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‘*Easter” eing defined as the first Sunday after the 1rsS Full Moon
er the vernal equ1InOX WOU requıre, if en astronomically ser10usly,
not only the determinatıon of the length of the ropıca YCar but also da solution
of the hıghly complex problem of predicting the Oments of the full

Historically thıs intricate definıtion orıgınated from the connection of the
Christian eas ıth the Jewısh Passover date, the 4th of Nısan, 1e ıth

lunar calendar, that 18 SaYy A $Syear"! ase lunar months whose fırst
days ATC the days of first visıbilıty of the NC  S crescent As 18 ell known these
days WeTEC determıined in Jerusalem, before the destruction of the Temple, by
dıirect observatıon. The *full moon ” Was then schematıcally defined AS the
4th day of the lunar mMon (n g00d Babylonıian tradıtion) and the relatıon of
thıs lunar calendar the solar VYCAaTr WAas regulated (agaın following Babylonıian
example by using A 19-year cycle in 16 twelve s:.yearsn WETC gıven lunar
months, whıle the remaıinıng “intercalary’””) had 13 lunar months.
The resulting pattern indeed eeps the beginning of A gıven month in A 1Xe:
ne1ıghborhood of the vernal equ1nOX, 1.e it p  M the Iunar VYCar from
‘““rotating” ıth respect the ‘*“solar year’””. Hence the determinatıon of
Passover in Jerusalem had een sımple affaır For the Jews in the Dıaspora,
however, the sıtuation Was quıite dıfferent Dırect observatıon of the N6

crescent from SOINC other localıty, C Alexandrıa OT Rome, eed not result
in identical dates ıth Jerusalem, NOT COu ONC iıgnore the existence of A C1ivıl
calendar1 regulated the lıves of the maJorıity of the populatıon.

One WaY Oout of thıs dılemma WOU consıst in applyıng the best avaıl-
able astronomıiıcal eOTrYy of the solar and lunar motion and of the lunar
visıbilıty for gıven geographical condıtions the determınatıon of the
evenıngs of 1rs lunar visıbıilıty. One such highly sophıiıstıicate attempt 15 ell
known to In the ate 2th CENTLUTY Maımonides discussed thıs problem

the basıs of the Ptolemaiıc lunar eOTrY (for the ura determıinatıon
of the conjJunctions of SUunN and mO0n) combined ıth eOTrYy of Ilunar
visıbıilıty closely remiıiniıscent of Babylonıan methods known from the eleu-
cıd-Parthian per10| (though not identical ın etaıls).
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For the early Christian per10| ave treatise that WOUuU inform
us about the theoretical background of the EasteruWe NOW much
about the °Easter Controversy” between Roman and Alexandrıan dates and

KNOW, from the time of Constantıne O of the trequently expressed
condıtıon for the Christian eas aVvOo1d an Y ColIncıdence ıth the Jewısh
Passover. But NOW pratıcally nothıng about the festiva]l calendar of the
Alexandrıan Jews durıng the early centurIies of Chriıstianıity.

It 1S al thıs pomnt that ıt reasonable tO o0k al Ethiopic SOUTCES
We NOW of the existence of arge tables dısplayıing dates for Easter and
Passover and of elated treatıses., from few paragraphs in length
tO IManYy folıos of diverse 1NCce the thıopıc calendar 1S identical
ıth the Alexandrıan (as establıshe: by Augustus) OMNC May ell hope find
ere also Hellenıstiıce-Roman mater1a]l preserved In the Ethiopic isolation, A4AS
1S the Case ıth Varıous relıg10us lıterature (e:2. the °B of noch”’ and
sımılar works). Many modern scholars ave expressed theır opınıon that the
Alexandrıan Easter represents the ast flowering of ‘‘ Alexandrıan
SCIENCE , 16 indeed eached durıng the early Christian centurıies ıts hıghest
development As far A4s astronomıiıcal sclence and methodology 1S concerned.
The second CENLUTY Sa  S the publıcatıon of Ptolemy’s ‘‘Almagest’””, and around
400 the Handy T ables’”, in Theon of Alexandria’’s vers1on, appeared [WO
works 16 constituted the basıs of all Arabıc and estern astronOomyYy
of the 1ıddle Ages Indeed, ıt WOU be worthwhiıle establısh the CON-
nection between the or1gın of the Christian Easter omputus and the
CONteEMPOTrarYy Alexandrıan astronomical techn1ıques, ell known us from
excellently preserved SOUTITCCS

Ome fıfteen of increasıngly detaıled study of thıopıic SOUTCES ave
led LO VEIrY dıfferent evaluatıon of the sıtuatlion. Not that ıt COU be
doubted that the Ethiopic tables and treatises reflect the Alexandrıan DU-
{us of early Alexandrıian Christianıity. But there 1S trace of Alexandrıan
“*scıence)” In thıs ole procedure, 1C uUurns Out be of the utmost
simplicıity. Its foundatıon, however, 1S the (equally sımple) Jewısh Passover
us IC 1s nothıng but sımple adaptatıon the Alexandrıan
calendar of the 19-year cycle of schematıc lunar calendar. One sıngle rule
determiınes the Alexandrıan Easter Computus : Easter 1S the 1rs Sunday
after Passover. Sınce Passover 1S by definıtiıon full-moon’”’ date, Easter
ollows the full INOON, and DC definıtion of the date of the °° Vernal
Equınox’”’ In the Jewısh 19-year cycle introduces automatıcally the TE-

spondıng Christian rule. In return for dıscardıng the myth of Alexandrıan
sclencCe INn the Easter reckoning, obtaın clear pıcture of the festival
calendar of the Alexandrıan Jews during the early Christian per10 hıs
calendar 1S also of the utmost sımplicıty, exclusıvely ase 19-year
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cycle of the mMOSstT elementary Structure (and not fOo be taken the equıvalent
of ıts Babylonıan ancestor). The Ethıopian XIS ave indeed provıde 11Cc  S

nsıght into Alexandrıan calendariıc condıtions but only at the price of
dıisspelling the tradıtional plcture of connection between early Chrıistianıty
and Contemporary sclence.

In order SCC OUT discussion of the Easter us in the DC
perspective, ıt ıll be useful sketch the background of Ethiopic “°asStTrO-
nomy ” in general We NOW of only {[WO STIOUDS of problems 1C ave

direct relatıon the calendrical tables ONMNC CONCETNS the reckoning
of hours of daytıme by of the shadow Casti by INan standıng uprıight;
the other tabulates the risıng amplıtudes of the INOON during consecutıve
months of lunar YCar Both of ese problems dICc ea ıth by the sımplest
arıthmetical ns For example, the [070)8| shadow in COoNnsecut1ıve
months 1S suppose fo be (measured In ece and then back
agaın from In the remamnıng months In each mon the hours
before and after (070)8| dIC Ooun from the (070)8! shadow Dy addıng E Z 3 4,
and feet tOo ıts predecessor us, C for the first S1X hours Z FZ. S, 5 S

before [070)8! In the first case). ING®e In al the day 1S dıvided into twelve
hours, these hours ATec “°seasonal hours’”, COMMMON Ly  S in Alexandrıan
Zyp On the other hand the S\AadMec treatiıses that contaın shadow tables
operate also ıth “equıinoctial hours” Dy assıgnıng varıable engths of day-
1g each mon eıther in the ratiıo S 0)8 ese internal contradıc-
tions AIc of only mM1Inor sıgnıfıcance, however, A compared the fact that
the shadow engths of such rat1o0s AdIC otally exclude: for thıopıia ıth
ıts almost equatorı1al atıtude It mMust be admıtted, however, that sımılar
tables WeTEC copled, Ntury after CeENTUTY, from Byzantıum monasterıes
In northern France, wıithout the slıghtest chance for practical usefulness and
al time when the Correct determıinatıon of the varıatıon of the length
of aylıght and of cshadow engths had long een OUuUnNn In TeEEC aStToNOMY.

Iso the gates” of moonrise AdIC determined by sımılar arıthmetical
ns From the °B of noch” and from the X  ad Sea Scrolls, it
lıkely that these schemes orıginated In the Palestinian dIiCcCa SOIMINC time In
the ast centurıies before OUT CTa In the present cContext ıt 1S of interest
that the °months’”’ durıng 1C the LL1OON traverses on back and or
S1X sect1ons of the horiızon (the “gates”) add alternatıngly, and 29
days Here ave ypıcal example of schematıc °lunar year ” of
and OW months, thus 354 days in length. gaıln, thıs 1S wiıdespread
schematıc descr1ıption of the varıabılıty of the synodıc months, convenıent
for usec but far removed from the actual facts 1C WCIC analyzed in
detaıl and ıth remarkable SUCCCSS5 in the cuneılform ephemerıdes compute
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in Mesopotamıa durıng the centurıies from about 300 into the first Century
And agaın, the basıcally COTrreCctTt analysıs of the varıabılıty of the lunar

months and theır applıcatıon the Babylonıan lunar calendar had noOoTt
the slıghtest effect eıther the 176e lunar calendars OT the °Cjates’”’
and other CONCEDIS in the Book of NOC and sımılar cComposıtıons of
CNOTIMOUS popularıty.

short descr1ıption of the thıopıc SOUTCECS of OUT study desirable
in the present cContiext NOW of only ONC consıstent work calendarıc-
chronologıca atters the putu by Abu Shaker, book of 59 chapters,
wrıtten in the 3th in ZyYp and translated in the 6th Iy from
the Arabıc orıgınal (NOoW OS into thıopı1c. It has eecn edıted OT

translated fate cshared ıth almost all of the other calendarıc SOUICCS in
spıte of the fact that ıt 1S consıdered be the basıs of all thıopıic ““Ccomputus .
References it AdIC noTt KAals in er short treat1ıses but wıthout much ustıf1-
catıon. d far A4s Can SCH  @ Another famous Was supposedly wrıtten
In 213/14 Dy DemetrIius, the 2th Patrıarch of Alexandrıa ctually
there 1S treatıse preserved IC WOU safely be elated ONC author.
Fıinally, SOMEC ate addıtions OUTI mater1a]l A taken usually Ouft of context)
from Arabıc astronOmy, always wrıtten iın Amharıc, and wıthout anı y influence

the tradıtional treatises.
Xcepting Abu Shaker, the 1C. COMNCCINMN the Computus consıst of

chaotic mixture of short sect10ns that deal INOTC less ırectly ıth CON-

CepIS needed for the construction of the tables whose ına goa]l 1S the
determıinatıon of the dates of all moveable feasts, Jewısh AS ell dASs Christıan.
One could imagıne that ave ere countless scattered ragments and
EXCETDIS from SOMEC larger treatıise explaınıng the SITrUCLUTre and of
the calendarıcal tables, somewhat sımılar In PUrpOSC LO the introductions

the ‘Handy TIa In TGCE astronOomy.
hıs materıal, d ave it. consısts of Man Yy varıants of INan y

times SCNSECIESSIY distorted by repeated OopYy1ng, and usually not understood
by the ser1bes. The general endency 1s “didactie.. 1:e the mechanıcal
compılatıon öf rules 1C| ordınarıly dIC sımple CONSCYHUCNCC: of another
rule formulated In SOTNC other paragraph lıttle earlıer OI later The chaos
1S increased DYy the desıre incorporate into secti1ons ase the Alexandrıan
calendar and the Jewısh Passover m  utu also the wısdom of the °Enoch’’
tradıtion, that consıder “yeal's” of 364 days, “°sSseasons’” of days
each. Later scr1ıbes m1g then Improve such by addıng 191

ayer of Julıan ata nNtO Enochıian the SO-Calle °°Slavonıc
noch” ShOws nN1ıce examples of thıs PTOCCSS whıch has also bewiıldered
modern COMMEeEeNLALOTS
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In spıte of thıs chaos of {ragmentary treatıses, ıt 1S quıte poss1ıble to rıng
into the methods whıch WEeTC sed for the computatıon of the tables

and for the control of the numeriı1ca]l data Havıng ONn understood the
structure of the tables, the bulk of the makes 5 EVECR ıf marred
by ack of distinetion between few basıc rules and host of rather obvıous

CONSCYQUCNCCS 1C. Aln Yy SCTI COUuU ave derıved Dy himself*.

Before turnıng descr1ıption of the thıopıc tables it 15 convenıent
mentıon mathematiıcal terminology (introduced in X01 by Gauss, who,

by the Wad), Iso WTOLTeEe artıcle ou the numbertheoretical structure
of the modern Easter9 ase the °“ reform ” of 9 D under Gregory

We SaYy that [WO numbers and AICc “"congruent modulo (wrıtten
mod C) ıf the dıfference 15 divisıble by For example, 30

mod thatmod because A 2:19 In partıcular
1s multıple ofc; C 76 mod but Iso 0, mod (because

4)
Almost all calendarıc operatiıons Call be conveniently expressed ds ”°CON-

gruences’. For example, the ‘“ Enoch-year” 15 364 days long and 364
mod hıs mplıes that the posıtıon of the weekdays remaıns always the
SaJmnle in thıs Lype of YCal Obvıiously thıs Was the VC DUTDOSC of creatıng
such YCal and al OUT confirm that ıt Was modille: ern
scholars trıed dıscover SOINC hıdden intercalatıon System because they
COUuU not imagıne that ONMNC COU lıve wıth “rotatiıng” calendar. Apparently
they do nNOTt KNOW, C about the rapıdly rotatıng lunar calendars of the
Assyrıans OT of the slamıc calendar.

The ‘““Egyptian vear” of 365 days 1S congruent mod 364 Consequently
the thıop1Cc eXiIs speak of *extra” day when ONEeC SOCS fifrom NOC yYCar

365 day YCal But 365 mod 30, ence the days ın of C1vıl
months of days each ATIC called epagomenal days Finally, 365 mod
Consequently if, C Jan 978 Was Tuesday then thıs Samne date iın
979 ıll fall Wednesday, in 980 ursday But the YCar 930 has
366 days, mod Y thus the exft YCal Jan 111 Jump aturday.

OUr Alexandrıan (or four ‘julıan”) ofta number of days whıch
dIC congruent mod and SINCE mod Caln also
SaV that wee  ays in the Alexandrıan calendar recede days In each
quadruple of

ese dıfferent forms of “years‘n AdIC intended HOFE OT less wıth
the ‘“solar year ” L ıth the clımatıc Casons °° unar vearsS - however.

For detaiıls SCC monograph ‘““Ethiopic Astronomy an Computus’” esterT. kad
WI1ss.., Phıil.-Hıst Kl., 347,
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Can produce such assoclatıon only by swıtching occasıonally from YCar
of months YCaI ıth months. Consequently such vA  9 operatıng
eıther ıth urate lunar months (as the compute Babylonian months)
OT ıth schematıc months (of days) Cannot produce “yearS” of 1Xe
lengths

The months themselves INn the of NOC. in the gyptıian and in the
Alexandrıan calender, aTe longer elated tO the INOON but AIiIec fixed
at 3() days of length. Only the theoretically determined lunar months of
the Babylonıan ephemerıdes Va between full and hollow accordıng the
hıghly complıcated actual]l varıation of the dates of first visıbility. Indeed
ese data dIC by sımple (or CVCIMN regular alternations between full
and hollow months. And SINCE the character of each month depends the
moon’s visıbilıty that defines the first day of month the Babylonian
calendar days egın in the evenıing. hıs “evenıing epoch” of “"hunar day  29
Wds also taken Ver by the Jewısh calendars. The gyptıian days, however,
and ıth ıt the days of the Alexandrian calendar, dIC counted in “"mornıing
CDOC92  Neugebauer  can produce such an association only by switching occasionally from a year  of 12 months to a year with 13 months. Consequently such years, operating  either with accurate lunar months (as the computed Babylonian months)  or with schematic months (of 29 or 30 days) cannot produce ‘““years”” of fixed  lengths.  The months themselves in the years of Enoch, in the Egyptian and in the  Alexandrian calender, are no longer related to the moon but are fixed  at 30 days of length. Only the theoretically determined lunar months of  the Babylonian ephemerides vary between full and hollow according to the  highly complicated factual variation of the dates of first visibility. Indeed  these data are by no means simple (or even regular) alternations between full  and hollow months. And since the character of each month depends on the  moon’s visibility that defines the first day of a month the Babylonian  calendar days begin in the evening. This ‘““evening epoch” of ‘“lunar days”  was also taken over by the Jewish calendars. The Egyptian days, however,  and with it the days of the Alexandrian calendar, are counted in “morning  epoch””. This then has also become the norm in the Ethiopic tables.  We have colophons in Ethiopic texts, or dates in documents or annals,  which give two days. A book may have been finished, according to a literal  translation of the colophon, ‘on the 6th at the beginning of night, at the  10th at the beginning of day”. Such obvious nonsense has disturbed few  translators. In fact, “beginning of night”” must mean ‘““days which begin  in the evening”, i.e. simply ‘“lunar dates”” in contrast to the Alexandrian  dates in morning epoch or simply “civil dates”. We have extensive rules  in our texts on how to find the lunar dates from civil dates, and vice versa.  All Jewish feasts have not only civil dates but also lunar dates, in particular  Passover has the lunar date 14, i.e. (schematic) full moon. If p is the civil  date of Passover, fof Easter, then the lunar date of Easter is simply 14 + f—Pp.  In mediaeval terminology this is the ‘“luna”, the “age of the moon”, of  Easter which by definition must be more than 14 since f must be later  than p. It is one of the points of controversy in the contest between Alexandria  and Rome whether it is permissible that the luna of Easter is as low as 15  (Alexandrian norm), i.e., that Easter can be a Sunday following a Passover  that falls on a Saturday. The Ethiopic tables show that they followed the  Alexandrian norm in giving dates as low as f = p + 1.  5. Babylonian astronomy is built on the experience that astronomical  phenomena repeat themselves periodically. Lunar eclipses, for example,  return in the same magnitude in a cycle of 18 years. Saturn returns to  the same region among the fixed stars in about 30 years, Jupiter in 12.  Consequently these two planets will be in the same position relative to each  other in 2 * 30 = 5‘ 12 = 60 years. By combining characteristic periodshıs then has Iso become the OImMm ın the thıopi1c tables

We ave colophons in Ethiopic exts, dates ın Oocuments 0)4 annals,
IC g1ve [WO days book MaYy ave een 1Inıshe accordıng ıteral
translatıon of the colophon, ..  on the 6th al the beginnıng of nıg al the
Oth at the beginnıng of day  297 Such obvıous has dısturbed few
translators. In fact, “beginning of nıght  I9 must INncan °day 1C egın
in the evenıing””, 1.e sımply °)unar dates  79 INn the Alexandrıan
dates iın mornıng epocC OT sımply **C1vıl dates  »”° We ave extensıve rules
iın OUT eXiIs how find the lunar dates from Cıvıl dates, and V1ICeE
All Jewısh feasts ave not only Cıvıl dates but also lunar ates, In partıcular
Passover has the lunar date 14, 1.e€ (schematiıc) full INOON If 1S the C1vıl
date of Passover, f ofster, then the lunar date of Easter 1S sımply f_
In mediaeval terminology thıs 1$ the »”  ‘)una the ..  age of the mOOn , of
Easter 1C Dy definıtion must be INOTEC than SINCE must be later
than It 1S ONC of the poımts of CONLTOVeErSYy In the contest between Alexandrıa
and Rome whether it 1s permissıble that the luna of Easter 1s low d4s 15
(Alexandrıan norm), LE., that Easter Can be Sunday following Passover
that Saturday. The Ethiopic tables sShow that they followed the
Alexandrian Oorm in g1ving dates ds 1low d4s

Babylonıan astronOmY 1s ul the experience that astronomiıcal
phenomena themselves perlodically. Lunar eclıpses, for example,
return in the SaJmle magnıtude in cycle of. 18 Saturn returns
the Samne regıon the 1Xe' In about y' Jupıiter iın
Consequently these [WO planets ll be in the SaJmnle posıtıon relatıve each
er in By combinıng characteristic per10ds
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thıs WaYy ıl 15 CasSYy predıict (or EXCIlude S1fuat1ions of INOTEC complex
character For people who 1ve ıth real lunar calendar ıt Was only
natural observe also the return of the 11C  S INOON that 15 the conjunction
of Su  b and INOONMN the SaJme the SKY The result then 15

number of synodıc months that corresponds number of sıderea
It urns Oout that ıth hıgh degree of 235 thıs number

of months Since 235 ONC Cal add “intercalary months to
ordınary °)unar and 11l obtaın agreement ıth 19 solar

hıs interval 15 called the 5619 YCaI cycle OT the ° Metoniıc cycle (because
1t Was propose: perhaps independently and unsuccessfully Dy etion

Athens) We meet sımplıfıed VeEISION of thıs cycle the thı1o0p1c
tables

cycle wıthout aln y real astronomıiıcal background 15 the day week
it. combıne 1t ıth the 4-year cycle of the Alexandrıan intercalatıon
SCC that only after 28 Alexandrıan YCal 111 egın ıth
the Same weekday In OUT treatıses thıs cycle 15 called the solar cycle
f wısh to combıne Wwee  ays Alexandrıan calendar and lunar phases

must seek COINIMMNON per10 of the solar cycle ıth the 19 yCal cycle S1ince
19 and ave COMMON factor the shortest per10d which COMPDTI1SCS
and 15 the product 5372 of these three per10ds hıs number 537 15 al the
foundatıon of the ole EasterC

The J32-year cycle ı15 ell known the medıaeval computists, from the
TrTee FEast the Latın West When the Monk Dıonysius Ex1iguus the
mıddle of the 6th CeENLUrY introduced OUT present CTa he elated the YCal
A7 of hıs f  S °°Chrıstian CIAd ıth the then cCurrent CIa of Diocletian Dy

5372 wıth Dıiocletian 248 The thıopı1c CTas ase Alexan-
drıan prototypes ATC arranged slıghtly dıfferently The CTa of the W  ld”
(or ‘“from Adam ) 15 elated the CId of the °"Incarnatıon by the relatıon

5500 The CTa of the Incarnatıon 15 connected ıth the FEra DIOo-
Jletian (or the *°Hra of the artyrs’) by 276 (hence 248 524
and corresponds tOo 7/8) Fınally, CTa of “Cjrace OT Mercy
15 defined by 76 The LCAaSON for thıs OTIN of the MOoOst commonly
sed CTa 15 sımply that 8S5) mod 5372 Hence the beginnıng of
the CIa coıncıdes ıth the beginnıing of 5372 YCar cycle (the of the
CIa But all these CTas ATIC ase the CIa Dıocletian and thus the
Alexandrıan calendar aAs establıshed Dy ugustus

We NO Can turn the thıopıc calendarıc tables eır MOST ımportant
Lype, preserved Man Yy CODICS (but unpublıshed) CONSI! of 28 tables
each of which COVEOI'S ONC YCal cycle therefore call these tables the
“ d32-year tables hey AIC usually ase‘ the CTa and therefore CONCETN

ONC three cycles hat egın (k wıth the 5853 6385 and 6917
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All of the existing manuscrıpts WeTC wrıtten in the last, 14th, cycle (from
1424/5 into the 20th century) ere exıst several Lypes of shorter tables,

all of whıch ave per10ds of VYC  9 of multıples of 19, and AaIc therefore
implıcıtly contaıned in the J32-year tables, though in dıfferent arrangement,
C by wee  ays

The maın Lype of the 532-year tables contaıns about columns but there
exIist larger tables ıth about columns. Most of these tables contaın
first column, headed “anı 1.e ““hıistory””. The ext{ [WO columns
the lınes eıther from in each indıvıdual OT from
537 in the ole set The column agl menti1ons events of Bıblical hıstory
0)4 of CO  Tary history, (e.g the ea of Patrıarchs OT Kıngs), wıthout
orma dıstinetion of these dates ıth respect to the cycle tO 1C. they
belong. For example, the ‘““baptısm al 214 refers tOo the baptısm
of Christ in the yCal 5531 211 (ın the 1th cycle)

ebl  |m \ yk b | p
3() 10

11 19 2%
T7 18

Yr B
16 25 3() 26

z 19 15
74
13 WB 77 3FU E E VV3 NO T 25 SN 28 16 12

10 30)
| ] 10 19 24 2)
12 29 13
1 3 12 18

23 16 17
15 26
16 15 29
1/ 26 18
|®
19 18 22

“Table A

The remaınıng columns refer the dates of feast days, Jewısh and Chrıstıian,
culmınatıng in the ast column ““fasıka , 1Le * Easter’”. Several columns sShow
for all the Sd1I11C number and aAaTC headed ““beginning of nıght  PQ
lunar ate They always belong ne1ıghboring column IC g1ves the
Civıl dates of Jewısh feast hus the lunar date of matge e ( “taumpet‘” ]

the Jewısh New Years Day) 1s A of Yom Kıppur O: of Tabernacle S: and of
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Passover Lookıng LLNOIC closely al the C1vıl dates of the Jewısh feasts ONC

ıll notıce that they dIC the SdINne In each 19-year Excerpting these
data from the larger es obtaın the above shown “Table 29 IC 15
repeated times. Here denotes the epact: which 15 elated the date

of the New Year by All numbers In the ast four columns
increase by 19 (mod 30) YCAT, hence must decrease by 19, modulo
30, increase by i date of Passover printed In iıtalıcs ıindıcates that ıt
belongs mon VII of the Alexandrıan alendar (Phamenoth thıopıc
Magabılt). All er Passover ates belong I1 (Pharmouthı Miıyazya).
It ollows from the arıthmetical structure of XIX that the dates of
all Jewısh feasts AIiCc known SOOMN the date of ONC of them 15 known.
For example, 20, vk 1, thb 4, always mod

It should furthermore be noted that the perl1odicıty of thıs requiıres
that the transıtıon from the lıne requıres for the 1t10N
of days instead of the usual H4 orrespondıngly all other dates increase
by only 18 instead of the ordınary hıs specıfic sıtuatiıon 15 described
Dy the medieval computists 4S the °°saltus lunae’, the object of much
speculatıon. In fact ıt represents VeTIY sımple matter schematıc lunar
YCar has length of 354 days, ence receding F days each YCal ıth respect

365 days ese days AdIC called the “epact” in Tee and Western
medieval aSstronOomy. Continued applıcatıon WOU ILEIMNOVEC lunar date,
C of the Jewısh New Year, from ıts general locatıon in the solar YCal and
thus full month of days 111 be Thıs explaıns OUTI SCYUUCHNCEC In

XIX ın whıch add the DC month numbers of the C1vıl calendar

1 30 C ——— VII
11 1 19 VII
22 I1  ©O 111 | ®

EZ7 V
r TO VII 26

I1  Cn 88| S —@ ICN CN T V) \OS

Thıs also sShows that the rule mod 3() results from fixed dıstance
190 he SAame for all moveable festivals. It 1S the SaImne

LO SaYy that the dates of dIC restricted the interval 15 11 13 and,
sımılarly, Passover VII A 1{11 23

Incıdentally ıt MaYy be remarked ere and for all that ollows that ıt 1S
of primary ımportance tO CXDICSS all arıthmetical rules In the SYStem in 1C
they WeEeIC eveloped, LE, ın the Alexandrıan calendar ıth ıts 30-day months.
Introducing OUT Julıan ” calendar wıth ıts DECI VEISC disorder of month-
engths completely obscures the arıthmetical sımplıcıty of all STIrucCtLUres
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The above rules for the determıinatıon of the Cıvıl ates of the Jewısh
testivals g1ve us complete nsıght into the meanıng of 19-year cycle  77 In
thıs procedure. In Babylonıan astronOomyY the 19-year cycle assumed that

sıdereal AaIc equa 235 IMnNecan synodıc months. In OUT present
tables, however, Alexandrıan AdTICc equated ıth 238 schematıc
lunar months. Furthermore., in the Babylonıan calendar the months followed
closely the complıcated pattern of the intervals between evenıings of first
visıbılity. The thıopıc cycle NECW nothıng of such refinements. It sımply
assumed of 365 354 days 1C| Wäds crude but convenıent
estimate for the slıppage of the lunar phases, and adıusted thıs 1 1-day epact
WI the help of the ‘““saltus lunae’”) that ıt returned the Samnle C1vıl ates
after Alexandrıan wıthout CONCETN for the locatıon of the Alexan-
drıan intercalations. Since thıs scheme 15 extende VeTrT 532 EXAaC
perliodicıty 1s granted Iso ıth respect {O intercalation. In fact, thıs 1s already
the Casec after 76 y interval a dDPDPCATs frequently in
calendarıc treatiıses. If the interest 15 centered weekdays 133

dIC sıgnıfıcant. But 5372 remaıns d the shortest cycle for all
parameters under cons1ıderation. If OINlC wıshes CONVINCE oneself of the
qualıity of thıs cycle, ONEC Can remark that 537 days AaTre assumed
tO be equa 28 JR synodıc months, 1C g1Vves for ONC mon the length
of about 9: 3413514 days, 1C 15 VEIY g0o0od approximation. hıs
iıllustrates the fact that VeIY g0o0d results Can be eached (often accıdentally)
DYy extremely sımple arıthmetical procedures.

odern scholars cherished the idea that Occasıonal °observations” of full
Ne  S WEIC applıed tO “*correct” the results of cyclıc computatıion.

The hıgh qualıity of the approximatıon of the cycle durıng 1ve centurıies
shows that such empirıcal corrections WeIC nOoLt al all NCCCSSATY. On the
CONTLrary the OCcasıonal Comparıson ıth SOTINC irue conjunction opposıtion
WOU ave only introduced CITOTIS tO the full amount of the consıderable
dıfference that Can between ...  mean  29 and T  79 SyZygles.

Havıng eached complete nsıght into the pattern for the dates of the
Jewısh festivals, Can obtaın the SaJmle for the Christian feasts wıthout
urther dıfficulties. Exactly ds In the preceding CAdsc all Chriıstian dates dIC
known from an Y ONe of them For example, ..  egınnıng of ast  27
‘““Nıneveh” (n) Moun 1Vve  27 1: °Palm Sunday’” Z
and Easter 9, always modulo The DC months dIC determined
from respectıve lımıts, for example VII 1{11

The really crucı1a] rule CONCETINS Easter. 15 sımple enough Easter 1S the
Sunday following Passover. ince Wäas 1imıted by VII Z d the earlıest
date and SInce VII Z 15 consıdered be the date of the vernal equ1InOX
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(how aCCurate astronomically 15 of COncern), ave 10 establıshed
Easter ın the canonıcal ashıon after equU1nOX, et full INOON (e Passover)
and Sunday.

We thus SCC that the ole Christian calendar Was made dependent
the Passover date, whıch ın turn 18 sımple applıcatıon of the epact
u of the schematıc “ 19-year cycle  27 It 1S indeed d text expressed
ıt ‘“matge e and aAaTIic the foundatıon of the ole computus’”.

ere remaıns only ON lıttle step to be clarıfıed : obvıously eed
110 NOW the weekday of Passover. But SINCEe Passover matge’e
190 and Since 190 MO f it uffices determine the weekday of
But the weekday of an Yy Alexandrıan VCAaTL, of YCar of the CTId Dıiocletian,
has een known SINCE Antıquity. Hence OUI sımply lısts, in column
headed “"tentyon , the weekdays of the 1rsS of For example, ave
for the first day of each 54} YCar cycle of the OE the weekday ** ] ues-
day  27 1NCe column o1ves us the C1ıvıl date of the matge e Can immediıately
determine the weekday of and thus of Passover and finally the date of
the ex{i Sunday. hıs solves OUT problem

Example fınd the date of Easter for the YCar 118 in the CTa

1nce 118 MO 19, ave 4: ence rom (1) Z
and (VIII) The 532-year tables g1ve for 138 onday 4S the
weekday of Now Z and mod I thus weekday of

onday aturday. Hence the weekday of p aturday
Sunday. And ence Easter 15 days later, 1.e., 111
111 the uluna” of Easter Sunday 1S

ecC ıth modern tables 118 corresponds fOo 6916 118
7034 534 547 For thıs YCal Alexandrıan 111 prı 9,
IC 1$ indeed the Easter Sunday for 5472 The preceding astronomıical
full MOON, however, Was arc 31 18 days before the ate of Passover.

In the above computatıon sed only the basıc elements of the 532-year
tables Many of these tables g1Ve, however, columns both fOor the weekday
of and of D Hence WOU ave SCCIHI f{from the that 188 fell

Sunday, and ence 111 Only after the Gregorlian reform
in 1582 WOU the thıopıc tables longer be useable for the determinatıon
of the athnolıc Easter dates

In princıple ave 1O eached OUT .goal explaın the method
by 16 the thıopıc 532-year tables furnıiıshed the ates of Kaster VCal
after YCar 1S the PUTrDOSC of the subsequent sect1ons discuss the
hıstorical background of these tables and elated treatises.
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Fiırst of all should elaborate somewhat OUT maın result the
locatıon of Easter Sunday in the week iımmediately tollowıing Passover. The

of thıs relatıonshıp Can be demonstrated INn three WdYS ırst,
by In OUT calendarıc treatıises statıng explıcıtly thıs rule; secondly,
by purely arıthmetical Proo the basıs of the sStructure of the relevant
columns:;: thırdly, Dy sımply exerpting irom the tables the date of Easter
4S function of the date of Passover. The result of thıs last, mMOst dıirect
Droo 15 shown In the subsequent Column g1VvEes the cycle number
In each of the 28 19-year cycles ; column 15 the SsSame d In OUT pPrevi1o0us
°“ Table 27 (p 94); column shows all attested Easter dates correlated
ıth the SdI1le paır of number and Obvıously f ranges from %
B: the SDaCc of 0)91% week after d requıred by the fundamental]l rule,
1C 1S thus UlLYy demonstrated.

o
10 13 15 16 17

18 19 20 Z 2 23 74 Z
10

26 Z
15 16 17 18 19 20 72

11
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1 1 e 16
13

1/ 18 20 29 73 24
s 10 11 13
16
17 ıS 16 1/ 18 19 20
18 10
19 AA 2 26 7 28 29

should be noted that OUT g1ves only 133 values for
Hence each Easter date mMust four times in 5372 The explanation
of thıs multiplicıty lıes, of COUTSC, INn the fact that OUT rule oes not contaın
an Y statement about the Alexandrian intercalation 1C produces four
dıfferent possıbılıties for each combiınation D,

If ONC investigates the OCGEUTTENGE of these four wıthın the 32-yeartables ONe 1ın eıther Dy arıthmetica] theory ÖT Dy inspection) important
phenomenon these ATe always 05 19 For example,
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the combinatıon 10, 11 OCCUIS in the 115 210, 305, and
400 Simiularly, the earlıest possıble Easter date (VII) (at 16,
(VII) 25) in the 54, 149, and 491 which 1S
mod 532

The author (or authors of the 532-year tables Was Uuly of thıs
law of distrıbution for equıvalent values wıthın 532-year cycle and state-
ments thıs effect ATC also found ın OUT treatises and 11l not surprise
aNnyONC who actually computes complete 532-year edieva Latın
computists WeIC also of thıs ““perlodicıty ” whıich explaıns why, for
example, the tables of Dionysıus the 19-year cycles from
532 626 odern wrıters medieval COom pu mıssed thıs poımt,
statıng correctly that 905 1S not per10| in the j32-year cycle but ignorıng
the fact of the unavoıdable multiplıcıty of data in groupS of 95

Recognition of the 95-year intervals 1S nOoL the only procedural lement
that spilled VeI from the Alexandrıan Com the Latın 0)el  @ As
ave SCCI1, the determinatıon of FEaster Sunday requıres knowledge of the
weekday of the fırst of (Sargatıto in Ethiop1c). As noted before,
thıs day 1S gıven ın OUT tables In the column headed “tentyon ” (t) (whıch
1S dıistortion of the term NUEPAL] TOV DEÖV, sed for ““weekday , C
by Athanasıus). hıs number cCounts the Weec  ays (modulo that
Wednesday. Latın scr1bes, however, sed NO for the ‘ fer1a ” in 16
Sunday. NOow ıt happens that (Thoth Maskaram Wednesday)
always corresponds afre Sunday fer1a hus all rules that
involve AL numeriıcally identical ıth rules 16 UusSsCcC the fer1a of arc
24, number 1C| the medieval computists honored ıth the specıal Adainlc

CONCUITIECENtes

11 Our calendarıc treatıses ATC lfull of invect1ıve agaınst the ““Imp10uUs
Jews  I5 stressing NT and VeEI agaın the DUTITDOSC of the rules concerning
Easter avO1d contamınatıon Dy Passover Nevertheles they allowed, dS

ave SCCH, approac to the VeIY ex{i day The ‘“°Romans’,
follow rules of theır OW: and opposed Alexandrıan superlorIty, insısted

two-day mınımum, 1.e., lowest “luna” AS agaınst the Alexandrıan
COUTSC neıther ONC of ese has an Y astronomıcal basıs hat-

SOCVCI and 1S sımply matter of arbıtrary choıce for the boundarıes of
parameter.

hıs 1S nOT the only object In the bıtter . Easter CONLTOV!  V between
Alexandrıa and Rome. ince the Alexandrıans had the g00d uck adop
the Jewısh 19-year cycle, the Romans insısted SOTINC eTtT cycles ase‘
maınly the “octaeter1s” which relates months,
correspondıng INncan synodıc month of about 29 ;30,54°, whıich by anı y
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standard of ancıent astronomy 1S of clearly infer10r Hence the
necessıity ofepeated cCorrections of the cycle nOL, ofCOUTSC, by “°observatıon”
but by adjustment the Alexandrıan OIm Wäas only in the SIX ntury
that Dıionysius broke the impasse by accepting the Alexandrıan pattern
the authorıty of (Spur10us) decree of the Councıl of Nıcaea, and by replacıng
the sımple data of the Alexandrıan calendar by the Roman calendar ıth all
ıts relıcs of calends, ıdes, and Furthermore, by transforming
the of the Diıocletian cra LO the ga 8R B Sk he became the father of
OUT present calendarıc SySstem.

ere remaıns ONe INOTEC pomn clarıf y. We ave repeatedly referred
to Alexandrıan procedures from evidence in the Ethiopic tables and treatises.Io hat extent dIC Justifıed In domg > CVCN ıf it WOU ar priori
unlıkely assume Ethiopic innovations In these exXtis 16 abound In
TEE termıinology and concepts? One must nevertheless admıt that OUT
ata dIC chronologically 1Xe for only mod 587 and ıt COUuU be possıble
that an Y ONC of ese cycles represents hıstorically the 1Irs ON  @

Here lucky accıdent to OUTr TESCUE In 976 Ephraiım Isaac (of
Harvard Unıiversıity) publıshed catalogue of Ethiopic manuscrı1pts in the
lıbrary of the Armenian Patrıarchate ın Jerusalem. hıs catalogue mentioned

others [WO manuscrı1pts of evıdent interest tOo OUT discussion. One
Was obviously shadow of ell-known Lype; the other manuscrıpt
suggested j32-year By SV of Hıs Eminence, the Patrıarch,

rece1ved photographs of these manuscrıpts whıch confirmed inıtıial
conJjecture concerning theır ents But the J32-year contaıned
unexpecte varlant beyond SOMMEC slıght changes INn arrangement ıt contaıned

column g1ving the “indıietio” of the yCar
As 1s ell known, thıs parameter refers to ] 5-year cycle introduced byDiocletian for admınistrative But somehow thıs number acquıredthe role of short-term CId, frequently sed In all kınds of Oocuments from

yzantıne domains tO the medieval West The applıcatıon of thıs also
In the 532-year tables 1s of prıimary interest tO OUT problem 1NCe 15 has

COMMON dıvıisor ıth 4, f 19, it repeats ıtself only ıth the SAdINe
ıne of data in 5D 7980 In other words the indıictio lısted in ONe
of OUT tables {1xes ıts date unıquely.

The time scale of the indıictions 1s of COUTSE ell known fIfrom ancıent and
medieval documents. For us it 1S enough LO mentıon that Athanasıus regularlyg1ves the indictio0 of the yYCar in hıs Easter The subsequent g1vesIn ıts uUDDCT secti1on transcrıiption of the Ethiopic table
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We eed not deserıbe the sıngle columns SINCE all eed dIC the para-
meters already defined 1in the preceding Only the ast column
should be mentioned Since ıt contaıns the values of the ..  27  age of the INOON,
ıe the “luna” f—D The CIa in the first column 15 the CId of Diocletian.
angıng it the CIa ONe obtaıns EXAC agreement of all columns
ıth the ordınary J32-year tables But when thıs agreement normally WOU
g1ve only the date of these es modulo 532 Can NO Sa Y because of
the PTECSCHNCC of column ıth the ındıct10 (Z) that Call only MeCcan

the YCar Diıocletian But exactly for these ave also the elements
quoted by Athanasıus : the of Dıiocletian, the indıct10, the “"tentyon ,
1e the weekday of 1 thee us also e) the dates of Easter

and the apcC of the INOON S thus Iso the date ofPassover f
Hence Athanasıus’ dates g1ve all elements underlyıng both the Jewısh and

the Christian calendars that AT for the determınatıon of Easter.
it 15 110 rıgorously proved that the thıopıc tables dIC identical in

substance ıth the Alexandrıan Easter of the time of Athana-
S1US.

One INaYy rıghtly 5Sd y that thıs result 15 nOoTt surprising, though ONC MaYy
also remark that there 1s always certaın dıfference between hıistorical
plausıbılıty and mathematıcal proo that O€s not 1IMDILY anythıng but
numerical data, comparable the data of sharply defined solar eclıpse.

But also ave gaıned independent hıstorıical informatıon. Knowing
NO in all detaıls not only the thıopıc Computus but also the methods of
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the Christian Easter utlus of the 4th 9 Can SaYy that ese
methods contaın absolutely nothıng of Contemporary Alexandrıan TO-
NOMY 16 al that time had Just eached ıts ına development, of funda-
mental importance for the exti thousand of mathematical astronomy.
The archıtects of the Alexandrıan Easter tables dıd NnOoTt uUsSscC sıngle CONCepL
of astronomyY and borrowed all theır rules fifrom the sımple Jewısh
procedure relate the of the Babylonian 19-year cycle by
of “epact” and “°saltus lunae’’ tO the Alexandrian C1viıl calendar.

And NO also SCC how the Jews in the Dıaspora In Alexandrıa ICSU-
ate' theır "lunar calendar durıing the first centurıes of OUT CI  v The fierce
antagonısm agaınst udaısm 1C. 1S vident In Man Y WaVYS In OUT
guarantees that the data of the Jewısh feasts, ın partıcular Passover, WeTIC
the actual data of CONtemporary Jewısh CUStOMS otherwise the whole
construction of the Christian rules WOUuU be poımtless. Thıs sıtuation changed
only centurıies later when the atın West adopted the Alexandrian rules
ıle rabbıinıcal scholarship (1n the early 6th century) developed lunar
calendar of much hıgher astronomıcal]l and ega sophıstication ; in other
words, In princıple the mentalıty of the Babylonıan astronomers
(though not tO theıir ( of insıght). 1NCe that tiıme Christian and Jewıish
calendars longer ave had causal connections and the fear of contamına-
tion has SUDS1de

In the introduction to hıs °°Hıstoire du peuple d’Isra@l””, Ernest Renan
Oolfe °°Pour esprit phılosophique 11 Nn Yy vraıment ans le passe de
LI’humanıte que tro1ıs histoires de premier interet L’hıstoire SICCQUC, L’hıstoire
d’Isra&l, l’hıistoire romaın . Havıng nOoTt phılosophically inclined mind,

MaY perhaps dıffer i{irom thıs restriction of interests. For the hıstory of
the Easter us, however, Renan’s formulation 1S unusually ell fiıtted
The mutual antagonısm and dıstrust between the three cultura]l spheres of
Judaısm, Alexandrıan and Roman episcopats shape the arguments 1Ic
ATe respons1ıDle for the form In 1C the EasterS ST1 ex1ists oday(March 26,


