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Deconstructing the Lunar Calendar

By: SHELDON EPSTEIN, YONAH WILAMOWSKY and
BERNARD DICKMAN

Introduction

The Jewish lunar calendar in use today is based on specific rules outlined
in Rambam’s Yad HaChazgakah.! In this calendar, 10 of the 12 months in
every regular year and 11 out of the 13 months in every leap year have a
preset fixed number of days. During the times of the Mishnah and
Gemara until the days of Abaya and Rava the calendar was based on lunar
sightings and, depending on visibility, any month could be either 29 or 30
days. Rambam asserts that the sighting system is the one prescribed in the
Torah and that our current calendar is a default mode to be used in the
absence of a duly constituted Sanhedrin in Eretz Yisrael2 Rabbeinu
Bachya (R”B), in his commentary on Chumash citing also Rabbeinu
Chananel, takes the exactly opposite position, i.e., the preferred system is:
12w 90 %Y (by calculation) and only during a relatively short period of
time in history was the sighting system in effect.> Rambam is so convinced
that he is right that he refuses to accept that Rabbeinu Chananel believed
what he wrote, and assumes he only said it because he was in disputations
with others (i.e., Karaites) and could only win the debate if he “fudged”
the truth on this matter.* While there is evidence that indeed the
proponents of the “fixed calendar first” view did present their position in
the period of disputes with the Karaites,> there seems to be no evidence

All Rambam references are in Appendix A.
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See Appendix B (1) for the full quote.
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> See Appendix B (2).
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that they did not believe what they said. Since they preserved their
position on this topic in their writing, if they really did not believe it, one
would expect to find somewhere at least a hint to that effect. In this paper

we will review the underpinnings of the current calendar and offer what we
think is the “hint.”

Basic Fixed Calendar Rules

Rambam in Mishnah Torah, Hilchos Kiddush HaChodesh, outlines the rules
for constructing the Jewish lunar calendar. The key rules are:

1.

Rosh Hashanah cannot be Sunday, Wednesday or Friday (1TX X?
WX - ADU) — X7

If Molad Tishrei is on a non-ADU day before noon, R”H starts on
that day. — 2.7

If Molad Tishrei is on ADU, or after noon on any other day, R”’H is
deferred to the next non-ADU day. — X7

The month of Tishrei always has 30 days. The other months alternate
between 30 days and 29 days with the exception of the months of
MarCheshvan (MC) and Kislev (K). They can: i) both be 29, ii) MC

29 followed by K 30, iii) both be 30. -1:11

The calendar includes plain years (i.e., 12 months) and leap years (13
months). The extra month in a leap year, Adar Aleph, is 30 days and

follows Shevat. — 7.1

Rules 4 and 5 are summarized in Table 1 below:
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Table 1

Regular Month Leap Year Month Days in Month
Tishrei 30
MarCheshvan 29 or 30
Kislev 29 or 30
Teves 29
Shevat 30

Adar 1 30
Adar 29
Nisan 30
Iyar 29
Sivan 30
Tamuz 29
Av 30
Elul 29

6. 'The calendar follows a 19-year repeating cycle, called a 1772, with 12
plain years and 7 leap years¢ arranged as shown in Table 2: -

Table 2
Year Type of Year Year TypeofYear Year Type ofYear
1 Plain 8 Leap 15 Plain
2 Plain 9 Plain 16 Plain
3 Leap 10 Plain 17 Leap
4 Plain 11 Leap 18 Plain
5 Plain 12 Plain 19 Leap
6 Leap 13 Plain
7 Plain 14 Leap

Table 3 presents a list of terminology and notation given to each of the
different situations mentioned above.

6 The reason for exactly 7 leap years in 19 years is based on 2:X. Le., a solar year
is a little more than 11 days (11+) longer than 12 lunar months (365 vs. 354). In
19 years, the difference is 19*11=209+ days. The 7 leap yeats add 7*30 = 210
days.
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Situation

Table 3

MC & K are respectively 29 and 29
MC & K are respectively 29 and 30
MC & K are respectively 30 and 30

Plain Year
Leap Year

Days of the Week: Sun., Mon.... Shabbos

Notation

1 (for 7o)

5 (for 11703)
v (for 0oW)
5 (for TOWD)
n (for 72Wn)

X, 2.,

T

WIN >79 using the above terminology created a 451-year skeleton calendar
covering years 5549 (1789 CE) through 6000 (2240 CE). Below is his
Table covering the years 02wn (5739-1979 CE) through 3200 (5833-2073
CE). The Table is divided into columns of 19-year cycles. The entry in
each row of each column, reading from right to left, gives: Type of Year,
Year, Day R”H Starts, MC/K combination, Day Pesach Statts.
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E.g., the current year, TYWN, is in the 20d row of AW N, Its ahiffa)
designation (from the right): 9- Plain year, TVWN- Year, 7- R”H is
Thursday, 3- MC/K is 29/30, 1- Pesach starts on Shabbos.

Rambam offers a rationale for all the rules (0—T1:T) except 4. This paper

offers a rationale.

7 Le, TW (304) 19-year machzorim have been completed since Creation.
304*19=5776 years. Thus, the first year in W cycle is YWD with the 5,000

understood.
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Alternating Months of 30 and 29 Days

Rambam, in the sixth perek of Kiddush HaChodesh, writes that a lunar month
(i.e., the time between successive #olads) averages a little more than 29.5
days and 44 minutes.® If the length of a lunar month averaged exactly 29.5
days, then a plain lunar year would have exactly 354 days (i.e., 12*¥29.5)
and alternating 30/29 day months would precisely yield the 354 days (i.c.,
6*30+6*29). Since a month averages 44 minutes more than 29.5 days, a
year of 12 months has an extra 528 minutes (i.e., 12*44) which exceeds
1/3 of a day. Since over a span of time these partial days accumulate, the
system is kept in balance by periodically having a year with 355 days.? This
means that one 29-day month must be increased to 30, resulting in some
years having 5 months of 29 days and 7 months of 30 days.

There is, however, another reason for sometimes having a year of 355
days. Based on Rules 1 and 2, at times a year may have to be extended to
355 days in order that the new year not start on ADU. The added day,
which is the result of a system requirement and not because of an extra
accumulated day, may then lead to the following year being only 353 days.
This results in a lunar year with 7 months of 29 days and 5 months of 30
days (i.e., 7%29+5*30).

To summarize, because of the realities of the length of a lunar month
and the rules governing R”H, the system must be able to accommodate
years of 353, 354, and 355 days. This is accomplished by having 10 of the
months fixed in alternating 29- and 30-day cycles (i.e., Teves through
Tishrei) with MarCheshvan and Kislev being “swing” months where both
can be 29, both 30, or 29 followed by 30. In the next section, we will begin
to explain why these two months were chosen to be the swing months.

The above discussion is for a “plain” lunar year. A “leap” lunar year
has one additional 30-day month resulting in three possible leap year
lengths: 383, 384, 385. The arguments explaining these combinations for
the leap year are analogous to that of a plain year.

Tishrei and Nisan Must Always Follow a Month of 29 Days!0

In Mishnaic times, the start of every month, Rosh Chodesh, was declared
by the Sanhedrin in Yerushalayim. On months with holidays, messengers
were sent to inform everyone about Rosh Chodesh so that they could
celebrate the holiday on the proper day (R”H 18a). Since every month has

8 . An hour has 1080 0°pon. Hence 793 chalakim is approximately 44.05 minutes.

% Much like the solar calendar, wherte a year is slightly more than 365 and a quarter
days, requires adding February 29, with some exceptions on centennial years.

10 We demonstrate this for Nisan. A similar analysis shows it for Tishrei.
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either 29 or 30 days, places the messengers did not reach for the month
of Nisan observed 2 days of Yom Tov at the start of Pesach: one based
on Adar having 29 days and the other based on Adar having 30 days.
Table 4 demonstrates the two possible scenarios that a person living far
from Yerushalayim faced. In the scenario on the left, Adar has 29 days
and Pesach starts on the biblically mandated 15% of the month. Pesach
can certainly never start earlier than this day since Adar can never have
less than 29 days. In the scenario on the right, Adar has 30 days and once
again Pesach lasts 7 days and starts on the 15% of Nisan. However, the
15t in this case is one day later than in the scenario on the left and Pesach
ends 1 day later. To make sure that no law of Pesach is violated, the 7-day
holiday is extended to 8 days with two days of Yom Tov at its start and
end. If the scenario on the left is correct, the added day is at the end of
the holiday. If the scenario on the right is correct, the extra day is at the
start of the holiday. Thus, historically, in places where people did not
know how many days Adar had, 8 days were observed, with an equal
chance that the extra day was the first day or the last day.

With the introduction of a fixed calendar, everyone now knows
exactly how many days Adar has. The reason we continue to observe an
extra day of Yom Tov is explained in

QWM MY N TV RAYD XA LIRATT XYIPD JPYTT ROWM [T 802
NRY 7T M7 1MAT AT 02°7°2 02MAR AN 1T anD WowT
RFriri Y

But now that we are well acquainted with the fixing of the new moon
why do we obsetrve two days? Because they sent [word] from there
Give heed to the customs of your ancestors which have come down
to you; for it might happen that the government might issue a
decree'? and it will cause confusion.

If in our fixed calendar Adar had 30 days, and we continued to
observe two days of Yom Tov, in order to be consistent with our
ancestors’ zinhag we would have to celebrate the first day of Pesach on
what our calendar says is the 14% of Nisan, contrary to the biblical
mandate.’3 The XN*7KRT would be the second day of Yom Tov and the

1T 3R% OR 2PWHW 0172 7RI OX 27722 1R DTN 7WNAY PIAWT T 9V WA

12° Rashi: Not to learn Torah and the calculation methodology (112°¥71 710) will be
forgotten.

13 Although we currently add a not mandated 8% day of Yom Tov on the 2224 of
Nisan, we are merely tacking on a day at the end of a Holiday and enjoying the
Holiday for an extra day. This is qualitatively (psychologically) different then
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11277 would be the first. This is an untenable situation. To avoid this, by
having Adar always with 29 days, the extra day of Pesach is the last day
and we incorporate subtle observance changes to indicate it is not really
Pesach.!4

starting the Holiday a day eatly. On a lighter note, those who eat “gebrok?” only
on the last day of Pesach, would have to eat it at the first Seder.
4 This may offer a fresh insight into the following Gemara: Rosh Hashanah 21a.

7N 372V°7 WD SHPW 07 ®DY 7071 ML 07T XD 9 101 M 19701 XD 7
RINR RITT2 WK KX 72 K7 7 7931 92 12°°K 27 WD 0K 1071 7T 0
YRW 71 K91 19 1K KDY XA T 07291 WD CMOW 100 KDY 10°3 9w 100 7177
WD MW 107 RYY JO°1 OMOW 10T K37 197 IR IR? 112 MR TOPOKRI 1301 "2

WD K 1073 7771 Y 0N 1T

R. Yochanan issued a proclamation: ‘In all those places which can be
reached by the messengers sent out in Nisan but not by those sent out in
Tishrei, two days should be kept [Passover]|, Nisan being included so that
there should be no mistake as to Tishrei” R. Aibu b. Nagri and R. Chiyya
b. Abba once arrived at a certain place which had been reached by the
messengers sent out in Nisan but not by those sent out in Tishrei, and
though the inhabitants kept only one day [of Passover] they did not reprove
them. When R. Yochanan heard this he was annoyed and said to them: ‘Did
I not tell you that in places which have been reached by the messengers
sent out in Nisan but not by those sent out in Tishrei they should keep two
days, Nisan being included so that no mistake should be made in Tishreir’

Why didn’t R. Aibu and R. Chiya reprove them? Based on our argument we
suggest that the news the townspeople heard was that Adar had 30 days and the
question then is whether R. Yochanan made his pronouncement even in such a
situation?
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Table 4

2 Scenarios

Adar Adar
29 30
days days
Adar 1 Adar 1
2 2
3 3
* *
* *
* *
* *
26 26
27 27
28 28
29 29
Rosh Chodesh Nisan 1 15t day Rosh Chodesh Nisan 30
2 2nd day Rosh Chodesh Nisan 1
3 2
4 3
5 4
6 5
7 6
8 7
9 8
10 9
11 10
12 11
13 12
14 13
1st day Pesach 15 day before Pesach 14
2nd day 16 1st day Pesach 15
3rd day 17 2nd day 16
4th day 18 3rd day 17
5th day 19 4th day 18
6th day 20 5th day 19
7th Last day 21 6th day 20
Day after Pesach 22 7th Last day 21
23 22

Note: Bold cells represent the “real” Pesach, I7alic cells the added day in case
the other scenario is true.
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The Months Between Tishrei and Nisan Cannot Be Fixed
Alternating Months

In the previous section, we demonstrated why Adar and Elul must both
have 29 days. We now start by assuming for a plain year that the six
months between Tishrei and Adar follow the alternating 29/30 pattern,
i.e., a I year. The last four columns of Table 5 show, for each of the four
permissible starting days of Tishrei, the day of the week that the next five
months would start.

The fast of Asarah B’Teves and Purim fall in this 6-month period and
for each starting day of Tishrei, Table 5 shows when these days would
fall. The cells highlighted in bold show when these days would be on
Shabbos. This is important because we do not want either of these days
to be on Shabbos. We do not want Asarah B'Teves on Shabbos because
the Avudraham says that unlike other zaanesim, if Asarah B Teves would
fall on Shabbos it would not be deferred to a later date.!>16 Similatly, we
do not want Purim to be on Shabbos because we could not read the
Megillah on Shabbos.!”

15 Cited in Beis Yosef, Orach Chain 550.

SN 7 ORW DPIVD IRWH AW KIT N2V PW PPN N5Ya2 205 o77TaR 717 20m
YT K21 772 10 717 Q17 D¥Y2 12 RRIY 19 MR 217 IMAT? P12 1 KD nawa
PR QW2 DAY XYY O1°2 12 PIVNN CWOW3A DYDY 21 NAva T TW AN AT IR PIn

Rlvvel7m R iist
After stating Avudraham’s comment, Beis Yosef questions his source. Perhaps
Avudraham’s motivation is his end comment, i.e., Asarah B'Teves is the only
fast day that falls on Erev Shabbos, and the fast is still obligatory. This is
halachically somewhat problematic. It is also the only fast day that cannot come
out on Shabbos. It would seem the calendar designers were intentionally
avoiding it falling on Shabbos with the resulting Friday fast day being an
unfortunate but manageable byproduct.

16 There is some question in the Acharonim whether Avudraham’s assertion that
it would not be deferred, means we would have to fast on Shabbos or that we
would not have to do the fast at all. See, e.g.: RDW ,N2V2 TIWY DX ,7R*7123 WO
It would appear that if it means the fast would even be held on Shabbos that
would imply it is a more significant fast than the other fast days. This is
somewhat difficult to accept since the Gemara (Rosh Hashanah 18b) says that it
is a dispute between Rebbe Akiva and Rebbe Shimon as to what the fast is for.

17 Like we do not blow shefar on Shabbos or shake the /#/av on Shabbos. While
Shushan Purim can be on Shabbos and we move up the Megillah reading to
Purim, Friday the 14®, this situation is more complex. Even if we argued that
the Mishnah (Megillah 1:1) allows when necessary for readings prior to the 14,
if we moved the reading of Shabbos the 14" to Friday the 13% we would have
to move Taanis Esther to Thutrsday the 12t
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Table 5

The Day of the Week Each Month Starts for Every Possible
Tishrei Start in a ® Plain Year

Days in Day in
Chodesh Month Month If Tishrei Starts on
Tishrei (R”H) 30 Mon | Tue | Thu | Sat
MarCheshvan 29 Wed | Thu | Sat | Mon
Kislev 30 Thu Fri Sun | Tue
Teves 29 Sat Sun | Tue | Thu
Asarah B'Teves Mon | Tue | Thu Sat
Shevat 30 Sun | Mon | Wed | Fri
Adar 29 Tue | Wed | Fri Sun
Purim Mon | Tue | Thu Sat

Table 6 is the leap year counterpart of Table 5. Note that the additional
Adar of 30 days does not directly precede Nisan for the reasons given
above. Otherwise, all months follow the 29/30 pattern. Here too, we find
the alternating J pattern at times leads to Asarah B*Teves or Purim being
on Shabbos.

To summarize, the months between Tishrei and Nisan could not
always be alternating because that would lead to years in which Asarah
BTeves and/or Purim would be on Shabbos and that would be
halachically inadvisable. This can further be corroborated by the 451-year
Pri Chadash calendar outline listed above, where no plain year with Rosh
Hashanah starting on Shabbos is a J year, nor is any leap year where Rosh
Hashanah starts on Thursday or Shabbos.!8

18 For the 95 years in the Pri Chadash calendar outline listed above, there are 60
plain years and 35 leap years. For 17 of the 60 plain years, R”H started on
Shabbos, precluding them from being 3 years. Similarly, for 21 of the 35 leap
years, R”H was on Thursday or Shabbos, precluding them from being 2 years.
Thus, in total, 38 of the 95 (40%) years could not be 3. In the final analysis, the
most common year by far is ¥ followed by 3, which is closely followed by 1.
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Table 6
The Day of the Week Each Month Starts for Every Possible Tishrei
Start in a 3 Leap Year

Rosh Days in Leap Year
Chodesh Month | Day in Month If Tishrei Starts on
Tishrei (R”H) 30 Mon | Tue | Thu | Sat
MarCheshvan 29 Wed | Thu | Sat | Mon
Kislev 30 Thu Fri Sun | Tue
Teves 29 Sat Sun | Tue | Thu
Asarah B'Teves | Mon | Tue | Thu | Sat
Shevat 30 Sun | Mon | Wed | Fri
Adar 1 30 Tue | Wed | Fri Sun
Adar 2 29 Thu Fri Sun | Tue
Purim Wed | Thu | Sat | Mon

Why are MarCheshvan and Kislev the Swing Months?

Our above arguments demonstrate that the “swing” months must occur
before the month of Teves to insure that neither Asarah B’Teves nor
Purim falls on Shabbos. This could be accomplished by making Tishrei
and MarCheshvan or MarCheshvan and Kislev the swing months. Why
wasn’t the Tishrei/MC combination chosen?

The answer is based on the simple underlying principle that to
maintain the integrity of the system we can never allow the old moon to
be seen in the new month or the new moon to be seen in the old month.
Thus Rambam, 0 ", says that when the calendar was set by sightings,
if the weather was cloudy at the start of several consecutive months and
no new-moon sightings took place on the night after the 29t%, it was
potentially possible to have three or more 30-day months in a row. This
in turn could lead to a new moon eventually being sighted on the 25 of
a month. To avoid this potentially damaging situation, Beis Din was
mandated to intervene and declare one of the months in which the moon
was not sighted to have 29 days. This problem has to be avoided in our
fixed system as well. But how do we do this when:

e Inanm (e, 29/29) year there will be 3 consecutive months of 29
days, potentially leading to the old moon being seen in the new
month, and
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e InaW (ie 30/30) year, there will be 3 consecutive months of 30
days, potentially leading to the new moon being visible in the old
month?

The problem is avoided by the way Rosh Hashanah is chosen and by
making Tishrei 30 days. For example, if Molad Tishrei is Monday 10 a.m.,
Rosh Hashanah starts Sunday night (i.e., Monday) even though the new
moon cannot be visible before Tuesday evening at sunset!? (i.e., the start
of Wednesday, a full 48 hours later). In this case, Molad MC is Tuesday
10:44 p.m., with first visibility of the new moon at sunset on Wednesday.
If Tishrei had 29 days, Rosh Chodesh MC would start Monday night (i.e.,
Tuesday), a full 24 hours before the conjunction and the old moon could
potentially still be visible.

In summary, having 3 consecutive months of 29 days or 3 consecutive
months of 30 days can possibly lead to the untenable situation of the old
moon being seen in the new month, or the new moon being seen in the
old month. The “front loading” of the start of Tishrei and making Tishrei
always 30 days makes it possible to have 3 months of the same size in a
row without negative consequences.

The Hint

Rabbeinu Bachya’s (R”B) assertion that the biblically mandated method
of determining lunar months is not based on “sighting” concludes with:

MY Y IR 90 ann 0w T AIWS W 270 90 07 139792 1N0A 17
0" V"I OOW DAYDY O ' DNCIW O°HYD OFn O°IWY 2 ¥D onn DTN
2902 WA O YR DOWTA I 0D AW D ann TR DAY

Le., the two swing months have always (0219%) been MarCheshvan and
Kislev. Chazon Ish (A:njp 1"IR) asserts that R”B did not mean to say that
this too was part of the original mandate?0 but offers no reason why R”B

See Rambam XX, that the old and new moon are not visible for about 1 day prior
and after conjunction. See also Loewinger, Parashat Bo, Daf Shvui No. 116 that
first visibility takes place around sunset.

(https:/ /www.biu.ac.il/JH/Parasha/eng/bo/levinger.html)

The text is as follows:

DaR 19 DY 7999 NAWRT IR NWW 11707 AN 97 XOR ORI DY WP XOW 277 21wm
YR WINPT I ORI OTY P RDT AYRY ORI WITR DWRD WM W 93 WP
NYW2 WYY M2 T0MY N2YoR D°A0WA 1 R? 2AR TNE? 1PI0ARY WK NN PIavnw
PRY N0 P°Y DR 27 X027 K7 27 777 NAWN X027 aw 777 2777 A"YRY ORI UITp
DOYIAP DWW 937 K227 AW YIN, 19 NAWH TR 97T NN PR 22K N2y PR

20
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inserted it here and used the word 291%. Based on our above discussion,
the reason for choosing these 2 months are related to Asarah B Teves and
Purim which did not occur until 900 years after Yerzias Mitzrayim. We
suggest that by insisting that the selection of these 2 months as the
“swing” months was in place D217 he is clearly hinting that he does not
really mean what he is saying.

Our explanation for the choice of MarCheshvan and Kislev for the
swing months also supports Chazon Ish’s understanding of Rambam’s
position about the pedigree of our calendar. Although Rambam asserts
that the preferred and original method of determining the lunar month
was by sighting, he adds, 2:7, “in the absence of a Sanhedrin there is
Halachah 1."Moshe M Sinai (HLM) to use the calculations we use today.”

0RIW AN PR, 27APDT RITW 17T 20w 110w AW POV R 1N
17TI0° 1°0 PYW M13p AW MWV 22000 MWW 1021 RYX 797772 1D
1172w DR 7721 997 Yap A7 97V 732970 MW 1AM NI IORNM 0YW
TARTIN 73297 AT MIW 1NTIOY 19D HY 23 MR PAWT Y12PY vIni K7 Dar
777 1907 221P 997 NAWA ORI 7713 72192 S1PN7 K197 720 77 SR

712 HRINWD 19997X R

Le., it is not our detailed calendar that is HLM but the methodology of
using the average molad rather than the more precise lunation used in the

“sighting” era, X:1.

RI2°07 2"V, DOV12P DOWTTT PRY 732 IRIAD W WK R 7Y 7111900 ™wR 1
0PI ROV
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Appendix A
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Appendix B

(1) Rabbeinu Bachya, Shemos 12:2:
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(2) R. Chaim Dov Chavel on Rabbeinu Bachya, Shezos 12:2 (p. 806, col. 2):
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