Babylonian Calendars



History

* Pre-Babylonian Sumero-Akkadian period

* First Babylonian/Amorite Dynasty 1894-1595 BCE
(Hammurabi...)

» Kassite Dynasty, 1595-1155 BCE

- Native Rule, 1155-1026 BCE

» Period of Chaos 1026-911 BCE

» Assyrian rule, 911-619 BCE

* Neo-Babylonian Empire (Chaldean Era)
* Persian Babylonia

- Seleucid



Achaemenid (550-330)
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Nisanu

. Ayaru
. Simanu
. Du'uzu
. Abu

. Ululu

/. Tashritu

8. Arakhsamna
9. Kislimu
10.Tebetu
11.Shabatu
12.Adaru
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Ethelbert William Bullinger
(1837-1913)



Typology

iurnal

olar

unisolar




Diurnal Calendars



Morning Sky









Ur-Utu's Old Babylonian Prayer

+ .. .1S-tu "bgra.zag.gar ud 20.kam
a-di "bara.zag.gar ud 20 kam Sa Sa-at-tim e-
ri-ib-ti 6 Su.S1 ug-ma-tim 6 Su.S1 <U> mu-Si-a-
fim

 From the first month, 20th day, until the first

month, 20th day, of the year to come 6 times
sixty days and 6 times sixty nights.






Noah's Calendar

* 12 months
+ 30 days per month
+ 360 days per year



Mathematics 1

- Elapsed days since start =

360 x (year - 1)
+ 30 x (month - 1)
+ (day - 1)



Mathematics 2

+ Date if n days have elapsed:

year = (n + 360) + 1
month = ((n mod 360) = 30) + 1
day = (n mod 30) + 1






Diurnal Calendars

+ 360 (Babylonian; Mayan count)

+ 365 (Egyptian; Enoch; Mayan haab;
astronomers)

+ 364 (Jubilees; Qumran)
+ 260 (Mayan tzolkin)

» 210 (Bali pawukon)
- "weeks"



Solar Calendars



Astro 101
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And it came to pass the third day,
which was Pharaoh's birthday, that he
made a feast unto all his servants. --
Genesis 41
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Middle Kingdom  New Kingdom

A “FwPo 30 days
s 5 30 days
Bl 2B =X 30 days
MU LT 30 days
R o NUTE 30 days
. - — R RRIES 30 days
B e o D 30 days
g SR e e € O 30 days
bR e e PO 30 days
N I R S b=V 30 days
e iolone’ 30 days
& MIZd—ed 30 days

5 days




365 Days

» 12 months
+ 30 days

» D epagomenal days
- Cursed days
- Births of Osiris, Horus, Set, Isis, Nephtys

- "During the five days at the end of the year do no work;
abstain from everything"

- Good to curse your enemies



Julian/Coptic/Ethiopic

+ 366 days every 4th year



2 months harvest

2 months planting

2 months rain

1 month flax hoeing

1 month barley harvest

1 month harvest & feasting

2 months pruning



Lunisolar Calendars






Astro 102









Nature is Changing

i Modetn Hindu,
29.530586~ Gregorian Easter®

29.530582- Old Hindu,

29.530578+1
29.530574+
29.530570+
29.530566~
29.530562-

29.530558+ ;
oIslamic

2953055
2 - -1 —-300 5 I 190 200 290 3000




Lunisolar

« Months are lunar

» Years are solar (on the average)

« 12 or 13 months



Nature

» Cordl

» Birds

* Monkeys
+ Worms

Night of spring full moon



ierynecked nightjar egglaying
Nature

» Cordl

» Birds

* Monkeys
+ Worms



Lunisolar Calendars

+ Ancient Egyptian
» Babylonian

» Ancient Greek
 Native American
+ Hebrew

» Hindu

* Chinese...






The number of months with God is twelve in
accordance with God's law since the day he created
the heavens and the Earth....

Intercalating a month is adding to unbelief. -Quran
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Start of Month

First sighting (probably)
Calculation (probably)
Last sighting (probably)
First sighting
Calculation
New moon; Full moon
New moon












Generic Calendar

+ Given
+ Determine ' elapsed days
year length
month length
epoch
of fsets
(mod with modulus instead of O)



Ideal Lunisolar Calendar

fixed(y,m,d) =
epoch + 29a + [a(M mod 1)| +d

where
a=12y + [ry/+m (elapsed months)

r=Y mod 1l (month leftover)
M



Approximations

* 19-year cycle
- Mesopotamian
- Hebrew
- Easter
- Chinese once-upon-a-time

- 180,000 years
- Old Hindu



Nice Cycles

7 leap years out of
66,389 out of



City of
David



Lachish; Gezer; Far’ah






Tel Aroer



CHAPTER 3: THE FINDS 255

A Bone-Carved Calendar

NiILI Fox

Proto-Aeolic Bone Plaque, No. F/6073, Area B,
Locus 1226, Phase B3, Stratum III (Plate VII; PI.
63:3)

The tiny rectangular bone plaque (6.0 x 2.7 cm.),
recovered in 1980, in debris inside the “pillared
structure” at ‘Aroer,”’ continues to raise questions
concerning its identity and utility. The plaque displays a
number of notable features: its surface is finely polished;
the top of the plaque is carved in the form of a Proto-
Aceolic capital with a hole in each of its two volutes and
in the center chevron (3 total); the rectangular portion
of the plaque is demarcated by four vertical rows, the
left row 1s perforated with 12 holes; the three other
rows have 10 holes each (30 total).

Initially, the excavators of ‘Aroer suggested that this
plaque is either a calendar or a gaming board (Biran and
Cohen 1981: 131; and see Biran 1993: 91). However,
in a subsequent publication, Biran (1983: 34) noted that
the number of holes in the four rows of the plaque, 12
and 30, are indicative of a calendar—12 for the months
of the year and 30 for the days in each month. He
no<ited that a9 moveable neo conlld have heen in<erted

ones are perforated with three rows of 10 holes each,
for a total of 30. Rounded projections at the top of the
plaques each have a single bore hole, presumably for
suspension (Tufnell 1953: Pls. 37:3, 15, 17; 55:27, 28,;
56:23; 57:28). A similar bone plaque from Tel el-Far‘ah
(S) also has three rows of 10 holes each but with an
added design consisting of two herringbone pattern
columns separating the rows of holes (Fig. 3.135)
(Petrie 1930: Pls. 36, 40:481). The top of that plaque,
punctured by a single hole, is in the shape of a Proto-
Aeolic capital closely resembling the ‘Aroer plaque,
though narrower.



Babylonian Calendar

- Lunisolar
- Observational
- Calculated



Babylon

* 19 year cycle
* 6 Times Adar is leap
» Elul is once

+ Visibility of new moon is determined by
observation and/or calculation



-2 Million



5D



Eclipse in
Ululu






Announce
New Year









The Months of the Babylonian Calendar

Month names

o Babylonian Hebrew | Old Persian AChslzm?tr;ian Elamite . Mac‘.*d°“ia“(#) . Aﬁ]ptrﬁ:l‘m?itaeneg;z’:ézct
earlier correlation | later correlation

I % Nisannu Nisan Adukani$a |Hadukannas | Zikli Artemisios Xanthikos March-April-May
Il g:T: Ayyaru lyyar Otravahara | Turmar Zarpakim | Daisios Artemisios April-May-June
[ m Simanu Siwan Qaigarcis | Sakurrizis Hadar Panemos Daisios May-June-July
IV E Du’lizu Tammiuz Garmapada | Karmabatas | Hallime Loos Panemos June-July-August
vV W Abu Ab ?2?7? Turnabazis Zillatam Gorpiaios Loos July-August-September
VI m UlGlu Elal ?2?7? Karbasiyas Belilit Hyperberetaios | Gorpiaios August-September-October
Vi ﬁ Tasritu Tisr Bagayadis | Bakeyatis Mansarki | Dios Hyperberetaios | September-October-November
VI P-E Arahsamna | Marheswan | *Vrkazana | Markasanas | Lankelli Apellaios Dios October-November-December
IX BE Kislimu Kislew Agiyadiya | Hasiyati$ Sibari Audynaios Apellaios November-December-January
X m Tebetu Tebet Anamaka |Hanamakas | Sermi Peritios Audynaios December-January-February
XI & Sabatu Sebat *Owayauva | Samiyamas Kutmama | Dystros Peritios January-February-March
Xl % Addaru Adér Viyax(a)na | Miyakannas | AsSetukpi | Xanthikos Dystros February-March-April

# epigraphical and numismatical sources indicate that, between 31 CE and 46/47 CE, the correlation
of the Macedonian months with the Babylonian months underwent a shift of one month




Babylonian Calendar

- Seleucid Era
- April 3, 311 BCE Julian
* variants



Beginning of Month

+ Observation
* Phasis

. Other » Historical records

» Day number

. Calculation  Double dates

* Moonlag

« Other * (May have 30d

by default)



Neo-Assyrian (8th-7th)

- Observational
» King could overrule

» Omen lists
* No first sightings on day 2

* No mention of starting on day 30 without
sighting



Accuracy (S Stern)

* Neo-Assyrian: sometimes visible on 28th
or 29th

* Later diaries:

- rare (1.5%) sighting before prediction
» but modern agrees with prediction

- some (6.5%) 1d after



Beginning of Year

» Observation

* Barley

- Equinox » Historical records

- Day number

. Calculation  Double dates

» Cyclic ...
* Anhouncements






19-Year Cycle

- Adaru
- 147912 15

- Ululu
- 18



Leap Cycle

babylonian-leap-year?(b-year) .=
(7 X b-year +13) mod 19 < 7



Hebrew/Babylonian

. (4000 F T)
. (4001 T F)
. (4002 F T)
. (4003 F F)
. (4004 T F)
. (4005 F T)
. (4006 F F)
. (4007 T F)
. (4008 F T)
. (4009 T F)

. (4010 F T)
. (4011 F F)
. (4012 TF)
. (4013 F T)
. (4014 F F)
. (4015 T F)
. (4016 F T)
. (4017 TF)
. (4018 F F)















vah Gent's Calculator

» This calendar converter is based on the tables
of the Babylonian calendar published in 1971 by
Parker and Dubberstein. These tables were
based on the computed first visibility of the
lunar crescent as seen from Babylon using a
lunar visibility algorithm published by the
German astronomer Carl Schoch (1873-1929) in
Langdon & Fotheringham's The Venus Tablets of
Ammizaduga (1928).
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Sequences

* An analysis of these tables confirms earlier claims
that sequences of more than two months of either 29
or 30 days in succession occur fairly commonly: so
there are 63 sequences of three 29-day months in
succession and 386 sequences of three 30-day months
in succession. Even longer sequences are also present
but only for 30-day months: there are 79 sequences of
four 30-day months in succession and there is one
sequence of five 30-day months in succession
(Nabonassar lunation numbers 2961 to 2965).



31 Days

» There is also one lunation of unusual
length: the month Arahsamna in the 10th
year of Darius I (Nabonassar lunation
number 2916) has a length of 31 days.



Criterion

moonlag(date,loc) =
moonset(date,loc) - sunset(date,loc)



babylonian-new-month-on-or-before (date) e

MIN {moonlag(d 1, babylon) > lag}

A>T
where
lunar-phase (date)
approxr = date — 190
lag =  48™
appror — 33
— = if date — appror < 3 and moonlag (date — 1, babylon) < lag

appror — 3 otherwise



ﬁxed—from-babylonian( year | month | leap | day ) det

babylonian-new-month-on-or-before (midmonth) + day — 1

where
month if leap or {(year mod 19) = 18 and month > 6}
monthy =
month —1 otherwise
1
months = { TR ((year — 1) x 235 + 13) J + month;
midmonth = babylonian-epoch + round (mean-synodic-month x months) + 15



babylonian-from-fixed ( date) = year | month | leap | day
where
crescent = babylonian-new-month-on-or-before (date)
crescent — babylonian-epoch
months — round :
mean-synodic-month
{ L (19 x month +5)J+1
ear = — months

: 235
approx = babylonian-epoch

+ round ( { = % ((year — 1) x 235 + 13) J X mean—synodic-month)
new-year = babylonian-new-month-on-or-before (approz + 15)

1

monthy = round ( T (crescent — new-year) ) + 1
special = (year mod 19) = 18

( monthy =7  if special
leap =

\ month; = 13 otherwise

[ month, — 1 if leap or {special and month; > 6}
month = .

monthy otherwise

\

day = date — crescent + 1






Comparison

+ Historical dates often 1-2 days of f

» Moonlag dates often 1 of f from Parker/
Gent



Judah = Babylon



Al-Yahudu
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Elephantine



Document!8 [ Egyptian date in | Equivalent Babylonian Babylonian date, | Babylonian date, | Discrepancy
document (with | Julian date date in Elephantine (E) Babylon (B)
regnal year) (with year document
BCE)
C5 28 Pahons, Sunday 12 18 Elul 18 Elul 17 Elul Nil (E), 1
15 Xerxes I September, 471 day (B)
C6 17 Toth, Monday 2 18 Kislev 17 Kislev1? 17 Kislev 1 day
21 Xerxes January, 464
C8-920 21 Mesore, Thursday 1 21 Kislev 217 21 Marheshvan I month
6 Artaxerxes I December, 459
C10 4 Toth, Thursday 18 7 Kislev 11 Kislev 11 Kislev 4 days
9 Artaxerxes December, 456
K1 25 Phamenoth, Saturday 6 July, | 20 Sivan 19 Sivan 19 Sivan 1 day
14 Artaxerxes 451
K2 [30] Pharmuthi, | Monday 9 18 [AV] 16 Av 16 Av 2 days
16 Artaxerxes August, 449
C15 6 Epiph, Thursday 14 |24 Tishre 23 Tishre 22 Tishre2? 1 day (E), 2
[1621 Artaxerxe]s | October 449 days (B)
K14 20 Tybiu, Tuesday 1 May, | 8 lyyar 8 Iyyar 8 Iyyar?3 Nil
[19 Artaxerxes] 446
Cl13 10 Mesore, Saturday 17 2 Kislev 29 Marheshvan 29 Marheshvan 2 days
19 Artaxerxes November, 46
Cl4 19 Pahons, Monday 26 14 Av 13 Av 12 Av 1 day (E), 2
25 Artaxerxes August, 440 days (B)
K3 9 Payni, Wednesday 14 |7 Elul 6 Elul 6 Elul 1 day

28 Artaxerxes

September, 437




K4 25 Epiph, Wednesday 30 |25 Tishre 25 Tishre 25 Tishre Nil
31 Artaxerxes October, 434
K5 7 Phamenoth, Friday 12 June, |20 Sivan 20 Sivan 20 Sivan Nil
38 Artaxerxes 427
K6 8 Pharmuthi, Monday 11 8 Tammuz 8 Tammuz 7 Tammuz Nil (E), 1
[4] Darius II July, 420 day (B)
C20 Payni, 2 September — 1| Elul Elul (2 September | Elul (2 September | Nil24
4 Darius October, 420 — 1 October) — 1 October)
K7 Epiph 2-31 October, | Tishre Tishre (2-31 Tishre (2-31 Nil
420 October) October)
K8 22 Payni, Tuesday 22 6 Tishre 6? 6 Elul 1 month
8 Darius September, 416
C25 12 Toth, Wednesday 16 |3 Kislev, 8 2 Kislev 2 Kislev 1 day
9 Darius December, 416 Darius2
C28 9 Athyr, Tuesday 10 24 Shevat 23 Shevat 23 Shevat 1 day
14 Darius February 410
K9 29 Mesore, Thursday 25 24 Marheshvan |23 Marheshvan 23 Marheshvan 1 day
1 Artaxerxes Il November 404
K10 8 Choiak, Thursday 9 20 Adar 20 Adar 20 Adar I Nil

3 Artaxerxes

March, 402




Passover Papyrus

































Hindu Month Names

(1) Chartra (T) Avina AT
(2) Vaisakha T (8) Kartika EGED
(3) Jyaishtha : (9) Mirgasirsha  HTVTSITY

(4) Ashadha ~ TVTG (10) Pausha T
(3) Sravana @MW (11) Magha qe
(6) Bhadrapada  {Tg9S (12) Philguna ~ RTA[

L/




Veritable Variety

» Solar and Lunar

- Lunar in two flavors: new moon; full moon
* Ancient was simple; medieval, complicated
- Different authors used different values

+ Some follow old methods; many use modern
astronomical tables

» All are regionalized



Old Lunisolar Rule

where

A = 2223689 months (per year)
180000

m = elapsed months

c = 2093611/2160000



Nice Cycles

+ Coptic/Julian: 1 leap year out of 4

+ Hebrew/Easter: 7 leap years out of 19

+ Islamic (Arith.): 11 leap years out of 30

- Hindu Solar (Old): 149 out of 576

» Hindu Lunar (OIld): 66,389 out of 180,000



Inversion

»+ Arithmetic

* By cases

» Linear search
* Binary search



Query: Sacha Stern

- The mean Hebrew month is 29 13753/25920
days.

+ Given the day of week and time of a new
moon, can one determine the date?



Solve

* (MO +mn)mod 7 =y

- Use the Fermat-Euler Theorem and the
totient function

. (181440) = 41472
. n=(39673*%1.25920-y - 92868) mod 181440



Molad Seeker

Input day and time of molad

Monday 'a ¢  23h (5pm) v 30m < Op

<>

(day of week Sunday—Saturday, hours 0-23h [counting from prior eve], minutes (-
parts 0-1079p)

Click to compute year (starting with year 1 Anno Mundi) and month (Tishri—Elul)

First Hebrew date ‘ 10262 AM Tishri



Walther van Wijk (1924)

+ Sometimes I cannot help regretting that
only very few readers can rejoice with me
in the simplicity of the method and the
exactness of its results.



