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Bircas HaChamahb and Calendar Mathematics:

Precision, Simplicity and Conflict

By: SHELDON EPSTEIN, BERNARD DICKMAN and
YONAH WILAMOWSKY

Introduction

One of the more infrequent cyclical religious Jewish observances,
occurring only once every 28 vyears, is Biras HaChamah (BH—
“Blessing for the Sun”). The last time BH was recited was Wednes-
day, April 8, 1981 (4th of Nissan, 5741), and the next time will be
Wednesday, April 8, 2009 (erev Pesach, 5769). The fact that Bircas
HaChamal) is always recited on a Wednesday (and for our era, on
April 8) is the result of three preconditions:

1. The vernal equinox (VE, used interchangeably with Tekufas Nis-
san—TN) in year 1 of Creation occurred at sunset on Tuesday,
6:00 p.m. (Wednesday starts at sunset on Tuesday),’

2. The solar year is exactly 365 days and 6 hours,

3. The four fekufos of the year, i.e.,

e VE
e Summer solstice (SS)—also called Tekufas Tamnz,

e Autumnal equinox (AE)—also called Tekufas Tishrei (T'T),
e Winter solstice (WS)—also called Tekufas Teves

are each exactly 91 days and 7.5 hours apart.”

b

1 The word equinox literally means equal night, i.e., when the length of
day and night are the same. In fact, this is not exactly correct. The
equinox is at the time when the sun is crossing the celestial equator. At
that time, day and night are almost, but not exactly, equal at all
latitudes, and so we call it the equinox (see <http://www.nmm.ac.uk/
server/show/conWebDoc.3843>). For purposes of the Jewish calen-
dar, by convention, at the equinox the day goes from 6 p.m. to 6 p.m.
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Based on 2, a solar year is exactly 52 weeks and 14 days long. In
28 years, the accumulation of the yearly excess 1% days is 35 days, or
exactly five weeks. Thus, VE occurs every 28 years at exactly the
same time of the week that it was during year 1 of Creation. Since the
VE currently occurs every 28 years at 6:00 p.m. (sunset) on Tuesday,
April 7, we recite the prayers for BH the next time the sun rises, i.e.,
the morning of Wednesday, April 8.

Talmudic and post-Talmudic support for BH is based on a model
of the Sun’s orbit advocated by Shmuel (2-3* century amora). This
paper reviews Shmuel’s statements concerning the solar year, and
Rambam’s and Ibn Ezra’s comments on the inaccuracy of his model.
We demonstrate that BH and another prayer-related practice whose
starting date is determined by Shmuel’s solar model openly contradict
the requirements on which they are premised, and pose a problem
that may not be easily resolved.’

History of the Jewish Calendar

The Jewish calendar as we know it today is reported to have been
first implemented in the middle of the 4" Century CE.* The most

2 Depending on when the year is considered to start, this condition may
not be necessary. We will discuss this in more detail later in the paper
(e.g., footnote 64).

3 We will at times discuss a gewzara in a footnote prior to mentioning it in
the body of the paper. When we then discuss the same material in the
body of the paper we will also reference the prior footnote so that the
reader can return to it.

4 See, for example, Rambam Kiddush HaChodesh (KH) 5:3 12°1Ni *NnoXm
R?Y ,9RW° AR 7290w Nva 7NN onan J10n a7 Pawna awn? YR 9
AR M TV TNADN 00 02 19T ,TIWN NON SN2 DAR 3P 1T N0 DW RW)
70730 177 DRI YOR NYap Hy—Na7.

Abaye was born at the close of the 3% century and died in 339. Rava
lived from 270 to 350. There is discussion in the literature as to
whether some parts of the fixed calendar system were in place prior to
the mid-4t century, e.g., Ajdler “Rav Safra and the Second Festival
Day: Lessons about the Evolution of the Jewish Calendar,” Tradition,
Winter 2004, 38(4): 3-28. There are also those who insist that while the
rudiments of the fixed system may have been in place in the 4t century,
the totality of the system we have today was in place no earlier than the
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important characteristics of our fixed calendar are:’ the specification
of when the year begins; that it primarily consists of alternating 29-
and 30-day months; the specification of which years are leap years
(i.e., they have an extra .4dar). Up until the introduction of the fixed
calendar any month could be either 29 days (if witnesses came to the
Sanbedrin and testified that they had seen the new moon on the night
after the 29" or 30 days. The determination of when to have a leap
year depended on several factors of which the most important was
that the first day of Pesach (15" of Nissan) could be no earlier than the
first day of spring (VE).® If calculations showed that without any
changes Pesach would start too early, an extra Adar was added. How-
ever, even in times when Pesach would have started after the onset of
spring, there were secondary and tertiary reasons for adding another
Adar, e.g., the crops had not grown sufficiently and it would not have
been possible to bring the Korban Omer on the second night of
Pesach;’ the winter was long and difficult and the conditions of the

10t century. See Loewinger, Bar Ilan University 'mn7 7901 *»12w a7
mwn Ry nwnd,  <http://www.biu.ac.il/JH/Parasha/veethcha/
lev.html>.

> For a concise but rigorous description of the Jewish Lunar System, its
underlying assumptions and its mathematical nomenclature, see Ep-
stein, Dickman, and Wilamowsky, “A 5765 Anomaly,” Tradition, Fall
2004, 38(3):40-59.

6 Rambam KH 4:2. 99 3907 Yy—mwn DX Pave Psd qwbw &y
70°1 NOIPN 7PN OV IPYTM LPAwnn 1PT N2—TX%D .'[17’&'! mo 5N ,2°2R
QTR 10°1 MR WY WA AR PAVR—AT AT AR IR LI0°12 WY Avewa
PWWINT PRY L1V POAID T A0 DY IRT AT 10D W 0T W
MR 2705,

7 Rambam KH 4:3 99R 179 K9X ,20387 37 K2 1779 PT 0°2 R OX 19
IR0 "W DY PIRID—0DT AT MINEY 1977w L1PORT MO MY XYY LRI
17577 ,10°12 WY WS a7 I9RNAW %D DY AXY ;IwT DR PIavm 9K
,10°12 WY AWAW2 91N MY 1100 J’WPTb MY 2°2RT W 07D ,70avn
AR AT 93 77D PRI MO W 27O
Rambam starts by saying that only the absence of both 22X and M7
justifies declaring a leap year. He concludes by saying that the reason
for this is the need of the Omer sacrifice and fruit as befits spring. T1W
222K 7"7 W 1R P70 MY says that Rambam agrees with Rashi’s sec-
ond explanation that aviv refers to the Omer. Thus, in a period where
there is no Temple and therefore no Owmer, an extra month is not added
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roads would have prevented people from being oleh regel; ovens were
not in condition to broil the Korban Pesach, etc.®

Since the non-primary reasons for inserting an extra .Adar are re-
lated to the Owmer, being oleh regel, and eating the Korban Pesach, these
considerations would have been limited to periods in time when
these actions were mandatory. From an historical and practical per-
spective, all of these three activities ceased a short time after the de-
struction of the Second Temple when, after the Bar Kochba revolt of
132-135 CE, Emperor Hadrian totally destroyed Yerushalayim, rebuilt
it, and renamed it Aelia Capitolina, and banned Jews from going
there. This ban stayed in effect until 438 CE when Empress Eudocia
permitted Jews to once again live there. As a result, with respect to
the Jewish calendar, we have three periods with different rules for
adding leap years:’

on the status of the fruit crop alone. Aruch I.’Ner's explanation is sup-
ported by a statement of Shmuel (Ch#/iz 95b): % 203 M7 277 1w 121D
5333w 1120 OTPY PXMWL AN3 717 W1 N1 ° Y323 11737 OTPY 1A 20
NNWT MR 1w PRYT XMV D TV 2ND KIR P27 07N 00 YT R? MR
y7 ®n7v2 X1, The Gemara implies that Shmuel, because of his
mathematical expertise, was able in Bave/ to determine many years
in advance whether the Bais Din in Eretz Yisrae/ would declare a
leap year. Since Shmuel lived after the destruction of the Temple,
there was no Ower in his lifetime. If the absence of the Omer is
sufficient on its own to eliminate this second category of reason
from causing a leap year, then we understand Shmuel’s predictive
ability based solely on his knowledge of when VE occurs. If,
however, the absence of fruit on its own could cause the need for
a leap year, then it would be impossible for Shmuel to make any
long-range predictions about leap years. We discuss Chullin 95b in
depth in a later section.

8 See Rambam KH 4:5.

° Rambam never specifically says that in the post-Temple period the
non-primary reasons were not applicable. Perhaps this is implied in the
following halachah: 720 V7 ¥ DIPN NAWA PYW 027 72 PRI 128 77p
2197 IR AT 191 TV T XA AT PT MW DA wE MY P
LWRAT 0T NRRA RIT LA NAWAY 297—T8A. Rambam says that a
certain calculation was employed during the time that the calendar was
determined by 2737 17 n°2. Note that in KH 5:3 (cited in footnote 4,
Rambam said that a calendar system based on “sighting” remained in
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Time Period Adar Added

Before 70 CE. For primary, secondary, and tertiary rea-

sons.

70 CE-mid-4" Century." If Pesach would begin before spring.

After mid-4" Century. Fixed 7 in 19 years.

Whereas spring starting before the 15" of the month even with-

out a second Adar did not preclude Bazs Din from adding it prior to
70 CE, it did from 70 CE to the mid-4" Century. A 3"-century astro-
nomically knowledgeable person could thus know well in advance
without receiving direct information from Erery Yisrael as to whether
a year would have a second Adar. This person, however, would still
not know the precise date of any day in the year without being told
from Eretz Yisrael because he could not predict for any month when

witnesses would testify that they first saw the new moon.'

1

11

effect as long as there was a Y12 1°7 1’2 in Erery Yisrael. We suggest that
this latter court of law is not the 21747 1°7 n°2 of KH 10:6 which em-
ployed both primary and non-primary reasons for instituting a leap
year, but rather a post-Temple court that only considered the primary
reason of the start of spring. (With respect to the accuracy of our word-
ing of KH 10:6 see Loewinger “n°1mwii 9¥” footnotes 64 and 65 for the
following variant readings based on a manuscript dating to the last dec-
ade of the 16™ century (available at <http://www.daat.ac.il/daat
/v1/alhashminit/alhashminitO4.pdf>.) 191PN NaAwn H¥w ,0°1277 °2 PRI
TYAYA PRW YA DITAT 1T A2 PRY AYW3A 71w MY 1YY 1m0 2 T
TWRIT 70 N NART RIT LT PAWAY 2DH—TNXT 2107 I L1 190, Note
how the boldly highlighted words change the meaning of the text.)
With the possible exception of 70 CE to 135 CE which was after the
destruction of the Second Temple, but before Jews were banned from
Yerushalayim.

We will discuss later how a 3d-century person could be certain whether
a second Adar would be added even though he could not know for sure
which day was the 15% of the month.
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Tekufas Shmuel

The assertion that a year has exactly 365 days and 6 hours and that all
successive zekufos are 91 days and 7.5 hours apart is known in Post-
Talmudic literature as Tekufas Shnuel.

QP77 °Y27 YR ROR N9 10°1 NN PR IRMAW MR 1 PV
TRY 17199977 X172 W 217 X020 NYRN2 IR 2vh Nhnn2 IR
1°21 0192 72 RAM VAW W TRAM DR IR XYX D991 110 NOPN
MY YWN2 IR MUY W2 W XROR NI WD NOPN PR 7992
I IRTAY Y2IND IR ROR N9DI N2V NN PRI 77792 1Y a2 A
QOYWN K2R 791707 79PN P2 1RY 72792 P21 212 P2 IR Wl
XM ROR 7INN2M DOV 9PN PRY R DWW Yawy o IR

bl

It is not clear from the gemara with respect to which, if any hala-

¢hos, Shmuel made this statement. Today, we use Shmuel’s solar
model in two halachic matters:

1) Determining when to do BH based on the VE:

222101 7N 7327 ANDPNA AN IRT 727 1IN w1 Mota
TR 2237 DRI NOWRD2 WY N2 IR 11700 NPT ant?iona
RNTIR2 ORNAW2 J0°1 NN 7991 IR 7T P A"D 90 Maw
29X 9731 nonT

N nn SW 1001 NOPN QYA AN DR AR MISN2 2ann
IRWI—oV27 2% NPMN2 I9PNAY 20wV AAw PW NI
12 .mwRIa Aww T1an a9 30 ova o

12

There is in fact disagreement with the concept of BH as expressed by
Abaye’s interpretation of the beraissa and how we practice it. The Tosefta
says: 7172 IR 17702 mM>man NRY 0°221377 DRI 73277 DRI 7307 DR 223 N1Dna
..wR12 7. This appears to be dealing with the same issue as
the beraissa but uses the word 17702 with respect to the sun rather
than an2Wwn2. The Yerushalmr's phraseology (also found in 130
727 RIP7) is: AnoPNa 71297 DXY AN9IPN2 AN DR IR 20 Mo
M2 A NT K779 01110 279 MR DPWRA2 AW 7172 MR 7002 1pAn IR
2R W KD ANy (17 2PR) 70 awhw R 7291 DOnwan.
Yerushalmi does not relate NDIPNA 1M with TN but to when the sun is
not visible for at least 3 days and then reappears (similar to what hap-
pened at Creation when there was no sun for the first three days). See
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W [rO% [On XA ANDIPNR AN AXIT—RIDIT AR VW
RIN P22 17 012 ANIR ARMWD 1T 9% nhnna aopnm

As mentioned in the Introduction, the conditions for saying the
prayer are currently met on April 7 and BH is recited the morning of
April 8. Although the solar calendar date for reciting BH is publicized
and well known, it is not mentioned in major poskin up to and includ-
ing WA W and 772 MWD who lived at the start of the 20"
century. Aruch HaShulchan does say that BH will next be recited on
Wednesday morning in 1170 (1897) but gives no specific date in the
Hebrew (lunar) or solar Calendar for the recitation. 1910 anf does
comment that in 3PN (1813) BH is recited on the 7" of Nissazn. Simi-
latly, 1:037 1"™IX 217 A2 and 70 2TV (right after 72110 N37WR) both
say that BH was recited in 1370 on the 5" of Nissan.

2) The starting date of UM 20 1M in TWY ANHY:

20037 MR VMW D2IPT DUV who attempts to reconcile Yerushalmi's
explanation with Abaye’s explanation and what we practice. The
authoritativeness of the text in Bav/i is also in question. 0w 7773 says
that 7Y did not have our text with Abaye, and interprets the beraissa to
mean exactly the same as the Yerushalmi. 1M MRAT also cites the
Aruch as to what the Gemara is referring. VX2 (Berachos 59a) first offers
Abaye’s explanation of the beraissa without attributing it to him or the
gemara and then offers a D°WI5n W that ANDPNI means 7M1
(presumably like the Yerushalni). See also Solomon Gandz (“The
Benediction Over the Luminaries and the Stars,” The Jewish Quarterly
Review, vol. 44, no. 4, April 1954, pp. 305-325) who argues that Abaye’s
statement is a later addition to the Gemara. One of his proofs is Saadiah
Gaon’s Siddur (p. 90) which makes no mention of BH related to Tekufas
Nissan but offers a third explanation for TNHIPN 7N — QP WART 2N
MPWRI2 AW 27X PI722 TN NDWPN, Le., the blessing is recited yeatly at
Tekufas Tamnz (SS) not VE. Gandz argues that if Saadiah Gaon had our
Gemara text with Abaye, he never would have said this. He furthermore
suggests that Saadiah Gaon understood 7N9PN2 to mean “at its
strength” or maximum point. This is represented at the time of the SS
when the day is at its maximum. We will discuss this issue in more
detail later in the papet.
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7V 91321 IR P30 RIN OROONA 1270 77097 TYOR 1"K... Y naaen
13 m2amn 7997 SRV IR KPT 72 RIT 27 0K 9PN DWW

DOMWAT IR PORW ,MWAN 0°7° TYaWH 19 955N N19DT Bans
PIR2 ,0OMAK D727 M2 .OWNT VITAY AT 92 ,2°1wn Nana3
TIT PRY POMA0A MIMIPAY DERAY 0D WAV YAR (IR

WD NDIPN MR DWW 21 2MWAT IR PRRWY A0

ADIPN OTT 7P1 27D YA NIANTA AN 1P 2% AR nov nva 'l
°27Y N2°0N2 POXW T9PNT R 4R A7 112YWD R¥NI nnn
M2 21" 293 K120 'D A1) OANTIAR 77T ANOY .01 DY RO
TN O VN 1720015 R AR YAR O 1791 777720 MK 17T OX

... 20211 A7 ARYN

Avudraham identifies November 22/23 as the 60" day of the #-

kufah. Since a “Jewish” day starts at sunset and @) 20 1N is begun at

13

14

15

Although we start 0 20 1M based on Tekufas Shmuel, Taanis 10a con-
tinues: 27 T2 MR WA PV 1M TR NARNA ORIMWA TN WA KT OPR
RIT RWOW T OTRY TR RDOT XA Mav 027 2% v, The Gemara
questions Shmuel’s affirmation of Chananya when he offers a
starting point of X2w*7 M1v (see commentators on meaning of the
term)? The Gemara answers that X327 mav is identical to the 60"
day after the #ekufah. 1f so, why did he offer an alternate way of
saying it? We will address this later.

This quote is from the new D?Wn MVA Y91 edition of Tur. Older

editions of Tur have additional words. We will discuss these other

versions in the next section.

Avudraham means if the February following November has 29 days.

His reference to the following February as being “this year” can be ex-

plained 2 ways:

. February of the next solar calendar year is part of the Jewish
year starting the previous Tishrei. Hence, it is “this year” in our
lunar terminology

. In Avudraham’s time, many countries did not start the new so-
lar year January 1 (as we do today) but at VE. Since February
occurs before VE, it is in the same solar year as the previous
November (y2wn).
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2wn, he must mean'® that the recitation starts at sunset on
November 21/22. We currently start at sunset on December 4/5." In
the next section we explain why the dates have changed."

Although no solar calendar date for reciting BH is explicitly men-

tioned in the poskin, if BH and 20m 0 1M are both based on Shmuel,
the former can be extrapolated from the latter. To demonstrate how
this can be done, we pick an arbitrary year in the time of Avudraham
(14" century), 1337, which is exactly 24*%28= 672 years prior to 2009.
Based on all of the above, we know the following about the year

1337:

o BH was recited—Reason: It is a multiple of 28 less than 2009,

° quM 1 1M started on November 22™ eve—Reason: 1338 was
not a leap year.

o Tekufas Tishrei was sometime between sunset on September
23" and sunset on September 24" —Reason: M1 0 1N starts
on the 60" day after TT' (see bolded dates on a calendar of
year 1337 at the end of this paper),

o VE was sometime between 3 a.m. March 25" and 3 a.m.
March 26"—Reason: 182 days and 15 hours (half a year) be-
fore TT (see italicized dates on calendar).

([ ]

March 25, 1337 was a Tuesday—See 1337 calendar.
VE was 6:00 p.m. March 25, 1337—Reason: 1337 is a BH year,

18

There are some who read this to mean at sunset the nights of Novem-
ber 22/23 (e.g., <http://www.judaic.org/halakhot/ talumatar.pdf>). As
is evident from the computations which we give in the next paragraph,
this cannot be correct.

Thus, Avudraham would call this December 5/6.

Avudraham (13%-14t Century) lived in Seville, Spain. Seville had for
centuries been under Islamic rule but not long before Avudraham’s
time, came under the control of Catholic monarchs. Islam uses a lunar
calendar that makes no adjustments to reconcile lunar and solar years,
and we cannot say how Jews living in Islamic lands yearly identified the
starting date of WM 2V 1M (i.e., the Jewish calendar date and Islamic
calendar date of 60 days after TT would change from year to year). We
are not familiar with any eatlier pose£ linking the start of 1) %0 1M to a
solar calendar day. Perhaps it was Avudraham’s living under Catholic
rule that influenced him to give a solar date that would make it easier
for everyone to know when the recitation of the prayer begins.
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o TT was 9:00 a.m. September 24th—Reason: 182 days and 15
hours after VE.

Thus, using Tekufas Shmuel we can extrapolate that had Avudra-
ham given a secular date for BH it would have been the morning of
March 26.

According to Shmuel, VE and TT are 6 hours later with each
passing year (with the exception of a secular leap year where 1 day is
deducted). Using this, Table 1 generates the list of solar dates and
times of VE and TT for 1337, as well as the starting date for 2V 1m
oM for the four-year period 1335-1338. These dates must subse-
quently also be identical for every successive four-year period ad infi-
nitum. Table 1 shows these starting times for the current parallel
four-year period 2007-2010. In the next section we discuss why the
dates we use today for BH and 0m1 %0 1M are so different from these
numbers.

Although we derived the date of VE by extrapolating backwards
from Avudraham’s dating of VM %0 1M, the calculation was most
likely done in the reverse order. Rambam and Ibn Ezra offer detailed
instructions on how to calculate VE for any Jewish year (age of the

Table 1
Start of
Year Vernal Equinox  Tekufas Tishrei W Pv 1M
1335,2007  26-March 6:00 a.m. 24-September 9:00 p.m."  23-November?
1336, 2008  25-March Noon 24-September 3:00 a.m. 22-November

1337,2009  25-March 6:00 p.m.?!  24-September 9:00 a.m. 22-November
1338,2010  26-March Midnight 24-September 3:00 p.m. 22-November

19 Since the Jewish day starts at 6:00 p.m. we call this September 25. Thus
except for a year preceding a solar leap year, e.g., 1335 and 2007,
Shmuel’s TT is September 24. This is the reason for Avudraham’s relat-
ing the start of UM 20 1M to a leap year.

20 All dates in this column mean the prayer is started at Maariy on the day
before.

2l l.e., March 26. Thus, with the exception of a leap year, VE is always on
March 26.
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World—Anno Mundi—AM) assuming only that at Creation VE pre-
ceded the molad of Nissan by about 7.4 days.”” Rambam KH 9:9-11
details an elegant algorithm that gives the exact date in the Jewish
calendar for VE. His algorithm includes a variety of divisions, multi-
plications, and additions, including one variable that changes with the
passing of time. Rambam gives the value of the variable for his era
but does not give a rule for how it changes with time. He offers an
example for the year 4930 (1170 CE)* and shows that VE according
to Tekufas Shmuel is on the 8" of Nissan. Ibn Ezra’s method for calcu-
lating the Jewish date of the VE involves intensive mathematical cal-
culations which keep track of the difference between VE and molad
Nissan since Creation. Ibn Ezra applies his methodology to calculate
the onset of spring for the year 4918 (1158 CE).**

For historical background information, Shmuel was born in 165
CE, died in 257 CE, and lived outside of Eretz Yisrael (in Bavel). Since
calendrical issues in the pre-fixed calendar era were exclusively under
the full control of the Rabbis in Eretz Yisrae/”> Shmuel as a Diaspora
resident would have no say in its determination. In one interesting
correspondence between Shmuel and R. Yochanan (an Erery Yisrael
Amora) we find

>3 9222w 11°27 2TPY 1IN 527 7777 N2 M7 207 I 100N 1N
"7 %% Y70 R? R 9222w 107020 270 DRIDWS 2N M wo1 m

22 To be more precise: 7 days, 9 hours and 642 Chalakin (1080 Chalakim=
1 Hour).

2 See <http://www.Hakirah.org/Vol 6 Epstein Appendix.pdf> for a
discussion of how these calculations can help shed light on when Ram-
bam wrote Mishneh Torab.

24 'There is one other possible halachic application of fekufos. 7"V X"
7:TOR says it is a custom not to drink water at the time of any zekufab
because historically at each of the four zekufos bad things associated with
water happened. This issue is mentioned and rejected by Ibn Ezra in Se-
fer Halbbur with the following comment: X7 11°277 JX1p 1217 12XY 120
0 WM LR XAV WD W 2391900 VWA 0 MNw Row XTI 09 9T
ROX PN 2°10TR0 DR Q0P K21 2P WP RY 03 9100 DY I0RY DO1IRAT
WNY 037N WM IIWID DOYWIT 190 K QWnn R 7h9a° 0°02773
..NMDPN VIR QW DN

% KH 5:1.
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RIAWIT ROWA MR W PROWT XNDY 0 TW 20D RIX P27
VT XnbYa

Note that Shmuel did not send a full 60-year calendar to R.
Yochanan but rather only a list of which years would be regular/leap.
As mentioned previously, this ability would be within the grasp of
any 3“-century astronomically sophisticated scholar. R. Yochanan’s
reason for rejecting Shmuel’s display of erudition is not clear. Was it
because Shmuel simply showed that he was a good astronomer but
not that he merited the title Rav? If so, why did R. Yochanan phrase
his dismissal in terms of X12W1, mathematics, rather than astronomy?
In the next section we discuss this gewara in greater depth.

Julian and Gregorian Calendars: Length of the Year

The Julian calendar was introduced in 45 BCE, more than 200 years
before the birth of Shmuel, and it, too, was based on a 365-day-and-
6-hour year. The Julian calendar was a solar calendar and differed
from the Gregorian calendar in use today in that it always added an
extra day, February 29, every 4 years. Since the four seasons of the
year are solar related, one of the objectives of a solar calendar is to
create a system where each season begins on or about the same date
every year. Because a solar year is, in fact, very close to 365 days 5
hours 48 minutes and 45 seconds, the Julian calendar overstated the
length of a year and, as a result, over time the cumulative effect of the
approximately 11.25 extra minutes per year was to add an extra day in
about every 128 years.” Thus, the start of spring moved eatlier and
earlier on the Julian calendar date. By 1582 CE, the VE, which in 45
BCE when the Julian calendar was first instituted occurred on or
about” March 25", had now moved earlier by almost 13 days and
occurred around March 11.

2% Le., 128*11.25= 1440 minutes = 1 day.

27 See, for example, <http://www.geocities.com/calendopaedia/
julian.htm>. The dating of VE in 45 BCE as the 25" of March is con-
sistent with our extrapolation of Avudraham’s calculations in the previ-
ous section of VE being on March 25/26. Elkin “Birkath Hachamab:
Blessing of the Sun,” Proceedings of the Association of Orthodox Jewish Scien-
zists, VI (1980), p. 96 writes: “When Julius Caesar, in Talmudic days, ad-
justed the calendar, he set up the Vernal Equinox on March 25%. But,
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since it started at 6 p.m. of that day, in the Jewish calendar it was con-
sidered the equivalent of March 26t Elkin offers no source for this
assertion. Others suggest that the VE of the early Julian period was ei-
ther March 24 or March 25. In actuality, no assertions about the exact
date people in the ancient world considered the VE to fall can be stated
with certainty. Even though it may be possible by calculation to pre-
cisely determine when VE occurred in ancient times, the results of
these calculations need not match up with the historical reports of
when VE allegedly occurred then, for the following several reasons:

. March 25 cited for VE of 45 BCE is the Mean VE. Actual
VE in that year was on March 231, In 1582 when they reset
the calendar they set VE at the actual VE of 325 (see discus-
sion of Gregorian calendar later in this section). The Mean VE
was preferred for calendar purposes by Sosigenes (Julius Cae-
sar’s calendar expert). The nearly 2-day difference between the
Mean and actual VE is also cited in Rambam:

D107 ,0977 WIRCAW ORI MDIPNT CNW AWM 10 WTINT wTR
2PN DR NART 32PN RY OVIART WART 7002271 ,R07 21702
NW QTP 277 21w 1132 ,19K D°3AT2 10°1 NDPN NN NPIRT Whwn
12,73 0 ¥°27 2Wnnw °n NAWH2 1°2 ,87T MW PRXPY M9pNn

.07 Y22 Mok 2wnnw n’
Rambam cannot be referring to how much time VE had
moved from Shmuel’s times to his, because in the almost 900
years between them (3t century to 12th century) the actual VE
would have moved 900/128=7 days.

° What was called March 25 in 45 BCE is not the same as March
25 in the retrojected Julian calendar. This is because from 45
BCE to about 4 CE, the actual calendar of the Romans was ir-
regular and did not yet conform exactly to the rules of the
Julian calendar. Thus for the actual VE of 45 BCE: Julian
(retrojected) 23 March = Roman 25 March.

. When the ancients were talking about the actual VE, their way
of calculating it was far less precise than ours. Thus, what we
reckon today as the actual VE is not necessarily the same as the
ancient reckoning.

When discussing VE, it is therefore important to look at the values

given in ancient sources, regardless of whether they are consistent with

projections based on modern astronomical data, and to keep in mind
that not all references to VE refer to the same astronomical event. In
this paper we will begin our discussion with the assumption that VE
occurred originally on March 25/26. We will on occasion use the dif-
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To halt this “drift”, the Julian calendar was dropped the day after
Thursday October 4, 1582 and replaced by the Gregorian calendar.”
The rules for the new and old calendars are identical with the one
exception that centurial years (i.e., divisible by 100) are all leap years
in the Julian (i.e., they are divisible by 4) but are not in the Gregorian
unless also divisible by 400 (e.g., 1900 is not a leap year; 2000 is). This
“correction” brings the average length of a solar calendar year to 365
days, 5 hours, 49 minutes and 12 seconds.” While this is still more
than the actual solar year, the difference is small enough so that a
change of one day does not occur for over 3200 years.”

In addition to “tweaking” the calendar model, the first day of the
Gregorian calendar was declared to be Friday October 15, instead of
October 5. By dropping 10 days VE was pushed to March 21 which
is what it was in 325 CE at the time of the Council of Nicaea.” That
Council had established the doctrines of the Catholic Church and had
severed the observance of Easter from its dependence on the Jewish

ferent VE’s to explain discrepancies between what we know to be true

and what we find in ancient texts. (For the sake of completeness we of-

fer the following definitions of Actual and Mean VE:

Actual VE: When the actual sun, moving non-uniformly along the
ecliptic, is at the first point of Aries

Mean VE: When an imaginary sun moving uniformly, at the annual
speed of the true sun along the ecliptic, is at the first point
of Aries.)

28 The new calendar was not accepted throughout the world at the same
time. It was initially accepted in Italy, Poland, Portugal, and Spain.
Shortly afterward it was adopted by other Catholic countries. However,
Protestant countries were reluctant to change, and Greek Orthodox
countries didn’t change until the 1900s. Below is a partial list of some
of the countries that adopted it at a later time:

Britain, the British Empire, and the eastern part of the USA: 1752;
Alaska: 1867; Russia: 1917; Greece: 1923.

2 To see this, note that in 400 years there are 97 leap years (3 centurial
years are not divisible by 400). An average year is then
(400*365+97)/400 days.

30 The Gregorian year overstates the true year by about 27 seconds. Thus
in 3200 years the calendar overstates reality by 27*%3200 seconds = 1
day.

31 In the 1257 years (i.e., 1582-325) since the Council, the Julian calendar
overstated the true year by about 9.8 days (i.e., 1257/128).
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calendar.” Thus, starting in 1582, Julian dates were 10 days behind
their Gregorian counterparts. This difference remains constant until a
centurial year which is not divisible by 400. At these centurial points
the differential between the two calendars increases by 1 (ie., the
Julian calendar adds a day, the Gregorian does not). At present, the
Julian calendar is 13 days behind the Gregorian calendar and has
been so since 1900 CE.”

In the previous section we cited Avudraham that qum) 20 M
starts on November 22/23 and extrapolated that VE occurs every 28
years at 6:00 p.m. on March 25. Avudraham lived before the
Gregorian calendar and his dates are Julian. Adjusting for the current
13-day difference in the two calendars, we get the Maariv of the night
of December 4/5 as the start of M 20 1M and April 7 for VE on
the Gregorian calendar for a BH year.

While our current practice for both M %0 IM and BH are
completely consistent with Avudraham’s dating system according to
Tekufas Shmuel, the question, however, is whether these dates in fact
represent what they allege, i.e., is December 4/5 60 days after the
actual TT and is April 7 the day of VE in a BH year’*? With respect
to VE, Table 2 lists the Hebrew dates™ of the last 10 and next 10 BH
recitals. April 8" both for the last time BH was said in 1981 and for
the next time it will be said in 2009 are pre-Pesach. Interestingly
enough, every date we have found cited in earlier works concerning

32 Easter commemorates the Last Supper which is the Pesach Seder. Until
325, Easter was celebrated based on the Jewish calendar.

3 le., between 1582 and today there have been 3 centurial years satisfying
this condition: 1700, 1800, and 1900. 1600 and 2000 were leap years in
both calendar systems and did not affect the time differential between
them.

3 We note that there are other religious groups that observe their
holidays based on the Julian calendar despite its inaccuracy and refuse
to accept the Gregorian changes. For example, the Orthodox churches
of Jerusalem, Russia, Serbia, Georgia and the Greek Old Calendarists
celebrate the Nativity on 25 December in the Julian calendar, which is 7
January in the Gregorian calendar until 2100.

% We used a date-converter available at: <http://www.hebcal.com/
converter/?gd=6&gm=4&gy=1729&g2h=Compute+Hebrew+Date&
hd=16&hm=Nisan&hy=5517>.
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the recitation of BH are all before Pesach.”® However, of the 20 dates
cited in the Table, 6 are after the start of Pesach and 4 of them are
after the end of Pesach. All of these violate the requirement that Pesach
start after the onset of spring (VE). If Shmuel is correct, then our
Jewish calendar is ill designed and violates a basic tenet of what
Rambam says is a required 101 7wn? 1391 for a fixed calendar.

Table 2

Last 10 Year in Next 10 Year in
BH 19-Year Date of BH 19-Year Date of

Years Cycle BH Years Cycle BH
1729 17 Nissan 7 2009 12 Nissan 14
1757 7 Nissan 16 2037 2 Nissan 23
1785 16 Nissan 26 2065 11 Nissan 2
1813 6 Nissan 7 2093 1 Nissan 12
1841 15 Nissan 16 2121 10 Nissan 21
1869 5 Nissan 26 2149 19 Nissan 2
1897 14 Nissan 5 2177 9 Nissan 11
1925 4 Nissan 14 2205 18 Nissan 19
1953 13 Nissan 23 2233 8 Adar Il 29
1981 3 Nissan 4 2261 17 Nissan 9

Based on this as well as other clear physical evidence of the
inaccuracy of Shmuel’s (Julian calendar’s) position that a year is
exactly 365.25 days, we question whether Shmuel originally thought
that his calculations were exact. Rambam’s first presentation of
Shmuel’s view that a solar year is exactly 365% days gives the
impression that this is a legitimate scientific possibility held by both
Jewish as well as gentile scholars:

36 See previous section and citations from Chasam Sofer (1762-1839),
Sdei Chemed (1832-1909), and Kaf HaChaim (1870-1939). Chasam
Sofer comments only on BH of 1813, but is silent on BH of 1785
(when he was 23) which fell after Pesach. Similarly, Sdei Chemed com-
ments only on BH of 1897 but is silent on BH of 1869 (when he was
37) which also fell after Pesach. Aruch HaShulchan (1829-1907), on the
other hand, did not mention a date for any BH.

37 KH 5:2.
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However, Rambam later states clearly that Shmuel’s position is
incorrect:
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Rambam here recognizes that Shmuel’s viewpoint is wrong but
never says whether Shmuel himself knew that what he said was
inaccurate. If Shmuel was the great astronomical observer that he
professed to be, i.e.,

925 RYTIIIT 0202w RONWT 9902w 0% 197771 HRIAW MK (1 Mo02
2R RIVTY RDT 0°2WT R2AD1DA

it would seem that he should have known that what he said was
imprecise. He was born more than 200 years after the introduction of
the Julian calendar in 45 BCE, and by the middle of his life the
discrepancy between whatever the VE had been in 45 BCE and what
it was in his time was about 2 days.

Ibn Ezra emphatically rejects Shmuel’s model and says Shmuel
knew it was inaccurate:

NSDINT °D MY YRM™Y NN HR A7 2OWN OR—I1M2T 190
1=0M, 590 MR NDPN IR 0D NYIAmY Mv0N ha v pyan
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3 See footnote 9 for a discussion of the exact wording of this balachab.
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One of Ibn Ezra’s proofs is the fact that by his time, 1158, Tekxs-

Jas Shmmel’s estimate of VE is contradicted by direct observation:”
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L.e., simple reality shows spring started 11 days earlier than Shmuel’s

model dictates.

40

39

40

Ibn Ezra makes it clear that he expected his “smart” contemporaries to
reject his assertions. He is not clear on which assertion(s) he had in
mind, i.e.,

o Shmuel’s model for the solar year is wrong;

o Shmuel knew his model was wrong.

Most of Ibn Ezra’s subsequent “evidence” about the incorrectness of
Shmuel’s model deals with the fact that by Ibn Ezra’s time projections
trom Tekufas Shmuel were so far off that it was obvious they were
wrong. These proofs would not, however, have been available to
Shmuel in his own time when the differences were much smaller. The
one argument that Ibn Ezra offers that addresses Shmuel’s awareness
of the inaccuracy deals not with the assertion that the year is exactly
365" days but with him saying all seasons are of equal length. 7vm
X2 MMM 9323 7310 P71 9393 TAID a1 MW 2P mMLpna pRnw wonnn
noIPNY WD NHPM O 37¥A N TN NDIPAY 10°1 NDPN 1" W° 137 2 190
01 0”51 <NNS N2L.

This inaccuracy (which we will discuss in detail in a later section) would
have been evident in Shmuel’s time as well. We are thus left with Ibn
Ezra proving that Shmuel was aware that the seasons were of different
length but not showing that he was aware of the inaccuracy of his
365"4-day year. Ibn Ezra also offers the following words for those who
insist that Shmuel could not have erred in any of his pronouncements
based on his acclaimed astronomical knowledge: R¥n1 XIX 1310 WU OX)
1197 AW 717 RYTVIT *2°2WD RYPIT V202w 07 7RI MKW 2XIMWwn 07
...NR2 ROW RN*722 0°27 02727 O3 WWIOR T MIXA 7P T2 TI0 ¥T KW
Some of Ibn Ezra’s other six proofs are very creative. While the proof
we listed here is clear, it is interesting that based upon our estimate of a
one-day error in the Julian Calendar for each 128 years, by Ibn Ezra’s
time the Julian calendar should overstate spring by almost 9%z (i.e.,
(1158+46)/128) days. Ibn Ezra’s insistence on an approximately 11-day
discrepancy most probably represents the 2-day difference we alluded
to in footnote 28 between the mean VE (that Shmuel’s calculations
yield) and the actual VE (as noted by observation). Ibn Ezra, in his
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If Ibn Ezra is correct and Shmuel used 365Y4 days only as an
approximation for the sake of simplicity and for his time period
(when the discrepancy between the real and the approximate was
small) then he could very well have been implying that everyone
could use the Julian Calendar, or something very similar to it to know
when VE occurred. This would have required no calculations of any
kind since the dating scheme behind the Julian calendar was based on
the same underlying principle of a 365Y-day year. Unlike the
methodology of Rambam and Ibn Ezra, it would not even be
necessary to know the Jewish year in order determine VE.* Just as
everyone today knows when to say BH and start 2011 20 10 based on
the Gregorian date, it is possible that Shmuel was saying that spring
begins on March 25", or some other specified date. Shmuel’s
pronouncement, as we explained previously, would not tell anyone in
the Diaspora exactly when a specific day in the Jewish calendar
occurred, but it would offer everyone a simple way of knowing
whether a particular Jewish year would be a regular or leap. For
example, without loss of generality, suppose Shmuel targeted March
25" on the Julian calendar as the start of spring. Then, if not adding a
leap year meant that the 15" of Nissan preceded March 25, a second
Adarwould be added.*

fourth proof suggests that knowledge of when spring begins can be de-
termined by: M2 ¥TW MR X2 O3 NWAIT 2932 AT MIRTY 991 270wn 93 %D
v NYTY 9917 1M 9% INVTY DI 719X IR 2177 7107 WA MBI 1XIR 20
TN N9IPN R KD TW 1IDY IO 7V WHWS 73N A2°00 oY ava mneew
o1 ‘v 2P XMWY, Thus while Ibn Ezra has the VE occutring 11 days
early, he has the Summer Solstice occurring only 9 days early. We ex-
plain this discrepancy in a later section.

4 Unlike today, the impression from the Mishnah and Gemara (e.g., Avodakh
Zarah 9a, Gittin 79b) is that regular dating in Talmudic times was not
based on the age of the world since Creation (Anno Mundi/AM). In
fact, the beraissa mentioned in A”Z 9a is the only known tannaic work
that specifically dates an event from Creation. It appears that dating
from Creation did not come into widespread use in Spain until the 12t
century (see, e.g., Soncino Awodah Zarah 9b footnote b2). Thus, while in
the days of Rambam and Ibn Ezra, AM may have begun to be com-
monly used, it was not in the public domain in Talmudic times.

42 In most situations, the application of this rule is easy and direct. This
technique, however, may be problematic when VE occurs very close to
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Although we have offered the possibility that Shmuel’s intentions
were to target March 25" on the Julian calendar as the start of spring,
as it was in 45 BCE," this would mean that his projections about leap
years in his time were inaccurate because by then the VE would really
occur on the Julian calendar two days earlier.** Such a discrepancy
would never lead to an error of mistakenly omitting a necessary leap
year but could lead to an error in adding an unnecessary leap year.” A
simple analysis of the effects of being off by 2 days in the calculation
of VE shows that in 60 years (the length of the calendar he sent R.
Yochanan) this “error” would lead to the addition of an unnecessary
leap year about 6 times. Rather than assume that Shmuel would ac-
cept an error rate of about 10%, we prefer to think that Shmuel was
aware of the discrepancy and compensated for the 2-day drift by des-

what would be the start of Pesach if a second Adar was not added—i.e.,
in a case where if the regularly scheduled .Adar had 29 days, the 15% of
Nissan would come out a day before the VE, but if .Adar had 30 days
VE would be on the 15%. In the first case a second Adar is required,
but in the second case it is not. Since Shmuel could not tell in advance
the exact date of any day, how would he handle this situation? The an-
swer is that based on his knowledge of astronomy, Shmuel knew in
advance the mwolad of the month and whether it were possible for first
visibility to occut on the night of the 30t and make Adar a 29-day
month. If calculations showed that a sighting on the night of the 30%
was possible, since the decision to add an extra .4dar must be made no
later than Adar 29, Bais Din in Erety Yisrael would be forced to make it a
leap year and could not afford to wait to see if “sighting” witnesses in
fact did not show up making the extra month unnecessary. (See KH
4:14. It is of interest that this halachah is in fact attributed to Shmuel:
DRI IR W 2OWHW QP2 7IWA DR PIAVA PR IRMY MR KD 120 PITHI0
1021 W2P? MXMN.) Thus, in the case of a possible 29- or 30- day
Adar, Bais Din would always have to make its decision based on
the 29-day possibility (See (0> 7Iw3 WX for a dispute as to how
much flexibility there is in the number of days that there are in
Adar.)

43 See footnote 27. More generally we could say Shmuel was targeting
whatever day VE was considered to have occurred in 45 BCE.

# Te., (250+44)/128 = 2.3.

4 H.g., if without an extra Adar, Pesach would start on March 24t we
would declare a leap year when in fact spring begins March 23t and no
extra month is required.
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ignating March 23", not March 25%, as the date of the equinox.” His
intention could then have been that this date be pushed back one day
every 128 years to correct for the Julian inexactness. In this way
Shmuel’s methodology would always remain applicable. In some
ways this is similar to what we do today with BH and um 20 1m."
The idea that Shmuel could be referring to the use of the Julian
calendar date® is not unreasonable. As cited previously, Avudraham,
who lived two centuries before the introduction of the Gregorian
calendar, gave Julian dates for starting M 20 1M.” Even earlier, in

4 If the Mean VE in 45 BCE was March 25t the actual VE occurred two
days eatlier on March 23, If so, Shmuel could well have targeted
March 21+t as the defining date in his time.

47 The cases are similar in terms of the action done (changing the date)
but are diametrically opposite in terms of the purpose of the change. In
the case of M %V 1M, the Gregorian change of dates is meant to
maintain the same Julian calendar date and ignore the fekufab drift. In
the case of Shmuel, the change is meant to maintain the z#ekufah date
where it really belongs.

4 Whether the Julian calendar was actually regulatly used in Bave/, where
Shmuel lived, is irrelevant. If necessary, he could easily have replicated
1t.

4 The quote of Avudraham cited in the previous section is in Bais Yosef
who died in 1575, seven years before the Gregorian calendar was intro-
duced. Thus we understand that the words in parentheses in most older
editions of the Tur— '0 21" OATTI2R 777 2021 TP 01 77X A0 N2
T AR DAR O 171 970200 MR T AR (HXYUT 1) anmmn” ' 251 R
("Axy*7 7) "Man1 a2 TORWI AN O 1Ym0 —are neither
from Bais Yosef nor Avudraham. They are clearly later additions meant
to transform the original Julian dates to their Gregorian equivalents.
The text we have just given is from an 1861 Warsaw Poland edition of
Tur. Poland, as mentioned in footnote 29, accepted the Gregorian cal-
endar almost immediately. Because many 20t century editions of Tur
are copies of this edition, the dates in parentheses remained the same.
In reality, as explained previously, after 1900 the Gregorian dates would
have switched to December 4/5. We must point out, however, that
whoever inserted the December 3/4 update either misunderstood
Avudraham or used different nomenclature. As explained previously,
when Avudraham says November 22, he means the night preceding
that date. When updated to compensate for Julian/Gregorian
differences, this correctly leads to our current practice of beginning 1M
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1158, we find Ibn Ezra in Sefer Halbbur freely using Julian dates and
knowledgeable about what the Julian calendar is supposed to do and
what it actually does:
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We therefore feel comfortable in suggesting that Shmuel, like Ibn
Ezra and Avudraham, was simply announcing that a modified Julian
calendar could be used in his time by people in the Diaspora to
determine which lunar years would have a second .Adar. Our
explanation also gives new meaning to R. Yochanan’s response to
Shmuel sending him a list of leap years for the next 60 years in Chullin 95b:

ST RNV RI2WT ROWT MR I PROWT X2V 77 72 2nd

Note that Shmuel did not send R. Yochanan a full 60 year calen-
dar but merely a list of which of the following 60 years would have a

IUM 9V on the night of December 4. In Avudraham’s nomenclature in
modern times the starting date is December 5/6 while in the 1861
Poland edition it would be December 4/5. See Encyclopedia Judaica 5:47
which correctly gives the December 5/6 dates. See footnote 16.

% Ibn Ezra does not mean that the change literally would take place in
130 years, but, rather, that by the time 130 years passed, the start of
spring would certainly be one day earlier. Projecting Ibn Ezra’s num-
bers out for several centuries from the 1158 date in which he was writ-
ing gives the start of spring in:

Year Start of Spring

1288 March 13

1418 March 12

1548 March 11.
This is completely consistent with the Gregorian change in 1582 which
added 10 days to fix the start of spring on March 21. Ibn Ezra’s famili-
arity with the Julian calendar is not surprising. Like Avudraham, he had
substantial contact with people from Catholic countries. He was born
in Tudela (under Muslim rule) but left Spain and wandered for nearly
three decades through many places including Italy, France and
England where he taught Jews of Christian Europe who were
unacquainted with Arabic.
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2™ Adar. Why did Shmuel pick the number 60? Sixty and its decimal
multiples are frequently used in the Gemara in a non-literal manner to
denote a large number.”" If that is what 60 means here, i.c., a calendar
for many years, then it would be consistent with Rashi’s interpreta-
tion of the next gewara which records Shmuel’s response to R.
Yochanan’s rejection of his calendars:

PR 9233 27 %9 1°K AR XNDMB>2 9p00 oA q0%vn %9 97w and
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In the same way 13 camels are not to be taken literally, so 60
years is not meant literally. However, Rashi does not say the 60-year
calendar was an exaggeration. We suggest that 60 here is literal. The
Gemara’s story occurs between the deaths of Rav, 247 CE, and
Shmuel, 254 CE. Thus, the 60-year calendar ended somewhere be-
tween 307 and 314 CE. The later date is 359 years from the start of
the Julian calendar. In this time, the Julian calendar had lost almost 3
full days.” Thus Shmuel limited his calendar to his era when the dis-
crepancy was only 2 days and no errors could occur if one followed
his advice. We finally suggest that R. Yochanan’s response to the cal-
endars was that Shmuel was simply showing his mathematical (not
astrological or rabbinical) skills of working out in advance which of
the following 60 years would be leap years. The rest of what he said is

obvious and flows directly from the Julian calendar.

All of the above is consistent with and supports Ibn Ezra’s con-
tention that Shmuel was aware of the limitations of his methodology
and only meant his calculations to be “quick and dirty” approxima-

51 H.g.: PROW OWIR MMRT KNP KT XID M 92 7277 827 700 MR a8 P2
5OR X1 ¥aw 77720 9p7 8229 77001 oHon.
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52 Rashi offers two possibilities as to what this refers: N19°70 290 or P°50

RN NOW. Rashi’s second interpretation is interesting because

Shmuel’s actions now dovetail with the last ishnah in the third chapter

of Pirkei Avos: M3%7 0 17 17 771 FNOY PIP MR RNOM 12 MYOR 27

72017 NIRI9ID NIRIWVNN nmoipn. Shmuel did exactly what R. Eliezer

presctibed, but in reverse order and R. Yochanan appropriately called him on it.
55 Le., (314+45)/128= 2.8.
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tions for his time. If so, then just as Shmuel did not mean for his
technique to be used to project VE times for 200 years past his time,
so can we not use his methodology to determine actual VE times for
periods of time 200 years or more before him. Any attempt to work
backwards from the VE of Shmuel’s time to VE at the time of Crea-
tion cannot yield correct actual results for the time of Creation.
Shmuel was not working forwards in time from Creation to his time
by knowing when VE occurred at Creation, but rather knew the VE
of his time from the astronomical indicators of his own time.” Al-
though Rambam and Ibn Ezra use the time of Creation as the start-
ing point for their calculations of Shmuel’s zek#fos, they use it only as
a device to simplify things so that it not be necessary to use some
other year to be our base of calculation. Whatever date the VE oc-
curred in the time of Shmuel, in the more than 1750 years since his
death his calculations currently overstate VE by more than 13 days
(ie., 1750/128).” By the same account, in the more than 4000 years
between Creation and Shmuel, Shmuel’s calculations yield an error of
more than 31 days (i.e., 4000/128). Had Shmuel really assumed that
at Creation Tekufas Nissan preceded the molad ot Nissan by 7.4 days as
required by Rambam’s and Ibn Ezra’s calculations, then Shmuel’s
projection of VE in his time would have been off by 31 days and in
our time by 45 days.

Our entire discussion thus far is primarily based on citations from
Ibn Ezra, Rambam, and Avudraham concerning the VE, BH, or the
start of M 20 M. Unfortunately, none of these rishonim talk about
all of these issues jointly and fully in any detail. Ibn Ezra discusses
VE in great detail but never mentions anything about when he felt
was the proper time to start UM 20 1. Since he summarily dismisses
Shmuel as wrong and insists that Shmuel himself knew it, we see no
reason to assume that he used Tekufas Shmuel to determine TT and

>4 Using perhaps the types of tests discussed in Ibn Ezra (see, e.g., footnote 40).

5% As we show in the next section, the actual VE currently occurs on
March 20/21. Our April 8" date for BH means that VE occurs on
April 71 and overstates VE by at least 17 days. How the 13-day differ-
ence grew to 17 days is discussed in the next paragraph and partially in
the next section. Similatly, TT currently occurs on September 22/23.
Thus 0mM %0 1M should begin 60 days later on November 20/21. This
means that our starting date of the night of December 4/5 is more than
13 days off. This discrepancy will, as well, be explained later.
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which date was 60 days later. Absent evidence to the contrary, it is
logical to assume that he did not practice BH as we do and probably
used the best approximation of the true TT in his time to determine
the start of qWM %Y M. Since in his time the Julian calendar over-
stated all of the zekufos by a considerable amount, it is reasonable to
think that he started 9011 %0 1M before the Julian November 15.
Rambam discusses VE, BH, and 20m %0 1M and says that Tekufas
Shmmuel 1s wrong. Despite his recognition that it is wrong, Rambam
still insists in Hilchos Berachos that Tekufas Shmuel be used with respect
to BH. The fact of the matter is that once Rambam concludes that
BH is meant to memorialize a recurring Tekufas Nissan that takes
place every 28" year at 6:00 p.m. on Tuesday, he has no choice but to
calculate its recitation based on Tekufas Shmnel* (since according to

% As mentioned previously in footnote 12, it is by no means clear that
this BH is the intention of the Gemara in Berachos. The earliest source
for our BH practice is Abaye (Berachos 59a). Abaye lived 100 years after
Shmuel, and Shmuel himself never mentions BH nor offers an opera-
tional starting time of UM 70 1M in term of TT (i.e., he says *2>¥n "1
X2W™1 N12Av *27 °2°X). As also cited in footnote 12, there is evidence that
our BH was not universally practiced (if at all) by the 9% century and
there is also evidence that earlier Talmudic texts did not have Abaye’s
statement in the Gemara. Further support for both of these contentions are:

. A’ in Berachos who quotes the beraissa about a blessing on the
sun but does not cite Abaye nor explain when the berachah is
recited. 711 11°27 on Rifdoes explain it with respect to the 28-
year cycle but never mentions that this is what Abaye said in

the gemara,

. WX in Berachos explains the beraissa in terms of the 28-year cy-
cle but never mentions Abaye or that it is in the gemara,

L MMR? P A77 TR PWRI2 02027 writes MMR QW TW...

NJ72 272 03 LLTAMT YIT OV MY P2 SW ynw DRMPA PR
WAT 191 MWRIA YW N2 T2 DR 20w 1NN N9PNY whwn
TNV 71291 ANDPNA AT ARIT 127 1IN ARIT P9 M1D722
LWRID AW N2 MR ONYa M9 amnwna 00230, R.
Bechaya concurs with Saadiah Gaon that the gemara is referring
to the start of summer and he makes no mention of Abaye in
this gemara. (Note he also changes many of the words in the
beraissa). Chavel’s edition of R. Bechaya offers the following
comment on the words TN N9IPN2 :
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the cotrect solar model’ the astronomical replication of the time and
day of Tekufas Nissan as it was by Creation would take thousands of
years). The question nevertheless remains as to why we would care to
create what seems to be a “legal fiction” to support such a BH ritual?
With respect to the starting day for qum %0 1n, all Rambam men-
tioned in Hilchos Tefillah is that it is to begin 60 days after TT. Does
he mean the accurate TT or the TT based on Tekufas Shmuel? Ram-
bam sheds no light on this. On the one hand it would seem that he
would not want to cause an open and apparent contradiction™ be-
tween BH and q0m1 50 7M. On the other hand the contradiction is
inherent anyway because, as Ibn Ezra demonstrated, according to
Tekufas Shmuel Pesach sometimes starts before the onset of spring in
violation of Hilchos Kiddush HaChodesh. We have no evidence as to
what Rambam meant to do in practice and without evidence to the
contrary we assume he started 01 70 1M1 based on the real TT.

The Rishon who ultimately supplies all of the missing links of data
is Avudraham. While he says nothing about VE, BH or Tekufas
Shmuel, his precise dating of M 20 1M based on the Julian calendar
is considerably more than 60 days after the actual TT. The only justi-
fication for such a dating requires using Tekufas Shmmel. This link is
further supported by our previous calculations showing that VE at

2 11 MO RIMX2 NI O NOPN DY RO 190 MYLY N2
32 °NRXN 7"72 092
He offers a possible explanation (which he says he likes) for
how the error crept into our text based on a book on BH writ-
ten by R. Shalom Muskvit: N3727 210> 777 D007 197
TINDT AT KDY TNIAR NN PRI XA AN NOIPNA WHwn
21N AW M7 AWHOR IR UTVANT IREY T IWR NN NIRD W
27T AWM AYY 00T °N? RO 1P PO NTHPNI 1927 27
..."ANDIPNA” 2PN RO NARDY TN NDIPNA” (N"12 M2°N. He con-
cludes that ultimately R. Muskvit found it difficult to accept
these answers because the word Tnn also appears in W3R
n1o%n and other sources.
7 The same is true even if we use R. Adda’s more accurate but still wrong
solar year.
58 We will in a later section define more precisely what it means to have
an “open and apparent contradiction.”
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the beginning of each 28-year cycle is Tuesday 6:00 p.m..”” The asso-
ciation is finally confirmed by 70 n°2 who cites Avudraham for 1M
TWM1 %0 and also supports our practice of BH according to Shmuel.

3 One interesting point concerning Avudraham’s calculations is in order.
Our direct application of Tekufas Shmmuel to Avudraham’s November
22/23 dates resulted in a VE of March 25/26. This is completely con-
sistent with the presumptive VE circa 45 BCE which we have previ-
ously stated was March 25/20, since according to the 365Y4-day solar-
year model the Julian dates for VE should never change. It is not con-
sistent with VE in the time of Shmuel which was March 23/24 (ie.,
two days earlier). The fact of the matter, however, is that Avudraham
did not calculate March 25/26 from working backwards from the start
of 7uM %0 1M nor from knowing the time of VE in 45 BCE. He pre-
sumably used Ibn Ezra’s straightforward methodology (or something
similar) based on,

a) the time difference between a lunar regular year and solar year,
b) the time difference between a lunar leap year and solar year,
c) the time difference between Molad Nissan and Tekufas Nissan at

Creation,

d) the number of lunar regular years since Creation,

e) the number of lunar leap years since Creation,

f) calculating a) * d) + b)*e) + ¢),

to determine by how many days Tekufas Nissan differed from Molad Nis-
san in his time. Since by his lunar calendar he knew exactly on which
day Molad Nissan fell, he adjusted for the difference he had calculated
and looked up the date on the Julian calendar. This turned out to be
March 25/26. He then would have worked forwards to get the date for
starting UM 20 1.

Note that a key parameter in these calculations is the age of the
wortld (Anno Mundi, i.e., d) + e)) which we know based on a beraissa in
Avodah Zarah 9a. 1f for some reason this number turned out to be
wrong, then the discrepancy between Tekufas Nissan and Molad Nissan
changes and the Julian (and Gregorian) dates for VE would change. To
see this, suppose, for example, the current year is 5767 rather than
5768. In 2010 VE would then be 6:00 p.m. on a Tuesday (i.e., it is 5769,
a BH year). But March 25 (April 7) in 2010 is Wednesday, not Tuesday.
Thus the calculations would yield a VE of March 24 (Tuesday) and BH
would be said on Wednesday March 25 (April 7), one day in April ear-
lier than now. The chart below lists the Julian (Gregorian) dates of
Tuesdays that would be candidates for Tekufas Shmuel at the start of a
28-year cycle for years 2008 through 2014.
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We conclude this section by summarizing our understanding of
Shmuel as presented thus far. We agree with Ibn Ezra that Shmuel
knew his fekufah was imprecise and only meant it to be used without
modification for about 60 years. In his time, his methodology allowed
for a simple, correct way of determining leap years. At the same time,
with respect to the starting date of M %0 1M in the Diaspora, we
note that Shmuel in Taanis 10a offers an alternate means of determin-
ing when to start the prayer that was not predicated on the knowl-
edge of when TT started. Shmuel’s recommendations would pre-
sumably have resulted both in the correct recitation of 1 20 1M as
well as the correct decision on adding an extra .Adar. With respect to
BH there is no evidence that Shmuel, nor anyone else in Talmudic
times, practiced it as we do today. If Shmuel knew that his model of
the sun’s orbit was in error, then he knew that in reality the sun
would not return to its original place at Creation every 28 years at the
same time on the same day of the week. The only statement in the
Gemara that supports our practice of BH is Abaye who lived 100
years after Shmuel, and we have Talmudic and post-Talmudic sources
that interpret the beraissa differently than Abaye. Finally, we have no
sources corroborating that BH was practiced the way Abaye de-

Year Gregorian Tuesday Julian Counterpart

2008 April 8 March 26
2009 April 7 March 25
2010 April 6 March 24
2011  April 5 March 23
2012 April 3 or 10 March 21 or March 28
2013 April2or 9 March 20 or March 29
2014 April 8 March 26

Thus if the current year were really 5766, BH would be said on the
Gregorian April 6, 2011 which is the equivalent to the Julian March
24t and the Julian VE would be March 234 exactly as it was in
Shmuel’s era. We conclude this discussion by referring the reader to “A
Y2K Solution to the Chronology Problem” in Hakirah Volume 3,
Summer 2006, where we argued from a variety of gemaras that the
amora’im knew that our calendar is missing 166 years and that we are
cutrently really in year 5934. If this is correct, then BH would next be
in 5937 (i.e., 5936 is divisible by 28), 3 years from now, 2011, and we
would be observing it exactly the way VE actually was in Shmuel’s time.
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scribes it up to and through the period of the Geonim. Although we
have rishonim stating our halachah of BH (e.g., Rambam, R. Yonah,
Rosh), we also have those who disagree (e.g., Amuch, R. Bechaya).”
Since Avudraham does not mention BH we have no definitive state-
ment by him on his position concerning its observance. However, the
fact that his date for 7011 90 1M results in a VE that is consistent with
our BH leads us to believe that by his time the BH issue was settled
to be done in the manner we do it today. Thus, Tekufas Shmuel was
not being used for leap years®' but was being used for BH and v 1m
qum). The interconnection of these two led to several inaccuracies
that echo even today with respect to the dating of the VE and the
recitation of WM YV 1N,

We end this section by noting the irony of the Gemara in Taanis
presenting a dispute between Rav and Shmuel over a single day dif-
ference in the start of 021 20 1M, i.e.,

7V 792 MR TN RN DROOMA 270 7997 YRR 'R S AT
DWW IMRDI W DWW 21970 DWW 2P 177 ROVINX ...I9IPN2 DWW
1970 DWW O MR IR DWW NRDI WY 2 MR 27 w'n
TAR X7 W2 KD ORNN X7 W12 ORDY T12°07 PR 02 1M AR 2w

DWW NR?D DWW O XNOYT XD 21

and yet today we have no difficulty following Avudraham and know-
ingly starting the recitation of 7M1 %0 1M more than 10 days late. The
view of Rambam in Peirush HaMishnayos, Taanis 10a, and Rosh is that
the 60-day post-TT start of UM 2V 1M is only relevant to the envi-

60 See footnote 12.

61 Te., R. Adda’s calculations were used in the fixed calendar. We cannot
say with any degree of certainty the underlying cause of the dispute be-
tween the two sides on BH (e.g., did they simply have different texts in
Berachos?), but we would surmise that during the period of the Rishonim
the question of correctness of Shmuel’s fekufah was possibly unre-
solved. Although Ibn Ezra rejects it outright and belittles those who
support it, his language implies that it did have supporters and that Ibn
Ezra’s position was considered (at least by some) to be unacceptable. 1f
so, we could see the two sides on BH deciding where they stood based
on whether they thought Shmuel was correct (pro), or not (con). If our
assumption is correct, by the 14% century those supporting using
Shmuel’s assertion at face value regardless of the evidence to the con-
trary had won the battle.
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rons of Bave/ and places of similar climate and water needs (see Bais
Yosef, Orach Chaim 117). In other geographic and climatic areas their
opinion is that the start of M 20 1M should be adjusted to local
needs. Despite the position of Rambam and the best efforts of Rosh
to get the starting time of M 2V 1M revised to reflect the country in
which it was being recited, the Bav/i’s 60-day waiting period remained
normative balachah. What is most interesting is that they were lobby-
ing for qUM v 1M to start even earlier in European countries (i.e.,
immediately after Sueccos or at the start of Mar Cheshvan, just like in
Eretz Yisrael) because they need the water as soon as possible. The
end result was that not only did they not get what they wanted, but
we in practice do it considerably later than even the 60 days the Ge-
mara suggested. Although, as explained previously, we have no direct
evidence which calendar date Rambam and Rosh actually started say-
ing this prayer, considering the position they supported it seems very
unlikely that they would have consented to a practice that in effect
starts the prayer even later than the Gemara’s proposed date.

Julian and Gregorian Calendars: Length of the Seasons

In Shmuel’s 365 days solar model, all of the seasons are of equal
duration: 91 days 7"z hours. Ibn Ezra already cites the inaccuracy of
this latter assertion:

731D P 1793 TAD AN 2 2°PYN2 MDD PRRY wnnn TYm
TN TN N9IPNY JO°1 NN P2 WO 37 9D 19N R? MvTan a9
62 0y vrom MIND NV NN *WN NHIPNY O XX

Table 3 lists the starting dates of the four zekufos for the years
2002-2014. The design of the Gregorian calendar is such that each
season currently starts on one of two dates, i.e.,

Tekufas Nissan - March 20/21, Summer Solstice - June 20/21,
Tekufas Tishrei - September 22/23, Winter Solstice - December 21/22.

Table 4 lists the numbers of days in each month in the Gregorian
(and Julian) calendar(s) and the average number of days in each sea-
son. Combining these values with the numbers from Table 3 we see
that not only do the lengths of the same seasons fluctuate from year

62 See footnote 39.
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Year

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

20

21

20

20

20

21

20

20

20

20

20

20

20

Starting Dates for Each Season 2002—2014

Table 3

Equinox
March

19:16

01:00

06:49

12:33

18:26

00:07

05:48

11:44

17:32

23:21

05:14

11:02

16:57

21

21

21

21

21

21

20

21

21

21

20

21

21

Solstice
June

13:24

19:10

00:57

06:46

12:26

18:06

23:59

05:45

11:28

17:16

23:09

05:04

10:51

23

23

22

22

23

23

22

22

23

23

22

22

23

Equinox
Sept.

04:55

10:47

16:30

22:23

04:03

09:51

15:44

21:18

03:09

09:04

14:49

20:44

02:29

22

22

21

21

22

22

21

21

21

22

21

21

21

Solstice
Dec.

01:14

07:04

12:42

18:35

00:22

06:08

12:04

17:47

23:38

05:30

11:11

17:11

23:03
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to year,” but, more importantly, summer is longer than winter by
more than 42 days. Since it is obvious that the seasons are not of
equal duration, why does Shmuel say they are the same? Ibn Ezra
suggested that Shmuel said that the length of the year was 365.25
days to simplify the calculations for his era in time and we showed
how he could have used this simplification to correctly predict leap
years for the next 60 years. A similar explanation that Shmuel meant
the equal-season length characteristic for his own time as well does
not seem to work. Since he started his presentation with Tekufas Nis-
san we feel comfortable assuming that this was when he started his
seasonal calendar.” If so, the uneven sized seasons have no effect on
Tekufas Nissan. However, they do have an effect on the other zekufos
of his time.” For example, if Shmuel meant for his model to be used

03 The durations of each season for these years range within a 15-minute
time span.
04 See also X of WA NWID A0M which says with respect to Tekufas

Nissan: ...MDPN YAIR? WK T3 MOPIN M0N0,

The starting point for solar calendars differed from society to society.
Ibn Ezra describes three different approaches as to what determines
the start of a new solar year: P21 QP27 AWOWH PYANN WHAWN NIW °D VT
IXY DOM2NT °9373 D°IWT NN Dpnn NWRI PRNT WHawn DY YR TN
TP TAID "W PO PRYRW SndM *n2N NI X7 NRN 72757 oY o mne
MIMM WO O} 07D NI KM DR PART pXMA PN DRI wawn 5oa
TINNAN TR 2213 OR WAWT MI2ANNT IR RIT OWOHWE POAT 19 2200 IRy
1T MOM? 121P X NRN M. The first of these corresponds to the
Vernal Equinox and the second to start of summer. See footnote 12
where we discussed the possibility that the prayer mentioned in Berachos
59b refers to a prayer said yearly at the start of summer.

% From a purely mathematical perspective, for a solar calendar that has
equal-length seasons, the cumulative sum of the absolute number of
days the zekufos deviate from their true occurrence depends on the start-
ing date of the calendar as follows:

Starting Calendar at  Average Cumulative Deviation from Actual

Vernal Equinox 9.0
Summer Solstice 5.6
Autumnal Equinox 9.2
Winter Solstice 6.2

This means that if Shmuel started his solar calendar at VE the other 7-
kufos on average precede or follow their true occurrence by a cumula-



Bircas HaChamah and Calendar Mathematics: 179

to determine when to start reciting® M v M then by projecting
Tekufas Tishrei (Autumnal Equinox) almost 4 days too early (i.e., 182
days, 15 hours vs. 186.4 = 92.75+93.65 days) he would end up start-
ing the recitation of the prayer almost 4 days eatly. There must there-
fore be something other than what we have previously discussed that
involves the zekufos that Shmuel was addressing.

Table 4

Number of Days in Months and Seasons for

Julian and Gregorian Calendars

Month Days Season
January 31 Winter
February 28 or 29 88.99 days
March 31
April 30 Spring
May 31 92.75 days
June 30

Month Days Season
July 31 Summer
August 31 93.65 days
September 30
October 31 Fall
November 30 89.85 days
December 31

Although we have previously mentioned all of the halachic appli-
cations involving zekufos, there is one additional place where fekufos

have an halachic relevance:

2°2RT DY MW DR PIAYR 00127 AWOW DY 1320 N iKY PATIIe

..TIDWPNA DY ORI MO O

TRY NOWHI N2PYNAY TN NOPN DY PR .IDPRT DI 77T Swn

«J72VR AT MY 7Y 19O WwN NoIpN
AN "R ROR TIW DR 7YAVA PR DRI AR 7T 20 MR 1as
27 O WY AW WIIR DWW 7210 001 WIIN W 7217 77700 A91pN
WAT TR KIPR DWW O WYY TAR IR SOV 227 LA AT 020
TDIPN2 YA AT TPYID 120 TN MIWS NOIPN APORA A (T2 M)

tive 9 days. Thus, his assumption fits best for a calendar that begins at
the onset of summer, and is close to the worst if it starts at the onset of
spring. This would seem to imply that the accuracy of the fit of the

other zekufos were not really of concern to Shmuel.
As we pointed out previously, this seems unlikely being that in Taanis

66

10a Shmuel offers a different way of identifying the starting point of

the prayer.
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7AW MR 0V M LLLAWTN 79PN 1Y AT NXPR D20 W) wIn
P27 PR AT 0192 WY WW PIava 109 2197 WY qww

TN NOIPN O¥ W WA O X7 2OWAY TR OX L7 T wn
TR T LR WTIN P00 PIava 2752 NYD1 Wwn Npnw
Nav NDIPN 117777 10D °IDOW 9PN OR .PNAYR RO N5 WY
7AW DR PAvA WY IYawa no1 a91PN 0% WY Iww 37000
SWhH o1 R7¥) J0°1 NDPNY O K'Y 012 WY VAW 71mM DKWY
...2"22 N9 79PN WN2 X722 0°93 077 57 1N

The Gemara asserts that just as Pesach must be in spring so must
Succos be, either partially or wholly, in fall. The former view is that of
R. Yossi who says that it is sufficient even if only the last day of Cho/
HaMoed Succos, i.e., 21°° of Tishrei, is in fall. The Gemara then asserts
that this condition is met if the first day in spring is no later than the
16™ of Nissan. Rashi’s explanation (given above) of this passage is
based on each sekufah (season) being 91 days.” As discussed previ-
ously, there is still an additional 15 hours to be dealt with (i.e., each
tekufah is 91 days and 7.5 hours). Tosfos complete the argument by
saying that if Tekufas Nissan (VE) is on the 16" at 6:00 a.m. or noon
(i.e., the tekufah of Nissan according to Shmuel can only be 6:00 p.m.,
midnight, 6:00 a.m. and noon), a leap year is still necessary because
the extra 15 hours will carry Tekufas Tishrei into the 22 of Tishrei.
Halachically we decide according to R. Yossi, and since we require
that spring starts no later than the 15" of Nissan, the Tishrei tekufah
requirement is always met with at least about 1 day to spare.

The problem with the Gemara’s entire presentation in Sanbedrin, as
explained by Rashi and Tosfos, is that it assumes that the combined
elapsed time for spring and summer is less than 183 days. As we have
shown, the two combined seasons take more than 186 days. Hence,
in reality, Tekufas Nissan starting even as early as the 14" of Nissan will
make Tekufas Tishrei occur after Chol HaMoed Succos. How, then, do
we justify ignoring the TT requirement and deciding that no leap
month is required as long as spring starts no later than what would be
Nissan 152 We will next demonstrate how Shmuel might have offered
the equal-seasons model to address this problem.

o7 le., spring and summer combined are 182 days and span days in the
months of Nissan (14), Iyar (29), Sivan (30), Tamuz (29), Av (30), Elul
(29), and Tishrei (21).
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In a previous section we noted that at the beginning of the Julian
calendar circa 45 BCE, VE occurred March 25/26, but by Shmuel’s
time it came earlier by more than 2 days. We suggested that to ac-
count for the 2-day discrepancy Shmuel probably did not mean for
March 25/26 on the Julian calendar to be used in determining leap
years, but rather the actual VE of March 23/24. However, to meet R.
Yossi’s requirement that Suecos occur at least partially in fall, it is pos-
sible that Shmuel nominally kept VE at the Julian March 25/26 and
offered an equal-season model that understated the true number of
days between Tekufas Nissan and Tekufas Tishrei, to counter the 2-day
drift in VE. In effect, by leaving VE at March 25/26 it was really Nis-
san 14, not Nissan 16, that Shmuel was using for the cut-off for the
start of spring. While partially remedying the problem, this approach
still leaves us about 2 days off of the 4 day shortfall due to the vary-
ing lengths of the different seasons. Note, however, that Rambam®
KH 10:7 says that the actual VE precedes the mean VE by 2 days.
Thus, if Shmuel was doing his calculations based on the actual VE
and he used the Julian calendar’s 45 BCE estimate of the mean VE,
his assumption of seasons of equal duration would yield the correct
answer, i.e., the 4-day differential is made up by overstating the start
of VE by 2 days and overstating the timing of the actual VE by using
the mean VE which occurs 2 days later. This would mean that it was
really the timing of Swuecos, not Pesach, that drives the need for a leap
year.”

In summary, we are suggesting that just as Shmuel’s comment
about the length of the year was related to leap years, so was his
comment about seasons being of equal size. Although Shmuel never
sald why he was offering his solar-calendar system, our explanations

% See footnote 27.

0 Loewinger (see footnote 4) makes the argument that the actual VE was
being used when the fixed Jewish calendar was first introduced in the
350s. He tries to prove this by showing that if we extrapolate our cur-
rent calculation of molad and fekufah—both of which currently do not
match with reality—back in time, the last time they both matched real-
ity was in the mid-4® century. The 2 values are both correct only if we
assume it was the actual, not the mean, VE that was used at that time.
Thus, 100 years before the introduction of the fixed calendar we al-
ready find possible evidence of Shmuel using this same actual VE in his
calculations.
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fit in directly with other quotes directly attributable to Shmuel, and in
both cases Shmuel’s statements are accurate enough to be used. We
thus have no evidence that Shmuel did not know the realities of the
solar year nor have evidence that use of his shortcuts ever yielded
incorrect results.

Today Shmuel’s model is used for BH and 2um v 1m, but for
our fixed lunar calendar we use a model attributed to R. Adda. This
calendar is based on the length of a solar year being about 365 days, 5
hours 55 minutes and 25 seconds.”” Rambam KH 10:2 says that in
this model as well we assume seasons of equal length.” Knowing that
the calendar is based on two fundamental premises (i.e., an inaccurate
length of a solar year, and equal-length seasons) which do not com-
port with reality, how (why) was it originally adopted? We must em-
phasize that this problem does not exist today since R. Adda’s esti-
mate of VE overstates the length of solar year by one day every 216
years.” Thus, in the approximately 1600 years since the introduction
of the fixed calendar (assuming it was adopted in mid-4" century),
VE based on the lunar calendar has gained over 7 days (ie,
1600/216). This significant drift is attested to by the fact that the eat-
liest starting date currently for Pesach is March 26 (will happen in 5773

70 This number is deduced from the fact that the Jewish calendar purport-
edly equalizes the solar and lunar orbital systems every 19 yeats. In 19
solar years there are 12 years with 12 months and 7 years with 13
months, for a total of 12*¥12+7%13=235 months. We know each lunar
month averages 29%2 days and 793 chalakim (03059 of a day). Thus, 19
lunar years has 6939.69 days (i.e., 235%¥29.53059). Dividing this by 19,
gives 365 days 5 hours, 55 minutes and 25 seconds pet solar year. This
is a better estimate than Shmuel’s 365% days, but is still about 6 min-
utes and 40 seconds longer than the true length of a solar year (i.e., 365
days, 5 hours, 48 minutes and 45 seconds). It, thus, results in a slower
drift than Shmuel’s model (1 day per 128 years), but the lunar calendar
still gains approximately one day over the solar year every 216 years.

71 This assumption is also evident from the fact that the calendar is based
on the premise of setting the cut-off date for the insertion of a leap year
such that spring start no later than the 15% of Nissan (Rambam KH
4:2). Were the model not assuming equal-length seasons, then as previ-
ously explained, the cut-off for a leap year would have to be several
days before Nissan 15 in order not to conflict with R. Yossi’s require-
ment that TT occur before the 220d of Tishres.

72 See previous footnote.
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AM—2013) and VE that year will be March 20. Thus, both
Pesach/ Succos in this era are starting/ending, as required, considerably
after the start of spring/fall. This, however, would have been a prob-
lem in the first 500 years of the fixed-calendar era when an initial
cushion of 4 days did not yet exist.”” We address this problem in the
next section.

The Role of Numerical Approximations and Simplifi-
cations

The underlying motivation behind our presentation thus far has been
the need to have rules, laws, and prayers that are related to physical
issues be consistent with reality. We find it intuitively unacceptable
for a rule or law to be knowingly premised on an inaccurate calcula-
tion or evaluation. In this vein, we have demonstrated that everything
Shmuel actually said can be shown to possess this desirable consis-
tency, but much of what we practice today concerning BH and %0 1m
quM does not. We must, however, point out there are examples of
well-known documented imprecise values being used to determine
legal issues. In this section we review two types of such imprecisions
and see how they apply to the issues we have been discussing.

Perhaps the most prominent example of using a known inaccu-
racy is:

IOV 21N 12 WO DOMDL AWHW 199772 WO DI L. TR 1Y 1R
OPI? DIV WP OMW NYTY INR TN WA 2ann
TV PO AT PRI P72 2R 1OV 1279 WK XY 3170 Cnva
V7RI OWIR 12 DOWANWAY NP ...0°7000 DWW N 1R
217702 ROR 5239 AW K7 I 71091 .L.DOYAWY WY AR O XIT
12 W 215N AWHYW DRI WO DI 1INARY 1T Nawna o wen

747779057 992 177 107XW M7 922 772 IP5N0M 19 A

3 Our problem in the present era is actually the reverse issue, i.e., Pesach
starting after the first month of spring, in possible violation of the re-
quirement that it be in the first month of spring (i.e., 22287 W7M). For
example, in 5757 (1997) Pesach started April 22 and in 5765 (2005) it
started April 24. For a discussion of this see Merzbach 10973 A7 NN
Town 107 18 7"72 ,7pn nRpY.

7 See also Tosfos Yom Tov.
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Rambam suggests that the Mishnah knows that n does not equal 3
but allows its use as a simplifying approximation. This idea is further
reinforced by

'3 19P°2 WO 90 Y RDMILXOR XDD 2 7nY N K. 70 RMA
(T R 22991) R MK 30 "R 2997 O3 RIn 11DV 277 12 WO 2ONDY
AR WAM 2220 1Y INOW TV NOWN RRA WY PRI 0% DR WY

.2°20 IR 2307 AR DOWOW IPY NP

It is not common for the Gemara to ask for the Biblical derivation
of something which is a physical factual matter. Why, then, does the
Gemara do it here? 110, like Rambam, answers that the Gemara
knew the circumference of a circle is not 3 times the diameter and
therefore wants to know how we know that for halachic purposes we
may use n=3. It then brings a verse where this relationship is explic-
itly accepted.

The case of using an approximation for n is not unreasonable and
may not even be counterintuitive since, as Rambam said, any number,
larger or smaller, that we use is an approximation. No single ap-
proximation of © can be used to err on the side of caution because
sometimes an over-approximation will guarantee compliance while at
other times it will be an under-approximation. Thus, if a single ap-
proximation is to be used, a “quick and dirty” 3, perhaps, makes no
more or less sense than using 22/7.

A second type of “accepted” imprecision is demonstrated in the
Gemara in Sanbedrin 13a, that we previously discussed. In this case,
numbers that we are not certain are correct are used to determine
whether there is a need to add a leap month. As Rashi explained, R.
Yossi assumed seasons of equal length to determine when a leap year
was warranted. However, even assuming that his premise is valid, the
Gemara’s analysis may not yield accurate results. When the lunar
months were determined by “sighting” and not by a fixed calendar,
there was never any certainty as to how long any month would last
(i.e., 29 or 30 days). Thus, Rashi’s calculation that Nissan 16/17 will
result in the following Tishrei 21 being after/before Tekufas Tishrei,
cannot be stated with certainty. The concept of continually alternat-
ing months of 29 and 30 days is derived from the average length of a
month being a little more than 29%2 days. In reality, the lengths of
months fluctuate but do not necessarily alternate. It is not uncom-
mon under the sighting system to have 3 consecutive months of 29
days or 3 consecutive months of 30 days and ultimately average to a
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little more than 29%2. Rashi’s argument is then based on the average
length of a month, and the possibility that in reality there is a chance
that the actual results may be different, is of no concern. We could of
course err on the side of caution and whenever in doubt as to
whether the last day of Sweos will be in fall, add a leap month. R.
Yossi chooses not to do this but, rather, is willing to rely on an aver-
age-length month.

The question we posed at the end of the last section was how our
fixed lunar calendar was used in its initial period being that it could at
times violate R. Yossi’s requirement that fall start before the end of
Succos. We begin our answer by noting, as mentioned previously, that
the length of each season is not constant from year to year.” Here
too, for simplification purposes, it seems reasonable that we could
accept using the average length of each season in our calculations.
This approximation, although on a smaller scale, is analogous to the
one used by R. Yossi in Sanbedrin 13a of using the average-sized
month in his leap year calculations. If both in R. Yossi’s situation and
in our calendar we are already accepting calculations based on aver-
ages rather than exact numbers, can we use Rambam’s justification of
n =3 to take the approximations one step further and use an addi-
tional simplifying assumption of equal-length seasons?™

Questions like this arise in many different halachic situations,
and, in general, the answer is that approximations can be used as long
as they do not lead to results that are clearly wrong. For example, the
molad is used in the construction of a lunar calendar to determine
when the month of Tishrei starts. The molad is an approximation of

7> See footnote 63.

76 From Rambam’s presentation in the 9™ and 10% chapters of KH it ap-
pears that he understood that Shmuel’s and R. Adda’s models were
both approximations and were never taken to be exact. This is most
clearly illustrated by 12m10 171 1 79PN N2WR YW 071277 07 PRIM 72
AN NIRRT R LAT PAWAW *DY... ,MN¥A TN PT AW YA TIWE Y IS
NWRAT NAWAT 32 NP ,MIPIVIERD 1IRINIW 0°92772 2P X3 ,IWRAT 30
av Y27 2 DWW WM MIRD WIRW AN NIw 12 anvnw. By saying
that R. Adda’s model is more precise than Shmuel’s he is recog-
nizing that both are only approximations and that R. Adda’s is
closer to the true value (much like 22/7 is closer to the real value
of n than 3).
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the time of conjunction which in turn is related to the time of first
possible visibility of the new moon. Because the molad is only an av-
erage value, projections based on it to determine the time of first
possible visibility of the new moon can be wrong. It is, thus, possible
that based on the molad, a new month is declared in a situation where
it is impossible to see the new moon. Even though people expect to
see the new moon on the first night of a new month they do not
consider not seeing the moon the first night a contradiction to it be-
ing a new month (e.g., perhaps it was visible but they did not see it).
However, it is absolutely imperative that the old moon never be visi-
ble once a new month is declared.” If the mo/ad could possibly lead to
such a situation, it could not be used because it would be causing an
open and irreparable contradiction.”

With this rule in mind, it is possible that in the early days of the
fixed calendar (or in R. Yossi’s time in Sanbedrin 13a) a situation
where fall actually started after the end of Swueos occurred. That, how-
ever, might not have been a problem because the actual TT would be
within a few days of the end of Suwos and an open contradiction that
TT definitely occurred after Swccos might not be apparent. What
would present a problem is the constant drift that we have previously
discussed in the relationship between our solar and lunar calendars
ultimately causing Pesach to start in the summer. Since everyone
knows that Pesach must be in spring, this situation could not be al-
lowed. The issue of what to do about this drift is extensively dis-
cussed in the literature, and suggestions on how to remedy the situa-
tion have been proposed.”

The idea of balancing the use of approximations when possible
and exact numbers when necessary, is evident throughout all of Hi/
chos Kiddush HaChodesh. Rambam introduces the details of the fixed
calendar with the following:

YW YT PAWAN Y LATRIT DY PUIWW AT R W wTR
LRI PIBOIRTY 17D ,7207 PITPTA AN QY 077 72 Yapnw
XIT 72000 IR NPAM IR KD X A0 AR ok yTh o7
nYYY ;p1TRT KA OXIP NYW PYTM 2P PAwmY PNawni
MO LTYIM RIPIT RIT LOVEART 099n2 XX P1TRT K92 aXp

77 See .0 127 and Tosfos there.
78 See Tradition, “A 5765 Anomaly”.
7 See for example Merzbach 10wn 10°1 18 7"72 ,7°Pi DRP? 110571 1 NNIN.
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RN ,IORIT DY WARW T M2 O PRV AT Pawhaw Nawnd
77 T2RY ;Y RIPIT RIT—A1T AW 1KY 12w

In this halachah, Rambam differentiates between the astronomical
precision used in developing our fixed lunar calendar and the one
used when the calendar was determined by visual lunar sightings. The
former is driven by the average time between conjunctions, while the
latter uses the averages for its initial values but then goes on to refine
the numbers using very precise measurements. The reason that the
“sighting” system requires more precision is that ultimately witnesses
will come to testify about sightings and we have to know if what they
are saying is possible. If the average time between conjunctions does
not tell us conclusively that the moon cannot be seen then we must
turn to the more precise numbers for the correct answer. We would
never want to accept witnesses in a situation where precision shows
that what they are saying cannot be correct. Since in the fixed-
calendar system no one is coming to testify about anything, the aver-
age numbers are sufficient for decision making. In Chapters 9 and 10
of KH, when Rambam discusses the two possible models of a solar
year, he says:

MW POIWD PIMD VI W ADPN NAWR PYW 00277 0% PRI 78
197 IR LI V19 AV TIY R AT T AW nya mwn
PRI LIWRIT I DY MARA RWT LA PAWRY 99—
1\ ANYIY PRI PAWAT 7 0T MIDPBYERI 1R 22T

.01 Y9271 OV WY TR NIRKD WY a0 NIw

Rambam makes no claim that R. Adda’s model (what Rambam
calls ““this zekufah”) is precise. He is well aware that this model is also
imprecise and merely says that it is a closer approximation than
Shmuel’s model. What we are then left with is that with respect to
tekufah, even when the sighting system was used precision was not
required. The averages could be used because, as we explained, there
is nothing contradictory that will occur that can cause evident con-
tradictions.”

80 As explained previously, the repeated use of R. Adda’s “solar” year
over a 216 year period will also result in a one day misalignment of the
solar and lunar calendars. Thus, while R. Adda’s approximation could
safely be used for an extended period of time ultimately some correc-
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Can these approximations and rounding answers explain and jus-
tify the problems raised in this paper concerning the inaccuracies re-
lated to the reciting of quM v 1M and BH? With respect to 20 1m
qunY it is definitely clear that we currently start reciting it much later
than the mandated 60 days after TT. However, to present an open
contradiction to the public, three pieces of information are necessary:

o Knowledge that the prayer is supposed to start 60 days after
TT,
° The date of TT,

o The date 60 days after TT.

Because our lives today revolve around the Gregorian calendar,
and we are all aware of the daily date and when each season starts,
the 2" and 3" pieces of information are in the public domain. This
may well not have been the case in Avudraham’s times,” or for many
years afterwards. Thus, while the open contradiction of the 2™ and 3™
points did not represent a problem when starting dates for %0 1M
qunY were introduced by Avudraham (or earlier), it would represent a
problem today. The only thing today that might prevent the open
contradiction is the lack of knowledge on the part of the public of
the 60-day waiting requirement. We are, however, uncomfortable jus-
tifying a prayer based on the ignorance of the worshippers.

In an earlier chapter we cited Rambam in Hzkhos Berachos that 1M
TP 9Y is begun 60 days after TT but noted that Rambam did not
offer specifics on how this day is identified. However, in KH he de-
scribes in great specificity how to calculate the fekufos according to
Shmuel (chapter 9) and R. Adda (chapter 10). Since the only halachos
to which the knowledge of the #ufos are relevant are UM 20 1M and
BH, and we have no reason to believe Rambam was just engaging in
KH in hypothetical exercises, we must conclude that Rambam’s cal-
culations in KH were meant to be applied to these two halachos. As
Rambam mentions the 28-year cycle (Shmuel) with respect to BH, it

tions would have to be made by the Bazs Din Hagado! to make sure that
no apparent contradiction is evident.

81 As cited previously, Ibn Ezra (who lived about 200 years before
Avudraham) felt he proved Shmuel wrong but knew he had an uphill
battle to convince others that he was right. It seemed that most of the
Chachamim of his time were not “tuned in” to the start of the seasons
and certainly did not feel it an “open contradiction”.
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is apparent that he meant the calculations of Chapter 9 to be used for
this prayer. The absence of any mention of the 28-year cycle with re-
spect to M 7Y M and the fact that Rambam stresses the greater
precision of R. Adda’s model, similarly implies that it is the calcula-
tions of chapter 10 that are to be used for M v 1M. The discrep-
ancy between the actual #ekufah based on the sun’s true orbit and an
approximation based on R. Adda’s model is about 60% of the dis-
crepancy based on an approximation using Shmuel’s model. For ex-
ample, in the almost 1400 years between 45 BCE* and Avudraham,
Shmuel’s model adds 11 days to the sekufah (1400/128) while R.
Adda’s adds only 6.5 days (1400/216). Thus, had Rambam lived in
the 14" century he would have started 021 20 1M sometime between
November 16 and November 18 rather than Avudraham’s suggested
November 21/22. Moreover, as time progressed beyond the 14" cen-
tury, Rambam’s calculation would continue to move the date back,
although at a slower than actual rate.

As we stated above, it is now abundantly clear to all that a starting
date of December 4/5 for UM 20 1M is clearly more than 60 days
beyond the start of fall. Although Rambam’s calculations would lead
to a smaller discrepancy, unfortunately by our time period his starting
time would also be substantially off (i.e., 8 days rather than 14 days).
Can this situation be corrected without resorting to complicated cal-
culation (Rambam’s calculations are certainly more complex than
Avudraham’s)? Interestingly enough, an easy solution is available that
is both highly accurate and consistent with the words of Avudraham.
As noted in the chart at the beginning of the previous section, TT in
the current era is on September 21/22 and November 22/23 is
roughly 60 days later. If we delete the Gregorian dates added later to
Bais Yosef, we can observe Avudraham’s November 22/23 starting
dates with little concern about open contradiction.”

82 If they had propetly calculated VE to be March 25/26 in 45 BCE.

85 As explained previously, Avudraham’s November 22/23 means starting
with Maariv on November 21/22. Although based on the opinion that
the 60 days includes the day of TT and the day of recital, November
22/23 would be one day off. Nevertheless, there are other opinions and
most people only remember that fall starts somewhere around Septem-

ber 21.
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With respect to BH the open contradiction is also presently ines-
capable. If originally BH was recited based on the type of calculations
Ibn Ezra presents (and we previously outlined), then even in the
times of rishonim where the practice is first mentioned, the prayer was
openly inconsistent with reality. While the people of that time period
may have been unaware of when spring starts based on general
knowledge considerations, they could not assert that BH commemo-
rates the date of VE (the start of spring) at the time of Creation, and
still, at times, offer the prayer after the start of Pesach. The contradic-
tion would have been immediately apparent to everyone because it is
common knowledge that spring starts before Pesach.

Bircas HaChamahb: What Does it Represent? A Fresh
Look

Before we can begin to discuss a solution to the BH problem, it is
important that we first understand what BH is intended to com-
memorate. We began this paper with a brief discussion of BH and
the Talmudic and rishonim sources for its recitation. Rambam Berachos
10:18 says:

MY SW MMRT NN Sw 0% N9PN OPa aAnT DR OORA
W27 ara AR ARIIWO—oYaT Y nYmna ownaw 07wy
JPWRI2 VW T12n P2

The text of the berachah, "PWXI2 AWV, and the specification of the
timing of the recitation imply that BH commemorates an event that
took place at the time of Creation, Tuesday 6:00 p.m. Rambam, how-
ever, does not say what event this is. The conventional understand-
ing, as expressed for example by Bleich,” is:

“BH, however, is pronounced only when the sun's return to its
original position takes place on the same day of the weck and at the
same hour of the day as the original Creation. Creation of the sun
took place at the beginning of the fourth day of the week. The sun
was created in the position which it occupies at the time of the
vernal equinox.”

84 “Bircas Hachammah, Blessing of the Sun: Renewal of the Creation: a
Halachic Analysis and Anthology,” 1981, p. 59.
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This formulation ties the commemoration into two sun-related
characteristics that happened during the week of Creation:

1) The installation of the sun into its celestial position at 6:00

p.m. on Tuesday;

2) The installation of the sun at Creation at the VE point of its

orbit.

The first characteristic is accepted by all early commentators and
is based on the understanding that when the Torah says the sun and
moon were installed in the heavens on the 4" day of Creation, it
means at the start of the 4" day, i.e., Tuesday, 6:00 p.m. There is,
however, neither mention in the Torah nor a universally accepted
mesorah to the chachamim as to the position of the sun in its orbit when
it was installed. The position of the sun’s orbit at its installation de-
pends on a Tannaic (Rosh Hashanah 9a) and an Amoraic dispute. The
Tannaic dispute revolves around the question of whether the world
was created in Tishrez (R. Eliezer) or Nissan (R. Yehoshua). According
to the former view, the sun’s orbital position was somewhere around
Tekufas Tishrei (start of fall) and not related to VE at all. However,
even according to the latter view, there is a dispute based on the
models of Shmuel and R. Adda as to whether the sun was installed at
VE or a week after VE.* These assumptions are explicitly spelled out
by Rambam in the 9" chapter of KH where he tells how to calculate
VE for any year according to Shmuel. His analysis is based on molad
Nissan of year 1 being 9 hours and 642 chalakim after Tuesday 6:00
p.m. in the week of Creation,” and the first VE preceding the molad
by 7 days 9 hours and 642 chalakim, i.c.:

85 See Ibn Ezra (Sefer Halbbur, pp. 5-6) that Shmuel’s model is based on R.
Yehoshua that the world was created in Nissan but that the timing in
Nissan of both VE and Molad Nissan must yield the same TT and Molad
Tishrei as it does for R. Eliezer. This assumption answers the question
asked by Tosfos, MDPN? 7”7 .1 7", as to why the dispute between R.
Eliezer and R. Yehoshua cannot be resolved by observing when the
new moon becomes visible.

8 According to R. Yehoshua, the world was created one half year eatlier
than it was according to R. Eliezer. According to both R. Yehoshua and
R. Eliezer we consider a year as starting in T7shrei. Thus, according to R.
Yehoshua, the first half of year 1 (.., Téshres to Nissan) did not exist.
According to R. Eliezer, Adam was created on Friday the first of Tishres,
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TN R0 79NN VIN RNT 7D L,A9IPN0 NAwn N7 Tiw wInn
QO VAW 107 72 YIAN LLLLIRONW R TV 70X NIwn 2Nt
SY NN 7P0IN IRWT ;2°P70 DOVIIRT DIV MIRD YW MYY YW
QY PR YT I8N OX T LN 0 TDWRY TR w1001 10
VW 2NN DI Ap—DPNA TN VW IR AW onon
T9IPNW DY LAWY 1O IR LLLOXINY MW TV 70X nawn

SV027 9% NN AN 79X NIY W AnwR)

In the 10" chapter of KH, Rambam offers similar calculations for
determining VE according to R. Adda. While he keeps #z0lad Nissan at
the same day and point in time, 9 hours and 642 chalakim after Tues-
day 6:00 p.m., he puts VE at exactly 6:00 p.m. on that Tuesday (i.e., 9
hours and 642 chalakim before the molad):

791 QTP 77X DY AWK 7IW1A a0 07 2w 9% 10°1 N9 A
" 0a% 0 DOPYM DOYIINY DWW MIND WYY DWW Ywna 00
9% QTP LN DI W ANWRD w992 avwh XTI .2"An

.DOP9M DOY2INY 2PIWY MIRD WYY MY YW1 107

Thus, in Shmuel’s model both R. Eliezer and R. Yehoshua agree
that VE was on Tuesday 6 p.m. not during the week of Creation.
When we say BH commemorates an act that took place with respect
to the sun at the time (week) of Creation, we cannot therefore be re-
ferring to the sun, according to Shmuel, being installed at the VE (as
Bleich says), because it was not. Neither can we say that in targeting
6:00 p.m. on the week of Creation in Nissan we are using R. Adda’s
assumption, because it makes absolutely no sense to choose a starting
point of one amora based on one model, and the commemoration of
that point in time based on a conflicting model offered by a different
amora with whom he does not agree.

Hence BH can commemorate either the sun’s installation Tues-
day 6:00 p.m. in the week of Creation (according to R. Yehoshua), or
the first VE taking place (virtually) at 6:00 p.m. Tuesday (not in the
week of Creation), but not both. If it is the former, why is BH placed
at VE and not one week later?®” If it is the latter, then the closeness

but Creation started 5 days earlier on the 25% of E/u/. Thus, according
to him, 349 days of year 1 did not exist.

87 It seems plausible that had Adam been created earlier in the week of
Creation he would have done BH Wednesday morning of the week of
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of VE to Creation does not seem to be the major reason for the
commemoration but rather the fact that VE is an important point in
the sun’s orbit.*® This approach resembles the way Saadiah Gaon in-
terpreted Berachos 59b% with Tekufas Nissan replacing Tekufas Tamuz as
the most significant point in the sun’s orbit. Why then is BH not re-
cited every year (like Saadiah Gaon’s prayer) instead of being limited
to once every 28 years based on a model that Rambam says is inaccu-
rate?

Conclusion

This paper has discussed Tekwufas Shmuel in detail and many aspects of
the Jewish calendar in a passing manner. We have placed the most
emphasis on Shmuel because it is he who is usually put forth as
someone whose solar/lunar model is clearly wrong. On the one
hand, Shmuel proudly proclaims his astronomical knowledge:

RVTITI7 V202w RONWT V202w 9 PN DRI AR, 71 NIona
AMP1ORN RIVTY XDT 0AWT 822191 020

On the other hand, he seems unaware of elementary rules in cal-
endar construction:

RIR 2 MR 7793 79127 213PN7 RIP9D HRIAW K., 1D TIWT WK
7911 1277 TI02 ROINT RN ORI 2 YT DRIAWY SROAW 2277 MR
RIR 972 ¥7° RD X772 7°7 K XY 9" 0IXA AR 7901 R NIX0 TP

L YT RDT RDPIAR 0

We have shown that Shmuel may very well have been an expert
in astronomy and thoroughly understood the need for leap years to
balance the solar/lunar differences. His statements throughout Shas
are astronomically correct for his era and he never claimed that they
would work for all time without corrections. Over time, the need to
establish a simple starting date for UM v 1M, and the desire to have
a BH blessing commemorating the renewal of the sun, appears to

Creation, in the last few days of .Adar, and not been concerned that the
virtual VE was one week eatliet.

88 H.g., the length of the day continues to increase and day starts to domi-
nate night.

89 See footnotes 12 and 506.
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have led to a resurgence of Shmuel’s model. The problem we face is
that while his model offers easily derived prayer dates, it also leads to
results that are openly at odds with season-related facts that are

common knowledge in today’s society. &R



Bircas HaChamah and Calendar Mathematics: 195

Calendar™ for year 1337

January February
Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr
1 2 3 4
5 6 7 8 910 11 2 3 4 5 6 7
12 13 14 15 16 17 18 9 10 11 12 13 14
19 20 21 22 23 24 25 16 17 18 19 20 21
26 27 28 29 30 31 23 24 25 26 27 28
April May
Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr
1 2 3 4 5 1 2
6 7 8 9 10 11 12 4 5 6 7 8 9
13 14 15 16 17 18 19 11 12 13 14 15 16
20 21 22 23 24 25 26 18 19 20 21 22 23
27 28 29 30 25 26 27 28 29 30
July August
Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr
1 2 3 4 5 1
6 7 8 9 10 11 12 3 4 5 6 7 8
13 14 15 16 17 18 19 10 11 12 13 14 15
20 21 22 23 24 25 26 17 18 19 20 21 22
27 28 29 30 31 24 25 26 27 28 29
31
October November
Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr
1 2 3 4
5 6 7 8 910 11 2 3 4 5 6 7
12 13 14 15 16 17 18 9 10 11 12 13 14
19 20 21 22 23 24 25 16 17 18 19 20 21
26 27 28 29 30 31 23 24 25 26 27 28
30
%  Available at

<http://www.timeanddate.com/ calendar/index.html?

year=1700&country=16>.
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March

Tu We Th Fr

4 5 6 7
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December
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