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A Statistical Analysis of the Conjunction of

Tishrei: The Sin of ADU

By: SHELDON EPSTEIN, YONAH WILAMOWSKY,
BERNARD DICKMAN and MAYER WEISS

Introduction

The start of the month of Tishrez (Rosh Hashanah, R”H) in the Jewish
Lunar Calendar is related to the time of conjunction! of the new moon.
In reality, the time between successive conjunctions fluctuates, and
averages 29 days, 12 hours, and 793 Chalakim (i.c., 44 minutes and 35
seconds).2 To simplify calendrical calculations, the Molad rather than the
actual conjunction is used. The Molad assumes that the time between
successive conjunctions is a constant 29D:12H:793C.3

Perhaps the best-known acronym concerning the designation of R”H
is WRY1TR R (Lo ADU Rosh), i.e., the 15t of Tishrei can never be Sunday,
Wednesday or Friday.* The almost equally well known reason for this is:

If the 1st day of Tishrei were:

1 When the earth, moon and sun are approximately in a straight line.

2 For a discussion of this value, see Epstein, Dickman and Wilamowsky, “A 5765
Anomaly,” Tradition, Vol. 38, No. 3, pp. 40-59, Fall 2004.

TOIW QYD 2APDOW TV T PAWN DY Aanm 070 yapnewn A na'p mobn aand
Yaw 970 19NN DWHW OYn MY WY 2NWY O 0MWYY AYWD SYXART 00902
RI77 771 720 T2 92 Paw 117 R AN 7wy Wb nYwn 2°p0n vwn awiw NNG
7125 5w awTIn.

* X for the 1 day of the week, 7 for the 4 day of the week, and 1 for the 6.
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e Sunday, then Hoshana Rabbah would be on Shabbos and there
would be no aravah ceremony.

e Wednesday or Friday, then Yom Kippur would be on Friday or
Sunday. This would result in consecutive days with severe
restrictions on burials and food preparation (X7 and X°Nn).>

Rambam offers an entirely different reason for excluding ADU days.°
He asserts that by allowing one day of the week to be R”H and then
alternating successive days of the week in which R”H cannot/can occur,
discrepancies between the actual conjunction and the Molad are
reconciled. Thus, starting with Tuesday as a day on which R”H can occur
and alternating successive days of the week in the manner described
results in R”H never being on ADU. Rambam, however, does not explain:

e How alternating allowable and not allowable sequential days
makes it more likely for the resulting calendar to be more
consistent with the actual conjunction,

e Why the alternating routine is started on Tuesday, thus resulting
in the elimination of ADU rather than starting it on another day
and ending with a totally different combination of allowable and
non-allowable days.”

Ravad, in a caustic gloss, rejects Rambam’s explanation and asks

“What sin did ADU commit” that the true conjunction never occurs in

> These reasons ate alluded to in Rosh Hashanah 20a and Swuccah 43a but not with
respect to our fixed calendar system. Ravad enunciates it clearly in K”H 7: 7.
TRYMA K1 NIV 2792 KY K12 KOW 2°19°37 O DIWN NAWI K12 XOW 727V 21 DWn
naw.
6 wnwm na PIPY R AT NAWAAY 299--""IR M2 T 1AW PYAP PR 7 210
73,707 O YR OV WY 7207 WYY 13, NPART OMpna R? YXRRT 0317702
WOWA L PYP CWIRN L PMT YO0 YR CWOSWA--TR ONIRT YIPA 012 Yo
(5:1 ") PYIP 21w ,MT NAWA TARD ,PYP NAW3 T
Why is it not established when it falls on ADU? Because these calculations
determine the average conjunction of the sun and the moon, not their actual
true position, as explained. Therefore, they instituted that one day it could be
established and on the following day it would be postponed, in order to achieve
the day of the true conjunction. How? Tuesday, we establish; Wednesday, we
postpone it; Thursday, we establish; Friday, we postpone; Shabbos we establish;
Sunday, we postpone; Monday, we establish.
E.g., had we started the alternating system with Sunday being a day on which
R”H can occur, the result would be R”H occurring on Sunday, Tuesday,
Thursday or Shabbos, but never on Monday, Wednesday or Friday (i.e., BDU).
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these days?® Dr. Hugo Mandlebaum® quotes the Shutchan Aruch Ha-Asid
(Rabbi Yechiel Michel Epstein) explanation of Rambam as follows:

As Hashem created the moon, He created it in such a fashion, that
one day it travels with true speed, and the day after with a mean
speed, and the day after that again with true speed, and so on, day
after day...

Mandlebaum’s response to this is:

With all due respect to Rabbi Epstein, one should not invent a
meetd us (situation) to fit a desired answer.

In this paper we demonstrate that with respect to the actual lunar
conjunctions, the days of ADU can be shown to differ quantitatively from
the other days of the week. While we do not offer a reason for the
difference, we discuss how this difference may help us better understand
Rambam’s assertion that the ADU deferrals reconcile the conjunction/

Molad differences.

Variability of the True Conjunction

For any given month, the actual time between two successive #rue
conjunctions in the 20t and 215t centuries ranges between approximately
29 days 6.5 hours, and 29 days 20 hours.!? A detailed analysis of the trend
of the relationship between the Molad (calendric conjunction) and true
conjunctions is given by Mandlebaum. Based on data from 1943 through
1974, he demonstrates that the differences between these two
conjunctions, (i.e., Molad — true conjunction), form sinusoidal curve
cycles that:

e Vary in length from 13 to 16 months;

8 PWIRD PR OIXY AN°HIN7 WATW PV RITI DRI 72302 IRONA 317 AW 2100 KUK
7177 9272 SNYADWI IR PR 21727 1°7272 °N0IDI XY D"V POR WOAT K N7 03 0D
0T R OR7 VYRR N7 OR 1TA22 TN 0T OKY RPDY RYD7 O1YA KYDI 2now
RPW 1" RUM 19117291 012 WP WY MR PR 12T NNART 7910 9R N’
N7 XD W 1732 79T 7Y 0T 02w PRk 0wk 1% 12 1.

®  Mandlebaum, “The Problem of Molad Tohu”, Proceedings of the Association of
Orthodox: Jewish Scientists, 1976, Vol. 3—4, pp. 65—84.

10 MEEUS, Astronomical Algorithms, 1991, p. 324. Loewinget, Parshat Bo, Daf Shvus,
No. 116. For the petiod 1000 BCE until 4000 CE, it ranged from a low of 29
days, 6 hours and 26 minutes (in 302 BCE) to a high of 29 days, 20 hours and 6
minutes (in 400 BCE). (See <http://snahle.tripod.com/ moon.htm>.)
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e Have positive and negative segments;!!
e Vary significantly in terms of maximum and minimum values; and
e Are not symmetrical, i.e., the absolute value of a cycle maximum
can vary significantly from the absolute value of its cycle
minimum point.
For the 32 years he analyzed, Mandlebaum offers the 1946 cycle and
1969 cycle (Figure 1) as the two most extreme cycles in terms of the

magnitude of the difference between the maximum and minimum points,
ie., 15.7 vs =10.8, and 7.7 vs. —3.9.

Figure 1
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A cycle is a sequence of difference points that begin with the first in a series of
positive (or negative) differences and continues through the negative (or
positive) differences until it returns once again to a positive (or negative)
difference.
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Are All Days Created Equal?

Because the Molad of a month is based on a calculation that repeatedly
adds the same number, it seems intuitively reasonable that it is equally
likely that the Molad of Tishrei would occur in any day of the week (i.e.,
Uniformly Distributed). However, because of the fluctuation of the inter-
conjunction time from month to month, it is by no means obvious how
the actual conjunction times are distributed between the days of the week.
To test our assumption of the Uniform Distribution of the Molad over the
days of the week and to see if any pattern is evident in the distribution of
the actual conjunction over the days of the week, we initially reviewed the
most recent 70 years of data!? for each set of values. The results are given
in Table 1 and pictorially presented in Figure 2.

Table 1
Distribution of the Conjunction!3 and Mo/ad 1946-2015

Conjunction Molad

Sunday 9 9
Monday 11 10
Tuesday 10 11
Wednesday 12 10
Thursday 7 10
Friday 12 10
Shabbos 9 10
Total 70 70

12 The source for the true conjunction time is: US Naval Observatory Website:
<http://aa.usno.navy.mil/data/docs/MoonPhase.php>. The data from this
site had to be adjusted from: i) Greenwich Mean Time to Jerusalem Standard
Time; ii) standard convention of new day starting at midnight to Jewish
convention of new day starting at sunset. Note that at Tishrei time the sun sets
very close to 6 pm.

13 See Appendix 1 for a full listing of the data.
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Figure 2
Distribution of the Conjunction and Mo/ad 1946-2015

14

13

12

! /\

10 L i il
5 N
8
7
6
5
4

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SHABBOS
—¢— Conjunction =—fll=Molad

Our assumption about the distribution of the Mo/ad over the days of
the week is consistent with the data as 5 of the 7 days appear the expected
10 times and the other two days are one more or less than expected (i.e.,
9 and 11 respectively). The distribution of the actual conjunction shows
considerable variability ranging from a low of 7 for Thursday to a high of
12 for Wednesday and Friday. Although nothing stood out about Sunday
(the A of ADU), the DU days of ADU (i.e., Wednesday and Friday)
appear disproportionately overrepresented (i.e., 20% more than expected)
as they represent only 2/7 (28.6%) of the days of the week but appear 24
times (34.3%) out of the total 70 observations. To see whether this
frequency distribution was a localized current phenomenon, we reviewed
the conjunction and Molad data for a 400 year period,'* 1700 through
2099. The results are given in the next section.

14 The years to be included in the study were chosen because they are the years for
which the True Conjunction data is available on the Naval Observatory website.
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Analysis of 400 Years of Conjunction and Molad Data®

Table 2 summarizes the results of a 400-year review of conjunction and

Molad data.

Table 2
Distribution of the Conjunction and Molad 1700—2099

Conjunction Molad

Sunday 67 59
Monday 57 55
Tuesday 52 58
Wednesday 67 57
Thursday 44 57
Friday 69 58
Shabbos 44 56
Total 400 400

Table 2 confirms and extends the implications of Table 1. The results
are dramatically highlighted in Figure 3. With respect to the Molad, note
the almost flat horizontal line of the graph. Even more strikingly, note
how the days of ADU: represent the 3 peak points on the graph; are
almost exactly the same; and the graph significantly declines after each of
them. These 3 days represent 42.9% of the days of the week but 50.8%
(203 out of 400) of the data points (18% more than expected). In general,
the distribution of the conjunction among the days of the week appears
to be broken into three groups:

Sunday, Wednesday, Friday — High Frequency
Monday, Tuesday — Intermediate Frequency
Thursday, Shabbos — Low Frequency.

For a statistical analysis of these results, see Appendix 2.

15 The raw data is available on line at <www.Hakirah.org/vol19_400Years.xls>.
We note that based on Mandlebaum’s analysis of the relationship between
conjunction and Mol/ad, it is possible that the Mo/ad occurs the day before the
conjunction. However, this occurred only 6 times in the 400 year period, i.c.,
1749, 1765, 1872, 1934, 1996 and 2094. While there were many cases of the
Molad coming before the conjunction, in the overwhelming number of cases
they both were on the same day.



232 : Hakirah, the Flatbush Journal of Jewish Law and Thought

Figure 3
Distribution of the Conjunction and Molad 1700—-2099
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Discussion and Implications

As we said in the Introductory Section, Rambam highlighted the ADU
days as being different from the other days but offered no explanation of
how or why. Our presentation demonstrates that in fact the meszi’us (see
Mandlebaum, above) is that Sunday, Wednesday and Friday are different
than the other days in the week vis-a-vis the actual conjunction.
Furthermore, whereas Ravad mocks Rambam for allegedly saying that the
true conjunction seldom appears in these days, we have shown that to the
contrary it is “more” likely that the conjunction occurs in ADU. The
questions that remain are how and why all of these observations justify
avoiding declaring R”H on these days. In this final section we will offer
some preliminary thoughts.1¢

It is informative in studying our current fixed calendar system to
briefly review the “sighting” system (7°K7) which preceded it. Rambam
(K”H 5:1-3) says that the former system is the preferred one and it was in
place from the time of the Exodus until the days of Abaya and Rava when

16 Ultimately whatever we suggest also has to address the other major calendar rule:
If the Molad occurs on Monday, Tuesday, Thursday or Shabbos
e Before noon: R”H is that day
e After noon: R”H is pushed off to the first day that is not ADU.
We have not yet analyzed the conjunction frequency across the hours of the day.
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the Sanhedrin ceased to exist. In the sighting system, the new month
begins at the time of the first physical observation of the new moon, with
moonrise and moonset occurring in very close proximity to sunset. First
sighting is one of several alternate ways of determining the start of a new
month in a lunar system. Some societies in the ancient world used last
sighting (i.e., the last time the old moon was confirmed, seen) while others
used the time of conjunction. Rambam explains, that even when “first
sighting” was the system in place, the most sophisticated calculations for
the time of the true conjunction were conducted to make sure that the
sightings that were reported were possible (Rambam, K”H 1:6).17 Since
first visibility never takes place on the day of the conjunction, the day of
conjunction could not be Rosh Chodesh or R”H. Thus, even though they
knew the exact time of the conjunction they preferred to start the new
month up to a day or two later!® — when the first sighting took place.!®
(C

17" Rabbeinu Bachaya, Shemos 12:1 disagrees with Rambam. He cites Rabbeinu
Chananel who maintains that calculation was the intended approach and
“sighting” began in Tannaic times.

QwIn XJDP’?W QIW 127 NI AT 230977 1D TR DTN WRA Q3% At wnnn 7N
RN OR 71297 N°RID WD 702 Y PR DOWINN DIWARa 03 71300 DR D DY
DOV IR PR D0 R ary 12 NN IR ]D’? TP NOX my°2pa ara aRan X2 ORY 20
11°27 2N2) PAWA D HY OXR 92 71297 MR 9D DY DWIAT 12PN 1081 XY 0D
Dow PRI 73297 DR 0D O KD NawnT oD DY XK IR DOWINT MYeap 977 ORI
0992 1X7 K21 71972 WRA TIMYI 012 QMR 7037 1237 777 12712 DX 1AW 7w V2R
anATY K2 0277 002 AR (0 7PRRI) N7 MKW RIM 7772 17 K 02 waw
072 PRAY 3270 WRI TV DRI 71772 oMt onY ovhvn 0 K7 v TNy DR 12722
nawn a°o 5V 2122 MXna APY ORTI2 ROX 7712977 N°R1 09 DY WIN Y22 1’7 12°0M).
18 Rambam K”H 1:3. Loewinger, Parshat Bo, Daf Shvui, no. 116, section 2, writes:
“The first possible sighting, even under exceptionally good conditions, can
occur only after about 13 hours (with optical aid) or after 15 hours (unaided
vision) from the time of the #ue Molad.”
Thus, “sighting” never takes place on the conjunction day but could occur at
sunset at the end of the conjunction day if the conjunction was before 3:00 am
(i.e.,, 15 hours before sunset at 6:00 pm). If the conjunction is after 3:00 am the
first sighting occurs at sunset of the day after the conjunction. We have not as
yet reviewed the probability of it occurring before or after 3:00 am. See footnote 16.

19 According to Rabbeinu Bachaya’s approach it is possible that the beginning of
the new month should be determined solely by time of conjunction but since a
month cannot begin in the middle of a day, the start of the month is delayed to
the day after conjunction so that the entire day, from a lunar perspective, is in
this new month.
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Year
5706
5707
5708
5709
5710
5711
5712
5713
5714
5715
5716
5717
5718
5719
5720
5721
5722
5723
5724
5725
5726
5727
5728
5729
5730
5731
5732
5733
5734
5735
5736
5737
5738
5739
5740

Conjunction and Molad of Tishrei 57065775 (1946—2015)

Conjunction
Day
Thursday
Wednesday
Monday
Sunday
Thursday
Tuesday
Monday
Friday
Tuesday
Monday
Friday
Wednesday
Tuesday
Shabbos
Friday
Wednesday
Sunday
Shabbos
Wednesday
Sunday
Shabbos
Thursday
Wednesday
Sunday
Friday
Wednesday
Sunday
Friday
Wednesday
Monday
Shabbos
Friday
Tuesday
Monday
Friday

Appendix 1

Molad

Day Yea
Friday 5741
Thursday 5742
Monday 5743
Sunday 5744
Thutsday 5745
Tuesday 5746
Monday 5747
Friday 5748
Tuesday 5749
Monday 5750
Shabbos 5751
Wednesday | 5752
Tuesday 5753
Shabbos 5754
Friday 5755
Wednesday | 5756
Sunday 5757
Shabbos 5758
Wednesday | 5759
Monday 5760
Sunday 5761
Thursday 5762
Wednesday | 5763
Sunday 5764
Friday 5765
Wednesday | 5766
Monday 5767
Friday 5768
Thursday 5769
Monday 5770
Shabbos 5771
Friday 5772
Tuesday 5773
Monday 5774
Friday 5775

Conjunction
Day
Tuesday
Monday
Friday
Wednesday
Tuesday
Sunday
Shabbos
Wednesday
Sunday
Shabbos
Wednesday
Sunday
Shabbos
Thursday
Tuesday
Monday
Friday
Thursday
Monday
Friday
Thursday
Monday
Shabbos
Friday
Tuesday
Monday
Friday
Tuesday
Monday
Shabbos
Wednesday
Tuesday
Sunday
Thursday
Wednesday

Molad
Day
Wednesday
Tuesday
Shabbos
Wednesday
Tuesday
Sunday
Shabbos
Wednesday
Sunday
Shabbos
Thursday
Monday
Sunday
Thursday
Tuesday
Sunday
Friday
Thursday
Monday
Friday
Thursday
Tuesday
Shabbos
Friday
Tuesday
Monday
Shabbos
Wednesday
Tuesday
Shabbos
Thursday
Tuesday
Sunday
Thursday
Wednesday
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Appendix 2
¥2 (Chi-Square) Test of Significance

The Chi-Squared Goodness of Fit Test is used to determine whether there
is a significant difference between the expected frequencies and the
observed frequencies in one or more categories. In this case we are
starting with the hypothesis that the true conjunction is Uniformly
Distributed across the days of the week and testing to see whether the
sample is consistent with this assumption. To test this hypothesis we
compare the actual data to the expected values based on the hypothesis
(i.e., all days being equally likely — thus for 400 trials each day is expected
to occur 400/7 times) as follows:

¥? (Chi-Square) Test for Uniformity for 1700-2099

Actual Expected (A-E)?2/E
Sunday 67 57.1 1.700357143
Monday 57 57.1 0.000357143
Tuesday 52 57.1 0.462857143
Wednesday 67 571 1.700357143
Thursday 44 57.1 3.022857143
Friday 69 57.1 2.460357143
Saturday 44 57.1 3.022857143
Total 400 400 12.37
p- value 0.054

The bottom row indicates there is less than 6% chance that the data
is in fact Uniformly Distributed.





