare and the
shafan with the hyrax. However, neither hare nor hyrax chew cud in the ordinary
sense. We propose that the biblical arneveth and shafan are not the animals known
from contemporary parlance and common to modern Israel, but are rather animals
not found in the Middle East.

We suggest that the arneveth corresponds to the musk-deer (Family Moschidae),
native to Central Asia, and the shafan to the mouse-deer (Family Tragulidae), two
genera of which are common to Southeast and South-Central Asia and a third to
Central and West Africa. These animals are ruminants, and their feet have well-
developed digits culminating in small individual hooves at the extreme of each
digit, and not single split hooves on each foot.

B.D.D.27,March 2013 101
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The shape of a musk-deer resembles a large hare, and so does its running pattern.
For these reasons, we associate the arneveth with the musk-deer. The mouse-deer,
genus fragulus, finds shelter in rock crevices during the day — as attributed to the
shafan in Psalms 104:18. For this reason, we associate the shafan with the mouse-
deer.

However, our proposal has its own difficulties. If the musk-deer and mouse-
deer were common in ancient biblical Israel, and have since become extinct, why
have their skeletal remains not been discovered? Both families have an uncommon
distinctive feature, large upper canine teeth. Climatic considerations also cast doubt
on the existence of these families in ancient Israel. If the shafan was not common
in Israel, why would David and Solomon have referred to the shafan in their verses
if the mouse-deer had not been familiar to their audience in Israel? In spite of these
difficulties, we advance our proposal that conforms to a straightforward
interpretation of the Torah’s description.

SHAVING THE HEAD AS PART OF THE MOURNING RITES OF
THE BETA YISRAEL

Yossi Ziv

In the Beta Yisrael community (the Ethiopian Jews), it was customary for the
relatives of the departed to shave their heads during the days of mourning. This
custom is contrary to the explicit prohibition, written in the Torah and accepted as
Jewish Law (Halakhah) in the rabbinical literature, of not removing one’s hair as
part of the mourning process. Nonetheless, a thorough reading of the sources reveals
that there is considerable literary and archeological evidence that cutting the hair,
in the context of mourning, was practiced by Jews and gentiles alike. Moreover, in
many books of the Bible, as a minority opinion in the literature of the 7ana im, and
as written by the commentators on the Bible who wrote in the Middle Ages, one
finds explicit references to the custom of head-shaving as something well-known,
permitted, and accepted.

It may be assumed that the Jewish People observed two opposing customs. The
precise plucking of every hair on the mourner’s head was a permitted and acceptable
custom. The tearing out of hair from the scalp to the point of bleeding, in a frenzy
of sorrow, is the custom prohibited by the Torah. When a person is beside himself
with grief, the precise, careful plucking of hair can get out of control and become

102 B.D.D. 27, March 2013
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an uncontrolled ripping of hair, scalp, and blood; the act proscribed by the Torah.
For this reason, the rabbis put an end to this custom of plucking out the mourner’s
hair, and determined that the removal of the mourner’s hair be prohibited in every
way.

However, at the same time, Beta Yisrael had already been cut off from the main
body of the Jewish people. They continued, therefore, to follow their ancient
tradition: the careful removal of every hair on the mourner’s head. In summary, we
learn that acquainting ourselves with the customs of Beta Yisrael gives us new
ways of understanding the development of Jewish Halakhah.

213-ROW TABLE — A NEW TOOL TO DETERMINE
TYPE PERCENTAGES IN THE HEBREW CALENDAR

Eran Raviv

This paper is a continuation of an article that appeared in B.D.D. 22 entitled “Tablets
and Tablet Shards — On Molad and their Characteristics.” In the previous paper, we
presented a new understanding related to the possibility of the molad of Tishre
occurring in each of the hakalim of the week, which differs from the previous
assumption.

As an addendum to the paper, we are presenting a new 213-row table, which
can be used to create a siman for each type of year similar to that in the “61-row
table.” The new table adds an additional letter that indicates the type of dechiya.

The importance of this table is that it can be used as a precise and very accurate
tool to calculate the prevalence and type of each dechiya.

We will analyze the table; explain the source of the number 213, and present
additional implications of this new table.

B.D.D.27,March 2013 103
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CLASSIFICATION OF TEXTUAL WITNESSES OF THE
BABYLONIAN TALMUD — NEW STATISTICAL ASPECTS

Alex J. Tal

Research on the textual variants of a classical text aspires to find genealogical
relationships between extant witnesses and represent them in a stemmatic tree.
Because of the great complexity of its creation and transmission history, it seems
that this is not a realistic aim with regard to Talmudic literature. A more realistic
aim is the exposure of mutual relationships between the textual witnesses and the
discovery of different families of textual traditions.

This study is based on the textual variants of tractate Beitza from the Babylonian
Talmud. Seven complete medieval manuscripts are extant for this tractate, and an
equal number of partial ones that include more than ten percent of the complete
text. Based on more than 850 variants, and aided by dedicated software, a distance
matrix was constructed. A two-dimensional distance map was produced from this
matrix by the MDS program PROXSCAL.

Analysis of this map led to the identification of a geographical axis, whose
extremes represent the medieval Ashkenazi (German and French) and the Eastern
textual traditions. Manuscripts with Spanish characterization are located between
these two extremes. Parallel lines (simplex) were used to divide this map. In addition,
it was found that a circumplex division is possible, and that the more complex —
and therefore more original — manuscripts occupy the centers of the unconcentric
circles. Thus, two facets were found — geographical and degree of complexity.
Utilizing these new methods in the field of Talmudic philology is exceptionally
challenging, in the way that it leads to new insights into the history of the textual
traditions of the Babylonian Talmud.
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Abstracts

PREVENTING MODERN NUISANCES — CRITERIA AND STANDARDS
Shlomo E. Glicksberg

Detailed laws regarding nuisances and how they should be prevented are included
in the Mishnah. Throughout the generations, our scholars and decisors often dealt
with changes to those nuisances, and with nuisances that for various reasons did
not appear in the original collection. This article will investigate the different
methodologies used in the past for making halakhic decisions regarding nuisances
as new situations arose. These methodologies may lead the way today when
approaching modern ecological hazards such as pollution and global warming.

COMPUTATIONAL TOOLS FOR IDENTIFYING THE MOST
ACCURATE TENACHIC (OLD TESTAMENT) VERSION

Joseph Klein

Which versions of the Old Testament now in existence are most similar to the
original? At what period did scholars arrange the internal division of the Pentateuch
into five books, and the rest of the Old Testament into two sections? Without the
original form, the textual differences between early versions have given rise to
confusion. Today, attempts to find the correct form of the text are based on an
examination of the early texts and the Massorah. The version based on the Aleppo
Codex (Keter Aram Zova) and the Massorah is considered to be the most accurate.
The present work discusses an independent computational method for determination
of the period(s) in which the Tenach was divided into sections, books, and verses.
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