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ENGLISH ABSTRACTS

PROF. SAUL LIEBERMAN AND THE INSTITUTE FOR ADVANCED

TORAH STUDIES AT BAR-ILAN UNIVERSITY:

A CHAPTER ILLUMINATING HIS WELTANSCHAUUNG

Shlomo H. Pick

The article discusses Prof. Saul Lieberman and his relationship to the Torah world.

Part I enhances some of the material found in Marc Shapira’s Saul Lieberman and

the Orthodox. Part II discusses Lieberman’s relationship with Israeli rabbis and

Bar-Ilan University, especially its Department of Talmud. Part III provides new

information concerning Prof. Lieberman and his relationship with and support of

the Institute for Advanced Torah Studies at Bar-Ilan University, which is basically

a yeshiva and a kollel in its classic form. His support reveals his allegiance to

Halakhah as the only criterion for all activities.

ALGORITHM FOR LAND DIVISION AND THE JUBILEE IN

MODERN TIMES

Erel Segal-haLevi

When the Israelites entered the land of Israel during the days of Joshua ben Nun,

they were instructed to divide the land equally among them. They were also instructed

to return the lands to their original owners once in 50 years. In our times, the lands

are not divided equally, so it does not make sense to start counting towards the

Jubilee, since this will only serve to keep the unequal division. On the other hand,

in today’s reality, it is not practical to actually take all lands and divide them equally.

This paper presents a graph-based algorithm for gradual implementation of the

Jubilee idea, thus ensuring that the number of land-owners will increase

monotonically with minimal intervention in the land market. Agent-based

simulations show that this algorithm converges to a state where every citizen has a

land plot.
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MEGILLAH AFAH: THE MEASUREMENT OF THE WORLD ACCORDING

TO R. ELIEZER HAKALIR’S PERCEPTION

Uri Zur and Yehudah Ashkenazi

The present article deals with R. Eliezer HaKalir’s understanding of the meaning

of zeret (the “little finger” or “pinky”) as a term denoting a unit of length, and the

measurements of the universe as compared with those of the Torah.

The Tosafists cite HaKalir in connection with the following Talmudic passage

(Eruvin 28a): “A folded [lit., flying] scroll, its length is twenty cubits, and its width

is ten cubits, and when you unfold it, it would be [its extent] twenty by twenty

[cubits], and since it is written, ‘It was written within or without,’ and if you peel it,

how large would it be? Forty by twenty cubits. And it is written, ‘Who has measured

the waters in the hollow of his hand, and the heavens with a span He gauged’.

Consequently, the entire universe is [equal to] one [part] in a three thousand and

two hundred of the Torah.”

In Eruvin 28a, s.v: “echad,” the Tosafists quote HaKalir as follows: “Two

thousand and four hundred in the world extended.” R. HaKalir maintains that the

size of the Torah is the same as that of the scroll (megillah), or 20 cubits (amah) by

40 cubits, thus totaling 800 square cubits.

Commentaries abound and debates are rife concerning the meaning of R.

HaKalir’s words. It is difficult to uphold any one definitive conclusion as to whether

his opinion is that the size of the universe is equal to that of zeret (as did the

Tosafists). Also, it appears that R. HaKalir distinguished between units of area and

volume, unlike the text of the sugya in Eruvin and the Tosafot, a point which has

confused some of the commentators.

The aim of the present article is to interpret R. HaKalir’s view and to address

the difficulties raised by the Tosafists in this connection. To do this, a series of

different commentaries on R. HaKalir’s words and the Tosafists’ gloss will be taken

into consideration.
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THE SOURCE OF AESTHETICS AND FIBONACCI NUMBERS IN

TALMUD’S TALES

Avraham Karsenty

The Talmud uses “axioms” describing man in his environment. One of them is

brought in the Berakhot tractate: “Three things increase a man’s self-esteem: a

beautiful dwelling, a beautiful wife, and beautiful clothes.” Beyond the spiritual

approach, this axiom can be explained using the mathematical Golden Ratio (Phi)

value. This assumed divine proportion appears in nature and the human body like

a divine stamp, suggesting that the world is a planned creation. It exists not only in

global architecture and art, but also in Noah’s Ark, the Tabernacle, and the Temple.

In this article, we demonstrate three novelties: 1) Even Talmudic axioms can be

explained with mathematics; 2) the Golden Ratio, primarily cited in non-Jewish

references, also appears in the Torah; and 3) the difficulty to identify the Golden

Ratio in Torah texts is related not only to its different historical names, but also to

the fundamentally different approach between Torah and other cultures.

UNDILUTED AND DILUTED WINE: THEIR WINE AND OUR WINE

Zohar Amar

In the hot Mediterranean climate of the Land of Israel and Babylon, wine may be

produced by a natural manufacturing process similar to the techniques that were

used in the past, delivering a product with a high percentage of alcohol and residual

sugar. This allows for the production of a strong, sweet wine with a maximum

alcohol content of 15.5% that may be preserved for a relatively extended period.

Because of the high alcoholic content, it was accepted practice in many places in

Mediterranean society during the Talmudic and Mishnaic periods to mix the wine

with water, at various levels of dilution. It seems that the most common proportion

was a ratio of 1:3, and this standard was ultimately accepted as a definition in

Talmudic Jewish law and by Maimonides.

However, among the first religious decisors in Ashkenaz we find for the first

time a distinction between “our” wine and “their” wine (and this later influenced

the religious decisors of Sepharad). The explanation for this difference is related to

climatic circumstances; indeed, the wine manufactured in Ashkenaz was weaker
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than that generally found in the Middle East. It seems that as the parallel of latitude

is more northern, the level of alcoholic content in the grapes decreases due to

insufficient exposure to the sun. This explains why the rabbis ruled that there is no

need to dilute the wine with water, and it is better to drink it unmixed. In fact,

regions above the 50th parallel north are not suited to grape-growing and wine

production, and therefore in the past, it was difficult in those regions to obtain

wine, which was consequently very expensive. This is the source of the Ashkenazic

custom of making kiddush on bread and allowing other high-status beverages to

also be permitted for this purpose. The article discusses the various schools of

halakhic thought for defining which beverages are appropriate for the blessing of

borei pri hagefen, as well as determining the currently accepted standard in the

Israeli wine industry.

The strength of wine is measurable today in absolute values using a vinometer,

and if our interpretation is correct, one can precisely measure the halakhic “standard”

for wine and determine the degree of dilution relative to the quantity of grapes in

the wine or to the alcohol content in various wines – at a ratio of 1:3. In other

words, one can propose determining a standard of at least 25% grapes in grape

juice or wine.

In the strong wines of the Land of Israel, the undiluted wine can be mixed so as

to ensure that its alcohol content is not less than 4%. Accepting this standard (for

those who are not bound by the later Sephardic rabbinical rulings) may make it

easier for those who are not accustomed to drinking strong wine, and who wish to

perform the commandments in the strictest way by drinking the four cups on

Passover using red wine rather than grape juice.

IDENTIFYING THE ACACIA TREES OF THE TABERNACLE

Mordechai E. Kislev

Two species of acacia were used for construction of the Tabernacle and its

appurtenances: the white thorn (Acacia albida) was used for the poles and frames,

and the Egyptian thorn (Acacia nilotica spp. nilotica) for the appurtenances,

including the Holy Ark and the table. Here we assume that the Tabernacle was

built from the best wood that was available to the ancient Hebrews, and these two

acacias have clear advantages over their related species. In ancient Egyptian, the

various acacia trees are called snd.t, which made its way directly into Biblical

Hebrew as shitta (‰ËÈ˘). In our region, only the white thorn has a large enough

^

_
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trunk to form the frame boards, which were 5 m high and 0.75 m wide. The Children

of Israel would not have been able to cut and dry the boards in the short time

period between their receiving the commandment to build the Tabernacle on Tishrei

11 and its completion on Adar 23 in the same year. They therefore must have

brought lumber with them from Egypt. The crossbars were most probably made

from the horizontal roots of the white thorn brought from Eretz Yisra’el and replanted

in Egypt. The Holy Ark and the table which were used in the Tabernacle and the

Temple for 850 and 480 years respectively (unlike the frame boards and crossbars

that were in use for only 53 years) had to be made of an extremely stable wood,

namely Egyptian thorn.

THE MATHEMATICAL STRUCTURE OF THE “4-GATE TABLE” AND THE

PREVALENCE CALCULATION IN THE HEBREW CALENDAR

Eran Raviv

In previous papers (BDD 22 and BDD 26) we demonstrated that if we wish to

calculate the prevalence of simanei hashana we must consider that the molad of the

rosh machzor cannot occur continuously in all parts of the week (181440 parts).

In this paper we analyze the “4-gate table,” an ancient table from the period of

the Geonim. In order to understand the internal structure of the table, we explain

the mathematical function of the rosh machzor. In the second part we divide the 4-

gate table into its basic building blocks, regarding the internal structure of 19 years

as machzor katan.

In the second part of this paper, we present a new method describing how to

change these building blocks, after which we can rebuild the “new 4-gate table.”

From this new table we can calculate the prevalence of simanei hashana correctly

and accurately.
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THE GENERATION OF SECESSION AND THE PROBLEM OF LINGUISTIC

AMBIGUITY

Gaby Ravenna

The linguistic schism that formed in the wake of the story of the Tower of Babel

expressed itself not only in the formation of new languages, but also in the

indistinctness of identical words. In this context there are four approaches:

The descriptive approach, formulated in midrash and piyut, focusing on a graphic

description of the occurrences.

The social approach of Rabbi Samson Raphael Hirsch, who perceives linguistic

ambiguity as an expression of social processes.

The imminent approach of Abraham Korman, according to which the change

that occurred in the nature of language and its indistinctness is an inner and

fundamental transformation.

The philological approach, represented by Samuel David Luzzatto and Isaac

Samuel Reggio, who view the indistinctness of language as a result of various

philological phenomena, and which is limited only to the instances where these

phenomena occur.

From these approaches arise several principles that have applications in the

field of information and knowledge – the awareness of language’s indistinctness is

necessary for coping with it, and ignoring it may lead to unbearable consequences.

Social homogeneity simplifies the exchange of information and its organization

and retrieval. The narrower a field of knowledge is, the more uniform its language,

and consequently, the exchange, organization and retrieval of that knowledge is

more straightforward.

Expressions having different meanings from their literal meanings may reduce

the efficiency of information systems. Even within a single language, many dialects

exist and this should be taken into consideration when organizing information.
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TORAH AND TRIZ: ANALYSIS OF IDEAS OF JEWISH SAGES USING THE

TRIZ APPROACH

Yehuda Stupniker and Haggai Zilberberg

In this research, we performed a ground-breaking step analysis of Jewish sages’

ideas using the Theory of Inventive Problem Solving (TRIZ), that was formulated

by the Russian-Jewish thinker, Geinrich Altshuller. Dealing with problem solving

is the main component of the thinking process, and theoretical and applied research

regarding this topic has intensified in recent years. This research investigated the

existence and meaning of the connection between the ideas of Jewish sages and

TRIZ.

For the purpose of this study, fundamental TRIZ ideas, such as deciphering,

contradiction defining, ideal solution, and screen thinking concept were described.

Some ideas from mainstream Jewish sages were analyzed with examples from the

Talmud and Jewish sages. The TRIZ system was used as a tool for the analysis of

these examples. This initial step is based on the analysis of more than one hundred

examples from Jewish sages throughout the generations. Our conclusion shows a

clear connection between Jewish sages’ thought and TRIZ with various applications.

In addition, this is the first time the TRIZ approach has been used for the analysis of

ideas from Jewish Talmudic thought.
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The Period of 689,472 Years in the Jewish Calendar and Its Applications

J. JEAN AJDLER

The Period of 689,472 Years in the Jewish Calendar and Its

Applications in Frequency and Probability Problems

The central topic of this paper is the study of the period of the Jewish calendar.

After a period of 36288 cycles of 19 years or 689,472 years, the initial molad of

Beharad recurs a second time at the head of a year of rank 1 of a 19-year cycle.

This day is the second day of the week and corresponds to Tishri 1, 689,473

AMI. It also corresponds to Monday, November 4, 685,720 of the Gregorian

calendar. The loop is then looped and a new cycle begins again. The Jewish

calendar is thus periodic but the period is 689,472 years and the historic part of

the calendar is only a very little part of this period.

In the first section we describe an easy method for calculating the Jewish

calendar and converting a Jewish date into a civil date by using the Julian day.

In the second section we examine thoroughly the period of the Jewish

calendar. We show that there is a correlation between the rank of year in the 19-

year cycle and the last digit (the right digit) of the molad of that year.

Further we show that when we consider the molad of the different years, the

probability of occurrence of the figures 0, 1, 2 etc until 9 in the last digit of the

different years’ moladot is not constant. The probability of occurrence of 3 or 8

in the last digit is 7.89% while the probability of occurrence of another figure –

0, 1, 2, 4, 5, 6, 7 or 9 – in the last digit is 10.53%.

It has always been admitted that all the moladot of the years have the same

probability of occurrence. Therefore it was considered that there is a proportion

between the frequency of the use of a certain dehiyah or type of year, and the

width of the corresponding area of its moladot. This principle is only

approximately true, but the approximation is sufficiently good and people have

considered this principle as exact. We show that the exact calculation of the

frequency of the use of a type of dehiyah or type of year requires a detailed

counting during the period of the Jewish calendar.

In the fifth section we explain how it is possible to calculate very simply

when any given molad occurs for the first time. In the sixth section we explain

how it is possible to calculate the four or three occasions when any given molad

becomes the molad of a year.

This paper provides a deeper understanding of the Jewish calendar.
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1 Scripta Mathematica Vol. IX, pp. 191-196 and 274-277.

2 Gauss, Werke VI  Bd. 1874, pp. 80-81. Berechnung des Judischen Osterfestes.

Zach’s Monatliche Correspondenz zur beforderung der Erd und Himmelskunde, Mai 1802,

p. 435.

Different authors tried to demonstrate this formula:

Demonstration des Formules de Mr. Gauss pour déterminer le jour de Pâque des Juifs,

Correspondance Astronomique, Géographique, Hydrographique et Statistique du Baron

De Zach, Genova, 1813.

Ableitung der gausschen formel zur bestimmung des Judischen Osterfetes, M. Hamburger,

Crelles Journal fur die reine und angewandte Mathematik, Band 116 (1896).

Ida Rhodes, “Computation of the dates of the Hebrew New Year and Passover,” Comp. &

Maths with Appls. Vol. 3, pp. 183-190, Pergamon Press (1977).

3 Other formulas were proposed, for example:

Eine algemeine Formel fur die gesamte judischen Kalenderberechnung, Slonimsky aus

Bialystock, Crelles Journal fur die reine und angewandte Mathematik, Band 26 (1844).

Beitrage zur Chronologie, Nesselman in Königsberg, Crelles Journal fur die reine und

angewandte Mathematik, Band 28 (1844).

4 See mathematical appendix.

I. EASILY CONVERTING A JEWISH DATE INTO A CIVIL DATE BY

USING THE JULIAN DAY

The classical methods for converting a Jewish date into a civil date are long and

dull. The principle rests on the calculation of Samuel’s tekufah of September with

regard to Tishri 1 and on the fact that the tekufah of Tishri always falls on September

24 in the Julian calendar. Louis A. Resnikoff1 described an algorithm based on the

same principle applicable in pocket calculators. Another method of computation

makes use of the formula of Gauss2 giving the date of Nissan 15 in the Julian

calendar.3

We propose here a simple method in which we calculate the molad as a moment

of the week and as a precise moment in history thanks to the Julian day. The method

is conceptually very simple, but it must, however, be applied with care and precision.

Let us consider a concrete example: Nissan 15, 5751.

The Characteristics of the Jewish Year A = N + 1 = 5751

a) The rank of the year 5751 in the 19-year cycle

[5751]
19

 = 13; the year 5751 is the 13th year of the cycle 303 of 19 years; it is a

regular year preceding a leap year.

b) The molad of the year 5751

The number of Jewish months preceding the molad of year 5751 is given by the

fundamental formula of the Jewish calendar:4
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F
t
 = INT [(235N + 1) / 19] = INT [(235 x 5750 + 1) / 19] = 71118.

The molad expressed as a part of the week is:

Mol = [31524+71118 x 765433]
181440

 = [31.524 + 71118 x 39673]
181440

 = 103938

hal = 4 – 0 – 258 = (5) – 0 – 258

This molad is thus after 4 days and 258 halakim or at the beginning of the fifth day

at 0h 258 halakim i.e. Wednesday at 18h 258 hal. Tishri 1 falls on Thursday.

The four gates’ table gives then the keviyah of the year: ÊÎ‰. Rosh ha-Shanah is a

Thursday and Pesah is on a Saturday.

This result can also be reached directly by calculating the molad of the years 5751

and 5752 and the days of Tishri 1 of these two years by the application of the four

rules of postponement.

F
t
 = INT [(235 x 5751 + 1) / 19] = 71130

Mol = [31524 + 71130 x 765433]
181440

5 = 35694 hal = 1 – 9 – 54 = (2) – 9 – 54

Tishri 1 falls on Monday. The shift of Tishri 1 between 5751 and 5752 is thus four

days and the number of days lying between these two days, exclusive of the two

days of Tishri 1, is 3.6 Therefore the year 5751 is a regular year and its length is 354

days. Thus Rosh ha-Shanah falls on Thursday because of the rules of the dehiyot

and the length of the year is 354 days.

c) The year 5751 is thus a regular7 common8 year of 354 days beginning on a

Thursday.

Nissan 15 is the 192nd day of this year and it falls on a Saturday.9

5 [A]
B
 is the remainder of the division of A by B.

6 This is the algorithm described by Maimonides in Hilkhot Kiddush ha-Hodesh VIII, 7 and

8. He counts the number of days between the two days of Tishri 1, exclusive of the two

days of Tishri 1. The length of the year is thus 353, 354 or 355 days according to whether

this difference is 2, 3 or 4 for a common year; 383, 384 or 385 according to whether this

difference is 4, 5 or 6 for a leap year. By contrast in his little work called: ¯Â·ÈÚ‰ ¯Ó‡Ó he

counts the shift of Rosh ha-Shanah between the two years, i.e. he counts the day of Rosh

ha-Shanah of one year + the number of days between. Therefore the length of the year is

353, 354 or 355 days according to whether the difference is 3, 4 or 5 for a common year;

and 383, 384 or 385 according to whether the shift is 5, 6 or 7 for a leap year.

7 A regular year has 354 or 384 days, a defective year has 353 or 383 days and an abundant

year has 355 or 385 days, according to whether the year is a common or a leap year.

8 A common year has 12 months and a leap year has 13 months.

9 See the fourteen possible calendars of the Jewish calendar: Yesodei ha-Ibbur, Hayim Zelig

Slonimski, Warsaw 1852, end of the book. Shearim le-Luah ha-Ivri, Rahamim Sar Shalom,

Netanya, 5744, p. 35.
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Ha-Luah ve-Shimusho ba-Kronologia, A. A. Akabia, Magnes, Jerusalem 1953, pp. 50-53.

These books will be named by the following abbreviations: Yesodei, Shearim, and

Kronologia.

10 Julian period.

11 Julian day.

12 This formula gives the same result as Shram’s formula.

The Jewish Calendar and the Julian Day

The Julian period’s epoch is Monday, January 1, –4712 at noon. At this moment

the number of elapsed day of the Julian period was 0. The Julian day no 1 began on

Monday at noon and ended on Tuesday at noon. Similarly, until the twentieth

century, the astronomical days began at noon of the civil days of the same name.

The molad of Beharad, beginning of the Jewish era AMI, was on Sunday October

6, –3760 at 23h 204 hal; Jerusalem mean time. This moment belonged already to

the second Jewish day of the week, which began at 18h, hence (2) – 5 – 204. It

means the second day at 5 h and 204 halakim. It could be written as 1 – 2 – 204,

meaning 1 day 5 h and 204 hal after the beginning of the week or 31524 hal after

the beginning of the week.

Expressed in Julian days, the molad of Beharad was 347997.466203703703.

On Sunday, October 6, –3760 at noon, 347,997 days of the JP10 had elapsed and

on Monday, October 7, –3760 = Tishri 1, 1 AMI, 347,998 days of the JP had elapsed.

Tishri 1, 1 AMI thus began at 347997.25 JD11 and ended at 347998.25 JD. Tishri 1

corresponded in its majority to the day 347,998 of the JP.

There is a second style of the Jewish calendar AMII, beginning on Tishri 1, 2 AMI.

The molad of this year was Weyad: 6 – 14.

The first day of this year was Tishri 1, 1 AMII = Tishri 1, 2 AMI; it corresponds to

Saturday, September 27, –3759 or 348353 JD, beginning at 348352.25 JD and

ending at 348353.25 JD.

We also note that Elul 25, 1 AMI = Monday, September 22, –3759 = 348348 JD.

Elul 24, 1 AMI = Sunday, September 21, –3759 = 348347 JD.

The Year 5751 and the Civil Year

Expressed in Julian days, the molad of 5751 is given by the following formula:12

Mol= 347997.466203703 + 29.530594135804 x 71118 = 2448154.25995370370

JD

This molad is thus on a civil Wednesday 18h 258 hal or on a Jewish Thursday

at 0h 258 hal.
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Rosh ha-Shanah is thus Thursday, from 2448154.25 JD until 2448155.25 JD.

Tishri 1, 5751 thus corresponds to 2448155 JD and Nissan 15 = 2448155 + 191 =

2448346 JD. This day corresponds to Saturday, March 30, 1991.13

Indeed the beginning of that civil day corresponds to 2448345.5 JD

We add 0.5 to the JD of the beginning of the civil day: 2448346 JD.

α  = INT [(2,448,346 – 1,867,216.25) / 36,524.25] = 15

A = 2,448,346 + 1 + 15 – INT (15/4) = 2,448,359

We calculate then:

B = A + 1524 = 2,449,883

C = INT [(2,449,883 – 122.1) / 365.25] = 6,707

D = INT (365.25 x 6,707) = 2,449,731

E = INT [(2,449,883 – 2,449,731) / 30.6001] = 4

The day of the month is:

B – D – INT (30.6001 x E) + F = 2,449,883 –  2,449,731 – 122 + 0.5 = 30.514

The month number m is E – 1 = 3 = March.

The year is C –  4716 = 6707 – 4716 = 1991

The weekday is given by the JD at 0h + 1.5 = 2,448,345.5 + 1.5 = 2,448,347

[2,448,347]
7
 = 6; it is Saturday, March 30, 1991.

Nissan 15, 5751 Expressed as a Day of the Jewish Period

If we consider that Tishri 1, 1 AMI was the first day of the Jewish period, then 1

Jewish Period = 347998 JD = Monday.

Nissan 15, 5751AMI = 2448346 – 347997 = 2100349 Jewish Period or JewP.

Nissan 15, 5751 Expressed as a Day of Kimelman’s Jewish Period

In a paper published in BDD 16, August 2005, Arieh Kimelman proposed a Jewish

era beginning on Elul 25, 1 AMI, referring to the old tradition ascribed to Rabbi

13 For the conversion of a Julian day into a civil date see Astronomical Algorithms, Jean

Meeus, Willman-Bell, 1991, p. 59. This is the same reference for the determination of a

weekday.

14 March 30 at noon is 30.5.
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Eliezer that the first day of the creation was Sunday, Elul 25, 1 AMI.15 However

this tradition is anterior to our calendar and it does not agree with the rules of the

calendar. In our calendar, Elul 25, 1 AMI is a Monday and the day to which Rabbi

Eliezer referred is Elul 24, 1 AMI; this is in fact the first day of the Jewish Period

of Kimelman.

The first day of his period is 348347 JD and therefore Nissan 15, 5751 corresponds

to 2448346 – 348346 = 2100000 Kimelman period.

II. THE PERIOD OF THE JEWISH CALENDAR OR THE GREAT CYCLE

OF THE JEWISH CALENDAR

The Remainder

The excess of a certain span of time over the greatest possible number of complete

weeks is thus the remainder of the division of this span of time expressed in days

by 7. Alternatively, [span]
7
 or [span] mod 7 represents the shift of the end of this

span of time in the week with regard to its beginning. If the span of time is expressed

in halakim, then the length of the week is 181440 halakim and the remainder to

take into consideration is the remainder of the division of the span of time by the

greatest possible multiple of 181440. We will call the result of the operation [span]
7

or [span]
181440

 , the remainder.16

The main remainders are:

1  month : Remainder 39673 hal

235 months = 1 19-year cycle : Remainder 69715 hal

3055 months = 13 cycles : Remainder 180535 hal = –905 hal

50760 months = 216 cycles : Remainder 180360 hal = –1080 hal

8527680 months = 168 x 216 = 36288 cycles :  Remainder 0 hal

181440 months = 772 cycles + 20 months :  Remainder 0 hal

After 216 cycles or 4104 years, the original molad has shifted by one hour behind.

After 168 x 216 = 36,288 cycles corresponding to 8,527,680 months and 689,472

years, the remainder is 0 and the original molad is again at its original position.

Thus the molad of Beharad is the molad of the year17 1 AMI and it is also the

molad of the year 689,743 AMI.

15 Vayikra Rabbah XXIX, 1.

16 Maimonides in Hilkhot Kiddush ha-Hodesh VI, 5 had already adopted the same terminology.

17 The molad of a year is the molad of Tishri beginning this year.
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The molad of the year 689743 AMI is given by the formula:

347,997.466203703 + 29.530594135804 x 8,527,680 = 252,175,454.466203703

JD.18

The length of the Jewish period is 251,827,457 days, corresponding exactly to:

29.530594135804 x 8,527,680 = 251,827,457 days.

After 181440 months the remainder is also 0. But 181440 months corresponds to

772 cycles + 20 months. Thus after 772 cycles and 20 months, or after 14669 years

and 8 months, we obtain the same molad.

In other words the molad of Beharad of Tishri 1 AMI was on (2) – 5 – 204.

181,440 months later the molad of Sivan 14670 AMI will be (2) – 5 – 204.

181,440 months later the molad of Tevet 29340 AMI will be (2) – 5 – 204.

And so on.

Finally, after recurring 47 times the molad of Beharad will be the molad of Tishri

689,743 AMI on (2) – 5 – 204.

Thus after a span of time of 181440 months the molad is again the same but the

name of the month has changed. It is no more Tishri, but it becomes Sivan, Tevet,

and so on.

We ascertain that 8,527,680 / 181440 = 47, thus each molad repeats itself 47 times

during the Jewish period. At the 48th time we come back to the initial situation; the

molad of Beharad is again a molad of Tishri and the second period begins again.

Furthermore, we ascertain that 689,472 / 181,440 = 3.8. This is quite surprising;

each molad would be 3.8 times the molad of a year during the period. This proves

that the different moladot do not play a symmetric role with regard to the different

years of the period.

If we take into consideration that (1 x 3 + 4 x 4) / (1 + 4) = 3.8 we can imagine that

the 181,440 moladot must be divided into two groups; a first group of 36288 moladot

would be three times the molad of years19 and a second group of 145,152 moladot

would be four times the molad of years.20 In order to gain better insight into the

matter we will consider a few examples showing how a molad reproduces during

18 At midnight the JD is 252,175,454.5 JD. One can check that this moment is indeed the

beginning of Monday, November 4, 685,720 in the Gregorian calendar.

19 And 44 times the molad of a month different from Tishri. Note that in B.D.D. 22, Eran

Raviv had already mentioned this fact.

20 And 43 times the molad of months different from Tishri.
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the period. We’ll first consider the molad (2) – 5 – 204. In the following tables, the

parameters are:

* k is the order number or rank of occurrence of this molad during the period of

the Jewish calendar before the current molad.

* [F
t
] represents the number of months before the considered molad.

* [F
t
]

235
 represents the number of months preceding the current molad in the current

19-year cycle.

* [N]
19

 represents the number of years of the current 19-year cycle preceding the

molad when it occurs on Tishri and is therefore the molad of a year.

Example 1

Molad  (2) – 5 – 204. The last digit of the molad is 4.

The first occurrence of this molad is after 0 months.

Table 1: The Molad Beharad in the Period of the Jewish Calendar (example 1)

k  [F
t
] 

235
[N] 

19
k [F

t
] 

235
[N] 

19

0 0 0 24 10

1 20 25 30

2 40 26 50

3 60 27 70

4 80 28 90

5 100 29 110

6 120 30 130

7 140 31 150

8 160 13 32 170

9 180 33 190

10 200 34 210 17

11 220 35 230

12 5 36 15

13 25 37 35

14 45 38 55

15 65 39 75

16 85 40 95

17 105 41 115

18 125 42 135

19 145 43 155

20 165 44 175

21 185 15 45 195

22 205 46 215

23 225 47 235 0
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[F
t
]

235
 represents the number of months preceding the molad in the last 19-year

cycle. As [181,440]
235

 = 20, the molad corresponding to k=1 is preceded by 20

months in the 19-year cycle, the molad corresponding to k=2 is preceded by 40

months in the last 19-year cycle, and so on.

We ascertain that the molad recurs 47 times in the period, but four times in the

period it is the molad of a year, one time the molad of a cycle, and three times the

molad of a year, different from the first year of a cycle. These four times are the

molad of Tishri 1 AMI, Tishri 117358 AMI (14th year of cycle 6177), Tishri 308063

AMI (16th year of cycle 16214), and Tishri 498768 AMI (18th year of cycle 26251).

Example 2

Molad (2) – 5 – 205. The last digit of the molad is 5.

The first occurrence of this molad is after 74377 months.21

We ascertain that the molad recurs 47 times during the period of the Jewish calendar.

During this period it is 43 times the molad of months different from Tishri and four

times the molad of a year: Tishri 64693 AMI (17th year of cycle 3405), Tishri

255398 AMI (19th year of cycle 13442), Tishri 446103 AMI (2nd year of cycle

23480), and Tishri 636808 (4th year of cycle 33517).

Example 3

Molad (1) – 11 – 543. The last digit of the molad is 3.

The first occurrence of this molad is after 123 months.

We ascertain that this molad, ending with 3, recurs 47 times in the period and is

only three times the molad of a year during the period of the Jewish calendar:

Tishri of year 11 AMI, Tishri 190716 AMI (13th year of cycle 10038), and Tishri

381421 (15th year of cycle 20075).

Example 4

Molad (4) – 17 – 928. This molad ends with an 8.

The first occurrence of this molad is after 148 months.

We ascertain that this molad, ending with 8, recurs 47 times during the period of

the Jewish calendar but it is only three times the molad of a year: Tishri 13 AMI,

21 See below section V: Calculation of the First Occurrence of Any Given Molad.
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Tishri 190718 (15th year of cycle 10038), and Tishri 498780 (11th year of cycle

26252).

In order to have a better understanding of the problem we’ll examine the two first

cycles of 19 years, beginning with the years 1 and 20, and examine the last digit of

the moladot. The remainder of a 19-year cycle or 235 months is 69,715 halakim.

Therefore we note that the molad of the twentieth year, the first year of the cycle 2

is 101,239 = 31,524 + 69,715 and the molad of the 39th year, the first year of the 3rd

cycle, is 170,954 = 101,239 + 69,715. Similarly the molad of any year of the cycle

2 is the molad of the year of the same rank in the cycle 1, increased by 69,715

halakim.

Table 2: The Molad (2) – 5 – 205 during the Period of the Jewish Calendar

(example 2)

k  [F
t
] 

235
[N] 

19
k [F

t
] 

235
[N] 

19

0 117 24 127

1 137 25 147

2 157 26 167

3 177 27 187

4 197 16 28 207

5 217 29 227

6 2 30 12 1

7 22 31 32

8 42 32 52

9 62 33 72

10 82 34 92

11 102 35 112

12 122 36 132

13 142 37 152

14 162 38 172

15 182 39 192

16 202 40 212

17 222 18 41 232

18 7 42 17

19 27 43 37 3

20 47 44 57

21 67 45 77

22 87 46 97

23 107 47 117
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Table 3: The Molad of the Years of the First Cycle of the Jewish Period

 Cycle 1

Number of the Year Molad Number of the Year Molad

1 31524 11 12423

2 144720 12 165292

3 76476 13 97048

4 47905 14 28804

5 161101 15 233

6 92857 16 113429

7 64286 17 45185

8 177482 18 16614

9 148911 19 129810

10 80667 20 101239

Table 4: The Molad of the Years of the Second Cycle of the Jewish Period

 Cycle 2

Number of the Year Molad Number of the Year Molad

1 101239 11 82138

2 32995 12 53567

3 146191 13 166763

4 117620 14 98519

5 49376 15 69948

6 162572 16 1704

7 134001 17 114900

8 65757 18 86329

9 37186 19 18085

10 150382 20 170954
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Table 5: Right Digit of the Molad of a Year as a Function of its Rank in the

19-year Cycle

Number of the Year Molad Right Digit Number of the Year Molad Right Digit

1 4 or 9 11 3 or 8

2 0 or 5 12 2 or 7

3 6 or 1 13 8 or 3

4 5 or 0 14 4 or 9

5 1 or 6 15 3 or 8

6 7 or 2 16 9 or 4

7 6 or 1 17 5 or 0

8 2 or 7 18 4 or 9

9 1 or 6 19 0 or 5

10 7 or 2 20 9 or 4

We further note that in a 19-year cycle we encounter the last right digits 0 and 5

twice, the last right digits 2 and 7 twice, and the last right digits 1 and 6 twice. By

contrast, the last right digits 4 and 9 are not equally represented: if the molad of the

cycle ends with 4, then we have three moladot ending with 4 and one molad ending

with 9. If the molad of the cycle ends with 9, then we have three moladot ending

with 9 and one molad ending with 4. Similarly, the two last right digits 3 and 8 are

not equally represented. When the molad of the cycle ends with 4, then we have

two moladot ending with 3 and one molad ending with 8. By contrast, if the molad

of the cycle ends with 9, then we have the moladot of two years ending with 8, and

the molad of one year ending with 3.

At the scale of the complete period of the Jewish calendar representing 36,288

cycles:

* Each molad ending with 0 or 5 recurs 47 times during the period and among

these 47 times, four times it is the molad of a year of rank 2, 4, 17 and 19 in the

19-year cycle.

* Each molad ending with 1 or 6 recurs 47 times during the period and among

these 47 times, four times it is the molad of a year of rank 3, 5, 7 and 9 in the 19-

year cycle.

* Each molad ending with 2 or 7 recurs 47 times during the period and among

these 47 times, four times it is the molad of a year of rank 6, 8, 10 and 12 in the

19-year cycle.
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* Each molad ending with 4 or 9 recurs 47 times during the period and among

these 47 times, four times it is the molad of a year of rank 1, 14, 16 and 18 in the

19-year cycle.

It is thus one time the molad of a 19-year cycle, and 3 times the molad of a year of

the cycle different from the first year of a cycle.

Each molad ending with 3 or 8 recurs 47 times during the period and among these

47 times, 3 times it is the molad of a year of rank 11, 13 and 15 in the 19-year

cycle.

Thus when we consider the complete period of the Jewish calendar:

There are 181,440 possible moladot and thus 18,144 moladot ending with 0, 1, 2,

3, 4, 5, 6, 7, 8 and 9.

The moladot ending with 0 correspond to 18,144 x 4 = 72,576 years.

The moladot ending with 1 correspond to 18,144 x 4 = 72,576 years.

The moladot ending with 2 correspond to 18,144 x 4 = 72,576 years.

The moladot ending with 3 correspond to 18,144 x 3 = 54,432 years.

The moladot ending with 4 correspond to 18,144 x 4 = 72,576 years.

The moladot ending with 5 correspond to 18,144 x 4 = 72,576 years.

The moladot ending with 6 correspond to 18,144 x 4 = 72,576 years.

The moladot ending with 7 correspond to 18,144 x 4 = 72,576 years.

The moladot ending with 8 correspond to 18,144 x 3 = 54,432 years.

The moladot ending with 9 correspond to 18,144 x 4 = 72,576 years.

We can still write:

Years’ moladot ending with 0: 72,576 Years’ moladot ending with 5: 72,576

Years’ moladot ending with 1: 72,576 Years’ moladot ending with 6: 72,576

Years’ moladot ending with 2: 72,576 Years’ moladot ending with 7: 72,576

Years’ moladot ending with 3: 54,432 Years’ moladot ending with 8: 54,432

Years’ moladot ending with 4: 72,576 Years’ moladot ending with 9: 72,576

Total: 72,576 x 8 + 54,432 x 2 = 689,472 years.

In other words, when we consider the moladot of the 8,527,680 months of the

Jewish period, the probability that the last digit of any molad is one of the figures

0, 1, 2, 3, 4, 5, 6, 7, 8 or 9 is always 10%. By contrast if we consider only the

moladot of the 689,472 years, then the probability that the last digit of any molad

of a year is one of the figures 0, 1, 2, 4, 5, 6, 7 or 9 is 10.53%, and the probability

that the last digit of any molad of a year is 3 or 8 is 7.89%.
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22 In his paper, “Le Calendrier Juif et ses problèmes,” Moïse Sibony, Revue des Etudes Juives,

tome CXXXVI, fascicule 1-2, pp. 139-154, writes on p. 153 that the dehiyot have an

incidence on the average length of the Jewish years and that the dehiyot allow for its length,

thus better narrowing the length of the tropic year. Note also that Table 5 above is in fact

equivalent to the table published in B.D.D. 22, p. 35.

The Dehiyot and the Length of the Jewish Year

The length of the period of the Jewish calendar is 36,288 cycles, 689,472 years,

8,527,680 months, and 251,827,457 days.

The length of a 19-year cycle is 6939, 6940, 6941 or 6942 days.

The average length of a cycle is 6939 days + 25025 / 36288.

Now the length of 235 Jewish lunations is (29 – 12 – 793) x 235 = 6939 days +

17875/25920. It easy to check that, multiplying the numerator and the denominator

of the first fraction by (7 / 5), we get the second; these two fractions are thus equal.

This means that the average length of a cycle is equal to the length of 235 Jewish

lunations and therefore the average length of a month is equal to the length of a

Jewish lunation i.e. 29 – 12 –  793.

We ascertain that the dehiyot did not intervene in this reasoning. The dehiyot have

no incidence on the average length of the Jewish calendar. Whether with dehiyot

or without dehiyot, the length of the period of the Jewish calendar is the same. This

fact is not generally known.22

III. THE FREQUENCY OF USING THE RULES OF POSTPONEMENT

OR DEHIYOT

The problem of the quantification of the frequency of the use of rules of

postponements is well known. However the solution that was previously given is

an approximate solution. An exact solution requires the understanding of the

generation of the moladot of the years of the Jewish period. The approximate solution

assumes that all moladot of the different years of the complete period of the Jewish

calendar have a uniform distribution, and therefore there is perfect proportionality

between the number of years corresponding to a considered postponement, and the

width of the corresponding area imposed for the moladot of the years.

The keviyah contains three letters: the first gives the weekday of Rosh ha-Shanah,

and the third gives the weekday of the following Pesah. The intermediate letter

indicates the length of the year. Á = defective = 353 or 383 days, Î = regular = 354

or 384 days. ˘ = abundant = 355 or 385 days.
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Table 6: The Four Gates’ Table Giving the Keviyah of a Year as a Function

of the Molad of the Year

Definition of Postponements

Table 7 provides definitions for the concept of postponements.

Table 7: Definition of Postponements

Four Gates’ Table
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Dehiyah 1: Molad Zakken when the molad falls on Monday from noon until 5h

1079 hal p.m; thus from 45360 until 51839 included. All the years in the 19-year

cycle are included. The area contains 6480 moladot, thus 648 for each possible

right digit. We know that during the period of the Jewish calendar, each molad is

four times the molad of a year except those moladot ending with 3 or 8, which are

only three times the molad of a year. Therefore the total number of years with a

molad belonging to this area is:

648 x 8 x 4 + 648 x 2 x 3 = 20736 + 3888 = 24624.23

The following table provides the limits of the areas of the moladot corresponding

to each postponement. It was established from the four gates’ table.

Table 8: The Postponements as a Function of the Year’s Rank in a 19-Year

Cycle and the Molad of the Year

23 This result is not different from the generally proposed solution considering that the number

of years is proportional to the width of the area of moladot. In this case the proportion is

1/ 4 x 7 = 1/28 = 3.57%.
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Dehiyah 2: ADU. The width of this area is 3 x 4 = 12 times the width of the area of

dehiyah 1. The width of the area is 25920 x 3 = 77760. The total number of years

concerned is thus 7776 x 8 x 4 + 7776 x 2 x 3 = 24624 x 12 = 295,488 years.

Dehiyah 3: ADU + Molad Zakken. The width of this area is 3 times the width of

the area of dehiyah 1: 19440. The total number of years concerned is then:

1944 x 8 x 4 + 1944 x 2 x 3 = 24624 x 3 = 73872 years.

Dehiyah 4: Gatrad in a common year.

Until now there was no difference between our refined analysis and the simplified

method considering a perfect proportionality between the number of years in the

period and the width of the areas of moladot corresponding to postponement under

examination. But we now acknowledge that things are different.

Table 9: Counting the Number of Years Resulting from the Intervention of

Gatrad’s Postponement for Each Rank in the 19-Year Cycle

Year’s Rank in the

19-Year Cycle
Right Digit of the Molad Number of Years

1 4 or 9 1904

2 0 or 5 1903

4 0 or 5 1903

5 1 or 6 1903

7 1 or 6 1903

9 1 or 6 1903

10 2 or 7 1903

12 2 or 7 1903

13 8 or 3 1903

15 3 or 8 1903

16 4 or 9 1904

18 4 or 9 1904

Total 22,839

The limits of the area of the moladot corresponding to the postponement of gatrad

are 61764 and 71279. The limits belong to the area, which covers 9516 moladot.

The total number of years resulting from the intervention of the dehiyah of gatrad

is thus 22,839.

24 The common calculation is the following: [9516 / 181440] x [12/19] = 3.31%. This

corresponds to 22,838.4 years in the period of the Jewish calendar.

24
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Dehiyah 5: Betoutakfat after a leap year.

The limits of the area of the moladot corresponding to the postponement of

betoutakfat are 42709 and 45359. The limits belong to the area, which covers 9516

moladot.

Table 10: Counting the Number of Years Resulting from the Intervention of

Betoutakfat’s Postponement for Each Rank in the 19-Year Cycle

Year’s Rank in the

19-Year Cycle
Right Digit of the Molad Number of Years

1 4 or 9 531

4 0 or 5 530

7 1 or 6 530

9 1 or 6 530

12 2 or 7 530

15 3 or 8 530

18 4 or 9 531

Total 371225

The total number of years resulting from the intervention of the dehiyah of

betoutakfat is thus 3712.

Dehiyah 6: No postponement.

The number of years without postponement is:

689,472 – 24,624 – 295,488 – 73,872 – 22,839 – 3,712 = 268,937.

The following table summarizes our conclusions:

25 The common calculation is: [2651/ 181440] x [7/19] = 0.54%. It corresponds to 3711.4

years in the period of the Jewish calendar. See Sar Shalom, p. 37.
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Table 11: Frequency of the Intervention of the Different Postponements

during the Complete Period of the Jewish Calendar

Postponement Number of Years during the Percentage or Probability

Complete Period of the of Occurrence

 Jewish Calendar

1 24,624 3.57

2 295,488 42.86

3 73,872 10.71

4 22,839 3.31

5 3,712 0.54

6 268,937 39.01

     Total 689,472 100

IV. FREQUENCY OF THE DIFFERENT KEVIYOT

Let us consider in detail the case of the keviyah, ‰Á·, for a leap year.

First Method

We depart from the Four Gates’ table.

The area of the moladot corresponding to this keviyah is (7) – 18 to (1) – 20 – 490

included or from 174,960 to 22,090 included. It contains 28,571 moladot. Let us

consider the different leap years as a function of their rank in the 19-year cycle.

Year 3: The right digit is 1 or 6. There are 5714 years of rank 3 in the area.

Year 6: The right digit is 7 or 2. There are 5714 years of rank 6 in the area.

Year 8: The right digit is 2 or 7. There are 5714 years of rank 8 in the area.

Year 11: The right digit is 3 or 8. There are 5714 years of rank 11 in the area.

Year 14: The right digit is 4 or 9. There are 5714 years of rank 14 in the area.

Year 17: The right digit is 5 or 0. There are 5715 years of rank 17 in the area.

Year 19: The right digit is 0 or 5. There are 5715 years of rank 19 in the area.

The total number of years whose molad is included in the area 174960 – 22090 is

thus 40,000.26 This gives a proportion of 40000 / 689472 = 5.8%.

26 Sar Shalom has proposed a similar reasoning in his book, p. 46. He considered an area of

28570 x (7/19) = 10525.7895 and a percentage of 10,525.7895 / 181440 = 5.8%. This

calculation is approximate because the numerator is not an integer. It is even erroneous
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because the width of the area is 28571 and not 28570. I  made the first approximation in my

book Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam, Jerusalem, 1996.

27 The molad of a cycle is the molad Tishri of the first year of this cycle.

Joseph Ofer has proposed in his paper entitled  ̇ Â¯ËÙ‰‰ Ï˘Â ‰˘‰ ̇ ÂÚÈ·˜ Ï˘ Ô˙ÂÁÈÎ˘, published

in Sinai, Vol. 121, 1997-1998, a different solution to this problem. But again the solution is

approximate.

Second Method

We depart from the 61 heads’ table.

The 61 heads’ table allows us to find, as a function of the areas of the moladot of

the 19-year cycles,27 the different types of cycles and the keviyah of each year. We

can then find the different types of cycles including a leap year with the keviyah

‰Á·. We can count the number of cycles of each type if we take into account that

the right digit of the moladot of cycles is 4 or 9. Summing the number of cycles of

each type including a leap year with the keviyah ‰Á·, and summing the number of

types results in the number of leap years with the keviyah ‰Á·.

This second method was used in the following tables.
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Table 12: Number of 19-Year Cycles Included in Each Head
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Table 13: Number of Common Years ‚Á·‚Á·‚Á·‚Á·‚Á· in the Period of the Jewish Calendar

Table 14: Number of Common Years ‰˘·‰˘·‰˘·‰˘·‰˘· in the Period of the Jewish Calendar
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Table 15: Distribution of the 689,472 Years of the Jewish Period as a

Function of Their Keviyah

Table 16: Distribution of the 689,472 Years of the Jewish Period as a

Function of Their Length

The number of each of the other twelve types of calendar years in the Jewish

calendar period can be calculated in the same manner.
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Table 17: Distribution of the 689,472 Years of the Jewish Period as a

Function of the Weekday of the First Day of Rosh ha-Shanah

Table 18: Distribution of the 689,472 Years of the Jewish Period as a

Function of the Weekday of the First Day of Pesah

Preceding Rosh ha-Shanah

V. CALCULATION OF THE FIRST OCCURRENCE OF ANY GIVEN

MOLAD32

Calculation of the first occurrence of the molad (2) – 5 – 205 = 31525

This molad differs from Beharad by 1 hal.

The length of a month is 765,433 hal and [765,433]
181440

 = 39673.

28 39369 + 94563 + 45899 + 40000 = 219831

29 81335 + 43081 + 40000 + 32576 = 196992

30 124416 + 32576 + 36288 = 193280

31 22839 + 29853 + 26677 = 79369

32 This solution was proposed in my book Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam,

Jerusalem, 1996. At the same time, the late Hanokh Merzbach, nephew of R’ Yona Merzbach,

proposed a similar solution in his paper entitled ˙Â‡ÁÒÂ È„È ÏÚ ˙Â„ÏÂÓ È·Â˘ÈÁ, Sinai, Vol.

117, pp. 284-286. The method is slightly different; it makes use of a few steps and seems

longer. It has, however, the advantage of manipulating smaller numbers and therefore it

requires a lower-performing calculator (fewer working digits). However, the solution of

Hanokh Merzbach was presented as a formula without explaining how the different

coefficients were found.

Rosh ha-Shanah Preceding Pesah

Pesah Tisha be-Av
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33 See mathematical appendix.

34 See Tables 1 and 2.

If we consider that this molad is the molad of the month X+1 and is preceded by X

months, we can then write: [X x 39673]
181440

 = 1.

We demonstrate33 that the number satisfying this relation is the number X = 74377.

One ascertains that 74377 is a prime number.

Thus after 74377 months we obtain the molad Beharad increased by 1 hal.

Calculation of the first occurrence of the molad Beharad increased by T hal

We know that after 74377 months the molad is the molad Beharad + 1, thus after A

x 74377 or already after [A x 74377]
181440

 months the molad will then be Beharad

+ A.

Thus [A x 74,377 x 39,673]
181440

 = A

Now we know that after a month the molad increases by 39673 hal, and after A

months, the molad increases by T = A x 39673 hal.

Thus A = [(A x 39,673) x 74,377]
181440

And A = [T x 74,377]
181440

 where T is the increase of the molad after A months.

If we choose any molad, the increase of the molad is T = molad – 31,524. It happens

after A months. A is given by A = [T x 74,377] + k x 181440.

Consequences

When the rank of a month increases by 1, then the molad increases by 39673.

When the rank of a month increases by K, then the molad increases by K x 39673

and K = [K x 39673 x 74377]
181440

 where K is an integer varying from 1 until

181440.

When K = 181440 then all the moladot have worked a first time.

When the molad increases by 1, then the rank of the month increases by 74377.

When the molad increases by T, then the rank of the month increases with

A = [T x 74377]
181440

.

Calculation of the other 46 occurrences of any molad

We have seen in section II (examples 1 to 4) how we can build the table of the 46

following occurrences of a given molad once we know the first occurrence of this

molad.34
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Example 1

When does the molad (1) – 17 – 107 = 1846735 occur for the first time? When will

this molad be the molad of Nissan as Maimonides considered it?

T = 18,467 – 31,524 + 181,440 = 168,383

A = [168,383 x 74377]
181440

 = 107,831 = 458 x 235 + 201 months.

This molad occurs after 458 cycles and 201 months, and it is the molad of Shevat

8719.

181440 months later the same molad recurs: A= 107,831 + 181,440 = 289,271 =

1230 x 235 + 221. This is the molad of Elul 23388.

181440 months later the same molad recurs: A = 289,271 + 181,440 = 470,711 =

2003 x 235 + 6. This is the molad of Nissan 38058. This is the month of Nissan to

which Maimonides referred.

Example 2

When does the molad (1) – 11 – 543 or 12423 occur for the first time?

T = 12423 – 31524 = –19101 = 162339

A = [T x 74377]
181440

 = 123; thus after 123 months

Example 3

When does the molad (4) – 17 – 928 = 97048 occur for the first time?

T = 97048 – 31524 = 65524

A = [T x 77377]
181440

 = 148; thus after 148 months.

Example 4

Following is a demonstration of the method proposed by Hanokh Merzbach.36

a) When does the molad (7) – 0 – 0 occur?

This molad is 155520 hal.

T = 155520 – 31524 = 123996.

A= [123996 x 74377]
181440

 = 36732.

This molad occurs after 36732 months.

b) How many months afterwards does the molad (1) – 0 – 0 occur?

This molad is 181440 hal.

T = 181440 – 31524 = 149916.

A = [149916 x 74377]
181440

 = 88572 = 36732 + 51840.

35 See Hilkhot Kiddush ha-Hodesh VI : 7.

36 Sinai, Vol 117, pp. 284-286.
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This molad occurs 88572 months after Beharad, and 51840 months after the

molad (7) – 0 – 0.

c) How many months afterwards does the molad (1) – 1 – 0 occur?

This molad is 182520 hal.

T = 182520 – 31524 = 150996.

A = [150996 x 74377]
181440

 = 37812 = [88572 + 130680]
181440

.

This molad occurs 37812 months after Beharad and 130680 months after the

molad (1) – 0 – 0.

d) How many months afterwards does the molad (1) – 1 – 1 occur?

According to the theory developed above, we know that this molad occurs 74377

months after the molad (1) – 1 – 0.

e) After how many months does the molad (D) – H – hal occur?

First solution

Mol = 25920 x (D – 1) + 1080 x H + hal.

T = Mol – 31524.

A = [T x 74377]
181440

.

Second solution (Hanokh Merzbach)

A = [36732 + 51840 x D + 130680 x H + 74377 x hal]
181440

.

VI. CALCULATION OF THE CASES WHEN ANY GIVEN MOLAD IS THE

MOLAD OF A YEAR

We know that any molad recurs 47 times during the period of the Jewish calendar

and among these 47 times, it is four times the molad of a year, except when the

right digit of this molad is 3 or 8; then the molad recurs also 47 times during the

period of the Jewish calendar, but it is only the molad of a year for three times.

The problem is to see if it is possible to find a direct solution to this problem

without the construction of the complete table of the 47 occurrences of the given

molad. In order to solve this problem, we refer to Table 5 showing the molad of the

years of the first 19-year cycle. We have already noted that when we progress from

a year of rank r of the first cycle to the year of the same rank of the second cycle,

the molad of this year is increased by 69715 and the right digit of the molad increases

by 5. We also know that the right digit depends on the year’s rank in the cycle.
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1. Given any year of rank r of the cycle 1, we calculate the number y of cycles

after which the molad of the year of the same rank r increased with 5.37

When we progress from a year of rank r in cycle 1 to cycle 2, or from any cycle to

the next, the molad increases by 69715.

When we progress from cycle 1 to cycle 1 + y, the molad increases by 69715 x y.

We must thus find an integer y which satisfies the equation: [y x 69715]
181440

 = 5.

Or after simplification: [y x 13943]
36288

 = 1.

We demonstrate38 that the number satisfying this relation is the number y = 6215.

Thus after 6215 cycles, the molad of the year of rank r increased by 5.

Verification

The molad of the year of rank r = 1 of the cycle 1 is (2) – 5 – 204 = 31524.

The molad of the year of rank r = 1 of the cycle 6216 is 31529. Indeed:

Mol = 31524 + [6215 x 69715]
181440

 = 31529.

We can also write: Mol = 31524 + [6215 x 235 x 39673]
181440

 = 31529.

2. Given any year of rank r of cycle 1, calculate the number y of cycles, after

which the molad of the year of the same rank r increased with U hal.39

After 6215 cycles, the molad of the year of rank r increased by 5.

After B x 6215 cycles, the molad of the year of rank r increased by 5 x B.

Thus [B x 6215 x 69715]
181440

 = 5 x B.

But after 1 cycle, the molad of the year of rank r increases by 69715 and after B

cycles, the molad of the year of rank r increases by U = B x 69715. Thus:

5 x B = [(B x 69715) x 6215]
181440

 = [U x 6215]
181440

. U is the increase of the molad

of the year of rank r, i.e. the difference between the given molad and the molad of

the year of rank r in cycle 1. The formula allows one to calculate B, the number of

cycles after which the molad increases by U.

The formula is thus 5 x B = [U x 6215]
181440

One can also write B = [U x 1243]
36288

37 The problem has a similitude with the problem considered at the beginning of section V:

Calculation of the First Occurrence of Any Given Molad. Note that an increase of the

molad by 5 is the smallest possible increase.

38 See mathematical appendix.

39 B is of course a multiple of 5.
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Example

Let us consider the molad (2) – 5 – 205 = 31525.

We examined this molad at the beginning of this paper and established Table 2,

which shows all 47 occurrences of this molad during the period of the Jewish

calendar.

We observed that this molad is the molad of a year after a certain number of months:

74377 + 30 x 181440 = 5,517,577 months  = 23479 cycles + 1 year

74377 + 43 x 181440 = 7,876,297 months = 33516 cycles + 3 years

74377 + 4 x 181440 = 800,137 months = 3404 cycles + 16 years

74377 + 17 x 181440 = 3,158,857 months = 13441 cycles + 18 years

We refer to Table 3 of the first cycle.

The years of reference are those years which have a right digit of 5 or 0.

Years of Reference

Year of rank 2: Mol= 144720. U = 31525 – 144720 = –113195 = 3195740

Year of rank 4: Mol = 47905. U = 31525 – 47905 = –16380 = 19908

Year of rank 17: Mol = 45185. U= 31525 – 45185 = –13660 = 22628

Year of rank 19: Mol = 129810. U = 31525 – 129810 = –98285 = 10579

We can now generate the researched moladot:

Year of Rank 2

B= [1243 x 31957]
36288

 = 23479. It is the molad Tishri of the 2nd year of the cycle

23480.

Year of Rank 4

B= [1243 x 19908]
36288

 = 33516. It is the molad Tishri of the 4th year of the cycle

33517.

Year of Rank 17

B= [1243 x 22628]
36288

 = 3404. It is the molad Tishri of the 17th year of the cycle

3405.

40 After addition of a multiple of 36288.
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Year of Rank 19

B= [1243 x 10579]
36288

 = 13441. It is the molad of Tishri of the 19th year of the

cycle 13442.

VII. MATHEMATICAL APPENDIX

The Fundamental Formula of the Jewish Calendar

The number of months preceding the molad of the Jewish year N + 1 is given by

F
t
 = INT [(235N + 1) / 19]41

The following table illustrates the practical demonstration of this formula:

N F
t

N F
t

N F
t

N F
t

1 12 6 74 11 136 16 197

2 24 7 86 12 148 17 210

3 37 8 99 13 160 18 222

4 49 9 111 14 173 19 235

5 61 10 123 15 185 20 247

The numbers of the columns F
t
 are indeed the number of months preceding the

beginning of the different years of the 19-year cycle.

This formula is general. It allows one to calculate the molad of any year.

Calculation of the First Occurrence of the Molad (2) – 5 – 205 = 31525

This molad differs from Beharad by 1 hal.

The length of a month is 765,433 hal and [765,433]
181440

 = 39673.

If we consider that this molad is the molad of the month X+1 and is preceded by X

months.

1) We can then write: [X x 39673]
181440

 = 1

Solution of the equation: [X x 39673]
181440

 = 1

We note that:

2) 181440 = (2)6 x (3)4 x 5 x 7 = (72)2 x 5 x 7

3) [39673]
9
 = [39673]

24
 = [39673]

72
 = 1

4) [2 x 39673]
5
 =[2 x 39673]

7
 = 1

5) [a x b]
n
 = [[a]

n
 x [b]

n
]

n

41 This formula was given for the first time in Al ha-Sheminit, Y. Loewinger, Tel Aviv, 1986.
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6) [a + b]
n
 = [[a]

n
 + [b]

n
]

n

7) Equation (1) can be written in the following way: [X x 39673 – 1]
181440

 = 0

It involves, because of equation (2), the following equations:

8) [X x 39673 – 1]
5
 = 0

9) [X x 39673 – 1]
5 x 7

 = 0

10) [X x 39673 – 1]
5 x 7 x 72

 = 0

11) [X x 39673 – 1]
5 x 7 x 72 x 72

 = 0

Equation (8) gives:

[2 x X x 39673 – 2]
5
 = 0

Because of (4) and (5):

12) [X – 2]
5
 = 0 and X = 2 + k

1
 x 5

Equation (9) gives:

[X x 39673 – 1]
35

 = 0

[(2 + k
1
 x 5) x 39673 – 1]

35
 = 0

13) [2 x 39673 – 1 + 5 x k
1
 x 39673]

35
 = 0

2 x 39673 – 1 = 15369 x 5 = 2267 x 5 x 7

Thus equation (13) becomes: [5 x k
1
 x 39673]

35
 = 0

     [k
1
 x 39673]

7
 = 0

But [39673]
7
 = 4 and therefore [k

1
]

7
 = 0 and k

1
 = 7xk

2

14) Therefore X = 2 + 5 x 7 x k
2

Equation (10) gives:

[X x 39673 – 1]
5 x 7 x 72

 = 0

Introducing (14) we get: [39673 x (2 + 5 x 7 x k
2
) – 1]

5 x 7 x 72
 = 0 or

15) [79346 + 39673 x 5 x 7 x k
2
 – 1]

5 x 7 x 72
 = 0

79345 = 2267 x 5 x 7 and therefore (15) becomes

[2267 + 39673 x k
2
]

72
 = 0. Now we note that [2267]

72
 = 35

Thus [39673 x k
2
]

72
 = –35 = 37. Now we note that [39673]

72
 = 1

Thus [k
2
]

72
= 37 and therefore k

2
 = 37 + 72 x k

3

16) Equation (15) gives X = 2 + 5 x 7 x (37 + 72 x k
3
)

X = 1297 + 5 x 7 x 72 x k
3

Equation (11) gives:

[X x 39673 – 1]
5 x 7 x 72 x 72

 = 0

Introducing (16) we get: [39673 x (1297 + 5 x 7 x 72 x k
3
) – 1]

5 x 7 x 72 x 72
 = 0 or

17) [51,455,880 + 5 x 7 x 72 x 72 x k
3
]

5 x 7 x 72 x 72
 = 0
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Now 51,455,880 = 20419 x 5 x 7 x 72 and therefore (17) becomes:

[20419 + k
3
]

72
 = 0

Therefore k
3
 = [–20419]

72
 x k

4
 = 29 + 72 x k

4

Equation (16) becomes X = 1297 + 5 x 7 x 72 (29 + 72 x k
4
)

      X = 1297 + 73080 + 181440 k
4

If we replace k
4
 by k then the solution to our problem is:

X = 74377 + k x 181440

The molad (2) – 5 – 205 occurs for the first time after 74377 months and then it

recurs 46 other times after the 46 multiples of 181440 months.

Thus any molad is increased by 1 after 74377 months.

Alternative Solution

The problem can be posed in the form of a linear Diophantine equation. The equation

(1) is equivalent to the linear Diophantine equation: X x 39673 – t x 181440 = 1

We develop Euclid’s algorithm:

181440 = 4 x 39673 + 22748

39673 = 1 x 22748 + 16925

22748 = 1 x 16925 + 5823

16925 = 2 x 5823 + 5279

5823 = 1 x 5279 + 544

5279 = 9 x 544 + 383

544 = 1 x 383 + 161

383 = 2 x 161 + 61

161 = 2 x 61 + 39

61 = 1 x 39 + 22

39 = 1 x 22 + 17

22 = 1 x 17 + 5

17 = 3 x 5 + 2

5 = 2 x 2 + 1

2 = 2 x 1 + 0

Then we start with the last equation and we inductively back-substitute, simplifying

at each step:
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1 = 5 – 2 x 2 = 5 – 2 (17 – 3 x 5) = –2 x 17 + 7 x (22 – 17)

= 7 x 22 – 9 x (39 – 22) = –9 x 39 + 16 x (61 – 39) = 16 x 61 – 25 x (161 – 61 x 2)

= –25 x 161 + 66 x (383 – 161 x 2) = 66 x 383 – 157 x (544 – 383)

= –157 x 544 + 223 x (5279 – 544 x 9) = 223 x 5279 – 2164 x (5823 – 55279)

= –2164 x 5823 + 2387 x (16925 – 5823 x 2) = –6938 x 22748 + 9325 x (39673 –

22748)

= 9325 x 39673 – 16263 x (181440 – 4 x 39673) = 74377 x 39673 – 16263 x

181440.

Thus: 74377 x 39673 – 16263 x 181440 = 1.

The general solution of the linear Diophantine equation is given by:

X = 74377 + k x 181440

t = 16263 + k x 39673

Solution of the Equation: [y x 13943]
36288

 = 1

y must be an integer.

18) We note that 36288 = 6 x 7 x 8 x 9 x 12

19) [y x 13943]
36288

 = 1

Equation (19) can be written in the following way:

20) [y x 13943 – 1]
36288

 = 0

Because of equation (18) it involves the following equations:

21) [y x 13943 – 1]
7
 = 0

22) [y x 13943 – 1]
6 x 7

 = 0

23) [y x 13943 – 1]
6 x 7 x 8

 = 0

24) [y x 13943 – 1]
6 x 7 x 8 x 9

 = 0

25) [y x 13943 – 1]
6 x 7 x 8 x 9 x 12

 = 0

Equation (21) gives:

26) [6y x 13943 – 6]
7
 = 0

27) But [6 x 13943]
7
 = 1 therefore (26) becomes [y – 6]

7
 = 0

28) From (27) we deduce: y = 6 + k
1
 x 7

When we introduce (28), equation (22) now gives:

[(6 + k
1
 x 7) x 13943 – 1]

6 x 7
 = 0

[83658 + 7k
1
 x 13943 – 1]

6 x 7
 = 0

We note that 83657 = 7 x 11951

Hence: [11951 + k x 13943]
6
 = 0

We note that [11951]
6
 = 5 and [13943]

6
 = 5

Therefore [5 + k
1
 x 5]

6
 = 0



B.D.D. 28, December 201340

J. Jean Ajdler

[5 – k
1
]

6
 = 0 and [k

1
]

6
 = 5

29) Finally k
1
 = 5 + 6 k

2

Introducing (29) into equation (28) we obtain:

30) y = 6 + 7 x (5 + 6k
2
) or y = 41 + 42 k

2

Equation (23) gives:

[y x 13943 – 1]
6 x 7 x 8

 = 0. We introduce (30):

[(41 + 42k
2
) x 13943 – 1]

6 x 7 x 8
 = 0

[571663 + 42k
2
 x 13943 – 1]

6 x 7 x 8
 = 0

Now 571662 = 42 x 13611, therefore

[13611 + k
2
 x 13943]

8
 = 0

Now [13611]
8
 = 3 and [13943]

8
 = 7

[3 + k
2
 x 7]

8
 = 0 or [3 – k

2
]

8
 = 0 and finally k

2
 = 3 + 8 x k

3

Equation (30) becomes y = 41 + 42 x (3 + 8 x k
3
); or

31) y = 167 + 336k
3

Equation (24) gives:

[y x 13943 – 1]
6 x 7 x 8 x 9

 = 0. We introduce (31):

32) [(167 + 336 x k
3
) x 13943 – 1]

6 x 7 x 8 x 9
 = 0

We note that (167 x 13943 – 1) = 6 x 7 x 8 x 6930 = 336 x 6930, therefore (32)

becomes:

[6930 + k
3
 x 13943]

9
 = 0

[k
3
 x 13943]

9
 = 0 because [6930]

9
 = 0. Now [13943]

9
 = 2, thus

33) [2k
3
]

9
 = 0 and therefore 2k

3
 = 0 + 9k

4
 = 9 k

4

Introducing (33) into (31) we get:

34) y = 167 + 1512k
4

Equation (25) gives:

[y x 13943 – 1] = 0. Introducing (34) we get

35) [(167 + 1512k
4
) x 13943 – 1]

6 x 7 x 8 x 9 x 12
 = 0

We note that (167 x 13943 – 1) = 7 x 8 x 9 x 4620

and 1512 = 7 x 8 x 9 x 3; therefore (35) becomes

36) [4620 + 41829k
4
]

6 x 12
 = 0

But [4620]
6 x 12

 = 12 and [41829]
6 x 12

 = 69, therefore (36) becomes:

[12 + 69k
4
]

6 x 12
 = 0

or: [12 – 3k
4
]

6 x 12
 = 0 thus

37) 3k
4
 = 12 + 72k

5
.



B.D.D. 28, December 2013 41

The Period of 689,472 Years in the Jewish Calendar and Its Applications

Introducing (37) into (34) we obtain:

y = 167 + 504 x (12 + 72 k
5
) = 167 + 6048 + 36288k

4

Hence the solution:

y = 6215 + k x 36288

Alternative Solution

The problem can be posed in the form of a linear Diophantine equation. The equation

(1) is equivalent to the linear Diophantine equation: y x 13943 – t x 36288 = 1.

We develop Euclid’s algorithm:

36288 = 2 x 13943 + 8402

13943 = 1 x 8402  + 5541

8402   = 1 x 5541   + 2861

5541   = 1 x 2861   + 2680

2861   = 1 x 2680   + 181

2680   = 14 x 181   + 146

181     = 1 x 146     + 35

146     = 4 x 35       + 6

35       = 5 x 6         + 5

6         = 1 x 5         + 1

5         = 5 x 1         + 0

Then we start with the last equation and we inductively back-substitute, simplifying

at each step:

1 = 6 – 5 = 6 – (35 – 6 x 5) = –35 + 6 x (146 – 35 x 4) = 6 x 146 – 25 x (181 – 146)

  = –25 x 181 + 31 x (2680 – 181 x 14) = 31 x 2680 – 459 x (2861 – 2680)

  = –459 x 2861 + 490 x (5541 – 2861) = 490 x 5541– 949 x (8402 – 5541)

  = –949 x 8402 + 1439 x (13943 – 8402) = 1439 x 13943 – 2388 x (36288 – 2 x

13943)  = 6215 x 13943 – 2388 x 36288.

Thus: 6215 x 13943 – 2388 x 36288 = 1

The general solution of the linear Diophantine equation is given by:

y = 6215 + k x 36288

t = 2388 + k x 13943
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VIII. HISTORICAL  APPENDIX

I had the occasion42 to consult the manuscript of the Zentralbibliothek Zürich: Ms

Heid. 180. This manuscript corresponds to the first part of Raphael Hanover’s

Luhot ha-Ibbur. It is identical to the printed text, with exactly the same title page

and remarks as printed on the back of the title page.

However, tables 1 to 7, essential for the understanding of the book, are missing.

At the end of the book, after its formal end, we find a fifth example and finally

an additional note which seems sufficiently important to be published here. From

these additions we can understand that this manuscript was written by a pupil from

a first manuscript (probably the autograph manuscript) in 1752.43 We note that in

the title page of the present manuscript the author is qualified as:44

 ÛÂÒÂÏÈÙÂ ÔÎÂ˙‰ Ò„‰Ó‰ÏÂ„‚‰ÏÂ„‚‰ÏÂ„‚‰ÏÂ„‚‰ÏÂ„‚‰ ¨‰ÏÂ‚‰ È· ÏÎ Ï˘ Ô·¯‰ÏÂ‚‰ È· ÏÎ Ï˘ Ô·¯‰ÏÂ‚‰ È· ÏÎ Ï˘ Ô·¯‰ÏÂ‚‰ È· ÏÎ Ï˘ Ô·¯‰ÏÂ‚‰ È· ÏÎ Ï˘ Ô·¯ ¨ÈÂÏ‰ Ï‡Ù¯ È·¯ ¯·Á‰ ¨Á¯ÊÈÂ ¯È‡È Â¯Á¯ÊÈÂ ¯È‡È Â¯Á¯ÊÈÂ ¯È‡È Â¯Á¯ÊÈÂ ¯È‡È Â¯Á¯ÊÈÂ ¯È‡È Â¯¨

Æ¯·Â‡‰Ó

On page 42 of the manuscript, we find the following text, which is essential for the

history of the Jewish calendar and directly related to the present paper:

‚ ÈÙÓ È˙„ÓÏ ‰Ê Ì‚ÆÂ¢¯ Ï‡Ù¯ ß¯ ‰¢Ó ÔÎÂ˙‰ ‡Â‰ ‰Ï‰ ¨ÏÂ„

‚¯ Ì˙Â‡·Â ‰Ú˘ ‰˙Â‡·Â ÌÂÈ Â˙Â‡· ‰È‰È Â‡ ‰È‰ „ÏÂÓ‰ ¨Ì„‡ ÍÏ ¯Ó‡È Ì‡ÆÌÈÚ

‚˙Ê‡Â Û¢¯˙˙ È˜ÏÁÏ ˙ÂÚ˘‰Â ˙ÂÚ˘ ‰˘Ú˙ ¯‡˘‰ ¯ÙÒÓ‰ÓÂ ≤≠µ≠≤∞¥ ÍÏ Ô˙È‰ „ÏÂÓ‰Ó Ú¯

È¢Ú ˜ÂÏÁ˙ ‡ˆÂÈ‰Â ∑¥≥∑∑ È„È ÏÚ Ô˙Â‡ ÏÂÙÎ˙ Û¢¯˙˙ È˜ÏÁ ˙ÂÚ˘‰Â ÌÈÓÈ‰ ÏÎÓ „ÁÈ ÍÏ ‰È‰È˘Î

Ï˘ ¯ÙÒÓ ‡Â‰ ¯ÙÒÓ‰ Â˙Â‡ ±∏±¥¥∞ ÔÓ ˙ÂÁÙ ˜ÏÁ˙È Ê‡˘ ÔÂ¯Á‡‰ ˜ÂÏÈÁ‰ ÏÎ ¯Á‡Â Æ±∏±¥¥∞

¨Â· „ÓÂÚ ‰˙‡˘ ˘„ÂÁ‰¥µ˙Â¯˙ÂÓ‰ Ô˙Â‡ ˜ÂÏÁ˙ ÆÔÙÂ‡‰ ‰Ê· ‰˘Ú˙Â Æ‰Â˘‡¯· ÍÏ Ô˙È‰ ÂÈÈ‰„ 

ÔÈ‡ˆÂÈ‰Â ÌÈ˘„Á ‰¢Ï¯ ÔÈÏÂÚ˘ ÌÈ¯Â·ÈÚ ßÊ ÌÚ ÔË˜ ¯ÂÊÁÓ‰ È˘„ÂÁ ‡Â‰˘ ≤≥µ È„È ÏÚ Í„È· ¯‡˘˘

ÌÈ˘ ÂÈ‰È ÔÈ‡ˆÂÈ‰Â ±≤ È¢Ú ÌÈ˘„Á Ô˙Â‡ ̃ ÂÏÁ˙Â ÌÈ˘„Á ÂÈ‰È ‰¢Ï¯ ÔÓ ̇ ÂÁÙ ÔÈ¯‡˘‰Â ÌÈ¯ÂÊÁÓ ÂÈ‰È

‡Â‰ ÍÏ Ô˙È‰ „ÏÂÓ Â˙Â‡Â ÆÂ¯·Ú˘ ÌÈ˘„Á ÂÈ‰È ÌÈ¯‡˘‰Â Â¯·Ú˘ ÔÈ¯Â·ÈÚ‰ ÂÏ‡‰ ÌÈ˘‰ ÏÚ ÛÈÒÂ˙Â

ÚÂ ÆÂ· „ÓÂÚ ‰˙‡˘ ˘„ÁÓ „ÏÂÓ‰Æ‰Ê‰ Ï˘Ó‰ ÍÈÙÏ ¯˘‡ ˙‡ Ô·‰Â ‰‡¯ ÔÈÈÚÓ‰ ‰˙‡ ¨‰˙

∑≠±π≠≥∏∞ ‰È‰È Â‡ ‰È‰ „ÏÂÓ‰ ÍÏ Ô˙È Ï˘ÓÏ

®∑ ≠ ±π ≠ ≤∞¥© ≠ ®≤ ≠ µ ≠ ≤∞¥© Ω ®µ ≠ ±≥ ≠ ±∑∂©

µ ≠ ±≥ ≠ ±∑∂ Ω ±¥≥∏±∂¥∂

 ∑¥≥∑∑ Ω ±∞¨∂π∂¨∂∞≤¨∂≥≤x±¥≥∏±∂ 

42 As part of the preparation of a paper about Raphael Hanover’s book: ¯Â·ÈÚ‰ ˙ÂÁÂÏ.

43 See post face on p. 39 of the manuscript.

44 The text in bold does not appear in the printed edition; it must be an enthusiastic addition

of the pupil.

45 The text is not very clear: we find the number of months preceding the given molad.

46 There is a mistake in this subtraction. We should find 5 – 14 – 176 = 144,896.
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 Æ±≤∞≥±≤ ˙È¯‡˘ ‡ˆÂÈÂ ±∏±¥¥∞ È¢Ú ˜ÂÏÁ˙¥∑

Æ≤≤∑ ˙È¯‡˘Â µ±± ‡ˆÂÈÂ ≤≥µ È¢Ú ˜ÂÏÁ˙

ÌÈ˘„Á ‰˘˘ ÛÈÒÂ˙ ÆÌÈ˘„Á ‡¢È ÌÈ˘ Á¢È ‡ˆÓ˙Â ÌÈ˘„Á ·¢È È¢Ú ˜ÂÏÁ˙ ÆÌÈ˘„Á Ê¢Î¯ ÍÏ Â¯‡˘ÈÂ

‡ˆÓÂ ·¢È˜˙ ̄ ÂÊÁÓÏ Ë¢È ̇ ˘Ï Â¯·Ú˘ ÌÈ˘„Á ß‰ ÍÏ Â¯‡˘È ̈ ÌÈ˘ Á¢È· Ô‰˘ ÌÈ¯Â·ÈÚ ‰˘˘ ̄ Â·Ú·

·¢È˜˙ ¯ÂÊÁÓÏ Ë¢È ˙˘Ó ÔÂ˘‡¯ ¯„‡ Ï˘ „ÏÂÓ‰ ‰È‰È ‡Â‰ ¨ÍÏ Ô˙È‰ ÏÈÚÏ Â¯Ó‡˘ „ÏÂÓ‰ ‰Ê

Æ‡ÓÈÎÁÏ È„Â ÌÏÂÚ‰ ˙‡È¯·Ï

It appears that the student was less skilful than the teacher; he indeed made two

mistakes so that the example is not very useful.

The correct calculation is the following:

Molad = (7) – 19 – 380 = 176420

T = 176420 – 31524 = 144896

A = [144896 x 74377]
181440

 = 119552 = 508 x 235 + 172

The given molad is the molad of Elul 9666, the 14th year of the cycle 509.

Verification

The number of months preceding the molad of 9667 is INT [(9666 x 235 + 1) / 19]

= 119553. The molad of Tishri 9667 is [31524 + 119553 x 39673]
181440

 = 34653.

The molad of Elul 9666 is then 34653 – 39673 = 176420.

However this short passage is an invaluable historic testimony proving that Hanover

knew the number 74377 and had discovered the way of calculating the first

occurrence of any molad. The method described in this paper48 and which I believe

to be original was already discovered 250 years ago by Raphael of Hanover.

Therefore I propose to call this method of calculating the first occurrence of any

given molad the method of Hanover, and to name the number 74377 “Raphael

Hanover’s number.”

Additional Remarks

1. Since the completion of this article I edited Hanover’s manuscripts, including

ÍÂ¯‡‰ ÌÈÓ˘‰ ˙ÂÎ˙ ¯ÙÒ, and I found at the end of the book that Hanover improved

the procedure. Instead of our modern formula, Hanover constructed convenient

tables.

2. Already in the first half of the fourteenth century, R’ Isaac Israeli proposed a

47 The remainder of the division is in fact 170,312.

48 See also my book: Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam, J. J. Ajdler, Sifriati

1966, pp. 644-648.
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49 See Yessod Olam, Ma’amar V, chap. 4 and at the end of the book ß„ ÁÂÏÂ ß‚ ÁÂÏ .

solution to this problem49 but it was less elegant and more difficult. The solution

was based on two tables: the first table, ß‚ ÁÂÏ, gives the molad of the first 1080

months of the Jewish era. The first molad of the table is 2 – 5 – 204 and the last

molad is 3 – 6 – 204.

Indeed [1080 x (1 – 12 – 793)]
181440

 = 27000 = 25920 + 1080 = 1d + 1h.

Thus after 1080 months the molad is 1d 1h up.

The second table, ß„ ÁÂÏ, gives the molad at the beginning of the first 168 cycles of

1080 months. After each cycle the molad is 1d 1h up. After 168 cycles the final

molad is again the initial molad. Indeed 168 x (1d 1h) = 175d = M7.

3. Hanover’s discovery of the integer 74377 was therefore not such an achievement.

Hanover had the merit to search for which number of months the molad 2 – 5 – 204

is 1 helek up and becomes 2 – 5 – 205. He probably used the method of Israeli.

In ß‚ ÁÂÏ we must find the molad ending with 205 halakim. This molad occurs after

937 months; it is 1 – 9 – 205. Indeed [31524 + 937 x 39673]
181440

 = 9925 = 1 – 9 –

205.

We must add 20h in order to find the molad 2 – 5 – 205.

In ß„ ÁÂÏ we see that after 68 cycles of 1080 months the initial molad is 20h up.

Indeed, [68 x (1d + 1h)]
7d

 = 20h. Thus after 68 x 1080 + 937 = 74377 months the

initial molad 2 – 5 – 204 became 2 – 5 – 205.

It appears that the finding of Raphael’s Hanover’s number using Israeli’s algorithm

did not present a major difficulty. Hanover’s main originality was to search after

how many months the molad is 1 helek up, and then propose a simple and elegant

solution by constructing a table that gives the number of months necessary to obtain

an increase of the molad by different multiples of 1 helek.


