
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)



Geography









ירושלמי  
ראש השנה א' הלכה ב' 

א"ר חנינה שמות חדשים עלו בידם •
מבבל.  …  בראשונה, בירח בול שבו 

העלה נובל; והארץ עשויה בולות 
בולות; שבו בוללים לבהמה מתוך 

הבית.  



1. Nisanu 
2. Ayaru 
3. Simanu 
4. Du’uzu 
5. Abu 
6. Ululu 

7. Tashritu 
8. Arakhsamna 
9. Kislimu  
10.Tebetu 
11.Shabatu 
12.Adaru  
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עין גדי





מֶרַח שְוָן



האקדמיה ללשון העברית >> שאלות ותשובות >> מבחר תשובות >> חשוון ומרחשוון

יום ראשון, כ"ח בתשרי התשע"ז, 30 באוקטובר 2016

חשוון ומרחשוון

מאת עלי איתן, לשוננו לעם ט, א (תשי"ח), עמ' 6–7

איני יודע מתי כרתו את ראשו של מרחשוון והתחילו אומרים חשוון. בוודאי זה

דורות רבים יש נוהגים כך, ואפשר להניח להם, לאומרי חשוון, משום "שבשתא כיוון

דעל על". אולם לכולנו ראוי לדעת מה אירע כאן ומה טיבו של "מר" זה שנשמט.

בין הבריות שנתנו דעתם על כך מתהלכות שלוש דעות. יש סבורים שחודש חשוון

זכה משום מה לתואר הכבוד מַר – בדיוק כמו מר שמואל ומר עוקבן – ומי שאינו

מכבד ומבכּר חודש זה משאר חודשי השנה, יכול לקרוא לו בשמו הפשוט, בלי מר.

אחרים משערים ש"מר" זה הוא לשון מרה, מרור ותמרורים, כדרך שאמרו "לבלתי

רחוץ במרחץ וכו'… כי בחודש הזה ממשלת המרה השחורה בחזקת כוחה", כדברי

אסף הרופא המובאים במילון בן־יהודה, ערך מרחשון; ואחרים רואים ב"מר" זה רמז

לטיפות הגשם מלשון "מר מדלי" (ישעיהו מ, טו), ובין בעלי דעות אלו יש שכותבים

את שם החודש בשתי תיבות מוקפות: מר־חשוון.

ולא היא ולא היא. כבר בשנת תרצ"ז הסביר נ"ה טורטשינר (טור־סיני) במאמרו על מלים שאולות ("לשוננו" כרך ח, עמ' 109)

שמרחשוון הוא מילה שאולה מבבלית, ומעיקרו שתי מילים בבליות: ורְַחֻ שַׁמְנֻ, שפירושן הירֶח השמיני [ואמנם מרחשוון הוא הירח

השמיני כאשר מונים את החודשים מניסן]. הואיל ובבבלית נתחלפו תכופות ההגאים ו–מ, נולד בעברית צירוף מילים זה, שבראש

המילה הראשונה באה מ במקום ו, ובתוך המילה השנייה ו במקום מ – מרחשון –, ועל ידי הגייה וכתיבה בתיבה אחת נוצר שם החודש

מרחשוון. אין אפוא "מר" זה אלא שתי האותיות הראשונות של "מרח" (<ורח = ירֶח), ואין לו משמע משלו.

איירה: טל מור

פורסם בתאריך 07/10/2010

 ראו עוד:

חודשי השנה העברית

 מבחר מקורות:

31–29 ש' בהט, "בירורי לשון: מרחשוון – יישר כוח – גוביינא", לשוננו לעם מב א (תשנ"א), עמ' 





Ethelbert William Bullinger 
(1837-1913)



Typology

• Diurnal 

• Solar 

• Lunisolar



Diurnal Calendars



Morning Sky







Ur-Utu’s Old Babylonian Prayer 

• . . . iš-tu iitibára.zag.gar ud 20.kam 
a-di itibára.zag.gar ud 20.kam ša ša-at-tim e-
ri-ib-ti 6 šu.ši u4-ma-tim 6 šu.ši <ù> mu-ši-a-
tim 

• 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







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

יום הולדת את פרעה





Egyptian Calendar



30 CHAPTER 1. CALENDAR BASICS

where

dms = |α| rad−→ ⟨; 60, 60⟩

Negative angles (such as southern latitudes) are given as a list of a negative numbers of degrees,
arc minutes, and arc seconds. The function | | returns the absolute value of the angle α.

1.11 A Simple Calendar

This calendar is, indeed, the only intelligent calendar which ever existed in human
history.

—Otto Neugebauer: The Exact Sciences in Antiquity (1952)

A simple solar calendar with 365 days each year and no leap-year rule was in use in Egypt for
millennia before the adoption of the Julian calendar in the third century c.e. and was also used
in Babylon and Persia.12 The development of this calendar is discussed in [36] ([7] has extensive
source documents); it served as the canonical calendar for astronomers until the sixteenth century,
and it is to this calendar that Neugebauer refers in the preceding quotation. Each month had 30
days, except for the last 5 days of the year, called epagomenæ, which were considered an unlucky
period and which we can treat as a short thirteenth month. The month names with their hierglyphs,
according to [3], were:

Middle Kingdom New Kingdom

(1) Thoth 30 days

(2) Phaophi 30 days

(3) Athyr 30 days

(4) Choiak 30 days

(5) Tybi 30 days

(6) Mechir 30 days

(7) Phamenoth 30 days

(8) Pharmuthi 30 days

(9) Pachon 30 days

(10) Payni 30 days

(11) Epiphi 30 days

(12) Mesori 30 days

(13) (Unnamed) 5 days
12The ancient Egyptians are also believed to have used a lunar calendar with months beginning the first morning

of invisibility of the old moon [36].



365 Days

• 12 months 
• 30 days 
• 5 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 

1 month summer 



Lunisolar Calendars





Astro 102







Nature is Changing



Lunisolar

• Months are lunar


• Years are solar (on the average)


• 12 or 13 months



Nature

• Coral 
• Birds  
• Monkeys 
• Worms

Night of spring full moon



Nature

• Coral 
• Birds  
• Monkeys 
• Worms

 Fierynecked nightjar egglaying



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



Start of Month

• Babylonian: First sighting (probably) 
• Babylonian: Calculation (probably) 
• Egypt: Last sighting (probably) 
• Hebrew, Islamic: First sighting 
• Hebrew: Calculation 
• Hindu: New moon; Full moon 
• Chinese: New moon









Generic Calendar

• Given <year,month,day>  
• Determine n elapsed days 
• Y year length 
• M month length 
• n0 epoch 
• δ offsets 
• amod (mod with modulus instead of 0)



Ideal Lunisolar Calendar

fixed(y,m,d) =  
     epoch + 29a + ⎣a(M mod 1)⎦ + d 

where 

a = 12y + ⎣ry⎦ + m     (elapsed months) 
r = Y mod 1               (month leftover) 
     M



Approximations

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

• 180,000 years 
– Old Hindu



Nice Cycles

• Hebrew/Easter: 7 leap years out of 19 
• Hindu Lunar (Old): 66,389 out of 180,000



City of 
David



Lachish; Gezer; Far’ah





Tel Aroer
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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



1-2 Million



3D



Eclipse in

Ululu





Announce

New Year







The Months of the Babylonian Calendar

Nr.

Month names
Approximate equivalent 

in the Julian calendarBabylonian Hebrew Old Persian Achaemenian 
Elamite Elamite

Macedonian(#)

earlier correlation later correlation

I Nisannu Nīsān Ādukaniša Hadukannaš Zikli   Artemisios  Xanthikos March-April-May

II Ayyaru Iyyār Θūravāhara Turmar Zarpakim   Daisios  Artemisios April-May-June

III Simānu Sīwān Θāigarciš Sākurriziš Hadar   Panemos  Daisios May-June-July

IV Duʾūzu Tammūz Garmapada Karmabataš Hallime   Loös  Panemos June-July-August

V Abu Āb ??? Turnabaziš Zillatam   Gorpiaios  Loös July-August-September

VI Ulūlu Elūl ??? Karbašiyaš Belilit   Hyperberetaios  Gorpiaios August-September-October

VII Tašrītu Tišrī Bāgayādiš Bakeyatiš Manšarki   Dios  Hyperberetaios September-October-November

VIII Araḫsamna Marḥešwān *Vrkazana Markašanaš Lankelli   Apellaios  Dios October-November-December

IX Kislīmu Kislēw Āçiyādiya Hašiyatiš Šibari   Audynaios  Apellaios November-December-January

X Ṭebētu Ṭēbēt Anāmaka Hanamakaš Šermi   Peritios  Audynaios December-January-February

XI Šabāṭu Šebāṭ *Θwayauvā Samiyamaš Kutmama   Dystros  Peritios January-February-March

XII Addaru Adēr Viyax(a)na Miyakannaš Aššetukpi   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

In order to keep the Babylonian calendar aligned with the seasons various intercalation schemes were employed.



Babylonian Calendar

• Seleucid Era 
• April 3, 311 BCE Julian 
• variants



Beginning of Month

• Observation 
• Phasis 
• Other … 

• Calculation 
• Moonlag 
• Other …

• Historical records 
• Day number 
• Double dates 

• (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 … 

• Calculation 
• Cyclic …

• Historical records 
• Day number 
• Double dates 

• Announcements 





19-Year Cycle

• Adaru 
• 1 4 7 9 12 15 

• Ululu 
• 18



Leap Cycle

babylonian-leap-year?(b-year) := 
                    (7 × 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 T F)  
• (4013 F T)  
• (4014 F F)  
• (4015 T F)  
• (4016 F T)  
• (4017 T F)  
• (4018 F F) 











van 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).





 -99  2  -410  4 27 
 -99  3  -410  5 27 
 -99  4  -410  6 25 
 -99  5  -410  7 25 
 -99  6  -410  8 24 
 -99  7  -410  9 23 
 -99  8  -410 10 23 
 -99  9  -410 11 21 
 -99 10  -410 12 20 
 -99 11  -409  1 19 
 -99 12  -409  2 17 
 -99 12b -409  3 18
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June igi i. On Calendar Dates in the Elephantine Papyri, 661 

A Reply to Professor Ginzel on the Calendar Dates in the 
Elephantine Papyri. By J. K. Fotheringham, Litt.D. 

Professor Ginzel, in the second volume of his Chronological 
Manual,* discusses the calendar dates in the Elephantine papyri, 
which had been previously discussed by Mr. Knobel and myself in 
Monthly Notices, Ixviii. 334-345; Ixix. 12-20. The section 
devoted by Professor Ginzel to this subject is an expansion, with 
full references to the literature of the subject, of Schiirer’s article, 
Der jüdische Kalender nach den aramäischen Papyri von Assuan f 
for which Professor Ginzel himself had supplied the chronological 
material. Professor Ginzel and I are in general agreement about 
the identification of the dates found in these papyri and about the 
irregularity of the intercalation, though he does not mention my 
correction of two days in the date of papyrus E and the date 
which I assign to papyrus G, which he had left undated. We differ, 
however, in our opinions about the method by which the beginning 
of each Jewish month was determined. According to Professor 
Ginzel, this was obtained by observation of the lunar crescent ; 
while I hold that it was obtained by calculation, each month 
beginning at the sunset following the mean new moon. 

Professor Ginzel estimates that if we assume that the Moon 
made its first appearance at the age of ij or days, the dates of 
first appearance will satisfy the requirements of the papyri ; and in 
order to exemplify this, he gives a list of dates of the astronomical 
new moons in question, expressed in Aswan mean time reckoned 
from noon, and also of the assumed dates of the first appearance of 
the crescent. In order to make the relation of the two more clear, 
I have substituted for the latter the times of the sunsets at 
Aswan at wdiich the different calendar months are shown by the 
papyri to have begun, ¿.e. the time of the sunset at the beginning 
of the first day of each month, and I have added the resultant 
interval between new moon and this initial sunset. I have added 
to the list the dates which I have obtained from papyrus G. 
I thus obtain— 

Date of New Moon. 

A -470 August 24*28 
B -464 December 14*54 
D ~459 October 20*59 
G - 445 September 17 *27 
E -445 November 15*75 
F ~439 August 12*31 
J -4*5 December 12*48 
K -409 January 16*63 

Date of Initial Sunset, 

August 25*27 
December 15*22 
October 21*23 
September 18*25 
November 14*22 
August 12*27 
December 13*22 
January 17*23 

Difference, 
Sunset - New Moon, 

d 
0*99 
o*68 
0*64 
0*98 

-i'53 
-0*04 

074 
o*6o 

* Handbuch der mathematischen und technischen Chronologie, ii. (1911), 
pp. 45-52. 

t Theologische Literaturzeitung, Feb. 2, 1907. 
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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)
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(1) Nisanu (7) Tashritu
(2) Ayaru (8) Arakhsamna
(3) Simanu (9) Kislimu
(4) Du‘uzu (10) Tebetu
(5) Abu (11) Shabatu
(6) Ululu (12) Adaru

The day of the new moon was determined by an approximate calculation, based on the lag time
between sunset and moonset, which had to be at least 48 minutes. Lag time is simply the difference
between the times of the setting of the moon (14.87) and the sun (14.80), with Babylon

babylon def
= 32.4794◦ 44.4328◦ 26m 3 1

2

h (18.1)

as the determining location.
Taking into account the possibility of the non-occurrence of sunset or moonset, we have:

moonlag (date, location) def
= (18.2)

⎧
⎪⎪⎨

⎪⎪⎩

bogus if sun = bogus

moonset (date + 1, location) − sun if moon = bogus

moon − sun otherwise

where

sun = sunset (date, location)
moon = moonset (date, location)

Now, the start of the new month is found by linear search:

babylonian-new-month-on-or-before (date) def
= (18.3)

MIN
d!τ

{

moonlag (d− 1,babylon) > lag

}

where

approx =

⌊
date−

lunar-phase (date)
12◦

⌋

lag = 48m

τ =

⎧
⎪⎪⎨

⎪⎪⎩

approx − 33

if date− approx ! 3 and moonlag (date− 1,babylon) ! lag

approx − 3 otherwise
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We use the beginning of the Seleucid era, April 3, 311 b.c.e. (Julian), as the calendar’s epoch:

babylonian-epoch def
= (18.4)

fixed-from-julian
(

311 b.c.e. april 3
)

The leap-year rule follows the same pattern as that of the Hebrew calendar (8.14), but the cycle
is shifted 7 years:

babylonian-leap-year? (b-year) def
= ((7× b-year + 13) mod 19) < 7 (18.5)

The last month of the year, Adaru, was intercalated in years 1, 4, 7, 9, 12, and 15 of the cycle;
the sixth month, Ululu, was intercalated instead during the 18th year. Taking this anomaly into
account, the conversions are straightforward:

fixed-from-babylonian
(

year month leap day

)
def
= (18.6)

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

where

month1 =

{
month if leap or {(year mod 19) = 18 and month > 6}
month− 1 otherwise

months =
⌊ 1

19
× ((year− 1)× 235 + 13)

⌋
+ month1

midmonth = babylonian-epoch + round (mean-synodic-month×months) + 15

babylonian-from-fixed (date) def
= year month leap day (18.7)

where

crescent = babylonian-new-month-on-or-before (date)

months = round
(

crescent− babylonian-epoch

mean-synodic-month

)

year =
⌊ 1

235
× (19×months + 5)

⌋
+ 1

approx = babylonian-epoch

+ round
( ⌊

1
19 × ((year− 1)× 235 + 13)

⌋
×mean-synodic-month

)

new-year = babylonian-new-month-on-or-before (approx + 15)

month1 = round
( 1

29.5
× (crescent− new-year)

)
+ 1

special = (year mod 19) = 18
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leap =

{
month1 = 7 if special

month1 = 13 otherwise

month =

{
month1 − 1 if leap or {special and month1 > 6}
month1 otherwise

day = date− crescent + 1

Since it is not always certain how the evening of the new moon was actually determined, these
dates should be considered approximate. See [4].

18.2 Astronomical Easter

Snout: Doth the moon shine that night we play our play?
Bottom: A calendar, a calendar! look in the almanac; find out moonshine, find

out moonshine.
Quince: Yes, it doth shine that night.

—William Shakespeare: A Midsummer Night’s Dream,
Act III, scene i (1600)

In 1997, the World Council of Churches [1] proposed a uniform date for Easter for both Eastern
and Western churches (see Chapter 9). With the algorithms of Chapter 14, the proposed astronom-
ical determination of Easter is straightforward. We need to find the first Sunday in Jerusalem1 after
the first true full moon after the true vernal equinox:

astronomical-easter (g-year) def
= (18.8)

kday-after (sunday, paschal-moon)

where

equinox = season-in-gregorian (spring, g-year)

paschal-moon =
⌊
apparent-from-universal(

lunar-phase-at-or-after (full, equinox) ,

jerusalem
) ⌋

Table 9.1 in Chapter 9 (page 153) compares the traditional dates of Passover and Easter with
those obtained by the preceding astronomical calculations.

1“Astronomical observations, of course, depend upon the position on earth which is taken as the point of reference.
This consultation believes that it is appropriate to employ the meridian of Jerusalem. . . ” [1].





Comparison

• Historical dates often 1-2 days off 

• Moonlag dates often 1 off from Parker/
Gent



Judah = Babylon



Al-Yahudu





בבלי ראש השנה יט, ב

אמר רבי חיננא בר כהנא א׳ רב/ רבי/ 
שמואל: 

מימות עזרא ואילך לא מצינו אלול מעובר



בבלי סנהדרין יב, א

אין מעברין את השנה לפני ר״ה •

אין מעברין אלא אדר•



Elephantine
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Egyptian date (column 2) has been used as point of reference (only double-dated documents from
Elephantine have been used in this study). This Egyptian date is converted into the equivalent Julian
date (column 3). We then turn to the Babylonian date in the document (column 4), and compare it with
the Babylonian date that would have corresponded to the Egyptian date in the document had the Baby-
lonian date been based on visibility of the new moon at Elephantine (column 5) or in Babylon (column
6).16 The date in columns 5–6 is based on purely astronomical criteria, as explained above. In many
cases, we find a discrepancy of one day (column 7).

Since the new moon is only visible in the evening, shortly after sunset, the Babylonian month began
in the evening, and so did, by extension, the Babylonian day (i.e. diurnal period). The Egyptian day, by
contrast, began in the morning.17 In this table, I have assumed that the documents would have been
written and dated in day light hours (more on this below). The datings are listed in chronological order.

Table 1

Document18 Egyptian date in
document (with
regnal year)

Equivalent
Julian date
(with year
BCE)

Babylonian
date in
document

Babylonian date,
Elephantine (E)

Babylonian date,
Babylon (B)

Discrepancy

C5 28 Pahons,
15 Xerxes I

Sunday 12
September, 471

18 Elul 18 Elul 17 Elul Nil (E), 1
day (B)

C6 17 Toth,
21 Xerxes

Monday 2
January, 464

18 Kislev 17 Kislev19 17 Kislev 1 day

C8–920 21 Mesore,
6 Artaxerxes I

Thursday 1
December, 459

21 Kislev 21 ? 21 Marheshvan 1 month

C10 4 Toth,
9 Artaxerxes

Thursday 18
December, 456

7 Kislev 11 Kislev 11 Kislev 4 days

K1 25 Phamenoth,
14 Artaxerxes

Saturday 6 July,
451

20 Sivan 19 Sivan 19 Sivan 1 day

K2 [30] Pharmuthi,
16 Artaxerxes

Monday 9
August, 449

18 [Av] 16 Av 16 Av 2 days

C15 6 Epiph,
[1621 Artaxerxe]s

Thursday 14
October 449

24 Tishre 23 Tishre 22 Tishre22 1 day (E), 2
days (B)

K14 20 Tybi,
[19 Artaxerxes]

Tuesday 1 May,
446

8 Iyyar 8 Iyyar 8 Iyyar23 Nil

C13 10 Mesore,
19 Artaxerxes

Saturday 17
November, 46

2 Kislev 29 Marheshvan 29 Marheshvan 2 days

C14 19 Pahons,
25 Artaxerxes

Monday 26
August, 440

14 Av 13 Av 12 Av 1 day (E), 2
days (B)

K3 9 Payni,
28 Artaxerxes

Wednesday 14
September, 437

7 Elul 6 Elul 6 Elul 1 day

16 For Elephantine I have assumed the geographical coordinates of 24.05°N and 32.56°E (following Porten 1990, p. 16).
For Babylon I have taken the approximate coordinates of 32.50°N and 44.40°E.

17 R. A. Parker, Calendars of Ancient Egypt, Chicago, 1950, pp. 4–7.
18 C = A. E. Cowley, Aramaic Papyri of the Fifth Century B.C., Oxford, 1923. K = E. G. Kraeling, The Brooklyn

Museum Aramaic Papyri, New Haven, 1953.
19 According to Huber’s programme 18th of Kislev would be just ‘possible’ (Porten 1990, p. 21), but my programmes

suggest otherwise.
20 Since these two documents are dated to the same date, written by the same scribe and referring to related transactions,

I will treat them in this article as a single piece of evidence.
21 The number of this regnal year remains rather conjectural. See Porten 1990, pp. 21–2.
22 23 according to Parker and Dubberstein, but 22 according to my programmes.
23 7 according to Parker and Dubberstein, but 8 according to my programmes.
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K4 25 Epiph,
31 Artaxerxes

Wednesday 30
October, 434

25 Tishre 25 Tishre 25 Tishre Nil

K5 7 Phamenoth,
38 Artaxerxes

Friday 12 June,
427

20 Sivan 20 Sivan 20 Sivan Nil

K6 8 Pharmuthi,
[4] Darius II

Monday 11
July, 420

8 Tammuz 8 Tammuz 7 Tammuz Nil (E), 1
day (B)

C20 Payni,
4 Darius

2 September – 1
October, 420

Elul Elul (2 September
– 1 October)

Elul (2 September
– 1 October)

Nil24

K7 Epiph 2–31 October,
420

Tishre Tishre (2–31
October)

Tishre (2–31
October)

Nil

K8 22 Payni,
8 Darius

Tuesday 22
September, 416

6 Tishre 6 ? 6 Elul 1 month

C25 12 Toth,
9 Darius

Wednesday 16
December, 416

3 Kislev, 8
Darius25

2 Kislev 2 Kislev 1 day

C28 9 Athyr,
14 Darius

Tuesday 10
February 410

24 Shevat 23 Shevat 23 Shevat 1 day

K9 29 Mesore,
1 Artaxerxes II

Thursday 25
November 404

24 Marheshvan 23 Marheshvan 23 Marheshvan 1 day

K10 8 Choiak,
3 Artaxerxes

Thursday 9
March, 402

20 Adar 20 Adar 20 Adar I Nil

2.The days of the month

In the majority of cases (12 out of 21), there is a discrepancy of at least one day between the Babylonian
and the Egyptian dates (i.e., as indicated in this table, between the Babylonian date in the document and
the Babylonian date that should have corresponded with the Egyptian one). The possibility of error,
either in the Egyptian or in the Babylonian dates, cannot be discarded. Thus, C10 has an unusual
discrepancy of 4 days, which is best explained as the result of error. Porten convincingly suggests that
the author of this document, dated 4th of Toth, forgot about the 5 epagomenal days that precede this
month in the Egyptian calendar. The correct Egyptian date should have been 4th epagomenal, corre-
sponding to the 13th of December 456 BCE.26 The Babylonian date should thus have been 6 Kislev,
hence a 1 day discrepancy (the document reads 7 Kislev), in line with many of the other documents.

It seems unlikely, however, that the majority of the discrepancies would have been due to scribal
error. The double-dated documents are all legal contracts, that would presumably have been written with
precision and care; in most cases they would have been written in the presence of a number of people –
the litigants or legal parties, the scribe, the witnesses – among whom errors are more likely to have been
spotted and removed.

Errors, moreover, are by nature erratic, whereas the discrepancies in these documents are remark-
ably consistent. Among the discrepant datings, the largest single group (8 cases, if we now include C10)
consists of a one-day discrepancy in the same direction, i.e. where the date of the document is always
ahead of the ‘official’ calendar by one day.27

24 It is questionable whether C20 and K7 should be considered zero-day discrepancies, because they are not dated
according to the day of the month: they are simply dated “in the month Elul which is Payni” and “in the month Tishre which
is Epiph” (respectively). Although both months (Egyptian and Babylonian) happened to coincide in the year 420 BCE – a
fact which the scribe must have been aware of – the coincidence did not necessarily need to be exact (i.e. both months
commencing on exactly the same day; see Horn and Wood, p. 18).

25 For an explanation of this regnal year, see Porten 1990, p. 21. According to the Babylonian year, which began in
Nisan, the 9th regnal year of Darius II had not yet begun.

26 Porten 1990, p. 25.
27 Note that there is otherwise no obvious pattern in the discrepancies. Thus the one-day discrepancies do not appear to

be concentrated in particular years, months of the year, or days of the month, etc.
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The Hindu  
Calendars





Hindu Month Names



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

y =    m+1-c 
           A 

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 (Old): 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
• (m0 + mn) mod 7 = y 

• Use the Fermat-Euler Theorem and the 
totient function 

• φ(181440) = 41472 
• n = (3967341471·25920·y − 92868) mod 181440 



  Molad Seeker                         

Input day and time of molad

Monday 'ב  23h (5pm)  30m  0p

(day of week Sunday–Saturday, hours 0–23h [counting from prior eve], minutes 0–59m [optional],
parts 0–1079p)

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

First Hebrew date  10262 AM  Tishri

Next occurrence



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.


