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Preface.

) 3 2 ’ s 3
quf ﬂtS -<GzrVArT7'ros EGTLY
< - 7 2 “ LY ¢
Twy ovwy #Ava a . hq!q TOU TOLS
113 \ '\Kj ~ c a’f/ T‘] 23 - J’ *x)
oufg Ta 1'75 td“rafcas A vy uyaTaL

Tetiarns — Senlicar

*¥)  Those muose chronology is
not axact carnot make history
sr=2ak the tT‘l‘!‘t-‘,[F‘duq Fhe {TM/’J
,{ Se. (; ) Dc emen duhine femfaruw
aris !6 £3.]
Tha lectures attempt to give an answer to the very natural

quastion: How can one establish the exact dat= of historical events in
periods far remctsa from onr cwn time ?

Th2 systam of dates of the mair events of a wessbsia period is

-+ - 3

ed its "chronclogy." To obtain such a chronology, ons usually dlstinﬁ _
whi
zuashes betwser two essentially diffsrent methedsy /leadiwg to an “absolufg;

e Seﬂcmj W
ffﬁ/ﬁe1a+1v~‘ *Lrono1o"ffigﬁyﬂﬂafa* the ralative chrerology of a pariod

is considar=d4 to b2 one of the main obj=actives of the historian, or, ak

29

i

lagst, a

e

-

or, o
4 nacassary eonditiou\iﬁ/all of his further stndies; it impli

zsoenrataly as rosgikla tha +tima intsrvals betwe=n tha2se svents. The basie vl
mztarijal Tor thiz "==2lat+ive chron 'I.r—g-- " apnsists in archeolocical a2vidence
arial Y thi ralative chrorolcgy' sis in arche2olocical =2vi e

strata in srxcavatiorns), or kinc-lists, inserirtions,

Yie orieal v~ ort:, ote. The accurscy of the r=sults is nscessardly ds- Jb
dant on “h acenracy and rsliabili tj of t}."l':: rwt‘h‘i"'*-‘ﬂ' “‘o’m‘bab%‘lf-pﬁfgis.ﬁ
y O helby V evy Archives CeRiSie

%+ =uy 0f contrast, "absoluts® chromology is baszd oWsirgle Aventsd
Princetén, NJ
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!
87 veh Frplatsd, setroromicnl character (e.s. rerorts of a ﬂ%"-
AR pEe AR g ) Tt 5ot G2EiED. Methinetish of thsss stsclute|
5 3 ! o relativs chronology pgives th= final chronclogieal
- 3 T eha v ind dw nmastiom
Trhas3 1 etares dzal sxzinsgively zith sbacluie chropslogy snd are
= inly of & methodnlopical charecter. Thelr aim is to Illustrats mesthods

< ¢h
bnt mgt to Ti??&gtvrlft? acconunt ogyﬁg%ults obtain=d. They ars tharaforse
extant

farvont Prom the sy "handbooks® of chrcnolegy srd are,

ol ader L2 o8 cf?in?r&‘vcforf sharactar, Their gogl is to ©ive the rasdjar some

[+

7]

imzression of *Le complexity of the problems involved and to help

avelop

o3
[

nis ivAdapesndant indoment 3§Fo tha dacres of "absolnthens" of the rasults
- - A

o7 tra a~plicatior ot astronorical methods to elements providad by the hi-
storian., In tha socperatiorn betw=en historiar and astroromer, the former
iz inelinad to accept th2 resnlts of astronomical calcenlation as not per-—
mi: ' ing any flexibility; or thas other hand, the astronomer has the tendenc
*o "Ss the ealsments ziven to hirm nc diff{i}@ntly than the results ol tained
tkrongh inatraments of the hizhest exactituds without nacessargly knowing
o many 4 mor: or less plancitble additiornal assumptions have he=2n made
i+ inter etin~- 1ra oricinel sonres. Thes» lectnrass ar2 an attampt to broa-
Aem €ror btotk sid=s the surface of contact and matval nrderstardine.

R -

so ¥=ovledrs of mpathamatics ané astronomy which soes bayond the

7]
[

~93t =lasmantary fact g msgsumsd. On the otksr hand, I do not mcc=pt the

ich € o
&f:””?‘i§¥§ﬁgfglij mada in bocks abont astrcnomical m=thods for the uge of'

namely,
ristorians,Ythat historians sra not able to orerute with such simpaie con-
as - -
certc 8w n=2cotive mumbers or ra2mainder of division. As fto the historical

"

facte, a cortain “amiliarity with ancient bistory is necessary in order to
““ﬁ““ﬂfﬁhdfTithi“ the frumswérk of the history of the ancient world &=

X = , - N recent
(e 01~ of the axamples discussed herd. The origindlOB0U458K HE ST ChET pemn]
Courtesy nter
litarature for forthar information are conslstently eitieds ((Thefirst Schap—

rinceton, USA
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ter riwes a short introdvctory description of the main concepts used in
. . . ; é ;’é _Various i
crrenclogienl discnssions, calendaricé® systems and ZEEPsppotw units

~
sivd mathods ap.,17 4 1o time re~clonin-. The subsequent chapters are arranged
accordins to the astronomical character of the problem. Th= moon's movemant

“ra basiec alarsnt in all digenasions involvinis moon calendars and eclip-

-te

«sg (Chaptar II): tha ;ositions of the plansts determine tha dates of hor-

cr=s, anrd *‘Lke movement of Venus is[gspeoiallifg?]grea+ intsrest in de-

+ari-inin~ #$¥ Cld-2abylonian chronology {(Chapter ITI); whils the heliacal

e ]

risin~ o® fixed stars plays an important rdle ir Egsyrntian chronolocical

s - A TN ’ o~ - = F i

= = oy “ach chapter contains (gt th= an® = short

_ ) {"”’_“_ explained g rd
~ibPliograrh# 1l  abireviations ==tcas Lin the general biblio-

of the buol) Dottt
craphy at the end/ x>

ay Mrfw{’ as /M:/d

PI”".?V.’ :*{Qﬁﬁ o 4 -}—{.{
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Chapter I. Introdnction.

’Aycué‘& f? (sc. Ai:un?(a;)
'rolfc;a"& Sth;sz‘dv ‘E,\,\-{vwv....”

B rrofdotus 11,4,

& 1. FEo%ation.

. Yesrs and months.

e

= taks onr pcint ¢f departure from very vrhistorical ground, Ve

variante of th2 fondamrantal chronolorical unit of the yeer sactually origi-

nat=d. I» otkapy =merds, we treat the conespt "year" as a puraly arbitrary

'mit ¢f tim2 messnrament whick more or lesss sunits the prectical n2eds of
"dsad rseckoring.” .

In all writings retfterring to medieval or ancisnt history the

mord "rsar® mears "Julian year."” A Julian year is a time intarval of

1 ; . = 2 4 . 2. : :
348 5 day - in order to dispose of the fraction of a dayr, inadmiessitle in

any c¢ivil! calandar, four Julian years ars groupad into cyclas oif three

oriinary® r-srs of 375 days =ach and one "le2ap y=2ar" of 366 days. Using

-t
=

.

*he Christien «ra, ail Julian y=ars vhoss number is divisible by 4 are
Fram the Otp lge gbaugr papers

12an vears, sc far as "A.D." vear re concarnsi. 5y th \Jﬂ;‘. iVes Center
R = ’ Cour’[esyosf eShe%ly White @nd (on Levy Arc iVes Cofter?
howeysy, ths yaurs 1 B.C.;, 5 B.C., ¢ B.C. =te. ﬂ,-,ln‘gu;hgf_eia;édy@nced Study
Princeton, NJ USA
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2 gnlian yeay ra spbdivided into twalws woinths, conventi
as today, Jenwary, february, mie., which contair the sams
= ‘[’"{'L\ &41 [ -
: |y g g -pressnt eslsnfar, Jngerting e tEs morth of Je-
Titiewal fay Iv 14r ysarg. W gt treviate theas wobth nanes
; T ": 4 3 S e -‘. -__v, adlin r 3 \|| 3 nagag arer “'!J e 1 oo ’Jf
Tol gthoar ealentarg: & years i1 ‘Ba distin :—,\1-_1 ol . }.:; an
ioh bo emyhesigs bthig faect. & Tfornls l1ike
e oy -~/ b = B » a4 7 * - N e
beels 35 Ii41 28 = Q16T 13037 2F
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£ ol atov o iV masei cvri (lavsian

Ginzel II ;.25 P£.)

e s}
It(] ¥ ::..Y][]

L_é.z:_éau.l_‘,_{ J'Z.y_s, “-ban__hz{ ﬁ._,,.. ~fr--r--—-f '/ r"t‘-,f"- !'5"'_'}}!.-_)_'.’#__‘:_‘{..!’.(-5; /{“J‘-.-ﬁ:!'-‘/‘ {z"*-

: ""‘* syl hetronceieal litiesturs, the toelve namss jnote=d ir (1) ars
xotiweirals ued in pefersnces to thes Epyptiar zalendsay.

Tha Fprrtien yesazrs are espseially conyerient for astyoromieal

% mitatieor g ape fhapsfore the tims scals of th= apcisatl astroncmars,

2) : . .9) g
14 ’+c_"-.=r:*-;'3) an® hia comosntators , the Christian’ and MNo-
rho sxpreczes himu=lf as

FolTlome’ /s "In tha comutetion of the ealestial movemente, we rill con-

3) Atguatr 180 4.0, Fxumples pusasim in ths Almagast.

2}y ®_r., Reda, ba tappornm retiona (mritteam 725 A.0D.) 2h.XI (D: mensibus’

F
P BT an el .2 oo
s P.Y., ) 2ad 3 T,
Y P.e., Fapios (4th cent. A.D.) ad. Home z.3.
7Y & EiaRnbkiand (oo ona A 5 ) Hal113 A =~
B. %y Gl=Sattani (atont O A.D.), =2d. N2llino p.21,17.

7Y Ds pavol., (15247) =3, Thorn 1.172 L.

“ietartly ns: the FAryptian years, which are th- only ores, amon: all civi

3 r'ee Wy ,ll!‘

Je2ars, ~bich =rs o° agqual lsncth. The measvrs shonld ke—congrusat-t4 the
7a)

arntity, which is net the case

TAEN Y STy T ?'T

[ar

n the yeara g the Romens, Ore

224 Persigns; in which the interealation is not made in s unifort way bu

+

a5 it plansa

somshody. The Xgyitian year, on the contrury, contains no
arkienity .... The Tgyptian years ares therefore esrecially fitted to th

connting of an~iforr motion ..."

The tnr=ly rractical attitude of the astronomers is very diffe
annt fron tha factors ”P‘ch actually influenced the history of the calent

Tspansa ‘ha Juiian vear is more clossly related td BRE DeMEtyCAECEREPYE:
A Courtesy of The Shelby White and Leon Levy Archives Center

) Congimenc” e S i onll by s f emhet /c.‘./z'”s“t” gl 1 yesi



yeer than the Zgyitian year, th» Julian calsndar wmas, introduced in Egypt

ths Loringe f'orm: the names o the mcnths and their

k7 Avpnstus / in ths foli

oAk cpech 4 Y-
2) TFor +ha ybégfeiq;gutmpanﬂfdbzﬁf this naw ﬂvv K&ZBAQLAAZEA cf. Ginzel
.789 ff. and 4ymwh*e¥4—¥wﬂﬂﬂﬂsr&T—Fﬂ4-

J22% £,, Tileokesn, Ostraka T

P . - SO R T -
T : 7 Ty or o T
ATl o cr——— .Ly__ T

ngth ars the cam2 2s in the Egyptian calendar, btut in each fourth year

= T-t¥r aracgwsnsz]l dey iz inserta2d. This calendar was in commom us~ among

‘ne fCrsak and Xoman populatior in LEgypt during th2 Roman ermpire; the nativej

rornlation eall=d it the "Graek ysar™’/, Wa prefer to use the name "Alex-

) Of., EZ 10,27 ané Sethe Laitr. P.310, For duuvble datings given both in
the 1““““3?1%” calandar (qu E1X7vns) and in the Egyntian calandar (x«Ta
$i Tovs “S’)ﬁ‘ ovg or AcJuh‘norg) - B, ?urenfell—Fu:t Cx.tap.Il p.129 and

Treanfell-Hunt-Hosarth, Faydm p.234. 4An interestir;; combination of thrae

g Irisn calsndar” and artraviata the names of the months in this cal=andar
r7 Ila), II(&),..., ¥II(a). The cosxistence of th=2 Egyptian and ths Alex-
arsrian calsnidur is a vary typical examfle of the source of difficulties
mirnretad with the astronomicul evaluation of dates “ound in documznts of
nis period. Thar~ is no strict ruvle as to the kind of calendar us=d in
8 rarticular Jocumant, Thns we me=2t both types of calendar in Demotic astr
nomical texte o Zoman times with no visible r=ason why papyri =ritten
atgnt 2 A, or 172 A.D. sbuvld ns= the Egyptian calzndar while taxts
frgm th: sams tvre writtan abont 140 A.D. should refer to the Alexandrian
)

nalanday . Tk= gri.lication of =xact astronormical calculation to dates

10} £, urng%?auer.éyua&a¢AQ¢naaf;?ii?F\QElLﬂ )

-

cinlandare i= ~iyan in aw horosrcopes (F.London Xr.130), dated Titus year 3
(- 81 A.D.), 2ovating VIII(a) 6 with IV(i) 1 ( &% P Fk?“*ﬂvt “!ovf‘
an® =ith TX(e) @QwiRsY{¥dme1de/po) thie akatd “&X“‘“"f e

-

qufvfﬁts \:
" Angclag naxiy yeomqra sls Ty derzioay ).

13 o S k . })( [ i - ¢ -4



= IS wmyed R
. . -

sronid tharaforas

always b

» vraeadod by t irvestication of

1

- e -
¥ “nir din strictly satronorical s=ns= is th- basie nnit o tim=. Snch

r -f:n" 4 e 1 Twapn 0« 41y
< wvieanea 7 tha woonts

These "lunar months" were groupad into "yesars™ of sémetimes 12 or 13

menths, For the greater part of Sabylonien history thers was no definite

1l a

as to wher =

mm M

‘nriag R.C., wers deTinite cgeles adopted according to which
cifi=sd years wars to contuin a 13-th menth. The final and historically

m~et imrortant cgele is a 19-vears cpele which we shall mest at later oc-

(‘a-g:‘*ﬁgv\

n

ra

‘: ) Bars

."‘.‘.I.'nv} 3 T

-

it

orrngoant

- F'te}-

th & TiehlI=sm &5 te mirign o “the o calandars is mzant
3 o aae P e = " P e e S an e : e S
11) ‘=other mo'ification of ths Scyptiav calandar is the tersian(“Yovng-
+am®) oanlendar shick ingerts on2 complate month of 30 Aays aft:r 170
! aT o &8 = - i P 2 N s 3 $% 3 T+ 13
, ; ) raacking apgraemsnt with tha Julisn cs-
- ) . = e - = & - 3o R | -
. - L o . i . e« ¥y : S
M a gm- Pevvrm eap¥io~ T nr Fn no (-nr}--'l T hews Faan CafPinad "'.;1"(\_
: : ptignsd Brn fo noy ephl” he e a¥inad with
' imrepdnoine any agtronomicnl concept at, all. They merely consist ol s
5 iv —umh: 3t days, whoss purbsy may bes variable bot evsntuall:r follow
Einits ol “ interealation, The same holds #o2 th= smmlla2r ;arts of

irectly opposits divies is

batw=an

th

7=2ar should be lony or shert. Cnly during

, "hen mor: detsails about its basis and its earplication will be

follcewed hy

Jd~=ish

nal=rdar. Vaprsa

twe subsouent momsants of

=St

s moonless nights sroundé new moon.

the last

cen—

certain spe-

is snfficiant to remark that this cycle six times inserts

month {v12). The 1lsngth of tha

tmealfth morth (in th=a following denoted &&:K&I@%-&ﬁﬁ*@ﬁﬂ&g&/ﬁgﬂr

Single months, howevaer,'a: srantly




——

was mayepr reamlgtad Ty 4 definite rol= bt was always determinad acecording
to "k~ actual a;i=zranca of the ne~ crascent. This rivas to the babylonian

ealandar a wary ccwplieatsd charncter. On the other hand, this calender is
gtion t2 the actn=l movement of the moon, thersby permit-

tin~ Jdipresct checks throush modern calculation. An isclated date likes Jarva-
Y iz astronc icslly absclutely valusless., On the corntrary, if we reegd

s < = . ; 1 ;
i 2 amaifor» 1ist of favaratle and anfavorahble days 3) that a sun e=clips

*2) K&R TR obv.V,60. Cf. Labat, Bémeorol. 1.85/89.

ivar ig un vnlucky day, w= then know that no real sun
y=cessarely bonuné tc n2w moons (whic

n
in a rmocn calsndar, have only deta2s like 25, 29 or 30). Th= téxt thus be-
h

onre t2 a nariod mot yat have btean distincuishsd) where atmospherie =c2lip-
.‘ - - . > = — - ’ -
3 - P o F o S 4.’-\‘1'1 -m ] ?Iqws
igAal @e0lipses;
- - = n N e ae r o 5 e L— p_—— £
1S in t¥=> ecase ©f the Zcyrtiar cslendar, wonventionsl nemes of
sl Toar Y A Toam ol amdan Qe ‘-}v- AmEan 11an 'i'n tha 134 th.-n.."[‘!‘rxl-a.. ?'hau sra qg
¥la A lamday arae i Agmmon nas B Lths Litarvy A ey are
o Timreey s
- -yn - - =
1 3 gan v AL IX Hisl=y
— T3 farap VI Elpl ¥ Tabit
I1H Tivar VA Temchprit ] Sl sbat
: ik T e -'r-;' I T LrsYonrm a Y1 T "._r‘__"‘]'
T& 3hell avoid dhardemiarg our fdiscusgiof With thssy nsmes B4 mick ng pogsite
v S ey Ve aa A mpae b Flwm afvara ik amee Fic¥din-gii:Tiar 147 mes ~zava ) B
’ i - Ser PR - 5 g sad LE e e S S 154 L 2pi8 W 1 - 9. ‘e o
’ b + - -~ 1 - v Vo v
e SR b -~ 1 re
A . = 3 ) wT e mie ¥ - T Tyl 3as - 2y LR O
- Ay s i 4 s il e R € - £ - - e - - b -
" o U " LR L W veeiy f1ootaal T Farnendea 11y an o TQL UIE AJLLO INGUUGLUAUGT slda b
- - . PO - - H LA L r -t 3 -_‘.l - - - -d - = - i = |
th= racna] vz ot Digslatinn, The felining pelation |hstitutedor AthvancethSt
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: : 3 i 18 Y
tnal introduction bty the mornk Dionysius sxiguus. )he computed Faster

(3) Niocletian 248 o 532 A.D. [

Thiz kin? o d4=firition of the Christian era corresponds *o its

et s

15)

fede
(=13

=~ eontirnation of pr=vious ones by Bishop Cyril of Alexandria

» 3 L4 Lo { . -
“hich andad it} the year Dioclstian dd?"‘ 5 In tre year 525 Dionysius sent |

) i,a., "the 1ittle ons", "the insiznificant on«" added to his name as

RE 5, p.98 f., Cessiodorvs, De inst.div.litt. c.23

Died in 444 A.D. Cf, CMH 1 p.500 £f.

This is the vwsunrl version, bas=d on the statemsnt of Dionysius ir his
* 2r to atronins (Jiigne r.7.. 67 ¢0l.20) that the tables cf Cyril began
Dioel.157 (& 24727 A.D.) anc =nded in Diocl.247 (2 531 A.D.). Fut from

“~

» 1at ar gt Jrsril himsel? (edras.ed to Theodosius II, published

=

rom an
camisxr mannseript hy Conybears, Cyril, esp. $.221) it follows that his

4112 navarad ihs years from Diocl.115% ( 2 399 A.D.) to Diogl.?2?8 (= 52

Y. 7 Ao not 522 hor this contradiction can b+ =:concil=d.

g7

-3

iz na tahklas ro Rishop Fatronius of Alexandria axpressing the oninion

a2t tha era o® Ticcletian, a "tyrant mor~ than a prince", shonld mowe
ropriwtaly  # raplaced by th2 connting ot yeas "¢h incarnationedomis

- ﬂ)
” dJ Maa

srenmants rrich axsxeEntxkmamxm broucht Disnysivs to th: as-

Y Te: tavt of th a-istola ad Featroninm®™ is ubklished Yiens 7.1. €7
"1 PRL For WA mashGSepivt;, 7. idsler 11 p.250s

sumption of the aguivalsnee (3) ars not knomn* the most planairle tresory
PO T Xy } a &)W ~ Ty &:cv‘ n"" nhf.fgir ﬂ“:-nﬁt 134‘-']':\1-."-: LSis o | e 3 p'r *‘-_‘n MNB—

¥ 4 2 — =t i 40 B LS E g & -
v ranyrrec-

g, ahcut ths narallslis f* the creation of the =mivrld and the panyy
g i A tizlism of the creation If-crom the (5tto Neugegauer papers

o a7 Theint combinad mitRURestekllaseeRy VLN 3aG LEoN £ ArE@NESITIEPS .
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r har besy goviksd ont in defdl]l by GOppert s The sxactly oppo-
: . !1:‘ T £3 5 ry 3 1 on vof el ‘r-:' Gir\q'."_,:[_._;r 'I'--‘]T{;}.
= 4 % ot owda i FAalk an ‘, '-i_.'l‘..—‘ o thinks that thae *}jfi.?ﬂ_;-,;iflp
no e 4 opT te siga any fafgpmation Atont fha setnal Jdate of tha
o g baom ‘Yo mupk s B30 i oa naebs o 3n itesl® impaprtant
; 2ia G B ) T »
2% Bs g b8 n .."1-' —g ' erinny - .. and 11- i y ¢ oUuTs frien
- 1= « S0l 1 DA - = A £ e 2w : « . Kz i me e
1.’ ol 2 __-l-‘ '!'-l,__;:. - < ¥ 3 l_-_ i T l‘ Tk o A 'lffa' f,_ % a0 ra
S hal e 3 L2 !
- _ z - -

s

L

» ruarsly speenlative reconstruction of historiesl) feets, therafors, seam

srly +to tha Pact +thet ha nead a 7211 establisked ancient ara for helf

sctad with systems based on fa2gnal- years; dynasties ete. But in order

the arbilrary poirt cof departugnsecdinst Boectdbodvhite achl cof | EheAearieslx

Thriatian eprq govnot ke historically corr=eot bacsns s Bero? di2d

Tany A T-.'! O i At a1 -ﬁr", Lina name of the S s T v Jioes c:{'--_,n,-"‘t_'
3 ! i . i 0 X A gl Fhloli- b Ay

e i3 Y%s hysothngis, T importsnce g% ! > nuimtar 537 for the
motar paqTonmTation wirht have ba=n the ecsantial arcorant for Dio-

“ho har 17 ha’ histeorical sonrcas at his disponsal to determine a
vazrs bafors kis time mithin & marsin of 5 years - not Lo men-
= luek o nndarsterxdine or 8o medarn g foraunlatior of tha
n» mont rlaraitla explanation of Dionvsins' rreoc=2dure. Thet ha ne-

1235 eam> to & rasult-nst too remote from tha trnth is vndobt=dly

interval to be h»igdad.

Fro~ obr Tra2serr noin!t ¢ view

, th=a only inteir=gt in tte Christ-
lies ip the fazt that therevith a8 d2firits habit yas finally de-

to court rears withont the interrurtions and ambtirtgities inesvitabl

1 ne2 o any +ra on= mist usually extend i: tackwards b-rond




foirs 30, it iz gnly se]lPsvidant that on= must svoid vunnecessary corrpdicu-

tigns ard thus »liminute sources of errors, which would ariss i€ on= wonld

forti® the aprlication of tha rules of ordinary arithmetic in the counting

N
f '*qrs.'”) isrea wa ghall treat 72ar numbars savactly like ordinary nm-
) mer a oenls i o=, that too ol nombers are always sep

e72n mnmber~: this fnndamantal prineiple is violated bty mekinc "

and eall th= year shick rrscadss the yesar 1 of any era the yesr 0, the

r22~3ip:- yeur th» y=2ar -1, ete. Thas time elapsed betwesn a year a and

\n
:
)
-
-
o
=
"

than always b - a , rerardless of which signs the y=ar num-
ters u and b Bape,

17 ov=w, howaver, adopts a notation lik= years A.D. and F.C. whepe
e vagy " B,.0." is immediataly followéd by the y=ar "1 A.D." then three
i ffap.nt rnles ar- naceasary according to the thre= casss: (2) broth years
ars 4. D.=y=ars, (@) both years are B.C.-years, (c) ons year is A.T. bat
twa othar B.C. £ simple example might illustrate this. Ancient historio-
sraph; frequently usas the "Olympiads," i.e., gronps of four years called

+ 1 ¥ o

P

|4

rst, secord, third, fourth year of the first, second, ..., Clympiad.

re> nesnal statameant js that the first ysar of the firat Olympiad corres-

TF are misheas tc knorw which ys=ar of the Christian =ra correspends tc the

k—th (k = 1,2,3,2) ysar oF tke n-th Olympied (att ravinted by Ol.n,k}, one
hag ¢ rive tkr=s diTPerant rules, requiring carsful asonsideration of the
~peition of the begi-minc snd th=s end of the Olym.iad in juestion with re-

21
) T oRothe OBEALY T
(‘nur‘rncu nf The :

o e o i ittt e b A A
27Y  Hneh rulas, freqnently incomplete or wrong, can, b osnd o33, eeny fert-
F:oka., It iz wmorir mentioning that the long rule iven in Bimzsdn INJ S57/

~r2ct ‘o ka2 apcek rear of the Christian era.




o d e

i ecorrast, Yot the axamyls on p.3%3, last paragreph, is wrong (11 A.D.
"!;'V‘C‘* @y A 9“ 1z ot -‘o
introinee *1. A 7 [ e,  the y4ur pracedine the first gear of tha tsatrad
»ingdine cha firsgt Dlpmpiad), w2 have only ons formnla

(% 1. 0,¢ ~ ~780
oy e o smisayms T

(2%) Ol. 0,k ~ -780 + 4.n + k
.‘. -y

0, 12541 #® <80+ 49195+ 1
= 7RO+ 78504+ 1 = 1

sta=ias sithoot any srepial consjidarstion that the yeay 1 AJL eorr-a)onds
' ; firat year 5 the 1O0ER Gl iad,

Thi inedirla ¢of adartine our notatior to tha simyle ¥»ilas of

i stio =377 P2 strietly folloped im our disersuions. OF eoowse, If ig
mea S nlacs 4o oo dane logea ayprescioms likes "erounnd 1500 H,0." Ry "arourd
2EOAM o e Ao not wisk to ruarentis an sxsetitnds of oge year. Te will
(o35 soaReinci 9 sxrrnapions like "fivet coantury BuC."™ tsrcause thers is
nx w2 o acstuyrl salonlatin ith eenturiss whisck wonlid maks it advisabhie
ivtreinzse thy ppsilbar mave haers too.
= _!-._;..- - v SeRoamowne

T oo 'P ."}' - = e 'i?—. e nr 4 - f.3. - - ", -?;" ol

: i+ 0® YenthY, than sonntares khis dnterva) T 1y we-
fitr 4 4 : + Paa i# Mlnsse. From thi ) wias aes =anlA
+Ta o LV *r . oy = s Tem e ede 30y 7 =~ 1 T T4 P % oo h
& L ¥ § I By ptisn yesrs 1y @ o JREps i ot
f.r)‘

gnf nrasent Yop $2n" ingtead of the simpler Jdu’isp esglendar, Histoxd-
Gich iy uls of Dt Gougiesy Didhe Shelby-White Bng Leon teyy Archives Center

Princeton, NJ USA




L | L =TT " + 20 e }-\‘" T o sy 3 .-Ii;-.-." o remrvacant +1 a A B e I B R e -

=i 4 3 reahe i et -2 6 RS N

£ * iy TR < 4 T, I a = o - - T o % ” -
=50 I g i OUTATGrAR Foar papraaante ny oy fhe —

o & -
e 1 = aa "o v 3
- - .
i el e 1" it T3 TV, e (IR S S B (PSS =

ve : yalosien iscvesions ngnally -

& v -y o . it DTS d Pl S

. ion reaze. Teezsignalls, hovavar, problems ogncur in which ons Tants
r g soowaglt eheoralpgsinnl dgtes 4s eazratelyr as possitla with ths s=tscns.
1 4 e - ~n £ ¥ =t e T 4 . “_';‘PC_“E-}T‘ ﬁf;l‘.pr‘il|'rb }‘_4- Al mnAe Phens I
e celandary back i 1°C te
:‘-.A' - ‘1«—.4—-:.:«— 3w ‘]FC"‘. o2 ,..:..:--p‘ltr- S EE R n't-‘--'-w'{v\fur: el "‘:}1” -‘.x"w:-,c_l‘:t-lw m= ot
rasnl hus abtsinsd are £ 1 it2ly =x=ot
Prom ths sxtranomicosl roint of wisy but the davistion batmzen Greporisn es-
Tavfuy n»d tha aotrancaically dafinsd geacones apre 55 amall a3 te be parli-
itl=s Tor all hRigtorical peviods. The follonine little ftable will siva 2n
iw; vz _don ¥ *h mirntonsag of the differonces 2van batwzen the Julizdk and
- arian ealsndarca.
Gracoricn Julizn
| = U] -
152¢ I (g) 1 1499 XII () =22
2 I(g) 1 0 I {5y 3
r -
-10%20 I (g) 1 -1000 I () 10
Ny =
e Y {g) 1 -200C T £5) 18
~
T AN =
3060 T [g) ° -3000 T (1) 25 )
fiks 1{®faranes hatiraan the tws calsndare amountsd to tean days 2t the date of
Pt intradnetion in 1532 by Gragory XIII's dacrss that ths rslation

(5) 1582 X (3) 5 = 1582 X (#) 15

-

showld be aceepted. ~’ Thsa divergsnce disappsears, ¢f coonrss, for thes time of

?72) Thas +axt of *hs popal bull is pvblished, e.g., in Clavius, opsra V
1

(4612} 2.13=1%. 0€. Idsler I ».302.

From the Otto Neugebauer papers
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n Julien and Egypticn yeer is muck more cows

24} Wor rreeisc trenspositions ons can use P.V.Nencstausr ET P73/
t=b1s 1% or Sehram (cf. the instrvctions on p.XVT).

rienons bacans+ *h= Egyptian ysur falls behind ore day every fovrth Julian

o

vear, In 345.74 = 1460 Julien y=2rs a ¢iven Ecyptian dats ther=fore falls

bakind ova complete Julian y=2sr; or, in other words,
(5) 1461 Egyptien ymars = 1460 Julian years.
nis intarval of 1400 Julian y=ars is ¥nown as the "Sothic period" for rea-

=gng <rich =will k2 discussed 1&ter.25) During this

period, a ;oint in the
aEY - R ]
Srrrtian yeor, 2.2, Hew Yaar's day, will have oceupied every rlace in the
T T2 1

» c2or (en” hones of thes s2asons). Onz thera®sre sp=2aks sbout 2 "re-

b= meintenancs of snch a revolving year bas fregusntly bsan
considera? as the consagusnea of

oYa
Tism.T ) A a mattar of fact, this conservatism is by no m=ans greater then

n specifically Feyptian immate conssrva-

26) E.g. Ssthe;y Zsitr. p.310.

a4+ sho™r by tha= Enrorean cnltures for ths last thonsand vears in calling
+ke “C th menthk tpa "aichth™ (Cctober), the 11-th the "ninth" (Novegter)
ate, ,Nin the bhlaosdy revolts hgainst th2 Yregorian reform of the csle«ndar,
ac aptad, e,z, in S itzsrland only after 200 y=ers of stubborn resistance.
oo in moderrn astronony YARSLLESUIR a very unconvanient mixture of sexa-

reasimal and dAscimral notation reflecting the his tory of thas rast 500

. . — — —= e —

27)  ®.r. rombars like 125%157'31 52" |

Y




nsed, analorous cnriogities may be pointed out in onr daily

/i r i
‘e= im wangurives tims, space, or walated macnitudas. A-d e “‘“‘m*“ff“‘ﬁ
c‘mnm dbssdssih Waxe eobsdsr do wnil, sherkon & linss Hiss tha frgore— ededur wes

¥ b r L
‘“*"ﬂw ‘LTLJ ' Al wConzrnences."”

Ts mos3t nom introduce another mathematical concapt whieh is
acresninl ¥y adapta? to discussiorns typrical for all chronclopical problems;
cr bet-ar: w7~ mnust introduce a convenient generalisation of tke well known

1t of the "remuindsr® of divisions of intage

—

's by integers.

Th: definition in quastion is as follows: 1=t all the leatters

a, Y, m, ... ate. rerressnt intecees; supposing m to be a riven intaper,

any reir of nombers a &nda b "congrusnt" with respsct to ths

v

given "modnl™ m 1 thelir 4iffTersnce is diviaivls by m . This i uspally

writtan
(72) a=b (mod. m)

"a ponsrniént b omodnlo m™) and means according to the civen dsfini-

L 3 A wr +'|r'1‘-;_- T Thea 4-}-_!_‘14

L & 2 B

(7h) a —b = kn k ba2ing sny integar.

n
JEs porraotion ol this Poﬁﬁéﬁtha)

#itk the divisibility of inte

2%)  Intyoinesd by 0,.R,Gangs ir his "Disquisitiorss arithweticae® (1~01);

o B PP ] = »
[ : Skl y 3 S A ' I L ‘:,1 (o
AY maw 38 A pemigid W Fha -:‘-.:.-11 2]l pcage l. =0 . 2o {r'.',_‘;} A (f:.'!,.\ 14 £27
Toves frat cha gawvedaly e
(52) a = C med.r

From the Otto Neugebauer papers
CSurfEskBf The Shelby White and Leon Levy Archives Center
Institute for Advanced Study

2., 2 is n "mnlti 12" of the given medul m or 2 is "Rdrdadi NS Uganm.




4 A
-~ - = T L Teed A a0 oty . You T T ] ” = ™ 4 A 3T
¥, T 131 " L - ¥ 3 o - ) 11‘1 m on L + _‘:‘-t el
& i 7 T A 8 rtnt dIswvas smpindar * in Porwula
e o Yo = r
= — ?
O w = e ¢
o= mod.vg .
i ) red oy W = /:Y-. +‘: -~ eI sy 4+ ﬁf\:“-—-‘r-p? R ale] . n _“E 3 1 4 v !-1' - LTk 5 f-]ann.-l-
; ot =v: iz net intsrests? in Torw many tivas (cur k) & number m
o T IR At 3% desthee nipmbar a2 bt that ons oplyv ntaJs to knorm vliat num—
¥ 1 waing I s@ltizls of the siven nimber m ars disrscardad. This
Vo Tt pet od B —he Pollasine ~ £ T -
B . 2 I Pello=ins exarmplas.
(1). Tt sn pose that o c2lestial body moves around & Vixed
pent s mith povatant valooitrx, Ta gagums furthermors that & céertair rcint

fre pipeniar ortit io d=fined as the orizin for sounting en-las ( ) = 0)

S ancluar Figtanecs o the ¢calastial bode from thic noint is callse

its "tonsitnde" (A). Durine ons ravolntion, the longitnd= of the moving

: = == imAaranen

2£n0 ; o £
s b 3607, aftsr two rsvclntioms by 720, =tc., but in order

t. nbharacteriza the ploce of the body on its orbit only on= number A batwaen
o - it . 3 . . o
0% ans 370° i¢ a-"fiecient, regardlsss of how many times a multiple of 260

ha~ taan padded Aurins the preceding revolutions. Ir oth=r words, it is suf-

o ”
)'EJOO

“fojent to oonsidsyr only ths lonsitudses "modunle

'3
o 7
)

=2 tak: tha povern=nt of th=s moon arovnd the earth and snrnoss

neieyen 2qlly ineresse in loncitude by 13512,3% dspress,”- l=t vs in-

4

29} Ve pgraistantly nse the netstion ! g‘lC,}F‘U = 13710'35"  =%e

iw

the moon every 20 days. Now

e . -, From the Otto Neugebauer papers

S courtddy 6f-The"Shelby Yhite and Leon Levy Archives Center
N Institute for Advanced Study

By > 1orsity n? unr moon irersasea by 35;17,307 after 30 Baission Nl WSA




satliar the zofl faen) sicme, 1.%.; ths twel Pthe of the cvbit,
pontaivrine ID Asrrese anokh, We 7 hayse
2517 305 5:17,30 viod.30
TE ke coint L= M ecineddag with tha boeginnine 0° on. of ths zodiscal
e 4+ 1~ ~Tr it 3 mt s Py ae TN £ aQmn o Aerpen -5 77 Travia e -
5. o m-ied after 20, 42, 90 ste. Auys will tharsfors be
C. 4 fe 4N A =~ TN
gy L, 710 6;52 .30
10235 627,30 ato
1 E<BED 20 4 w1K
o R i A
Tspyeag Flectant Trop ths begivnnines of consacotive zodiscel sims.
(2). Tr: coneapt oF "concrnanne” is nat wastriet=d to positivs
intec~rs, Obwviom<lr all numbers
~ o —~ ~ o
. .. "-;", Sy :.%\1 =y —j/’ . s o om
s AT i At P J’g\ﬂh oftﬂv- }‘f -T“.-i.til- Uf‘ 3]“, .yacf-l:r 5SS Aare
: = IR 7~
- s = @ _88 __.8’ "_;_% ?’ )-'., - ..
ir o *ha gare asgumstior as to the movament of the neon s bafors and re-
markine that
29-13%;10,35 5 22;6,5% mcé.30
== kno™ that after 20 days the lonsitudes will incrsass by 2.;6,59 dagress
medelo 3D, But beseanse
22;6,5% = =7:;53,5 mod.3D
“he Tonritudes ir gnecsesive zodiacal sions will descrease by 7;55,50 after
29 doys, thrs yiaslding the follcwing velues
- = - z
O 6_‘ 20,”_-‘ 12,A1 ’l-c’
29; 6,55 25;29 ,45 ate.
& = =
14313,50 | 20;34,40
ob+ain=q by continued substraction of 7;35,5 med.30 .
(3) Tha €act that the longitudes ... A - 360, A L + 360,
From the Otto l\feugebauer papers
... =te, all correspond to Ghricsamé Theitkellon/\tie aciiteba Leay ArehieayCeseed
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mpdnla 3407 " Imslegously, if we Fnow & y=2ar in which a certain dat= in the

“gyytisn eglzsnfar corresronds to a certain sixxe Julisn date, so that; 2.g.,

(2) I(=) 1 = VIII(Z) 29

3§ *TRe ir the Faur <2 then we can say that this coincidsrce holds in

n11 prezvs wmhich ars concrusant to =25 modulo 1460 Julian years, 1.s.

~1485 PR 1435

e ey y ) LRI

r, mor= gensrally, any equivalenc=-of Eryytian and Juliasn dates dstearmines

(4) Trka rnl= of int=remlation of the Grezcrian calendsr can b:
years ere all years whoss number n is =0

mod, 7 axcant tha y=ars p= 100 =200 or =300 mod. 400,

238 P
Earce: Fecaus=s 1000 = 310 mod.A00 19C0 is no l=2ap vear bat 1902 or 2C00
er> 1sapr vears.|In the Julian calendar, hovever, all vsars = 0 mod.® are
Taap yeAr8 o.¢. the years s..; ~4; 0, 8, ... ete. T ia me 'Aﬁb““*
R ki ‘_:-,‘wu.-n wu.dv[{n A }.n{/fﬂ. Tidias. yers <3 r.!‘ 13 necenary m/‘( A'D.
£, The Jplian days. oA #.C. years. do &

-
Y& no” procs=2d to explein a group of concepts which play sn im-

“grtant réle in madisval calendarical art, thus bacomins the basis of a cer-

s

iv kind 0F ara 7Thiek is moech nsad in modern works or astroromical chrono-

“

(W]

locr nnder the name of the "Julian pariod." This naw instrument of scisntific

chronolegy was introdvesd by Joseph Justus Scaliger ir his work "De smenda-

S b
*igra tempornmj +r= first edition of which appear~d in Peris inr 158%, the

30)

vaar after ths Grarorien adict atout the nem cslsrdar. Sealiger was knovn

37) For compl-atz title und new =ditions (1598 and 1629) cf. Bernays, Scali-
gar, £.283.
i | b -

to the scholars of bkis time as one of. the leading Fhdddlefiotidcrredaiisr pme
of those mho =stablishsd ths fams of the University o?.ﬂg@@gﬂw ghg;q he

tought frr 14 72ars, indirectly influencing the dsvelopment of humanistic
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2 LRyageig or Y eTiow {(RE 2, 1327,

3 : b el 2 0% -pnmorig] % <, itlss, I~ *va later Qomgn = i 2
“Poraay EmdiariamnY eorel t n dstires sonteas? ant gimilar daeonmartsg
nes fepslgpad., T 2irat yesar of thle datinge socordiir: to tks dindiction

1
- T3 -~ B lom vy O s R e T e T % - N » I T T e

283 Aalay £ge i n (03 o 3 arster > : B &

L £ - ¥ - R | s T - %« . Y -

3% Th o wan A% 1y A9 In the "PEpopiceon Zasotisls,® n chronole

: R vl 5 - Ly O R S R e f = FnA P T o Eao el | a [ D &)

3 . ntn; optt I 522 . i M e 22, el
TEOY, CThy gtrsgeswr peusl iy tonnd in medern bocke thrt the indictic opizi-

. = I £ < p o » T4 ™ -~ ~ i T v - koo

e . renrs Tofore 313 in Zorpt has besn fully djsprovsd by Kas ‘Sf;”

B e .en Fears Iatspe ¥he iIndictio agsin tecams 1, ate.; iw this ¥y & serie
" " : : c32) :
37 shert ochsscntive sras always ryazing from 1 to 17 zores established,

I
a=d gy presans JRlign yesrs; one usually fiwvde 312 gnotsed as tks beginnir
:® sheoowels, Trare are alse differenc=s batmespr Bript and other qorts of
tts smrive {c”, Bickermenn, Chron. p-36.).

Thiz ¥ind o0 datin- stems very inconvieniant tc modarn man but nndonht»adls

ponstitutad o gSrest improvemant comparad with dating asceording te consunls
. . i . 34a)

~hose only »5ls covnsisted in lending their names to the ysars.
1+ is very simpls to determine the indictio of a given jear. W
From the Otto Neugebauer papers
¢ dutinc to the ratbodebmbbiire Shslbgadhieand them | eml Arawes Certtke
- Institute for Advanced Study
4a) @. blow p. 74, - Princeton, NJ USA

P e

=0

]



= -2 23,77 in ord:r asair to reach a ye=ar with indictioco 1. If n=a

»~7,7T, & Feoins nn intagsr hLetzssn -2 and 412, tren the year n hes |

ma A e é L T o s

h, BSeler a2ayels, L

Tras s2lar eyels ("eirenlns solaris"™) is connact=d with the f

5 = - - II

institption ¢ vha gaven Any weszk, bacsusse 365 =1 mod.7 and 366 = 2 ‘

m 1., & trtrads of three ordinary and ons lsap yanr rasnlis in a change i

2f ths maaskdarg by 52 -2 mod.7. Hence ssven such quadruples, i.s. 28 i
y=urs, mcve the maskdays by =14 = 0 mod.7, which means that after 28 years

ta gama dates full on tha seme w2zkdays as they dAid 28 yeers before. This
aynls of 28 ye=aras is of importance for the calenlation of Faster and is l

ats n m:?isval cal=nderical works. A y=ar in which

A

R
'—I
3

i
[
0
o]
W8

.

Jarrary 1 is a Llcnday gets the "eirculus sonlaris 17 Starting from the weak- |
;
Aays in tha tim: 9 Dionysius exiguus, on= rfinds that the year -8 ha: the j

solar eycle 1 and hances a ysar n the solar cycle a+ @ if n = a mod.28,

a tYaiv~ gp inta-ap hatw23an -8 and +19.

c. Guldsn numbar, :
|

{ |

a+e = ;
cf mncL‘b&éﬂflorigin is the concept "golden number,”™ which ap-

omroti" of Alexander de Villediew in 1200 A.D.35)

L

~glden numbter of o year is its ordinal number in a 19-year cycle havin

yeuypy le.,1 in 532 A.L., th=s y=ar of the introduction of the Ckristian era-5 )

- -

Tk e+ jmportance of this cyeles liss again in the Easter calcnlation, bsczuse

ZzZg
12 wasars ratnrn the new mocr or fMll rmocon to the same Jate.‘/) Becans=

3F) Of. Van Wijk (1] ».31.
36) (°. above 7.¥%", :
37) Cf., xkmx= helom p.1?%.

REY = D mn&.19hﬁﬁm colden numher of the year 0 is 1. Th4 e0laen Hamber of
e fort
& ye2r n isva + 1 if n=a mod.19, & being an integer between O and 18,
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19

cwiejra of the threas coneepts of indictio, solar cyele, ard golden number pe

napassary in owder to understand the era introduvc-d by Scaliger. He in— 3

tandead t4 barcin an sra in the mest convanient way for calendarial computa-

tions, narely with indictio = solar cyeles = golden number = 1, keepning of
ecnrs= tna alraudy adc] tad relationship hetween ths Christian ~ra end the .
thra . oiplag
L=+ us sup:ose that ti» first year of th2 new =2ra is the year -n.
Loooriing to the ruls (=:tablish=d abuva) of caleulatine thz2 indictio of a -
iyarn rasr. tha pogndition to be fulfillad in order to give To this year the
irniintio 1 is -m = -2 mod.1%5. Corresnondingly, solar cycles = 1 requires X

thet n in addition tc n w2 mod.?'H fulfills n

padn

3 >3

it

8 mod.28; finally, from
Fan momter = 1 it fo’lows that n = 0 mod.19. it is a sim:l= problem of
smantary nuebar thaory to find a number a1 obsying these conditiors, but
e siffici~nt for onr prassnt phrposas to verify that n = 4712 actuall;
Twas tha vroblar beeanne 4710 = 314-15 + 2 = 1463-28 + 8 = 248-12 . This
e *hat *h« ¥sayr =712 1is a year with all thrs: charactsristic numbaras
* ws reanired B2 Séniiger. It ¢ svident, howsver; that this 3s not the

T yargib]l s salntion bhacavnse if we Aadd to n a nupbsr n divieibla hy

1T sherm porfpis 1% "B and 10, than A4+ 3 will also b =2 med. 1%, =8
VAR, av] w0 mod. 1. The smallest pukber 3 sI1E this guel ity Is ob=
=7 -
T
= = Lemfean = mIAGAH
= -~ 1 ‘.' ldf"'
T ¥ 54 s
s ] R AG- 0 7L Q
. s = » = FESN | _-ll 3 ’:.‘., - = ® =
tant fram soch other \@ p, = 7980 years havs the gawms qualit: of makir
intin = solar ofgela = ~51d3an number = 1, The numher p. = 7280 is @z))
- - IC @
= "Tnlian paricd® and the yaar 4712 is adcptzd as the begirnring of ths

From the Otto NeugebaUer papers
nlign sep ¥ Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study

Princeton, NJ USA



rem tatipitior of tha solar cygrelr it folleors thet tha first
=472, =
2® T meir of thés saar(is a Vondar., This day is 2nll=d "Julian 2av O" and
1 - s A i T T A pes 5 .
- Jo are gimply conntsd as 1, 2, 3, ..., &Lc,
ner now Porzet abont the motivas which brourht Sealiger to
‘a dA=Tinitior ot tha "Inlian vreriod® and restricet onrus=lves Lo the simple
arv - -mant that =« introduce an "e:ra® of days, begianing with
(1) 2712 I 1 = Julian dey 0 .

Tr 1= srbitrarsly introducsd eca bacame of' sgormous practieal importancs for
» Yinda o chronslozieal cslevlaticns. The basic idea is very simple: in-
sten? o eom ntin;: tablas fer all possible combinations of diffaresnt eras,
reradan ara  Christian =~ra;, Gragorian cal=ndar, Julien calendar,

onz r~dnegas a4l 9f thegs aras to Julian days. The comparison batween

is then always radnced to daterminins first tke

i

o

annigaleanes in Julian days of ara A and then comparins the obtain=sd Jnlian
A4ay with sre %, Tn oth=r words, the"Sulian days" ars us=ad ac a comion time
gseale for all chrorological caleulations.

The ccneapt of "Julian days™ represants a very typical situation
in chronology in gensral, Its introduction was bas=d on considerations ab-
301nt =21y het=rog2n+sous tc our maodarn direction of thought. In ‘order to com-
nuts chronological tablsas, any other day cowld heve besen used as the point

=

n< ori

g

gin for ecen*incns countins. But radical irvovations both in mathods
ard terminology are extramaly rere in all fields of scisnce, and the main
rrocess of "rrosrass" consists in the unconscious changing and abendoning

of thea heavy burden of historical traditions.

xanples o calculations witk Julian days.

'
Je

-

In the following it is not necessary to know anything about the

g
)

»istericel bhackpgrennd of the "Julian days"™; everfthifne Qo tedveedudoathes

-nral: mechaenical nse of computed tables such as are  fo:he found in 3ehram,
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'ulavdariograrkische nnd chrormologische Tafeln."

1
1
1

(£) Tind the Julian day corrssponding to 1941 ¥ 4. Schram, p.81,!

esntaing the follewing section?

IX| X XI| XII

_4
H

. |
waoy I IT| 1IT| TIV!| V J vI| vII
|

893 | 923 954| 9ga

193F 803 | 834 8L2 : D15: Ca6| 076 | 707 137
*nTE | 2728 168| 139| 228 259 | 289 | 320| 350| 381 | 412 | 422 | 473 | 503
b B34 | B451 503 | 624 | (54| 685 715 746) 777 | 807 | 838 | 868
1938 | 899 | 30| 958 | 989 | D19 | D50| T80 | T11| Ta2| T72 | 2c3 | 233
1230 2229 264 | 295| 323 | 354 | 384 | 415 aa5] a76| 507 | 537 | 568 | S8
‘20N | 620| 660 689 | 720 | 750| 781| 811 | 822 | 873 | 903 | 932 | 964

| 00F | N25| D84 | 185 | T1+ | Ta6| T76 | 207 | 235 | 268 | 309 | 329

-

17421 2230 340 391 419 | 450 | 280 | 511| 541 | 572 | 603 | 633 | 664 | 6oa
915 7251 774 784 | 815 | 845 | 876 | 906 | 937 | 968 | 998 | 029 | T59
10741 2431 020 121| 150|181 | 211 | 242 | 272 | 303 | 334 | 354 | 395 | 425

Tookin - at ths 1lir» ccntaininis 1941 and column ¥, u= find tke nurber 268.
T2 Far on the 2 means that this nvmber is not to be attached to tha 2429

iwvan in collurm "I} but te the 2430 of the following crour. Th= nnmbsr thus

f‘;Jn'ﬂ"? 'E:C', 2 AR = S
4 bl 2

2,7/30,2%8, This rspressnts ths Julian day numrbsr of ths "day O"

~ &

o€ *ha romth ir jnestion (X); in order to =t ths 2tk of this montk, we
{ 2 o3 2

et gimply a4 4, Hance

=

2AF0PT2 ths Julisn day corraszonding tc 1941 X 4

{?) Eot pany days nevs: slapsed hatwasn 1938 TX 156 and 1041
T 4 % Trom ths t=Fla -iyan in the precsding axam:-1= wa find 1938 IX C
TiaW  govaw 4 5 - rma e - : . = i ey !
Jul .39y 2,429, ind eortoecpaoddioodyy:  concequently
4 N0 T II!:_

Jul.dsy 2,425 117 .

snl® chtained atgve, ze find for the BXAPH#fOttdhi



= sae 3 - & - - _— a4 g e ~
{en 3 th» Tnliar dsy corrvespondins ts =746 11 2{ . Sckram
- Y R + » . T ez g = ~
z.%17, el 4 :

L e T 1rves s YA 71 % T2 0 s N2 ANA A A &N
. {: B = { .

N P ! PR S PRE A4 A -
PR = A £ P ey “nr. " 2 F L rF il e L nrac Ly & = Ly QA Ee
1 b . 4 ¢ ) b4
e a ok Y- - ~ A e ™ ooy el o i =~ - TEE anc 1
) e Ay Vot [ Doz | D32 |B63 | 702 [ T4 | 3 Ta! |
P
-~ " “«re N o & - - - - . -~ A e AL - - Lot [l ] i
* " - . - 4 . - ,. L
.
oA I, < . * r7. ] - — - - P . P = [ ~ A
“ . r . i . 7 "Kig & Y N L
AT
T
> 2 + s oA . y + =P 5 1 X I t?r‘.-\ . AN . A
= i 54! 2 Yen = & o 5 e Bag W=
= . b : P - e by s ~ g s = = Loy - 4
=% muluwm, For *he duy II0 we than £ind the angbar 612 i so-
Wi Wiy Y Sy ‘/'.« s T ol £ ry Yy T s P .i." _;r_ frenceed e Y rrmn I
+ 3 L . - " - ke [ ARV (St - v 13 JE R bl R R
+Fyras A=a ¥ ol 4 1 AA2 gnd NOKT« Fi-4 3 FYs At S 55 Fla 4 srapwae Ipads
- ') e Af 3 MENE - - = g L b g [ A i~ 2 1 -
vrp s 3l ) - S I Lriale oA AN~ - b s gy -
) %3 s tabla: (70D +7T) avd LA7D0 £+ T) . bBagouse me
= 3 X Gk e wSraideXs T 0 Lk AEan i ..”..t .i. 21 = 1 =y, +1- 14 * ty 't s 3% T
; B! H 1 =2 SoRy il #4085 LaH T ¢ e bt A nHmp ey 1 1.
S o e BV
faay AL i a4 i Tredl B I
o { = 3 e S (VI 50 I A B2 s g R 2T .
Hemuzlil The wecond sy numter aft th=a top cf thks takFls is zysp—
g ooy REALnn s ‘. P AE A g A moSy T e 2L E Ty e
! sy L 000 dulisy vesrs amgunt to { F o) ~AQ0C=
. w L
- - & T oee it . g N - 2. | - Fhoema > Toims . T Y PRIt SR N 12
H ’ e - » s SR b = = ‘- ok el = —o-Th ] - e

- wmeem o owr Tia Tl AMTO s payenm gyl 1 oot 3 e e 1 s Ea R Al hal s o ! Y
] . ; ) {11 w3 | rdingly Y2 game tabl-<g can he usad b

U Tins the egrreen)ending ml1Golrtesydf ThEISHatbyt Whiteiareitl comritevy ArEhives Eentere |



w3  DOR7 3+ 1453 14485 th» sctual nmumber ziven ie snly 1448 bspoanss
- idition o $0, 070,000 deags I8 historigallc jvpalsvant
(D) aet Is the equivalsnt oF the Julian day 1,728,053 in the
FARTEY 82 wiise octivram, 11 .10R £72,, gives tabtlss head»d "Llaxanérian
i rim T728;: sy ©f 3 or 1.110 &8s follews

—_—

I("-) -‘.l—.-(“-} ..."__T(‘i) @(‘l‘ -?(‘U E{“) E{ﬂ) ._V'!’(", E‘-q] :g‘(qJ E{q) mq} cf.aj'-'

38 I 872 | 202 | @32 | 962 |99 | 022 | 052 | 82 | 112 | 142 | 172 | 202 222
| Lz, 728 | 7s| com | 305 |358 | 388 | 418 | 248 | 278 | 508 | 538 | 568 | 598
=7 £23 | A23 ] £43 | 593 | 723 | 752 | 783 | 813 | 843 | 873 | 903 | 922 | 963
’ a5a [ 208 | D28 D58 | 088 | T18 | 148 | T78 | 508 | 238 | 568 | 2% | 328
4 20
o =
2| ars 333 | 263 | 323 [423 | 453 | 483 | 513 | 543 | 573 | 603 | 633 | 663 | 693
- 1728
ac

3. . ) -1 . x
Fith th=e apper anab=r in ths ysar numbars _401; givan at th= top of the

anss 1728 i3 +he unnsr numbar of the pair 207 we et combin~ it
“

tabls . i.e., mith =17. Th= sscond part (053) of cur given numb=1 do=s
3R) Tor the mesunine of this dit“ersnce of 4000 years, see the ramark at

th= =nd of the preeczding sxampls.

n<t aprear but ths closast smaller number is 052 in ths 1ine t = 35 .

Tha gear in guestion iz tharefors -17 4+ t = 18 A.D. Th= month into rhich
w9y PRl1ls is ?TI(a), the 0-day of which has th= number CHh2. Thera-
fors *he data in u2stion is

T

{1 2) Jul.day 1728.053 = 18 A.D. VII(a) 1 .

“rrptian Aocumants of this time, this y=ar woul? have bea2n called the

-

fonrth year of Tibarius.



1
1=

This is not the plac= to o into furtker details of the tachnigue
n chronclocical tablses which can, at all svents, only b= acquirsd by
an*nzl sxrsrisne=s. Moreovar, tysical examples ares given in the introductory

cf. also
rha:tars ¢t 3ehrar und analogons works. PRE of the most saful applecation
- 2

ha obmeer 1 Yaulfan da¥ consists in solwipns . oo ~groblem of

Aa+ s Poinineg the dgfAJin on: =ra (saxQA)! whick co ¢ Jafe

io id=a consid{s

throuzhAdulish <. the task

days instziid qrrutines tables>or all poszibde peWr

vis aimnle method will be given at,the and of tt

aras. sor axvomrles

- o .
ns¥t paragrarh.

troistt Bras.,

te kRuva slready mentioned that the Christian ora, th: 2va ussed

in =21 wmgdarn histerical weorkn, was introfuecod =3 lat?: as 525 und orly ve:
Lo airad mropnd i ¥he follogipe fwo geninrizs uplil its r=e92tion 11
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Vawdoxw ig nanally disragaried by cimply identifyging

This Iggpanal 3 yeezpted Sefinition of the "Warronic™ era.
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cg2 3t omine how careful ons must be in comparing the Wpypntian reg-

=nl ramprs of Toman spparors ard their years accurdins te Roman sonrees.

~

» egnrntine of tha rermal years of an amperor in Egypt was un-—-

nt+adly eontinng?d lons after his deeth, as is shown, e.g., by an astrono-

ieal o

eal e tha 1%th year of Prajar the 34th of Titus. 9)

repyrus which

#2Y  Tap,Tartnnis 274 (Gronfell-fiont-Gocdspzed. Tehtunis IT p.24 and Neu-
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9). ul 5
=atanae™y] 1] 7.242). Cf£. alsc tha horoscope I-'.DI*lt.:ouS.‘IjO (¥qFon I 1.133).

Tor"rovincial aras" of,. Gardthansen ral.Il p.2/' f,

rroeednrs i easy to vrderstard in astronomical texts whore systammiic ca

~nlarigra a4 ‘nvolved, Tomardg the 2nd

irtg widar raa, continning the repnsl years of Dicelatian according to th
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typical case showing how careful one must be in comparing the Egyptian reg:

nal y=2ars of Zoman emperors and their years according te Roman sources.
The counting of the regnal years of an emperor in Egypt was un-

donht24ly continued long after his death, as is shown, e.g., by an astrono:

A
ical papyrus which calls the 15th year of Brajen the 34th of Titus.9) Thi:

-

. e

49) Tap,Tehtunis 274 (CGrenfell-Hunt-Gocdspesd, Tebtunis II r 24 and Neu-
gﬂbaud%¥[1| p-242). Cf. also the horoscope F.brit.Mus.130 (fafbn I p.133).
For"rrovincial eras" cf. Gardthavsen Pel.II p.44% f,

rrocedur2 is easy to understard in astronomical texts where systematic cal

]—!

enlations ar= involvad. Towards the =2nd of the Roman Empirs 2 real era cam
into wider nse, continuing the regnal years of Diocletisn according to the

Alexandriar calendar. The corresponding relation to cur ers is

(17) Diocl. 0 = 283/4 .
e TE g R fomie b We _50)
Tha ears o- this 2ra arsa also maﬂﬂmp used in astronomiceal documents an

etk /Man preese: _)tocﬂ ! I{a) I =284 .E(J) 249 S-S e
FM)§ Th2 two =sarliest instarncss known to me of this era ars two horcscopes
of “ha v-ars Dioel.31 and 33 (P.Soc.Ital.VII p.53, 1l0.76%, and Granfell |1

i

Granfel’'s statemant tha* Theon nses the era Diocl. s2eme to he lJ.n.f'(_)ljg%ldé_‘&‘
Fecanse IAszler (I 1.164) remarks that there is only one place wh?refthié
ara ar ears in Theon, gqnotire the edition of tha commentary to the Alﬁagea
printe? ir Taglz 1538 n.284 (Ideler I p.142 notz2 1). The modarr 2dition'of
S SoTmaniury, h..ever,vshows that the passazz irn question doss no%&belo'
s rig o the sra Diocletian (ede-
Rome p.172%; wmﬁbhﬁéaagéga, Wat the auvthor of this cormﬂfzégi_igifappus,q
h 35 Rewme '{s‘scwemf)- e """“C) T"‘"t

S
rizinal ta2xt, whicsh makes no raferance t
o

therefor2 tacam2 the ara of the Alexsndrien Eastar calcevlations. Te have

already mentioned the Faster tatles of Cyril and their continuation by
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¥ Hak Incuenat iony domini.™ The Cheistians in Bpypt, th2 so-called

porta, sartinngn
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2
y zonntine of tha rerral years of Diocletian, snbstituting’

§i» raviz tim2a3-%7 tha rama "ara o tks martyrs" feor the name of Dicelatisn

\(L_{u‘rn( C‘rE‘E‘T—I4«)C = = s NS

Afhaiy 1,I1 .26 ciotes se the latast instance of thre =rs

H

Divedatiny the 4 ."'510 dutz Diocl.451 =~ %Wear of thes Saracenass® 111 orn a
ol (ol 11 e g
-

i= m3mgre gf tha wrogecnutions dvwring his raizn,

ba D aelatiar 2ra continced in Eeypt the countine of the regnal years of

-

5
thig amparor for more than a then=and =rears.'5)

PRV

.II n.A24) the year 1181 A.D. for the latest

o0f this 2rs ir Orhek inseviptioms, as late as the 19th century for
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r> i taxtco
8, Tra Salencis Bra.
Cn2 ¢ the moest important eras of antiquity is the "Seleucid” .
ecCuplL=-
apra, taszi ine 312 B.C., when Ssleucus, one of Alsxarder's genarals, P

27 Eetuyion, thns founding an indspendent kingdom. In contrast to most of

1

“ha a~eisnt! eras, the OGsleneid era is not restricted to astronomical or
Y4+ awaws neo ot ia the genarallv adorted metkod of datin~ found ir count-

128 Jooumants” from nublie and private lifs ir Lissorotamia an? Syvria.

srvire and was still in use

.

i ara guryivas the eoll arses of* the Sealencid

|

ir Terthia® and even i~ Arabie times-“: There ars, however, local differenc
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mith paspect to th2 beginning of the years. The two most important variances
72 the Sarylgnian styl=, begivmins the year near the spring equinox, and
v 7kick fclioue the Macedonian calendar with New Year around the

cntnen aqnivax, The relative position of these two fevms of the Seleucid

2ra it infieated by fiz.s and cons2guently by

{13h) Sal. Maced. O~ -312/311

re-‘.l‘

“a aneca Talh typos o' the 3elencid era are based on a)lunar ca-
meh-(jx -(4‘4; Autes o( Ve now crescenls

'orAar mhich potniees thae\mopro v less irpascsnlar intovemletien——soi a thir-
'jl.da ![ -
—_ ‘L, noyYesreral ruls for a day-to-day correspondance can ke siven,
varr eliose r2lationskip, hovever, can be estabiishsd tetween the Babylo-

“ia- bhranch of +he l2lenecid ealondar and the Jdulian culendar becavs~e, KEEIX

-
“
3

id23 many onr2iform husiness documents; we have from this period many

astronorical tarlaets whiech malbe comparison by modarn calenlatioa noscible

Fa

ar alon' twg ecentnrics (eca. 250 to 50 B.C.). This periocd, ther=sfore, con-
56)

~tiut:g on of the best defined parts of ancient echrorology.

RBA) 4 comraca ive list of Saleneid and Julian detes is given by 7.Dubter-
=<sin ,...... . A& rravions table composed by Cavai:rnae (|1] .73 £f.) is

vayry ingconvanisntils a:"'=-.r-'_‘_?'1,-fnr fracf'a'c:-ll vse .

L varia iorp of tha ambylonian form o the Seleucid era is the

sronela" eva of the Varthians. If is th=2 year number in the Szleuneid

svda, W TR Yhe Arseold; than
(1Q) m(Ars.) = n(Sel.) - 64
*:qu.r?\
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comr-aggition ¢f tha batylenian part of the kineg list. Moreover

, it most not

Fa fopegt A tbkqt tha "+olamaic ecanon was mainlv iMEEnAsDiEpNedEIIaMEE BT PAE




}A

wes. Te have o very idrortant remark of Itolemy,67) telling us that "the

Imacest 171I,7 ed4. Heiberg 1,1 p.254, 9-13,

,‘,_\.

rreservad almost completely since then (the reien

# Naronegser) ur to the present date." This indicatfs tESt the choice of
alr( B -

this roint of dz2rarture fcr ar sstronomical era determined b

arvalabla material of observational records.
Thather we assume that the canse for the era Natonassar lay in

daration or ir the contirnation of an older tradi-

e

a mhraly practical cons
*ion, the rssult reomains that the mere existence of a well defined system
9% eonnting years was of the greatest importance for all astronomical cal-
enlations. I is therefors not snrprisine that we find tett the canon of

rires and the rears of usabonasssar continuned far besond the limits of anti-

~1ity. Their nsefulnass for chronological computations can te compared with

“¥> rdle of tha Julian days.

10. Tahbles. Exam:les.

The prohlem of passine over from one era to another can be solved

“0 a larrn extand by using special tables given in the larger chronological

68)

rarn“hogks. At any rate, Schram's tatles will make it possible to deter-

“8) Cf'. tkhe bibliography at th2 end.

-ir2 all eguivalancss nsaded in' rracticz2 by using the Julian days as a
co ron tim2 scala, Thar2? are, however, other tablss which save even this
smal” avonn' of calenlation for the cas=s most frequently occuring. The
tarles o’ Migten®ald and Uahlerﬁg) e.c. riva directly the eguivalences
v otmaan thae Upgharmyedan and Christian eras. Tables for the rzigns of the

T+olamigs in Frypt have been POW'”tpﬁ by mrnst ?bvnr69J ava T‘C SP“&t?Q;

et -4 h.‘él—— A e g
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b rgws e sinnon T roer T{j) 1 ® 1+ in erdinary aary; from I(j) 1 =0

£+ Tnac arp, wuarkasd by Wg", Adding to D = 15% the rumber W = 134, we

o i T +hs day vumber csunted from I(j) 1 # 1. On table 51 the

Ve yroewlaeg nra com ared with the Julian ealendar whenc? ona gnts diraetly
raw @ Y1y 18 . & °!'1f"‘3?2)

7N ne, whewa . 32, i D

{z) 1068(Kat.) V(e) 17 = 320 A.D. X 18 .

(R). Find the 2guivalernt of list. 257 1II(e) 1{. As in the

=amadin~s avan: l2, wz find that I1I(e) 10 has the Aay nomber M = 75. Fur-

mopa Ialln B iy

#at. 237 I(e) 1 = =441 XIT 17 and D = 351"g".

Trar2fore ¥V A+ D - 226 "s"., Lecause this nnmber is greater than 36F we must
e swa venr 4i.n. w2 ohtein -450. The "s" indicates that -440 is a leep
anv htr thic ia st omatiealy rrovided for in tablae B1 which cives sapa-
re aly momhera 7ith and withovt “"s®., Ir the present case, wo must us2 ths

Par /27 g ard ezt III 1 {(instead of III 2 1in the case of =zn ordi-
rare 204) . Ponna

287 (watr.) III(e) 146 = =260 III 1.

(C). ®Fir? thn date in the Alaxardrian caloendsr which corresponds
to Labh, 9078 ¥(e) ‘!7?5} 3chram ; .1824 gives as tha first part of the Julian
73) CPf. exawmpls A. : .y
a7 numhar 6 Laton, 1020+t , t = 68 , the numbor 1536- the second part
“071g™s from the oprosite paga under year t = CEfrdiade O NJuFbaudh Baperd?
- ¥ armnn -Courtesy of The Shelby White and Leon Levy Archives Center

& v e Institute for Advanced Study

(23) 1068 (Nab.) V(e) 17 = Jul.day 1838.22¢ Princeton, NJ USA
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T v ‘Fs lira £t = 37 an? in the column II(a). The day is therefore

28% 4+ t = 283 4+ 37 = %20 A.D. &nd

znlaendar of this time; the y=ar 320 A.D. would have be:on dalled

(P2)

from (23%) ma can immed

is
in Tine. t = 20 column X(i). The date¢%ho

i) 1%,

‘_lﬁ." J”-'.

aemit Airaat

e .o

37 |

!

Sothenm's tatle "Alsxandrian year" and find on 1:.116 the number |

. <F2 r2ar heading this table is 283%; hence

1008 (Nar.) V(e) 17 = 220 A.D. II(a) 21.

i) 1.77" rear %7 of Diceletian. The complate znswer to cur

1048 (lisb.) V(e) 17 = 36 (Diovel.) 1II(s) 21 .

rade

ately verify the result obtasined in the

Sehram p.42 "Inlian calendar™ contains the JdJulian day

vd

‘2fo

1

e 229 - 211 = 18

7

Th= ynar ig 200 + t = 72C. This is the same resnlt as ex-—

coraral, P, V.wheusstaver's tables can always ba rarluacz? by

s tald s (Yot not vies voersa), which reducas all transformations te

or systeratic chronolorical computations, however,

., nomruricon of anciarr astronomical tatlies with modern celenlations)

e ean rassibly b2 avoided means considerable savine of time

ne2s the protatility of errors. In such cases atbl=s whic
C th tabtility { T t ; tabl h

e

tranaformationz b2tween the two cr1ras irn gquestion arec very

Tnegrwaniamt i- V. Lengshauer's ETCh. ig his counting of years "R.C
. SO 3 - — . LS - - . ot i o - ~ - o
2inl’y bkaeansa hig tables for computine sstreonomical vthenomenn are bas

e rnmbers,

From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study

Princeton, NJ USA



Gthor aneient methods ot dating.

mantigna? in the nr=egding parvagrark, datinec br contiraous
yremt ine gf tha wwepa of gome At itrarr era is tw no meens tho normal ease
S mAntionity » mngd {rocafars sjya s short glbaoteh of the fdovalormont of
ggmz ¢ ¥ woct dimportant foree of tha dating of yraars which ean ha con-
Sidaya? 26 rypieal Fer oFFoY Jodsl dpvalopments.
4 e
’\. F ‘-t.
2 ary Pajrly ¥l informed asbont the Y istory of dstine iIr Rgyrt
7%5)
: . . . - - —
Yo thrnve *g tha investicatiensg of K.Sathse,! Th~ =28grlicst mathsgd of
BN kY - . . - . 2 e - Y- 5 s g W N ~ T Y .
* the, TRtaes, 3 8 spersry is siven in Gartinsr Gr. p.29% TF. Toz
Sre=d G E2 zon ine Iv a3ueral st Sethe, Laity,
¥ vt s et e v wed S e wreng oo et iw 'f‘-"\"\li:" in s prr v e s B -7(-.--,\-1'-1.\_?}.‘\-‘.
ok ¥eaPF T2AQT 1 Fiz yaer; oy B TINEORY 0¢5 Gwemy teihss, TEs 2rec-
70)
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77)
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Lavg Yhat rooiwmine with the Eifth Dynasty th. events rocorded becams
ranwluriz i geounting years of the eensus. ™Th=2 rocerding of tuyetion,
= ” . e v ¥y AR RPN - e % " = e i
¥ ey Z28P ¢ THY Thiyd gocurrcéice of the census] hers pleys the same 2

rom the Dtto Njeugebauer papers
Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study

Princeton, NJ USA
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- - ', 1 sararne hasse s w5 rgarly insti‘ntion., an? tha vaur for-
2 18 SORSNHE . rearly ine . i, &n the wany T
g “grsmavatef o a gimple edvntine, ecem., YEhird ocon rraze2’ withont
it banime the 321 feavidont avont of tha tarstrior., Th2 the wmord "OVrNI%?noe”
iR
1 ~ < o i o " FPRRETIRE - SRR O Wi s PR ST o NI
b N VDL Y maning Tike MregnRl yoew" 1.8l FEEP An un brs
R - z il g ; H 2
} B tranglatise  Mgeevrrsnee™ is vot literal; kYt means “tesin-ipe ®
€.9q. - ot
- Yoaroan 5§ :Jn“ ,r‘_:'_- —{.r-i i\n g z = "fh-!w-.*i *irﬁo.‘_“\'
R it o4 -y 5 ¢ 2 e T I ' Vi, me ¥y . | | B w2 i y s
TAE YT EWEI, nanreeat to %) vord  rur.t year” in ths mmdstermined
p T = o - - - 1 n § a3 ) 3 ¥
aanan gf ths wurd, This distinetion is gtill alearly wviaitrlas in texts of
(=T
by O QR cmyped T ot Weeirmidian B od aper ol
Erdor o Xeyitian histony.

=) M s¥a Darotie ap.Carlsters 9 (Havngebaver — Voltan |1 ])

e

at o2 desorited eonntiny of rergtiticns of thd esncis thius

rastliad 4w the gcopntine of "rarnal years? in wkich form Fevptian chrono-
P) ZNE

s=ieal motiens are riven., 72 havs already mentionad the fact that thkis

norat o Tas not atanignad gs Iate s Boman times. This 1»od to the countin

s -

of racnal roars of noman cmperors ir Egypt and thus finally to cur preseat
era. o hav: notud on the same accasiaon that these regnal years were iden-

ti®iad with th2 y28rs of th» c¢ivil calender. The same principle ot coor-

dination of rognal reaors and e r2ars ariears also in cas

landar

5]

D
(7]
iy
'
E
(]
o

w

calandar different from the Epyrtian was used. The Jewish garrison on the

1e

stand of Elovhantins in apper Egs X the lers 1 ion of Toypt
e Lreeaae H Bl &ypt daring the Frozrﬁt e 0tto éuge auer%apers“rr
naed ix addition the BpyptiekoddesndeineaiselbyHdipaiickedatsoaniatvesCrondar.
Institute for Advanced Study
a2ryri frow this site have been fonnd with dates like "on thp@bbhNgTUSA
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tat, 7=2ar *3%, that is, the 9th day of Athyr, ysar 14 of Darius the
kine®, ') which in our notation rerresents the following correspondence:

Darius 13 XI(r) 24 = Darius 14 III(e) p§ . 8°)

§1) Covley, iram,rap. H0.28 (p.104). Another exempls No. 25 (p.85):
Darine 8 IX(k) 3 = Darius 9 I(e) 12 .

82) Tr= Julien egrivalent is -409 II 10 .

This shovs that the number of the regnal year depends on the calsndar, which
mus® he knorn in order to identify a regnal year without ambiguity.
The rrou;ineg of Egyptian y2urs into "Dynasties™ is based on Ma-

1

history of Eegypt (abont 280:8.0.).83) The fragments of his work are

r8 oS

8%1) Cf. tha iotroduction *c the Enelish translation of Mansthos' writings
in *he Tosb Chdssical Library (edited =hd trenslated by W.G.7eddell: the
sare velume contains Ftolemy's Tetrabiblos).

*ainly pres2rvaed through notations in Josephus' history of the Jewish people
(irs- cent.A.D.) and consequently by Christian chronographers like ®use-

ting {(ea. 300 A.D.)B%) Although more or less artificial, this gronping into

84)

Ayrastices has proved to he so convenient that it is used by all modern hi-
storians. Th2 general scheme wgy be given here for ths sake of refarences

ir *r2 fol'eorine. The basis for ths dates given (hers ebbreviated to round

rnmbarsg) will be discussed below in chapter IV.

Irtesy of The Shelby V e and Leor Arc cent

inc : USA
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Tredynastice
€11 Kiredom: Dyrastias I to VI. 3200 to 2300,
Intermediate period.

piddle Kingdom: Dynesties XI to XIII. 2100 to 1700.

New Kinedom: Dynastiss XVIII to ¥X. 160C to 1100

nte meriod, inelvding also Assyrian, Persizn, Hellenistic-

“oman rule.

Retwean the oldest extant annals (the "Falerro stona") and the la-

2

~t Teyrtian hictory (*anetho) falls one of the most importamt kine-lists
o€ areisn* history, the "Turin papyrus) written about 1300 w.C., discovere

= "R824 aroner hmdrads of other fragments in the Turin museum hy Champol-

Yiow,"® Thane combirad gsonre=s are of sueh a character that trav yi=ld
37Y ", for tha drametiec history of this discovery Hartleben, Chamrollion
T p.7080 £2, un? Vayar (E4.) Asg.Chron. p.10% f£f. Tatest edition: Purina,
nR f1928)
z28).

e e g i e i v e —

anlvy a relatiwe chronolegy. Cne of tha most disenssed problems ir Heyptian

hiatgrr agnoigted in avalnatin~ ths tinms to be atfriboted to ths Aark pext

(")
£
[
(@]
i
o il
9l
+
]
?
4

ths 012 and ¥iddle Kingdoms cn?d between the Widdle 2nd New
Vingdomae, Tho rosnltins theorise diverged by more than a milleniuvm nntil

et S

tha "shert chrenology™ finelly worn general approval. Thz astronomical jue-

[

n the fourth charter.

stiong invelvad will ocecupy us b

12. Babylonia.

Tra Anting by "veer formmlae" which =

~F 1 - o+ 3
he dasipnatd

rears ir Egyrt also exists. in the older pericds of

Yeoopotamian history in 2 much mors highly loped florm and rt in gen.
kv = r = T Ran: F%’m the %t{rc') Ngugé%%Uer E)gpgsn

evel nes Anrins a much longdrOopdaiod Hrardhy Beyietndevan khy Aermren GhumsT:
Institute for Advanced Study
Princeton, NJ USA



22

Yoy or "raar? is thn same as for "name".Year formulas appear in Sabylonis
Anrivnes tha time of Haram-Sin (ca. 2300 P.C.) a2nd were still the mothod of

datine Auring ths whole sc-called first fabylonian dynasty, i.e., to about

*oen mLc, mhoam datin~ according to regnal years becams customary together
i . 8F)
L4 nagile ¥l N
27) {ver2 are, howaevar, traces of 2 datine accordirne teo regnel years ore-
nedine tha year formrlas., CF, Lansdon L1) p.137 and Reallex.II p.132.

The gtndy of thes calendaric systems of lizsopotamia fsces far
»2r3 complax rroblems than the Egryrtian calendar, a reflection of the much
mora 2vantful history of “abylonin and tha neighboring countries. We know
rr=ctically nothing about the beginnings of the Sumesrian celendar. Influence
from Ezyrt has been ussumed87) but is by ne means proved, although the pos-
sitility carnot be denied. The period atout which we are best intormed to-

88)

dz2y ie the time of the third Dynasty of Ur. The problem of degignating

R2Y This is mainly due to the work of K.Schneider, ZWV.

9 7=4r s=223rs to b2 havz beer solved by the method of calling tke first part

¥ 1 raer "year followming the year of .."™ until

o
]
]
=
=
L)
L |
ot
{0
foui]
-
(6]
<
8]
o}
d

net fiad ecivineg the year its definite name "year of ».." such and such a
9 ) = ;
baﬁ-?“ing.a’) Har2 as in Ygypt, the collection of thess rear-names heceme
. g AL Y | 90) —_ e
a n2e3s5sity anéd such lists are actually preserved,- but in insufficient

0

-
numbers to estatlish a complste relative chrorology, H) nct to mention the

83) This is the resnlt of Schneider ZWU p.60 in contradiction to Keallex.

ON

v
o
—

w

71) Tr > rasults based on material known up to 1938 are pubilished dim Raalléw-
Ass.II p.131 ff. and p.256 f. SA
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. [} .

i ienltias originating in the many local variations in this early period

5
f1lae th2 third type of Aating, the "e;onymic",g“) is rerreosented

22) Triz nmam> is taken from the analorous Greek institution. For the origin
, -5 A
=* the word fnawygmo5 sce RE 6, 24/, For the Athenian list of archons sse
1 L

Li==moor, Arckons |1)] and |2]; for the ophors in Sparta, EE 5, 2860 f£f., for
Tallanisgtis Epypt Otto PT I p.137 £f. and Thompson [1].

ir iagorotamian enitures. Just ac the ysars in Tome were called after the

b | = el r o
eorsnisg, the yoars of Ass

docurents werzs calls? after kirsk officials

thae "limmm® o the year, The list of these liwun can b2 restora2d from atout

5 G o | 5 : & ; ;
o0 By 0 —‘ﬁ7'5) and is on2 of the most important sloments in th2 rsla-

1

*iv> chronology of this period ir the history of the ancisnt Near Tast.

”3) 2f, “2all.hss. II p.2418-473 and below chaptar II p.?7°.

In summary, it must re said that our knowledge atout the 22velop-

woan! 9F the ealsndaric gsystams of ilesorcotamian still de

'J'!

ary2g s erant deal

of Inyestisation an? ig far tehind the correspornding stwdies conesyning
et and fra Gr:elk-Fomgn worldl slthouch thera can be 1littls donkt that the

Babylorian calendar sxercisasd the greateat influsnces or sll later documents

.
-

jiudn

partly Airaect, partly indireet, as, e.r,, throuzh the Jow

1 Ly ==t

sk calardar., Only

-
i
L)

fanr but important gquestions are treatad irn detail; thus, the religious
aspocts of tke iolcar esls a are discuased by landsbarger

ir very important btut unfinishsé study. Tan~3en's laoetures "Ral vlonian

arnlogiag” cantain mich waterisl of graat int

becanse c¢f rv2corcizvad 409tr~;T$,W?§G‘%&5&ﬂ



Tataet pracsa vhan +the ealsndar had lost mnn; Gf‘the arbitrary clements ¥

r2ep2ct e intercalations, dscel viaziatiGacs etc.") The nsatvoral dif

b0 3 o
2F) Alscgfthis poricd much is ¥rovm sbout the religious backeronmd,
:"_ ™ 'ﬁ‘"_‘v"\ﬁt]' arein 73 + oo

tieg involvzd ir th2 tramendous complexity of three' millsnis of Hbsop‘iﬂ
- : [
tomian bistory wpre grestly inerosged by the theorios promoted by thol
eaYVed “panhabylonistie® schoel, whiech suceseded in mak&ng & large 1r&ﬂ*
tion of +h: existing litorature in this field misleading and almost uq;ﬁ
for further attsmptes to brimg order and,understanding in the ‘setual @

=

larea and yary important field is herestill opern for systematic resas

8 24, Tr> smaller time units.

¥8, and

hours are so femiliar to us today that all
L

hlams roalizes hor many pursly arbitrary elements are involved in the @

nition of thase fundemental concepts of time measurement. Each of these

*o cive any kind of precise definition and so long as one dees not comgs
one of these nnits with another. Such a comparison, howsver, is rsquired

*ho practieal life; to overcome the resulting difficulties, several thol

phr*nomena was ra2ached. It lies outside of the plan of this book to rel
‘ho higtory of thsse astronomical concepts, but a few details must be)

rlained tc¢ geot a rroper understanding of ancient time measurement and

r2lationship to chronclogical rroblems.

Princeton, NJ
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} 5 Ilcnths.

Th2 conesept "month"™ is obviously taken from th2 neriodic charge
in +h2 appearanc2 of the moon. Thz movement of this satsllite pressnts the
=5t diffienlt rroblam in the study of our planetary system. Its vse for

calandarial norpos2s (th2 real “"lunar months") therefore reqguires a more

A9 ajiled discussion which will be given in the‘next ehapter, where we shall
o 1k> clecsely relstad problem of lunar and solar eclipses. The
lonar cealendare and the interest in th2 phonomsnon of the
irz3? moon o~ sun has vndeoubtedly been on2 of the main foreces in develop
in~ = ‘heor:tical study of the irregnlarities in the moon's movemant. Until
‘ha lart eantury R.0., however, notiody was able to pr=dict with sufficient
acenracy the nurber of days fr.m new moon to nev moon. Fastivals falling on
& ?2Finite dat2 i» th2 lunar month were therefore dependent upon sctunsl ob-
servations. Cn th2 other hand,  the develorment of esconomic life (the con-
einsion 5% contracts, dslivery of materials, payment of taxes, etc.) cregie
"k> n2cessity o determining dates much farther ahead than the irragularitie
.f th2 1lmmar ealendar conld be estimated, The logical consequence of this
citnation was tke introduction of a purely artificial calendar consisting
¢ menths and r2srs of round nuombers of days. We might call this calendar
a2 "rusginess™ or "fiscal™ calendar. In other words, the natural tendency to
~ccrdinata tre cslenderic months as closely as possitle to the actual ap-
r2ar~ane=2 of th2 moon led to a sacond form of the civil calendar with no
relation to th2 moon at all.

The most far-rsaching consagusnce of this process can he szen
i Zewrpt. The r:al lnnar calsndar plays only a very secondary rdle as the
r~1lizicus calendar of certain lunar fostivals. The real civil calendar,

hcerever, exclusively used in datings, was based on twelve \months cdnvariebly
’ £8, 3

wH

O éays each, and five “-=3pt:3|;gom3?1&’1'li days at the end dnerder, o kezspithe
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Par thic Tatar voint ses charter IV (below n.*°%).

h2 egssential oint in this explanation of the Egyptian year as

E
i}

4

/]

J

W
-
2

3

W

s

it
and
da

L

in tha fact of the coexistasrce of re2al lunar months

L))

and *hne schama'ie 5C-days months. 'any theories of the Eeyptian eslendar

“nwn Paoam nroveooand :i"
= 5 2B gt e 2,

oreratines =itk the assvumptior of difforant more or

122 Aawelor~d »2a» “orms graduallv apzroching the yzar of 365 days. The

*eaje acror irn *his kind of argument liss in the assumption of successive
im vovarsrn® of a sincle ya2ar form at a tims, prasuricsine th2 puraly astro-
~gri~al form of tha problem of determinins: step by step with cortinonsiy
irersasiny exgetituls the langth of the "trme" golar year. Thers exiots,
T e e - w2 Tangs Iratsosw iy O 2 anpk o xn:'-':;np\; o acaeasntic '?'l; st rgrnpg—
4 y TO Teamy rat L su 2 tendeney of guss b3 : r
3 - ) ~} iy ovd e M2 4+) s e 3o 1 -V T3 "Bl olen w rae ] AamAarsy aklam
ol yagtsy. Beiths he Egyotian nor the o218 babyloni n ko
& 1 " 3 9?\ -
- - ~¢¥avaet in tha "anlar Faay; fe bhayn alrasdy morntioned that the
Zerptian "senscns® have ne ralatiocrnship at all with *he astrornomical saeg-
5 28) . : 3 .
song, and me ghall later’ discnss the old Babyloniar methods of inter-
oL B S -2
- o -
')Q\ - = -m =
- p - -
calaticn whick alse e¢lesrly shoss the aksence of any atterpt at appiroxima-—
tiny vhe solear year. Intsrest id Suck & protlsm s entirely vestricted fto

g hishly develored sstronomy, non-éxistant in sny part of the ancisnt world

raforz the last milleninm B.C. Fractical 1ife, howeve

..1

“From *ka most obvions contradiction. For some purpos2s the month can be

p
3
n

idered ae being strictly luner, for others as & round interval of 30

iays, =and ncboly thought about Mmpreyingc this situetione
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Th~ eoxistance of = real lunar calendar in Bgypt can be provad

from *k2 sarliest times to the latest perieds: from the latter we possess

X o

avidenca aven o 2 simrle dsvice for the approximate calculation of lunar

1

2
rhapemena vhich will be discussed in chapter iI.’g). Bers me need only

Fri271y mention som2 well-known deta for ths twelve fiscal months of 30

Aqys eack -~ the epsgoral days, in accordance with their rame, are con-
siderad as beine "or the yearé, or, as we would say, outside the year. The
«ffarings in the great calernderic inseription on the walls of the temple of
Zamges ITI (abont 1200 B.C.) =t Medinet Habu are considered as consisting

100)

of *hz offarings "“or th=2 year and ths fiee days", showing clearly that

127} Kediret Eabu III and Meyer (Bd.) Aec.Chron. p.9.

= e

"-na wear"™ econteirs only 340 deys. This can b2 followed bhack into the be-
- of
g

[
4
5 |
1

o]
%
*

dori+ @& contract between the nomsrch of Sint and

101)

an? the priests of XKE two temrles says "See, a temple day is 1/360th

of a year. Yon shall divide all the daily rations which enter this temple
congistine o braed, bzer, and meat; for a temple day is reckoned at 1/360t
of bread, besr, and averything which enters this temple ..." Here and in

analogons occasions it is evidert that the business year consisted only of

rt

he 12 months of the civil calendar.
It is not surpriding that this simple scheme was also aprlied i)
mat Lors which we usvally call "astronomicel" but which are much too compli.

cated to be described aceuratelpubysithel wesyepyivitined mathemetAchlyanathod
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axist ‘ng i Eegyrt. Thnerefore, the natural way of expression consists in

184
D
W

tirs the same simplification of the facts and to describe the changing |

ap 2oraneas of the star configurations in a schematic wey. Eence we firnd in |

the Yoyal tomts of the Lew Kingdom rerresentations of the rising and s=tting

102) .

o stars (tha "deecsra") which are basad on & yeer of 360 days. There is

“102) 0°, Lance - Neugshauer [1] 1 9 £ [

n., donht thae* nlso this astronoricel use of the idealized calendar goes
tack much farther, at least to the beginning of the liddle Kingdom.

Tnroine now to Babylonia, we fipd the exactly parallel phenomensa

Q

as i» Eryprt: a fiscal or business year of 360 days, consisting of twelve
monthg of 30 days esch and the avtension of this schematic calendar into

Tar2ly astronomical problems. For the fiscal year, we can point to 0ld-
“atrlonian matrematical tatlets (about 1800 B.C.) which state expliecitly
tvot in ealerlatines interests the year should he counted as 360 days; 103)

corre2gprondinely 30 days are assumed as the length of 8 month.'o ) We know,

103) Béugebaver VET I p.360 and III p.59 f.

10¢) THeugebsuar MXT III p.63

&

furthermore, that dates in contracts for delivery or rayment of agricnltural

-

prciucts a2t a later tim2 must not necessarely mean thz actnal date of the

cslandar month but merely the eﬂason.1”5) Firally, we know that ecninoxes
[ﬁ] r. 188 H 5
105)  Thnraan-DancimRé@s + ZA 15 (1900) 412 2).

and solstices wers sirrly csll~d I 15, VI 15 and IV 15, X 15, although

-3

*he actual dateg in the lunar calendar could deviafe from these dates by

O[1C



mors thear cny lunsr month. 106) Tho sam2 schame of 30-day monthe is applied

in tha cldsst mown texte deseriting the disappesrancss and reaj]=arances
S -
107)
Tann =¥ 3ok wa gkall discus in mora detail in chapter ITI."Y' 7 This

177 Thia 4= tha eaca in all *oxts which deal with the variatls lenrcth of

o -
EYa abhmdar Samdem e S

seng., O2deat sxempls ¥ml Apin (ra. 700 R.0,) Pfirst

tarTak IT #7737 ITT 7.9 (Rezold 11] 1.26; ths trenelation of II 743 and TIX

- 7 . - - 3 - - 2 - s o
Y gnm n.?7 iz, homawasr, incorraet). Morsover Virellesnd Rabyleniaca £ and
Taimetich BMpl 0. aid ¥nplar 990 Brg. p.88 fF.
*7Y 09, n.¥ Tt e2a tho noxt sestich 5.717 For the latesst form ef *he Saby
A Eam e e ST MR ' <
% R L 5] , 1‘.' o
cizarly skors tha eorvacthnes “ onr tasic as umotion: ths schepatic eslan-

dar Paoomoe o naoprosgity as sgor ag datas in the fotpnre ars goncernr?d beesus

i* is met k=uwm, how to extrapolatse ths exaet lnnar celendar over & periad
* soms months.
To s ~arizs: Babyloniar and Egyptian cslz2ndars are certainly
2= 4ifaront go vossible in thair final form; the tatylonian calerndar is

on
¢ rictly lurmar and hance depcudent¥astronomical facts, thes Egyptisn calenrd:

puraly achema je with no 2stronomical relatiorp at all. And yet, beth sy-
steme originatad in very analogous situations, namely, th: cosxisteonee of
buth tvres of months, the real lvnar month and the convenient business
montk of 70 days. The 4iffaparnce in emphasis, whick finally 1led to sn.ch

b

41 "farant resnlts, is; of conrse, sasily understood from ths gensral histo

e

[T}

ecl packeoround, Th numerouns small city-states of llesopotamia did not

dewvelop a ¢ommon fiseal calendar which in Egypt was the natural consegnenc

e I,

W

ex>traliz+d Tharaonic recime. Tha basic concepts, however, are the

sama in both enlturss, but there is no need to agsume any direct influenc

(2al

simple anslogy is sufficient. From the Otto Neugebauer papers
Courtesy of The Shelby!White and Leon Levy Archives Center

Institute for Advanced Study

Princeton, NJ USA
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14, Days.

In a1l modern disenssions abtout ancient tims reckoning, tho ;ro-i
Yla of determinir~ the "epoch" in counting days involves the greatest dif—
fienlties. No complete agreement, e.g. , has yet heen reached as to whether
*¥2 Grasks tezan the day with the morning ("mornine epoch") or with the
avenin~ ("evanin- aroch”), altkonugh appersntly evﬁﬂiny epock is the right
108) W

gélntion, at lzast for the classiecal periods in Athsns. any of the

*22)  The marnine z2poch-was assim2d mainly by Rilfinger in his numerous
=ri inre dn the snrjoet (ef. th2 bidlicgraphy). An excellant svmmary of the
Tr23s2nt situetion is given by Sontheim=zr in the artiele "Tageszeiten" RE

A 4, 2011-2033 (1932).

contradictory stataments in ancient iiterature which &re used in support of
widely divercing opinions might be sxplained as rasulrire from the fact
that ths problem of e¢yoch in the exact sense of the word does not rlay an
impor+tant rdle outsids of astronomy and special lsgal cases. The question
whethzr the night should have the same date as the praceding or the follow-
in~ Ay conld have been disregarded by most of th: people. For spescial rea-
son, *ha "day" conld naturally heve been considereé¢ as beginning at sunrise
as is the case 1in Egypt.109) On the other hand, special religious reasons

s 3 e § 11 : !
nieht regqnire a midnight epoch, as in Rome. 0) Th2 evening apoch is closel:

e e e e —

1M9) Seths, Z2itrs p.130 f£f. Cf

7 e R

» note 3.

140) Cf. BE 2 &, 2012,

connected with the lunar calendar, which begins the new month with the re-
appearance of +ha crescent at sunset after the new moon: if one counts the

first day of 2 month from sunset according to thisnruld])ithencdlomicablbprall
urtesy of The'Shelby White and Leon Levy Archive
Institute for Advan udy
Princeton, NJ USA



o1

f0l o7in~ days rmst alsc begin in the evening. This is the cas2 in the Ba-

111) 12)

*—r1onian calandar a5 well as in the Jewish nd Hohammedan113)

landar,

“14) Tor details s22 the folliowing section (x.”77). Mornine cpoch in Seypt
an’ zvaenirs aroch in Rahbylonia vontradiotﬂ the statamant of classieal
mritars (eo Tact2d in Bilfingar |1)] £.15/1€), the oldest of whom s2ems to
te Varro (first ecent. B.C.). This shows how unrsliable ancient reports

sbgnt ¥eypt and sabhylon can bei fﬁ f.{k mofe 146 a .

PR R Y W 5 o
127 ¢ingel IT e 2 T, :
44 - s 5 %
; IDZ24 L Pe =70

Tha coavistenc2 of morning and evenirs apochs can have had an
‘n®in2ne2 on chronclorzieal prohiams bkecause it introducas an incertitude
ene ll-r
a® ¥ in +tha earraspondence of Adates hetwasn calendars using dif“farant epochs

ka3 sama, is, of conrszn rus in comparing dates accordins to midnisht- ;
h i % raring dat ccording t idnizght- and

.

~a.n-aroch. 4~ thouck there was hardly any civil calendar xusing noon epoch,
this Adefinition is Eonvqnient for astroncmical purposes, not only recause

a i ndicht =joch involves th> change of dateduring the time cf oltserva-
*iom bnt also bv reasons which will be explainesd 2t the beginning of ths
rext aaction. A+ thn momapnt it is sufficient simply to accapt as n ¥act tha
Trolamy in b2 Almacast us2s noon epoch for his ealeulations snd that mo-

Aarn astrgnomioal tatles nntil *1024 Deecember 31 fzllow=d thk~ sam> rrinciple

Roard dwme vith 1920 Jannary 1 thy astronomieal syoch eoinecidas with the
- ] s ’1”—‘ - = - - -
rivil (midnirh+t) anoch, < Tha procadure adopted in chrorelogical works is

*14) The exact 4

not uniform; dates in Schram's and P.V.Neugebamer's tables are to be under
F om_the Otto Ne gebageg apers

~ e v-f" i73ar 3 V,'I'l“

too1 in our familiar civil midnieht tRoWmIBRARE arBYEBR TEny WG el CEnter

+o¥lag on astrondmicsl tims in vhich the first half JPSUHE iRigslyanaad Juey 1
Princeton, NJ USA
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+3717 pallad 4k n=1th. Girvz2l, morecver, refers to Groeamwich time, in

-7 3 % 2 4 2 . - - . " 3 T3 - ; . Y = i :

Lich noom Is I houwrs later thuerm in Betylom, 2 hours later thsn in Alexan-
Arin, shont 50 mirni~eg later thurn ir Bome etc.

This eitustion can b2 illustratesd by an axemple 1iks the bagin-

in- of *tho sre letorngeger o~ <746 II 26 (cf. p.*??). The same 48 hours

eround thas begi-ring of ths erse arse shomn four times on Pic.%3. The heavy
Aavk partz repregent nigzht; the rest day ' time: midnicht is indicet=d by @ ,
nenn by @ ., Th2 first lips give= dey and night &t Gresnwich, the tbhraa

Rafor2 leaving the discussion of thes days, we must mention an
intoraestine concerpt devolopsd by ~abylonian astrconomy of Selencid times
=¥ich krinss th2 2onecspt "der"™ into relation witk the lunar calendar. As
amrhagizad in the praceding section, the irregulserity of ths change betwmeer
Innar months of 29 and 30 days led to the introduction of months of equal
le-ecth, This holds, of course, also for astronomical calculations, in whick
r2al lrnar months are very irconvenient. The “2atylonian z=stronomers in cal-
enlsatine nlanetary nositions therefors used rot the reel lunar calendar
bnt Innar mon+hs of constant average lengths (i.2., abot 29 i days). Each
esneh averas2 month was subdivided into 30 equal perts, rhich we might call

"lunar days." Soeh a lunar day is obviously shorter than a r2al day, but

tha deviatiorn betwesn average dates obtained by this method and the real 4

fates as datermined by the wovament of the real moon amounts to so little
: R 2 2 =B = 1 ; ; :

that its use is fully justified ir practice. 12) It is, however, interesti

11% Tris rrocedure was discovered by Fennekoek([1]) and ind=zpendently by

Ten Ader Tasrdan ([1] p.28 i 41 P

=

FTOTITruaiec Uil !‘.T’—'!l"’Y"ﬂF 1T 121 Y‘.,-}i)‘efkj

>ourtesy of The Shelby White and Leon Levy Archives Cent
“o se22 to what cons2quences the institution of & lunaricalendarv. leﬂdgumhex

Princeton, NJ USA

var its axtension into the future hecomes necessary.
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4 parallel to these "lunar days"™ can be found in Hindu astronomy,

(]
¢l

pd

tha s0-cal "tithi", which might even be related to the Bahylonian lunar

[-de

deys. C22 tithi also amounts to 1/3Cth of one lunar month, tut, in contrast

+o the “gbtyliornian concept, not tec 1/30th of an average lunar month but to
¥ Ph, g

1/30th o a roal lunar month. Consequently, the length of the tithi varies

in »roportion to the length of the lunar month, the limits being about 21 &

an? °7 honr

j#7)

. Tne introduction of this unit is therefore not a simplifica-
+ion Fu+ a strong complication of the situwation. This could be considered
as an argument for its importation from the outsids into India without a
»2al nnderstanding of the origihal purpose of its introduction in the Baby-
iorian planstary thaory. Thisﬁwould btecome even mor2 possible by considering
+ha fact that dirsct contact betwssen Babylonian and Hindn astronomy is

igtoriecally exeluded, and

, eonsenuently the assumption of & Gresk or Near -

Fastarn madiur conl? easily account for the misinterpretation of the origi-

nal problem.
15. Houng,

To the modern man a concept like "hour" seems perfectly simple:
the 27th part of a day. It is therefore not surprising to find frequently
r2marks in modern historical literature considering the complication in the
anci=n* definitions of hours as a sign of primitivoness in time reckoning.
I~ order to nnderstand thess encisnt definitions, it is necessary to appre-
.niafe +he astronomical facts which will show how far from Simplicity our
" coneept "nour" actwally is and how lone a road of discoveries was nocessary

io reach a really convenient definition of this fundamentel unit.

a2, Astronomical concepts.

The "sky" 1s & sphere of arbitrary radbmstherOtrkiehgebaust spapesr
srojacts the visible fixed sters. Beeamse of the tremendous distance cgfythe

no change of appearance can ba racormiszsd if




Y2 considarad as identical with th2 grhers of roafe-

ctsarvars, or, in other words, one can assume that the

=

(o]

b Sy Ay

nsnglly dAonotad by ?.. Tho line of intersection betwzen the plane ol
t

: |
Teelogtial aphers" lies in the center of the saptk.
flha Aatant+in) arkarna aen a pappemizs? v tha oo
2 g3les 1 sgkere gan b2 cognizas? by the censtel-
in +his vacion. Within pericds of intarest for human

ietups i Fot—asn the fixed stars can be considerad

" - o ) W y . 3
ea® Patpasr rointe or the eslestial sphore haove (and
b vt e o " T e . 1.
c~ing) mzans, of conrse, anguler 2istares, i.2., the mag
o A . = 3 5 - o |
sxprassed iv Jegress and their fractiong) snbteonded a

sky around a fixed axis of constant inclination
2all tkis movemort sngaged in by e£ll fixed =
complats ﬁivclo th2 "daily rotation™ of the celestia
ndiculer to the axis of rotation is called the "ce-

tly "ejnatar™). The ineliration of the given hori-

sograpkicel latitude™ of the cbser-

® to "wrast; " perpeondicu

rorizon is the line fror "north™ to "sonth.™ Th: grast

w3t2r north-scuth and in a plans nerrendiculst *c thke

"maridian” of tke place of latitude T . The moridian

onlr th2 zonith of the obzeorver btat also the north and

of rotation of the celestial sphere (ef. fir.”).

"2 nov dicrogard the uniform rotation of the sky from east to

) From the Otto baug.r ers
e
> mC‘t;lutrtetéy%f Tﬁg%%e?of hde 899 <2k Levy%é’hlves %enter

pect to ths fixed stars. Te Qbalﬂn@ﬂﬂﬁf@h&gV%FEﬁmSU@y

Princeton, NJ USA
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*gliag muve mure or 1258 rﬂ*uulﬂv 7 on the sky, the mcon continuously from
—agt towards sast, the planats gesnerally in the same direction, yet some~
~imag morins for » short tims arain westwards ("retrograds"). A movament

'k respact to the fixed stars carzot be directly observed
Facanss *ka stars ars not visible during daylisht. If one, however, notices
avaning after everine the confirurations near the western horizeén visible
cshortiy after surset one will r2cognize that e configuration still high
4¥ov> the horizon teday is aftor a few days mnch lower at sunset and fi-
nally disar:;ears complstaly, obvionsly setting together with the sun. This
cshoms that also the sn has a movement with resyz2et to the fixed stars from
st to 2ast. This movement proc:zds continuouzly eastwards anéd marks an
orbtit in a great ciréle on the cclestial sphers called the "ecliptie". The

tim2 n=cescary €or the sun to travel once around this cirele is the "year."

i

'ha plane of the ecliptic is inelined towards the eguator by an
angl:y 231l & , of aront 24 degreas in.antiguity, todaj about I degres
lass . Suppete ‘Hn Sum 3f a girew -u-nud‘ ea:cﬂj

a* th> peoin* of intersection betwean equator and =2clirptic. The daily rota-

=1

tion movas th oint on a gr2at circle (the eqnator) which is exactly half

arov~ an? hal® helor th2 horizon, consejuently making day and night of

aqual l2nerth. Thess roints are thercfore called the "equinroxes." Bacause

5

the snn travals +th= 260 degreas of th2 ecliutic durins or2 yeer, the daily
mov2ment almeost exactly amounts to one degr=e. Thr2e months after eqninox,
*¥Y2 sun will therafors t=2 at a point 90 degreas distant from the eguinoxes.

Thig roint has the maximum distance of g degreas from the equator; it is
whid
=ov=2d ty tk2 daily rotation in a cirele paralisl to the equator am& is
thareforzs divided irto unagual rarts by thi“horiao the Jl”’@rQhC“i being
Snm Amc fwc ,m l; ,mal‘”u
as graat an roscitie during the y2ar. These @ positionayare called the

solstiees (e¢f, fir.%). The time intervals which this sun mnst teravel in orde

19 ecoms from one of these f k ar oint the an
o ne o 5, AR ER ST eI ERE (20 16, e R AR ke, the
maxt, DN dazreas morz advenced, are called the ”ﬂ°a§8ﬂ§UWf““AdVam3 Udy

Princeton, UJSA




< 1716)

- whathay haebrlonian or Greak that th2 saasons are of unzqnal

I+ iz cnz of the most fsr reaching discoveries of anciznt astrond

“47Y  Tka 17 - davaleped cunpeqnomees of this discovaery arz visible in the
Balylorian thaory o7 the moon, whick covers at laast ths two last centuries
.. The anriisat aroesrsne? ir Groc2ecz sa2zsms to e with Enktzezmon and Weton g
(oa, 750 &.D.Y. 87 ¥uelar BUR p.S3%5 ff. and B&ckh, Sommsnkrataee p.dl f.
YToaneth sl+vineclk b u10eq 1 avall >4 By the sun are s1gayve 90 derre=2s. Inp
o+ words, ) Yigenvaprr of ths inaonality of th~ gessons iz eqnive] ant
‘.1?!\
to ¥ Admagryr of ths inanpalits of thas sun's movoment. !/ Seek an irre-
=57y T¥ # not t¥or vhothor this insgnalit; inter:rotad a8 r2al o
T ™- i - . - q ey A ':_{‘ T S 1 }T:J. T "ﬂrt'n'_.‘- (__“-‘i > -y =4 TTT "‘
z . imimes amd Sorn hagd m'n’artu‘_’l' mowvasroant of th2 cnr hick firzll- 123
- - - - -
ta “we Aisgsvery of the 21 Tiptice sebits by Kegler,
eilar-ity in Y15 movoment of the san okviously infInengss the dzfinition of
®lay® and all ite rarts breansas the time from ncan to noon or fror widnight
to widnipht mill be of diffarent lencth in Aiffeorent parts of the yesar.
fhere is, howewer, another slfect which wakes the time betwsen
snbaccpsnt meridian passagss of the surn of vnegusl lenrth 2ven if we dis-

ragard the small differencss in the sun's movement., Te alrasdy krnow that

-

the sun travels asboeut one degree per 48y in the ecliptic. Lot us survese
t+hat t+: snn at noon of a given day stood exscetly at onz of the twro ;oints
of intersacticn batween egliptie and egnator, say in the "“vernal pcint®

wheras the movament of the sun ir the ecliptic passss from the southern

Q
"

3

eming day, the sun will be at 8

ewt .
‘\mmWJQ;here to *h=2 northorn (ef. fir. 6a). Suppose that S48, 1is the are

ihout on=2 dagras which the sun travels during cre day. At noon of the

"2 , correspordingndote wetkebionr efpers
ik G YE0 e B Q-[q__grvtgsy of The Shelby White and Leon Levy Archives Center
quator of 360° + 5,81 . 1¥we, secondly, consider fhe spalogqus ease
Princeton, NJ USA




hignest point © he aecliptic pr
. %
retats by 340 + S.S, degrees i
P 2 1 L |
*_
TS a2 0 1tha next. But 8,8
i 21
z 3 o -1’ .
mant, while 8,8, 1s only a fra
F e Py - 4+ ~ 3 R L
2 fror noor to noon, is there
anninoxes., In other words, tha m

ivoometaney, does not yizld “"day
Tha "hours™ vhich »»
inc d2€ipniticn: %2 introduce a "
Ax—shaoyepral aanino—grd) comple
veloeity in the time which the r

this fie

tut in the gguator. ine

dian of th2 meen sun is called

hour."

Lotronomical tablag f

rarts not as mi

m=2ans

The

24 hours.

i

o
]

After the preccEding

i e

LA :‘.11‘\"-?__: {J

eqnal langth and the

1 o L
hWe gurrrisinge g tims

-
i

fereon* from onr prssent system,

agtrononical

o A

constant 12nsth bnt the

inctriuments which ars raliabkls 2

time between two consecutive passazes of the

"me2an solar day”

'19h30miv

reckorning

knewladge which stands in the way of the introduction

a@durte

7

2 daily movoment S:SE is nocw on the
cctically to the 2quator mhich hence must

n order to brins the sun from one m:ridian
is the full amount of the sun's deily move-
ction of it. The™“™rue solar day", i.e., the
”oré longer at the solstices thar at the
ovement of the sun, even disrsgarding its

s" and hovrs of 2qual length durins the

ns2 todary are tha follow-

..,}._ *

rhich iseidasr—tdedie—=glde_amy

maan son"

t2s on2 revolution with constant ancular

cal sun takes in making one revclution in

titious body travels not in the cecliptic
meri-

and its 24tk part is "one

Nt ]

e T

quently count hours from O to 24 and

nutes, seconds ete. but by decimal frac-

at nicht

e
discussion of the discrepancis between

actual movement of the sun, it will hot

in ancient civil 1life whieck is dif-

Moreover, it is not only thks necessity of

of hours
1 the ba ers
orslpraeticahidbifiicrlte o\ conss trateing

Ingtitute, for Advar Study
novgh to show equal tims 1at°rg5}s_ ALdA



58

en= “ials rojuire astrordmical theory of their constractior and correct
Algztmant I ora mishes to oktain more than & rough estimate of time;

=na¢»r_0loeks involvae great iraccuracies by physical reasons and their gra-

W

L
Ay

.
L]

on 2cain raqnires astronomy. The use of exactly defin=é hours is there-
©-ra nacescarily reztrictad to a2stronormical purposes in all periods hafore
‘h> invantion ¢f tim2-rocorders like the pzndulum-controlled clock.

Th2 oldegst type of tima unit smeller than a day undoubtadly con-
sists ir gimple Praections of fthe night, dike the Tour vigiliase of the Ro-

11 . hinia? & 119)
mang and +¥ro Tu o KAl of the Graeks;

120)

toth day and nicht are di-
121)

vidzd intc *hrae massartu in bghylonia and in fonr sa in Egypt

t119Y RBE A §; 2021; 52 £F.
&
112} I+ is ganarally accapted that’ the ?Hlﬂuq id the fcocurth rart of the
isht,. This g based on 4 statoment of Svidas (ea. 1000 A.D.) s.v. ﬂfsfulqnf
nrd Tuiunq {aA 2> IV p.242 ard 1.772) sné im swpported by Earhaistion
(®grrt% oan¥. A.0,) whe Aividos Arotal.I; 21 the night into four puToL, >
PagnT 1168 ivis ¥ Tivicion intg twolve hnurs: the divisiorn irnto Pour narts

- L 3 - 3 £ - ~ 3 -
{ gongerning Pollux s2e the ramarks in Macan, Earodotus T,? E.”q9’703\
i - fa; howrsvsy, & Scholldh “s Enripldes REesesn £ (ed. Dindor? %.19 .3
t ¥ ire pe that "tha anclonts (quoting Bomer) cowntsd only thras watches
- DL P s Y AN M - 5 sk 1 5 B pE T .
1é ot Ttasichoreoc (atout 520 %.0.) ard Simeonidos (bafore Stesichoroes)
- + o > c ’ Al ”
&8ss Tive rparts of tha vight {iwrrtruAdqov T7r” vaorgﬁstﬁkl Yy vnurn).
MN%a o~ . 4 Ar -":::-. At s .{\,.,_ i o ‘;"'-'I".
e=AY Tialjze~nlk TV O 2Q2 PP series
B iy = = - et R 2w
Mern? a3 [ . Lrdatalil - T . | \ -T-'r
= ~p L - .. - ._l,
e s B 8. ~» E£ r 4
) athe T3 otz 5
‘a1 thase axrrac-sicns mean e

ereation of r2al "hours", namely, twelfths of d&yomtide Biigiteugebaperctdysly .
J . Courtesy of The Shelby White and Leon Levy Archives Center
Thay origin of this inetitution is unknown but undonhirdbifoPAdongRdtstuan

Princeton, NJ USA



vidance " 77 ic anp irtarestine rassage in Geminng' "Introduction to astro-
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60
>3
a 1 ,Q‘}

, ¥ritten in the first eentury B.C., in wkich he quotes Vytheas of

T -y

-

ciTa

L

i
marbars ¢f th: conneil shonld ap;ear in time ( 0]* 7 njoffj;kfbﬂ\).

) Cath: Zaitr. p.113 quotos a dourtful fragment of Aristotle. Certain-
. ; : ” £ - r , ; "
muina is the passege in Aristotle, ’A:}?thuv' “oftt't"‘i.cq 30,5 bnt indeci-
tacuuss notbhing

is ssid ahout the numbers 0" hours but only thet the
<

120) V1,9 ed. Uarnitius 1.70/71. Cf. also “enpiz, TI I p.120 £P., IV n.
A0 ’ Pl
uggilia (tim2 o Alexander), whc travellad to northerr regioms wheres the

oPT

et Agy lastad only two or three honrs. This exnression is ngnally

3
-
ot
q
8]
2
)
1
J
[
< 3
L
b 1
ok
+
I
+
i g8
o
n
L
[P]
13
»]
(Y]
Lo
+
b
+
D
(N
'_l-
wm
Q
1
{(]
7]
fo
(=
s

v Ftolemyy in the
| cetor J&f".

cersidarad to a2 avidene2 for tre use of hours of constant lencths because
it e2azena] honras awarry Aay wonld have twalve honrs, ne mattsr how long it
- St
12Ty
FaNEn he, s Thia argument; howaver; is not coneingive becanga one cannot
*3INY 2.z, Enbitschel GAZ 1.179.
aosnmas thos rEhaaa nasd in +1} e north olankqg roperl calilt-~atad for
: 1 cks properly ealibrags
heo Jratisad 2, Tig SEpre -iun MY Unmt 40 31..'.. e npd a2 ..;..ul_a.“_ e .I’E_:' e+ oao
D R S RS SN TR DI et S AnTrans ayAdad Fa at ant dFea A Fhiaes vy ven wk § ah
ue : B setas grresponded o 1 o) : Ho 1ieh
ke gnd kig rogders would hava expeeted =t this time of the year. Outside of
4
trietly oestroncwrionl uss gxists no evidence cof ancthor hour ss the seasonall
- s 134
a2 F &
honrs [ @fac satpikad ' )}.
131) Titterarsly "timely" op "spzropriate” hours.
Only twice a yesar, at the eguinoxss ars thse ssasornal hours of
3= m Aazcr S o Sy T - o . 3 &y 1 - -~ " .
> day of the st loncth as thz hours at night. Gra2ek astronomers there— |
L4 , om ti ers |
2 JEESN, o gy N MO . N o 2y e -4}~ > ] o i
eolls? kovrs off squal 1epghie@iftne' St yﬂ;r&.!’-@!- d+8sn Tagvatgrinlchonrs?
|
T m ¥
i



122)
sarly peried of Egyptian history. Hours are mentioned ‘in the Prramid texts,

gand tha Aivision of the night into twmelvs parts is the basis of the so-calls
I ' 2 e =. 12

dizronal calandnrs® on coffin lids of the XIIth dyrasty. “3) The processim
2f *Ya tmelve deitizs of the day snd of the night is represented inr the

5
: 5 124 125
funeral temple of guean zagpe;s"t - and frequently thareafter ?’)

123) PRer thess star lisgts cf. chapter IV below (p.77%).

124} Laville, Deir =1 Bahari IV, 114, 116.

Sathe, 4eitr. p.111 ard brugsch, Thes.I, p.185 fFf.

These Egyptian kours, however, afe hours of unequal length,
c2lie2d "seasonal™ hours because they are the twelfth part of the actual

1a~eth

w

o dars or nights whieh vary dnring the seasons. This follows, for

s ¢ 2
example, from the divisions of the scales in Egyptian water-clocks;1 6) ea

-

126) BRorchardt |1]; ef. also Poga [1].

month hes a scale of its own, divided into twelve parts by small holes
drilled into the stone. The variability of these seasonal hours, however,
is no" very great in Egypt because even in the northern-most parts of the

e~n*ry the lonzest day is #nly 2/5 longer than the shortest.

iy

Th= same type of seasonal hour is found in Greece, but only in
comparatively late reriods. The word ¢qu (whenece latin "hora™ and our
"honr") originally means any definite pericd of time. The division of the
day into twelve parts is first mentiones in Greek writings by Herodotus

(Fth esnt. R.C.), although with special referenmce to Babylon.127) The next

: From_the Qtto Neugebauer papers

Vel v P 3 - Q i & —_

ost recently by Powell ([1] p-69): but this VAW 45 RRsEd, 0B, Heon
vireing and sven false arguments (e.g., that there is|metedhen apidence dor

tha twalve hours in Greace before Plutarch). Cf. also KubitscheripnGAZ Pof78

neTe -

*=7) Harodotns 1I,109. This passage has been declared to be an interpola-
m

tion,
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12 : ;
."8) ie an interesting passage in Gemirnus' "Introduction to astro-

Q :
nomy", written in the first caatury B.C., e in which he quotes Vytheas ol

128) Catk= Zzitr. p.113 quot2s a doubtful fraoment of Aristotle. Certai:
v =>npina is the passage in Aristotie, 'A,}Tmt/ﬂv ‘oltﬁc’q 30,5 tnt indeci-
sive bacauss nothing is gaid atowt the numbers of hours but only thet the
il shenld appear in time (5]‘\ '3 hjoﬂ’“])ﬂ'ra).

3
-
=1
-
w
3
4]
=
b
-
o
.
-
o
(]

120) V1,9 =4. YNaritius 0.70/71. Cf. also denniz, TI I p.120 £f., IV n.

-fu,;lt (IR 3

5
O
+
=
W9
o
\D
-4
!-J

2d to northern regions where the

chortest Asy lastad only twe or thres hours. This express

wed e

on is rsnally

hours of constant lencths bacanse

i aagonsal hours ~vers Jday mwonld have twelve honrs, no matter hor long it
< 130 ; 2 i .
v ) 2 This areament, howsver, is net genelnsive bepgange cne canno
- - - ~ _‘n — 3 - - . ’ s - . Ao Ao #r iy ) L3 - - . ke -
;| ‘ﬁ.\ -n-- Fanst "';1' .“'- 'f_"- Z v'o‘,"_l,-‘..
5 - e Fhat YTerdlasa jqead v £} Poyve naprth olanke sporsply oaliteast =l for
: _ prats ad 1 by Pa h eldcks preperly ealtbr s r
tege Taritgdsd, Fie axpreacicn eav Jjodt dg wWall be inderstecd @n The stat

magrt thet tho gkertact day corresporndsd fo atout two or thrss hovrs which

A kA

b nd his rogders wonld hav2 sxpeeted at this time of the year. Mutside ¢
trietly astroncricel] nse oxiste no evidesnee of ancthzr hour as the seasor

r A "&.--v v\g-.,.lat.-‘“ an-(-.

7 twice a year, at the equinoxss tre the seasonal hours of

the day of the gom= length as the hours at night. CGrask astronomers there-

:r3 221727 hoours ¢ aqual lencth  dpad /-4 r’h’ﬂd{‘ el "“59?{@@8}*31‘341&&‘&3?'%10113
¢ B [\l L*‘ 1 X
L 1U
Tr2 rrobelms ecnnczetzsd with this co.ce;f a"n diocuﬁgm@,bj.fxﬁlﬁmﬁ B J&Pe

vtO.. !SA



. . 133) = - 2

this gecticn. - 2 heve alregdry mentioned tkat noon was chosen s5 epoch
S » - i o 134)

for these astronomically definad solar days. -

132) Cf. ahgv2 1.777. The details belong to a history of ancient estronomy
1

9

srg 7ith chronglogsical rroblems.

c. 3Jabyleonian "hoirag”.

T a a

2 history of the ?/-hour systom is not exkaustzd by thes state-

.1

b

ment that ‘he division of day and night into twelfths origirnated in Beypt

en? mag trans®eresd tc the Gresks ercund the fourth or fifth century R.C.

Th= last-mantioned type of hours, the astroromical honrs of constart length:

—

us2d ty *he b2lleristic astronomers, is undoubtedly more closely related to

%

“atylorian astroncmy than to Zgyptian tradition. The foundation of our pre-
sant system of time rackoning is formed only throuzh the combination of
Foth in®lnsnces,.

s 1 avsie s o : -
" hav: already wentioned 35) the division of day and nisht into

Y
P
n
—
o
o
2
o
<
W
I-_j
.
E ]
a
L]
.

*hroa watches 2ach, This partition of tha whole day irto sixths was com-
Firnad with anothar form of exprescsing time which obviously originat=d in
m2asurine marchins digtences not only by lengths ‘say miles) but also by

tima, as w2 do ir saying tkat 2 place is "only on2 hour distant." This very

»

ratnral tyre of sxrressior creates a rardllelism between distancs and time

m2aenriac, 17 ™~ assume that thes . average distanceortravélibadediebiner paday
\ | £ C f ,-‘I‘ S ) \ ‘ I
for, bett2r, Anring ons night) was sujposed to amount$muatpnbi6thiee siB6

D/



134 - . - |
milag) ,“) th= distance corresponding to one "wateh" would be akont 2 beru,|

ypracea2d in Babylonian uwits.1j?) Assuminge this equivalence hetween watches

*74)  Lbrieht [1] ©.2F gives the estimste for caravan travel of 50 km (30 |
md 1 ey nar day, A’ia I Hh‘f:"e *ﬁﬂh 0CCt W tmtasared fer- %’"‘"5/\('/ 0 Hen fr])_ f

.'q{'u-nlo I‘.
The Snmaerian name of this vunit is danna, read KAS-BU in antiquated

litevatnre, Tha readire d

anna waz found by Thurean-Dangin 1] p.223.

an? F3rn, th2 langth of a complet2 day would be 12 beru. This relation

(2%) 1% = 4"

iz indsed the relation on which thas Batylonian time reckoning with "baru"
rests.

Beeanse of (25) the "baru® is frequently cealled "donble hour" in
tke slder litarature.TjB) This is correct irn so far as ome teru amounts
to t7o of our hours; the rame.is, however, misleading in so far as (a) the
word h3ru does not contain the elsment "double™ and (b) the beru is origi-

nally nct a meassure of time like "hour", but of distance. The emphasis on

1728) ®.8. Bilfinger | 5] or Ginzel I p.122.

thie latter roint is very essential because it has far reaching conssgquen-

r2s. As we hav2 se2n all ancient time measures are on inconstant length,

Tepanding or th2 variahility of the seesons. By irtroducing according to

{2F) arits which ars oricinally wmeasurass of distences, & nniform measure

tim2 hes koon ers2ated long before any astrorvomical thecory existed.

o] 23

Som2 additional conseguences must bz mentioned which will nnder-
line *h2 higtorical importance o® nsing units of non-astronomical descen-

Aaney. Thz »wnit bP2rn has well defined relations tivosm@l@io heigsoafrbapeths
=

vhos2 basic nnit is the GAR (atout 5 m or 15 Peet). Sixtw 4% MRKR NP SANE

g, = : b - — 2rinces INEEN
\literally simply "langth", =and 30 ns ars onz ba@ru. We have thereford



vording to (2F)

(273 (17 = 12" = 30098 Mg o can=*  0%-¢ 1

or ir othser words: 4in consequencs of sxpressing time by lengths, the day

O
3

P —

h Fzar gnhdiridad into 240 parts, or "degreess"™, each of which is asain
- 2
ASaiAa 3 T it ant e e - - - ~
3gvided inte minatas”. h=can ong day corresronds to ons complets re-
wr =~ 14 -~ -t 4T - ~ Fa 14 ngm 2 A s ¥ 25 [
- *ign of tha 2gnetor, the relurion (26) has also been applizd to measure
tha sqguetorial cirele by 360 degroes arnd their sexagesimal perts, and con-
saquantly 811 eireles or the esleostial sthere. This parellelism is clearly
x =sa2 ir +th Pirst yassacs in Gresk literature =hers tha "dsgress™ ap—
> 995 Y Lagsac rask ternt @re tha £ 3
70)
- % | 3 -~ = 3 ~ee ¥ e R e L] 1 il ;! S - e v ”
». mamely 4 Frreillee® Yanephordikes™. 7 Thersin "degrses in gpaoce
140)
ro distingnithed from "degrees in time®,” ™' corraspordivss ¥¢ ths latar
,[d)
= i 1 = B - - i i - SE o R 5 o = By
b T 3 "eimsa™ 2ubs rtoleny . he method ngsd ir modsrn, 1 iava
Y Ty . s 4 e 2 — alela i
132) T"iseension" (o the ecliptie chovz the horizen); written ea. 200 R.C.

/
Tpaak /\,.‘4 TO"Imvl an? /-"j‘\ xrévm-l . The passage is translated in

- - G e h < . ik o g
antk, Bist, IT .27+ the taxt is given Maniting, Hypsikles, p.XXVI.

3 - L3 ,
121) The Tmquara, 2.2., in Almegest I,10 (Heiberg I p.31), the Xpe vos in
~ - - - e !
11,7 (Feiberg I p.-130), opposed to merpat,
an? Cragk astronomy to express time by arcs of thke equator messured in

£ ramark of ganaral historical charzctsr mey be arpropricte here.
1 Te wal? kmomn how d2aply S5a2hylerian mathematical astronomy of the last
ranturiss 3,C. influences Grzsk astronomy and herewith the later develop-

|, Arebic and European thenries of the movement of the celestisl
bodiss; but it is rarely recognizad whet conditions mados the origin of a
mathomatical astrgnomy in Babylonia possiblz. COneg ig the develorment

sneficiangly advancad mathomaedWiaS)mE theads Ul 1 P AL o WHE B VER 1€ ‘the

axistsnes of convérisnt methods for nurerical calenlations. Phpret &imafﬁﬁﬁ m
L I-‘?'ir-. J o= ot o e sho =)o wal- = "-r'h-if:';l ;‘vn!}ﬁ‘ﬁ-au‘tl-' mroenad im Fha wobbla

o
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he g=2cond elzment is the existence of methods of mea- |
f
l2s by units vhick do not depend on astronomical con— |
[
|

geat

3. Thig is th> o:sential foint in the introduction of the "degreces® as

I
Aiepuesad rofeore, [hmber system and time reclkoring, previously developed ]
and indapandsnt ¢ gstroncmy, removed obstacles which elsawhere kept mathe—!;

=

«*irs an? astronory or a much lowar level tkhan in HBabylenia. It is there-

fora not svrprisine thst these sabylonien methods were sdopted wherever

actronomy was urthar davelcped. The 24 hours of constant length, thes "egui-S
~a37+3i4Y honrs"™ of the Craszk astronomers, and the decimal place valus nota-

tign ereatad ir Eindu astronomy snd trarsferred to Europ2 bg the astrono-

aarg a7 wathavatricians of Islam ars only varietions of the ~fatylorian

wr

» gan ncT rstyrn ones more to the question of "epoch"™ o the

a;r i “arwlonia. licmants of the day ar: frequently expressed wmith raference

- > -— . v
*c surnris=2 or sanset, both in keru and in uws ("decrees™). Examples of these

exrres: ions have tesn coliected by Thurean-Dangin beginning with the Per-
sin

A
n ;?rioi.1 2) The sam= kind of terminoclogy is still vsed ir thﬂmathema—

142) Thnreau-Dancin | 2] p.124.

ical astronomical ta!lete of the Ss2leucid period but with the interesting
restriction that the calculations themselves corsistently nse midnieht

epoch and translate the rasult inte "eivil"™ sepoch, i.e. sither evaning

123)

X 24 i .
eroch r sunset and sunrlse.1 ) This cam bte illustrated by the folle

123) This is th=2 method followed by the older system (system II in Kugler
tsrminology, now called A).

144) o irn the mcre advanced theoPy Qﬁbgiérémsﬁéﬁéﬁﬁfﬁ‘ﬂ=8?;




in= oxampla takan frow a tablet which cives the new moons for the ysars 208 |

1n1.ora (written 200 IX(b) 18 = -102 XII(3) 22)1%?) Tne first

127) The toxt is disenssad by Eugler SSR 9 £f. and Schaumberger Ere. p 37-5'E_'
Tire of *he ravers2 civas the calcnlation of the new mcon which separates
> TTIth and TITIth wonth of tho yesar 209. The moment of the calevlated |

i 144)

is ~iver as VII 28 3?“0; the followins column gives the

+ 2 L) Mo

i

I lin=2 7! the numbers are hare destroyed but can bte restored

=it¥ atecolnra eartainty from preeedine or followine numbers. The nombar 365
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» ¥art o
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2enT 2 writton in sexsgesimal rotation as %,5% (or rather
nt ma har: disragar? the fractions of degrees),

o o ; : i
saws wmoment as “WITI 29 ©O5% after smaet."™ This enivaloanes is to be
exrlain~?® vy the felioding consideration (ef. fPi¢.7). #rom a [receding
eglrmm, it is slpeady knopn that the duration of the day at this tima of
th sayr is 1707 : tha‘eosrregrondinge rirht troprai®ara coptaing 200 rd
i reS
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ing example taken from a tablet which gives the new moons for the years 208

to 210 Sel.sra (mritten 209 IX(b) 18 = -102 XII(j) 22)1*?) The first

1/%) The taxt is discussed by Kugler SSB 9 ff. and Schaumbsrge Erg.ﬁ.37$1

£}

Tine of the reverss gives the calculation of the new moen which s=zparates
it

(3

tha 7IIth and VIiIth month of the year 209. Thes moment of the calcvlatzd

46)

(9

. - s . 1 w0 .
conjunction is =iven as VII 28 355" ; the followings

]

column gives the

144) Col. ¥I linz 1: the numbars are hare destroyed but can btz restored

_11'3

followines numbers. The numbar 355
har

4

—ith atsolni2 cartainty fror nreecedinc
3 IS :
is ir tha taxt of conr=se wr

sexsgesimal notation as 5,5% (or rathse

in
5,55,22.50 bnt w2 hers disrsgar? the fractions of degrees).

S 0 3 :
sam> moment as "VII 29 9%° after sumset." This eqnivalsnes is to bs
axrlain~? by th2 followins considsratiorn (ef. fir.7). “rom s rrecedirg
cclumm, it ir already knovm that the suration of the day st this tims of
tha year is 1407; theo'corrreponding night therafors cortaing 2007, snd
— o

14 alapeas Pesn crirment + i =T+ ~irmF+ine TERY Sy ot roomd mn] A ~rale
120 eley fre e widnight. Cacnting 575 in sstrorsmicgal epder
Prgm midri-kt ig *hordfors tv2 sap: o 50 Fafors midnicht. =»d hsneas tha
rom mwidnight I8 thorat by a5 gg * 3fors wmidunight, s=d hgrnce the

agtreomomical midright speck and civil svening epoch for thes dates. The same
- - X 3 - -7 4 = = - -
sxt, howavar, also gives ths tim= with refsrercs to surriss and sunset
o - . o — ey o~
("rafore® and "after"), obvionsly bacanse this type of expression weas use

6* s‘?nﬂ ine confriﬁlctloqﬁﬁewkhe‘@ﬂmnggﬁteﬂﬁﬁh@buaﬁﬁ% dﬂt 5, o8 iPanaeesﬁ
R A . 146<) { N

o dar: It is ve 1 h= ms ‘eoincidasncs of apraren

°igxsl“ 8 m~gih?_. r: 3t 18 vegﬁnilk°lv the sams goincidence o _aprar ﬁ?

Tl .d&!:-:-:.ﬁ--:*;.. =g L v Ml = - =8 = = =

so i e _anwetiel

146 a) As confirmation of an alleged morning époehhin Babylonia-(Thuorean—
Dangin J.As. 10 sér.14 (1909) p.341 mote 4), the statement of Varro, -men—
tioned above p. S| note /ii, has been cited (Eds.Cug BA 7 (1910) 'p.89,/90

note 3). This Babvlonian mornine evoch has fonnd its wav. of conrae . alsa
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Ta =t Ta 4 3P 3 SAT s & 253 njehy hare 12
Y < s oxa th= s 3 sk
=~ c e I Lo oEY nP+- i B + 2 ~ YT LYlna R4 in actrror 1(:‘37
B — e - — - pe - T i - - ’ - - - - - - —
= -
1]

s : o] x 3 s 2 sk Ty el
2T rirg at midnirht apd erda &% idni~ht £sllowins the suns her ths
>3 2 2

b = e . | e 4 i Fal
29¥h pf s eivil eslander hesing. iz azgmils shows 1 goszigtones of
C oelandaz o bt P 34

2 3 - _ - - P ) £ h = . a | -

et marsaieal midnicht srnockh snd ecivil zvonin (o131 o1y The datss 'he zoame
- - ~ . o - - -
t oz smayar, alse gives the fime with refarencs to snnrriss and sunset
- 5 . P ke s o LS E o=

(M) 5 2apa? 5nd Mg Piarth) , ptyiovsly hscanse this Te 07 expressian = naad

i T

AT catisdPTThis shoms o) oarty tHAt an 31?14851cﬁ““2”us after-gmrise” doe
4 # g L\ ‘ i i o . - - A o - - — - e

- h
. Ty A T 3 o
ngt o4an? in-contredictiouptesthe™eve 4..,&; a*&"“ ofghe d&tes, =s is'meces-
; ; J ST _ :
Sty T M -~ = T+ ig very -f;l ++ =2 game pcoincidence of apr ca}r-nni"-
i G/ a mS ndar. 15 verlr t1= same Co1nclas
=R, = ﬂ";,'mc_ e e bll'—':a-}m T =i T AL

116 a) As confirmation of an alleged morning epoch in Babylonia (Thureau-
Dangin J.As. 10 sér.14 (1909) p.341 note 4), the statement of Varro, men-
tioned above p. S| note fi|, has been cited (Eds.Cug BA 7 (1910) p.89/90
note 3). This Babyloniam morning epoch has found its way, of course, also
into modern handboocks, e.g., Jeremias HAOG(1) p-166 note 5 and HAOG(e)
p.280 note 3 or Sethe, Zeitr. p.121 (with wromg quotations in note 3).
question started with the discussion of & Sumerian expression (ba-zal)
used in connsction with time intervals and believed to mean sun-rise. This
etymology, however, has been proved to be wromg (S.Langdon RA 28 (1931)
p.14 ff.); moreover, the supposed numerical basis is non-eiiatpnx because
all proklems concerming time-intervals are necessarily independemt of the
problem of erpoch as long as both ends of the interval are given according
to the same epoch. Actually, there is no trace of a morning epoch in Baby-
lonia at all.

oy |

T it e = == 2 Te OUne INeugebauerpapt re
= T | b g o TOM

1y COﬁ+T“”1€t0r“ expressions woichscevsed dlfficultles an Letermlplnw th& 3

epoch ofi“thex "
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Hf
Tha rracadinr axantle also skhors clearlr wmkhy i$he astronomicesl
ant 4 i£P%0rant frov the eivi?! ercech: the nse of sunsaet as ths poirnt of |

Tarurtnra i coumting tima roqunires +the knowledge of tha variable lenzth of |

2 Azye or nichts and tharahy makes thz caleulations dependent on seacson f

) : . 14 . o : !
an® rapoyaphicsl letituie, 7) The use of the meridian instesd of the hori-—i

“27) This seccond armmment is explicitly mentioned by I'tolemy (Alm&ges+ ITY 9
Teitarg I p.261) tnt hardly rlayed. & role in Bahbylonian astronomy.

7 in order to avoid unrnecessary difficvlties in

c=leonlation. Thie is a typrieal examrle showing that many "natoral®™ and "pri-|
|
i |

mitivs" coneepts are actusally muck more complicated than the notations in-

troduczsd by systematic scionce. A large nrozortion of all scientific »ra-

e

~ress consists in nothins bt the aralysis and removal of concepts consgds
£ £ 3 S

In ccntrast to Egypt and Grzace, no Babylonian instruments which
conld tell wvs somai}hing ebont thec actual technique of time measuring ars
~rasarvad, T2 krnor only from textnal refaerences that sundials and weter -
clocks existzd., Th> second method results in encther expression of time

maacurmant, namely, by weigh

4 of water (mena, Greek mirna). The discussion

t
“*ha rather complicatad details of this problem goes beyond the scope of
his buok. It ~irht P2 mention=sd, hoeever, that the outflow of the water

Tas not ecnsidered as

ey

roportional to the time and tkhat this experienrce ex-
rl2ins ths ariarerntly embarsssing fact thet the longest day contains twice
ag meny "mana™ as the shortest.

This concludes our short and fer from complete description of tt

nvolved history of the origin of the fundamentel nnlts of time reckoning.
Th= comglexity of anciznt téme reckoning shovld always be kept in mind by
thz historian when dealing with ancient dates. The more'pracigs 'a¥dHdndient

<\

‘meanibas o cortain momant the more care must be appliedinadvanbow
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5. Conelndin~ ramerks. Ritliography.

has

At the and of this chapter, which atterpted to give a short sur-

r2y 27 tha charactaristie conecepts of ancient calendars, soms general re-

marks might be ap ropriate. Th2 complexity of the history of tke calendar
micht make ns focrget the sole purioss of every calendar: to det inc dates

i~ an wrmistekehls and simple wey. The unnecessary entanclasment of this
rrotlam with numerous problems of sbsolutely differant cheracter, like re-
s, social or rolitical doctrines, soon created difficulties - hope-
less d4ifficenltiss but highly typical for the so-called developrm2nt of human
aelsnras, It sz2ms to me that thz study of the history of the calendar has

i2 sreeciel attraction for the nistorian becanse it is one of the very rare

yc2g Thare human rsactions can he studied whilzs the facts themselvae ars
The historian has anothor reason to be grateful to the gonara-
*iomne who invsnte? all th2 complications of tke historical ecal=rdars; to

theaz ecomplicatiors w2 ore doecnments of the hi

. ; 14
Acurtadly "produets of ignorant assiduity™

valuz for the rseonstruction of ths past. g
- A0y R e e i st o ™1y 470A
> == MRS oo LT A

Cnly sneh works ars wmentioned in tre followin

the foalendar and ckronclogyiin generall ' Far agll k;ecial ﬁuestionﬂ r=2fa-
=1 From the Otio Neugebal fer papers

s haw2 alrsady baarn givlouitestbeTheSbelbyd! mkemgree@éhm_/ﬁgxmm sTEEntigmme

1stitute for Advanced Study
ringiple =il be foliowed 1in thelhibliographies to the subsgreept NOhagher:
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Tha Eistory ¢f the cslondar attracts rarmarkablsz woch votlle ak-
I - R - s g o 41 - ~man M3 7 Lo 5 1) B L 5
fahtion, mainls In ecrusotion Wi proposed “improvements? Thers exists
*hera®ars a rick Iitoraturs of & dilstrantic ckaxacter, reapeating ard ex-
& 5 149 . &
pardingy long antigpated errors and statements. ~ In econtrest to this
122Y A zood axamola of this vind of litsrature is the book of E.W.Tilson,

on is ths reritr of seisntific works on chronology.

hic micht ¥2 *ha yagnlt of the axistence of the largzs work of Ginzel wkick
ars the calendaric systems of all periads and all nations

ro 191£), This work will b2 the ustanderd work for a lorr tim2 t5 come
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far as oriz2ntal history is con-

. Im addition to Ginzel,; tkers is the preceding analogous vork, the

As introductory works might be mentioned Thilip, "The “alendar"”

(2721, mainly medisval and mod2rn) and the article "Calendar” in Bastings

150)

nerelopasdia of Helirions (19117), in the eleventh edition of the ¥neyclo-

r27ia Brit'anieca and in the Kanticdal Almenac 1938 by Fctheringhamv}uZQ%h_j?
Als. él“ M-{-;' ‘CLrheelﬁul‘ I~ 1‘&.\ ﬁur!‘t:nk c-(n‘,fm //fL f-.e. ’?nﬁ 44.»-./’(‘ — o 2
T !

1F2) This larz: article (vo0l.III 1n.61-141) is written by different authors

—

¥~ ehartor on the babylonian cslendar (by Bormmel) was written undar the

inflnanes of the2 "pantatylonistic" doctrine and is therefore very mislead-
in~ in its gonerzl statzments.

~r2e‘ German handbocks contain special articles on chronclogy of the @reco-

Romen pariod: bty I'nger (1886) in the first editpoem o2 dOhe NYigpBlvaipaters

h is

>uUay
-y

“¥» haet ra“.rence work, and by Bickermann (1933 in "Gercke=Nesdan' ingic-

LltertnmsTicsanschaft”, by Kubitschek ($928) in the nsw edition, whic



ni®ieant}, Tha chaptars in Gardthausen, Falaeogr. and Wilcken, Cstracas are

17 dasismad for use in bellenistic studies; Hohmanr, Chron. (1911)

naw ont Lf date., Vary imgcortant for medieval celendariograrhy is Van

Tijk, T numbra d%or (1936). For 1l le"té ru(e...{,.. s Y "IL-«A’-;\ AR %
7 s B, f‘ 1, [3].

M = o g &
shiai' . to tablea Por cheenologicsl computatioms, 3chram is *he stanad-

B " - A - q“ -
ar? work, aanally nwaasfnl ig V,7V.llengetausr's ETChr.'- ) Moraover, most of

S— - ——

ks corntein varions tatles and comparative listsj

ae, liks Tkaat 1] and Meyer
c hx S,
(Trmst) 2ler fur Arstic chronology

ate. have ba:n mentionacs in tie2 recgedins toxt. Talbilss for the Athanian

calanday are sivan in Dingmcor, Archons p."24-440, K- {z*{""‘ ""6““{" {
g{.ao BJ-:L GG F,2.
i A .

Th: leneth 07 the gesgonal hours in Alexandris

+3
ars +tarulat=3 in Fubitschelk GAZ p.182 . The lamzsths of ths watehess gt
‘ ERts currutsd by P V.lcvgskaper KM p.3 scoording to thres dlfforent
peoamr o igns te *Ez A3finition of "right™ (a) From sumset ©o sunrive,
(v) Ppem dusk tc danp B8Rl (@) a9 the pericd of complsts davkness. As fap
o nan ha.osan “prom tha babrlsrian astrovomical tablstg of the S=loneid

e - | j PR X N I b 2 = s - 1. L
c?, AcPiritior (a) is by far the most plansitle,
- ™ (m i o s
17. Hintory o” astronomv.
Arhoueh w2 are hers not coneernsd with the history of anaient
agtronomy, & few bikliegrazghical remarks altout this fisld might b2 uwaeful

for a rsader mho wants to obtain information about +he historical backero
:® pmany ccneerts which we n23d in our discessions.

e begt sounrece for 4??0? ation aPcw+FRyn@ﬁ;@gﬁrggg@bag@wﬁﬁﬁm§
yof 1he S elb1y WthGL and Leon Levx Archives Center
ns A ahile

Cou
mAristarchns® (1013), which oont sRdar iogrs "5 T rans:
: sl Wnsﬂﬂﬁe?orAévanced?ﬁudy

1 planetary theor

ies is treat=d by Tannary ARCekdg NBALSA
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cherches sur l'histoire de l'astronomie ancienme” (1893) and by Dreyer,
*History of the planetary systems from Thales to Kepler® (1906). Very ela-
borate is Delambre's "Eistoire de l'astronomie anciemme" (1817), now anti-
quated in many details, but still unreplaced for special studies. Biblio-
graphies for later periocds can be found in Wolf "Geschichte d.Astron." amd
especially in the second volume of his "Handbuch? For Bebyloniam astronomy
Kugler's researches published in his "Mondrechnuag®" and "Sternkunde" are
basic, dbut difficult to read becamse of the extemsive discussiem of special
problems. Jeremias' "Handbuch" was written umder the influence of the "pan-
babylonistic®™ doctrime and is very unmnreliable. It canmot be used without
checking all statements with the origimal sources. There is no moderm sur-
vey of Egyptian astromomy. The bock of Antoniadi "L*astromomie égyptiemnme®
(1934) is not only dilettamtic but disregards all Egyptological results
since Champollion. Alsco Zinmer's "Geschichte der Sternkunde™ (1931) relies
only on second-hand inébrmatien and gives a very distorted picture of the
historical facts.

An introductiom to anciemt and medieval astrological conmncepts
is given in Boll-Bezold, Sternglaube u.Stermdeutumg (1931), which contains

rich references to older 11teratnre.152)

152) Cf. also the Bibliography of Gumdel, Bursians Jahresber. 1934 (cover-
ing the period 1907 to 1933).




71

Chapter 1I. The Moon.

Quod si adeo quis deses vel hebes est,

ut absque oqgiﬂ}pbore computandi lunse cursum

scire voluerit ......

Beda venerabilis, De temporum ratione

XXIII: De aetate lumae si quis computare non

*) 1If anyome is so lazy aand dull as to wish
to know the behavior of the moom without the
effort of calcudation ......

Beda, De temp.rat. chapter XXIII: On the
age of the moon if ome does not kmow how to
compute. (/“lrJ.H PL g0, ed. 398)

'§ 1. Lumar months. Astromomical concepts.

18. The movement of the sun.

In order to deseribe the sun's movement as seen from the earth,
we again consider the celestial sphere as the sphere of referemce on which
the path of the sun is projected. We assume the observer located at the
center of the earth; necessary corrections as to the aectual geographic
location at & givem place on the earth do kot involve essential difficul-
ties. We again consider the two fundamental plames of the equator (defineé
by the daily rotatien of the fixed stars) amd the ?ﬁli?Fic (dgfined byTﬁhn
orbit of the sun during the year -withiréspect/ to- the fixed stars). The

point of intersection betweenmn ecliptic and eguater where the sun passes



72

froﬁ the southern to the northern hemisphere is called the vermal poimt (T
in fig.8). The angular distamce of the sum from the vermal poimt, counted
from 0° to 3600 in the direction of the sun's movement with respect to the
rixed stars, is called its "longitude™ (usually denoted by A,

Let us now mmxxreek erect a diameter perpemdicular to the plame
of the ecliptic meetimg the surface of the sphere at the poimts P and P°,
the "poles of the ecliptic” (fig.9). Let S be am arbitrary poimt oz the
celestial sphere (differemt from P amd P' ). The locatiom of S can be
uniquely determined by the followimg procedure. We draw a great circle
through P, S8 , amd P' which intersects the ecliptic at S8S' . The
position of S can then be characterized by the twe ares VY'8°' = A and
S'S = 5 , called "longitude" and "latitude” of S 153) 1r S 1ies on the

153) We omit here and in the following the additiomal word "geocentric"®
when it is self-evident that we consider only geocemtric coordinates.

same hemisphere as P , the latitude is called positive; if S 1lies om
the eclirtic (and hemce S*' =8 ), /5 is said to be zZero; otherwise nega-
tive. The latitude of the sumn is therefore always zero.

Hipparchus (aroumd 150 B.C.) in comparimg such "ecliptic coor-
dinates™ of several bright stars measured by himself with the coordinates
obtaimed by older observers, discovered that the lomgitudes had increased,
althpugh the latitudes had remaimed umchanged. He comcluded from this fact
that the poimt from which longitudes were coumted, i.e. the vermal poimt,
had moved im & retrograde directiom because this would have exactly the
observed comsesquence. Ptolemy 30C years later repeated thmxzizExysixzmms
sxyuemex &nd confirmed this discovery, which is Jmowm as the "precessiom
of the equinoxes? This phenomenon can also be described im the following

way. The north pole is perpemdicular to the plame of the equator; the
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precession of the equinoxes means that the plame of the equator moves slow-
ly backwards with respect to the ecliptic, keepimg, however, the inclima-

tion between these two plames conatcnt.154) Hence the morth pole describes
a circle aroumd the pole of the ecliptic*ﬁs) (fig.10); if the wvernal poinmt

154) Actually smsll but periodic changes in this imclinatiom (which we,
however, disregard) do exist.

15°) The pole of the ecliptic is not marked by amy bright star. Its posi-
tion is mear the head of the dragom, aboat halfway betweem the stars

and f: draconis.

moves from Wf, to 7, by an engle «x , them the morth pole moves by the
same angle around the axis EP from H; to N, . In other words, the
precessiorn of the equinoxes consists in a slow movememt of the axis of the
daily rotstion EN orn a comic surface with its top at E , the axis bein
EP , and an angular distance PEN =& where ¢ is the inclimatiom betwee
equator and ecliptic.

The precessional movememt of the north pole takes abomt 26,000
years for ome complete revolutiom. This is the same as sayimg the pole
moves about 1° in 72 years, or about 50" in ome year. Im order to give
these rumbers & more concrete comtent, it might be said that the diameter
of the full moon's disc measures almost exactly £ degree. If therefore a
certain fixed star is at a givem momemt exactly the "polaris®, this star
will already 36 years later rotate on a little cirele of a radiws equal
to the moon's appareat diemeter. The star " « ursae minoris®™, today call:
polaris, actually moves on a circle of about 1° radius. At the beginming
of our era this star had an angular distance of 12 degrees from the morth
pole, at 1900 B.C. of 22°. 196)

156) The position of more tham 500 stars for each cemtury from -4000 to
+1900 are givex in Neugebawsr (P.V.) TAChr.I pl.III (p.21-82; the alpha-
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betic list of the star names is givem on pp.83-85). If one substracts the
valuses indicated in this tables for the declimatiom from 90°, ome cobtains
the angular distance of the star firom the morth pole of the giver time.

e T e T e B
-— -

The discovery of the precession of the equinoxes is frequently
praised as ome of the greatest achievememts of anciemt astronomy and espe-

cially of Hipparchus. Actually this discovery played a very modest réle

in ancient astronomy, comsistimg in nothing more than a small correctionm

to be applied on longitmdes of fixed stars measured at sufficiently distant
moments. The discovery required nothing more than the existemce of older
records accurate enough to make the change in longitude and the imvariabi-
lity of the latitude ewident. Ancient astromomy comtains numerous discoveris
and theories which deserve our highest admiration and which by far over-
shadow the recording of the contiﬂbusly increasing effect of the precession
The reason why modern authors emphgsize this poimt so much constitutes an
anachronism due to the subsequent importance of the precession within the
framework of Newton's theory. Newton found that nc precession should exist
if the earth were a perfect sphere but that the combined attraction of sum
and moon on a rotatimg ellipsoid must result in exactly the precessional

movement of its axis which we obserta.157) Thus measurements of the shape

157) About two thirds of the precession is due to the influence of the

moon, the rest to the sun and (to very small degree) the planets. Because
the members of our plamnetary system do not rotate in exactly the same plan
periodic variations of the precéssional movement ocecur which can, however,
be disregarded for our purposes.

— e —— e e e e et s — =

of the earth could furnish a direct procf of the general law of gravitatic
governing the movements #n the plaretary system. This explaim why precessi
became one of the most famous astronomical facts; for anciemt astronomy i1

is only a phemomenon of very restricted interest amd forichronological pr

hlame it Tlays & 8till omaller rale.
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Another method of determinimg a poimt on the celestial shhere
consists in using the celestial equator and the meridians through the nort
and south pole to form a system of references in exactly the same way as
illustrated in fig.9; these coordinates are called rectascension and de-
clination. Ancient astronomers, however, exclusively used the system of
ecliptic-coordinates (longitude A and latitude /5 ) described above. Yet
there exists a difference in notatiom of measur$mg longitudes which is
sometime of great importamce for chronoclogical investigatioms. Ancient
astronomy does not count lomgitudes from 0° to }60° but considers the ecli
tic subdivided into twelve equal parts of }OO each, called the "zodiacal
sirms™, and indicates longitudes by degrees from these sigms. The usual

notation of these signs is

Y Aries & Leo X  Sagittarius
m U Teurus T Virgo % Caper

X Gemini =2~ Libra e~ Amphora

$ Cancer m  Scorpius X Pisces .

The usual assumption is that Aries correspornds to the longitudes from A -
to )\ = 30° (hence "Y®™ as the symbol for the vernsl equinox A = 0),
Taurus to the longitudes from A = 30° to )\ = 60° ete. Two restriection
however, must be made. The first comsists in conaideri?,precesaion. The
zodiacal signs beimg configuratioms of fixed stars but the longitudes bei
measured from the vernal point which moves slowly in retrograde direction
the section from A =0 to A = 30 will be slowly separated from any grpu
of stars representing the group "Aries? One must therefore distinguish

between ‘he "signs" and the "pictures." The signs are dly different names
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for sections of lengths of 30 degrees beginnimg with the real vernal poimt;

the pictures, on the contrary, are the coanfiguratioms on the sky, consist

of certain fixed stars. In the second century B.C. (the time of Hipparchus),
signs and pictures coincided; today the EXEEX "sign® Aries almost complete-
ly covers the ?qpstellntion of the fishes; im 2300 B.C. the vernal poinmt
lay in the ﬁegiﬁégng:of Taurus. Modern tables gives longitudes usually with
respect to the true vernal poimt of the time in question; in discussions
of ancient astronomical documents, one must investigate the problem whether
a nosition, say Y 10°, means 10 degrees distance from the actual vernal
point or 'O degrees distance from the beginrmimg of the configuration 7 .
In most cases this difficulty can be overcome by calculating aceording to
both possibilities; if ome knows the century of a document, say a papyrus,
by historical or epigraphical and linguistic consideratioms, then the in-
fluence of the precessiocn is known and an error of ome hundred years cor-
responds to only one degree more or less, which is frequently anyhow the
margin of error one must admit in ancient observations or calculations.
There is, however, another difficulty which is much more serious
but frequently ignored. This is the fact that many anciemt astronomers
considered not Y 0° as vernal poimt but Y 80, Y 10° apd other values
between Y 0° and T 150. The history qf these notations is not known in
detail; it is onrnly clear that assumimg the vernal point at 7Y 10 amd Y 8
corresponds to Babylonianm tradition and was taught in astronomical and

astrological writings for about one thousand years.158) Hipparchas and

158) Aries 10° is the vernal point of the older Babylorian theory, Y 8°
of ‘he younger one, both represemted in texts of the three last centuries
B.C. The most recent evidermce known to me is the Syriac letter of Bishop
George written in 714 A.D. (Ryssel |1] p.45).

Ptolemy conside;"Y‘0° as the vernal poimt, Egyptian texts of Roman times

seem to use some fixed star of about -4° or -5° longitude as the starting
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59)

roint etc.1 One must therefore Lot only take into aceonnt the effect of

1%9) FNeugebtauer (0.) [1] p.231.

precession but also the existence of arbitrary definitioms of the distance
between the vermal point and the beginnimg of Aries.

It is obvious that an uncertainty of about 10 degrees in placing
the vernal point affects chronological problems to a much higher degree
than the slow continuous change by precession. There is no way of eliminat-
ing this factor except through intimate knowledge of the doctrime to which
the document in question, e.g., & horoscope, belongs -~ a knowledge which
we in many cases do not possess. This isavery typical exampls of a serious
source of error caused by applying naively modern calculation to ancient
texts regardless of possible very great differences between modern and an-
cient definitions.

Before we turn to the discussion of the movement of the moon and
its combination with the sun, we must mention the accurate value of the XIE
length of the period between two comsecutive passages of the vernal point
by the sun, the socalled "tropical year." This value, which we shall denote

in the following'by y 4 1is
(27) y = 365.2422%

Th2 name "tropical year" indicates the relatiom of this interval to the
seasons, in contrast to the "sidereal year" which is defimed by the return
of the sun to the same fixed star. Bacause of the precession of the equi-
noxes, the tropical year is slightly shorter160) than the s&dereal year;

for all historical problems, only the tropical year is of importamce.

1£0) By about 20 minutes.
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19. The movement of the moon.

In describing the orbit of the moon as seen from the earth pro-
jected on the celestial sphere, we again use the system of spherical coor-
dinates with resp&ct to the ecliptic, longitude )\ and latitude /} o« The
orbi* of the moon is only slightly imnclined to the ecliptic (about 5°%) and
it is therefore possible to disregard the deviation for our prelimimary
discussions: in dealing with eclipses the moon's latitude is the decisive
factor.

The movement of the moon, like the sun's is opposite to the

daily rotation., If sun ahd moon have the same longitude, the two bodies
are said to be in "conjunction;"™ if the longitudes of the two bodies are
180° apart, they are said to be in "opposition." Both conjunction and
oprosition are called “Byzygies".161) New moan and full moon are the phases

of the moon at the syzygiea.162)

161) *rom Greek gu‘xofv "yoke?
162) The symbol for opposition is &° , for conjunction o .

jiet us consider a certain conjunction, where sun and moan both have the
longitude Aw (fig.11). During one month the sun's longitude increases by «
while the moon performs one complete revolution plus additional x degrees
This giwves us an estimate of the moon's daily movement; x is obviously
about 1%; . 360° = 30° and therefore the moon's movemenmt during ome mont
amountis to about 3900, hence about 13° per day. Because the sum moves
about 1° daily, the moon gains about 12° "elongation™ over the sun.

These values are only rough estimates; the gctual movement of

o/d to 150/& and consequently alsc the

the moon varies from about 11
time between two conjunctionms varies. If one, however, counts the number

of days elapsed during a sufficiently large-number of months, one cbtaing
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average values which will be the basis for our further calculatioms. The
time thus obtained between two conjunctioms is called & "synodic month" or

one "lunation"™ and amounts to
(28) m = 29.5306%

i.e. slightly more than 29 %+ days. This shows that in lunar calendars the
number of months of 30 days must be higher than the number of months of 29
days.

The froblem of real lumnar calemndars, however, involves more than
the regular distributions of months of either é%/or 30 days such that the
right average length is granted. The actual momemt of conjunction is gener-
ally difficult to determine hecause of the invisibility of the moan, except
in the case of a solar eclipse which occurs only if the moon has not only
the same longitude as the sun but is also exactly (or almost exactly) in
the =cliptic. Lunar calendars therefore begim the months not with the astrc
nomical new moon but with the new visible crescemt, the so-called "new
light." The following will show how this "natural™ definition of the be-
ginning of a lunar month introduces further complicatioms.

The main new element introduced by using the new crescent as the
starting point of a mnew month is the horizon. At the moment of conjunctiomr
and also shortly thereafter, sun and moaon are so near to one another that
they set almost simultaneously and thus make a moonless night. The next
evening, however, the moon will be about 12° more eastwards from the sun
than the evening before and therefore still some degrees above the horizom
when the sun is already below the western horizon. It may be that the
distance between sun and moon is g£ill mot sufficient to allow the fime
crescent to be visible before setting in the dusk shortly after the sun;
the following evening, howeverjy-thelcrescent/ is most-likely/ to be wisible

because the elongation from the sum will be sufficiently great to allow
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thes moon to be seem above the horizon when the sun is already so deep below |
the horizon that there is full darkness. The visibility of the crescent I

therefore depends on the varicus factors which determine the distances of J

sun and moon from the western horizon on the evenings following conjunction;
already this prelimingry consideration shows that small variatioms in the
relative positions of the two bodies can result in advamce or delay of the
moment of first visibility by 24 hours. The reason why real lumnar calendars

depend upon actual observatiom is that only a highly developed astronomy

is able to follow the movement off sun amnd moorm mot only with rsspect to
each other but alsc with respect to the horizom so accurately as to make
a prediction of the visibility of the crescemt possible. This will become
clear if we now turn to & more detailed discuss of the conditioms in que-
stion.

Every problem which involves the horizonm involves the geographi-
cal latitude 73 . The setting of sun.and moan moreover requires the com-
sideration of the direction of this movement at the western horizon, which
is practically the same as the inclination of the equator and parallel
circles towards the western horizon. As fig.12 shows, this inclinatiom is
90 - ? ; thus sun and moon set mﬁeh nearer to a vertical direction at
southern latitudes like Assum ( ¢ = 28), Memphis ( 'T = 30%) or Babylon
( cf = 32°) than at Rome ( ?? = 42°). It is obvioms that a givenm elongaticnm
of the moon from the sun will be more sufficiemt for the visibility of the
crescent the nearer the direction of settimg is to 900.

We now comsider the geographical latitude as givem (the follow-
ing figures assume ? = 30°) and investigate the influemce of the seasons.
Let us suppose that we are dealing with a conjunction falling close to the
vernal equinox. The sun therefore stamds in the equator Let-ms assume for

the sake of simplicity that the moon moves exactly in the. ecliptic; on the
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evening following conjunction, the moon will therefore be north of the
equator. On the contrary, the moon &s south of the equator in the analogous
situa-ion at the autumn equinox. This shows (fig.13) that the same elonga-
tion, i.e., the same "age®™ of the moon, will brimg the moom much higher
above the horizon at the vernal equinaox than at the autumn equinox; amd the
hizher the moon stands above the horizom the better is the chance of its
visitility. An intermediate case exists at the solstices when the direction
of the ecliptic is tangential to a parallel circle to the equator; hence
the direction of the daily rotationm coincides with the direction in which
the moon moves away from the sun.

The influence of the variable inclination of the ecliptic with
respect to the horizon is to some extent coumterbalanced or emlarged by the
fact that the mocn does not move in the ecliptic but deviates as much as
five degrees on both sides. As is evidemt from fig.14, the influence of
the moon's latitude has least effect at the vernal pmiw equinax and greatest
at the autumn equinox when the ecliptic inclines as much as possible towards|

the horizon.

Bﬂéause the variation of the latituwde is in%iendent of the sea-
30n3163), the resulting influence on the wisibility of the crescent is very

163) This movement will be discussed below p.HIE.

complicated. This makes it very difficult to detect a rule in the variation
of the length of lunar months on purely empirical grounds. On the other
hand, the problem of predicting the evening of the first wisibility of the
new moon is one of the most importamt challemges to develop a theoretical
astronomy. It is therefore well to understamd that the calculation of the

new mcon is the central part of Babyloniam astronomy164), from which-all

164) I+ might be explicitlyg stated that the influemce of astrology-on the
develeopment of theoretical astronomy is practically negligible:
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further development has branches. Here again an apparently simple and "na-

tural™ notation, namely the countimg of the months from crescemt to cres-

cent, includes difficulties which can only be removed by a scientific analy-;

sis of the underlying phenomena.

20. Cycles.

The first step in every theory of movement of the moan consists
in the establishment of "cycles", i.e., numbers of months after which the
moon is again in the same (or nearly the same) position with respect to
some other periodic phemnomena, say the seasons. A typical problem of this

kind is the Easter calculation; ome tries to find cacles according to which

the dates of Easter are repeated in the same order. Also the problem of
intercalation in luni-solar calendar leads to the same question. Ome tries
to find a definite rule Br the arrangement of years of 12 or 13 lunar month
and to determine the minimum number of years necessary in order to repeat
exactly the same sequence of ordinary years and leap-years. The following
is an explanation of the common basis of all such cacles; it consists in a
comparison of the average length os year and month. For the length of the

y=2ar we take the value
(29a) y = 365.2422°

mentioned above p.f?? as the length of the tropical year. For the length

of one lunation, we shall use
(29b) m = 29.5306% .

/
The actual length of time between two comsecutive conjunctions can deviate
considerably from this value; if one counts, however, the number of days
contained in a sufficiently large nugber of months (say for 50 years), then

the average length of ome month will be very close to''(29b).
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In comparing the two numbers y and m it is evident that we
need only consider the difference between y and 12 m , which (because

of (79) ) amounts to
(30). y-12m = 10.8750% .

We now ask how many times this differsnce must be repeated to give as nearl
as possible a complete month. Let us for a moment assume that y - 12 m
is only 104 and m = 30 ; then we would have y-lcm _ 10 _ 1

m 30 2
or three years would exactly equal 37 months; in this case, an intercalati
cycle would consist of two ordimary years and one lesap-year. The same kind
of argument can also be applied to the more accurate numbers (29) by making
increasingly better approximations.

We begin with the statememt that the number

(312) a =L _12-= 18850 <%—

This is obviously a very rough evaluation of the proportion 4 = .I_:ElgE
29306 - 2 - 108750 = 77806 or

108750 _ 1
E‘)’%g'é i 2"’1%33%

If we now replace the fraction 7 8806 simply by 1 we obtain
(31%) A S e W A,
2 + 1 >

The error we committed in replacing 5 306 g2y by 1 is easily de-

termined because

80
-

We x= therefore get a more accurate result if we write
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(31c) X = 1 : & 1 - g.
<% z 2+ TER
8

1+

The replacement of %g%%% by % can be improved because

Hence

) : > . = 4

The replacement of —%%g%%— by 1 can be improve& because

15918  _ 1
—?53—3 vl 15075
L ‘?‘1 318

from which follows

(313) X = 1 < 1 —3
2+1+ B o T A— . i;
2 7 1 +
3*'1 15025 2+ 1
o T+ 1

The replacement of 1 g?g by 1 obviously involves only a relatively

minnte error. We therefore do not continue this process}65) but turm to

— . ——— e . i e e

16%) Called the development of Ih:;125 into a "continwaus fraction".

the interpretation of the results obtained. We found in (31a):
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m:%_‘l‘? <-12- or §<1Z+% or 2y < (12 4+ 1)m

and correspondingly in (31b) to (318) :

%)12+% or 3y >((-1241)m = 37 m
%<1'2+% 8y < (8 -12+3)m = 9 m
2
(32) %;. 12+1—:4 11y > (11-12 + 4)m =136 m
L <12+ 197 < (19412 +7)m =235 m

These inequalities can be considered as approximations of the quotient y/m
with values given in (29), and it follows from our procedure that these
ap-roximations aporoach the true value the farther down they were obtained
in the process of calculation. If we replace the inequality signs by the
equal sign, then each of these eguations can be considered as the basic re-
lation for a luni-solar cycle; 3y = 37m is the very inaccurate relation

w2 mentioned in the beginning. The three following relations, however,

8y ( 812+ 3)m = 99 m
(33) My = (1112 + 4)m = 136 m
19y = (1912 + 7)m == 235 m

are cycles which have been used in calendaric practice. Bitause of their
crigin from successive approximations, each of these cycles is more accurai
than the prece&ing one. The same fact is expressed by saying that each of
these cycles requires a shorter peried of observation than the following
one. This is historically quite importamt to emphasize because it shows

that such cycles can be established and even improved during the lifetime

of one man. All that we actuallyuknow from ancient csource materisli/speaks
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for a very rapid development of the basic astronomical ideas, which were the
work of a few men and than kept unchanged for a long time. The frequently
told story of age-0ld observational material at the disposal of ancient
astronomers is by no means proved for the beginmings; and ever in classical
reriods nothing like modern cooperation amd planned work over lggger periods

existed.

§ 2. Lunar €alendarsy

166)

Breasted said sbout the Egyptians: "They, like all cther

16%) Ancient Records I p.25.

peoples, had suffered from the vexatioWs fact that the lunar month is mot

an even divisor of the year.®™ It seems to me that exactly the opposite is

true; the Egyptians never made an attempt to create anything like a luni -
solar calendar but kept their lunar calendar ertirely independemt from the
civil calendar. Having no astronomical theory whatsocever, they were spared
from all troubles; the only relationship between civil year and lunar ca-

lendar consists in calling years containing 13 new moon festivals "great

years", the others ®mall years.“167) Which year was great and which small

167) This is the harmless meaning of an inscrirtion found in Beni Hasean
(12th dynasty; published Urk.VII p.29,18 = Newberry Beni Hasan I pl.25,90 f
which gave origin to many speculations about all kinds of Egyptian year
forms (e.g. Ginzel I p.176 f.) Cf. below p.1ll,.

was undoubtedly for very long times decided merely by the events; we shall,
however, describe a simple method, found in a Demotie - papyrus from Roman

times, by which one could decide in advamce about the character of a year.
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We must, however, first give a short account about the lunar calendar itself.
The oldest evidence of a lunar calendar in Egypt is found in a

rapyrus from Kahun (XIIth dynasty) which shows that the schedule of the

temple duties was arranged according to a lunar calendar of alternating
months of 29 and 30 days. We shall discuss this papyrus in chapter IV becaus

lgh&
of its importance for the chronology of the twelfth Dynasty.

e here is the very\fortupate acgident, {hat thg specigl g
y s’whigh this hap¥rus gevers e 58 an Antercelated sfor

AT .

totwaden twa WmontKs of 29 days) . at\the end of the-civil

P

52 !Q [y p. 2R - —
(8) [Meyer (Ed.) Aeg.Chron. p.52.

{i: thtegﬁsgﬁaggEETl of‘{: - days aS\TQ)E

Theye t afz agslllts. Au..‘-l- i_]_ lltlo---u ot W a.l Fresp
. "«rlr/‘hf' f’"" oy, & O L "-’{3 J
ssentdd mpoint , Jowewe #d the evidence that this

lunar calendar is the calendar of the temple service. This purely religious
chai@ter of the lunar calendar in Egypt is supported by all further evidence.
The theological interest in the lunar days, the phases of the moon etc. are
amply testified169) and we know that the days of the lunar month had special
names.17o) There even exist double dates characterising a day both in the

civil and in the luner calandar.171) This shows clesarly that the religious

169) Cf. e.g. Brugsch, Thes. I, although mostly from late (Ptolemaic-Roman)
periods.

170) Brugsch, Thes.I p.45 ff.

*71) These instances are collected by Borchardt, MZ p.39 ff. The influence
of the lunar calendar on practical life has been overemphasized by Borchsmdt
(e.g. his theory of coronationd only on a full-moon day MZ p.68 has been
disproved by Lerny L2 72; cf. also Edgerton [1] ).
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lunar calendar existed independently beside the schematic civil calendar

- exactly as Easter depends on a lunar calendar regardless of the merely |
formal character of the civil calendar. This underlimes, on the other hand, 2
our previous statement that the Egyptiam civil calendar with its months of
invariably 30 days cannot be explained as the degenerated product of a lunar
calendar: it was not created in order to replace the lunar calendar but had
the purpose of serving for administfatita purposes while the natural lunar

calendar was never abandoned for religious purposes.172)

172) The importance of the lunar calendar in all periods of Egyptian histo-
ry was discovered and emphasized by Brugsch (e.g. in his Aeg. p.330 ff.).
Only the preconceived assumption that this lunar calendar was some kind of

predecessor to the civil calendar led to the disregard of its existence (e.
g. Sethe, Zeitr. p.301).

We can now turan to the Demotic papyrus, mentioned above, which

gives a rule to calculate lunar dates in a simple cyclical Iay.173) The

173) Papyrus Carlsberg 9, published by Neugebaumer - Voltenm [1].

e — e e ————— S -

basis is months alternatimg 29 and 30 days in length, where every 5th yea
one more day is inserted in the last month of the year - & procedure wh
we alr=ady met in the Fahun papyrus. Five such pentades are linked togetl
to one 2f-year cgcle, after which the dates in the civil calendar are re-
reated again. The details of this method, as givem by the papyrus, can b

i’lustrated by the section containing the years from 10 to 15:
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\ II| v | vI | vIII|] X i XII

year 10| 24| 23 | 22 21 | 20 19
ME 3] 32 | 11 10 9 8
12 2 1 | 30 29 | 28 27
13 { 21| 20 | 19 18 | 17 16
14 | 10 9 8 7 6 5

15 ({30 | 29 | 28 27 | 26 25
| 19| 1e ) a7 | 1€ ) us 14

The year numbers are the number in the cycle, the months are the 30 days’
month of the civil calendar. Omly every second month is mentioned, indicat-
ing that the date in the omitted month is undetermimed. The dates given
decrease by one, as is necessary if a lunar month contains 29 # days. The

decrease from XII to II amomnts in general to 6 days because of the

* epagomenal days which follow month XII. At the end of the pemtade, how-
ever, the jump from year 14 XII 5 to year 15 II 30 amounts to 5 only
because of the day inserted every 5th year. By extending this scheme over
2% years one will remark that the dates repeat themselves. In order to count
the number of lunar month contained in such & cycle, we must remark that

usually two lunar month are contained in the interval between twa given

dates but that three months should be counted in all instances where the
numbers begin again with 30, as, e.g., in the year 12: three months elapse
from IV 1 to VI 30, not merely twa, as from VI 30 to VIII 29 ,
etc. Three months are also contained betweem 14 XII 5 and 15 II 30,

and in the same way one finds that 9 years among 25, namely the years
1 3 6 9 12 14 17 20 23

contain 13 lunar dates. These years are called "great yecars"; the name of

the remaining 16 years is not preserved in 'the’ papyras but both "great®
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and "small" years are mentioned in Banihasan for offerings - which gives
us the obvious name for the years containing only 12 lumar festivals. Hence,|
the total number of months in a 25 year's cyecle is 9-13 + 16-12 = 309 .

This lunar cycle is therefore based én the relation

(34) 309 luner months = 25 Egyptian yegrs = 9125 days .

Using the value (29b) m = 29.5306 for the length of one lunation we obtain
|
for 309 m the value 9124.95 days, which shows that this cycle of 25

Egyptian years represents a very good basis for the prediction of lunar

173a)
festivals in the Egyptian civil calendar.

22. The Greek moon calendars.

The Greek calendars confront us with so many problems that their
treatment bhas daveloped inte a field of its own, much more related to ar-
cheological and historical questions than to astronomical methods. The com-
rlication of the Greek calendar systems is a consejuence of the splittiﬁg
of the Greek nation into many independent city-states with local calendars,
1>cal eponymic lists and subject to frequent changes according to the even
ful history of these small states. Heres we see the same situation in the
full light of history which we must surpose respomsitle for the disorder i
the Sumerian calendar. There exists, however, another aggravating element
in the Greek, or at least in the Atheniam, calendar, namely the attempt t¢
regulate the lunar calendar by means of cyclical intercalation. Every sucl
attempt is necessarély doomed to failure if based only on such primitive
astronomical knowledge as existed before the creation of a mathematical
astronomy in Hellenistic times. It is therefore mot surprising that even
such questions as whether wm9m7y¢Q ("new moon") means actual conjunctic

or the first visibility of the crescent are still open for discussion. W

——t——
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find for example in Thucydides174) the remark that a solar eclipae175)oc- %

cured on yw5h7:f% KAT« suij?7w . Dinsmoor176) finds that this expression

174) 1II1,28.

L e —_
T
1

17%) It is the annulaer eclipse of =430 VIII 3 in the first year of the
Peloponesian war.

176) Archons p.314.

must characterize the first of the month in order to obtain agreement with

other elements of the Athenian calendar; Meritt177), on the contrary, thinks

177) Calendar p.104,

t+hat the unusual apposition KATA G?Ai}7v ("according to the mobn®™) intends
“o emrhasize the astronomical new moon in contrast to the new moan of the
civil calendar. This view seems to be -supported by the fact that Plutarch
gives the 30th as the date of ais;ﬁ;/éelipse178) and by the use of the same

expression %? . papyrus where the meaning "conjunction" is certain.1?9)(3g§\
- s m 3 - 7/ L v ~ I L Lo

‘Tfu) [ furﬂu\ i ‘(g/;'.,},, /,.Q /;{" 2&!3{#3 (z/(fq.ku(_ VQ} KaTa ﬁ‘nls’v-?v JOPZ vh»n{:

4:}3 '}C\-( CI'V‘-( tu(l-.[a.p t'-nA o= ’TM,‘ {" ﬂ‘- Hv( {I'-:-!-tf’ eyd_,.(grf]r1q"‘.,

178) Plutarchus, Romulas 12 (the_EOth =-T%=ﬂﬂd}).mThé-éblar eclipse in

connection with the horoscope of Romulus is fictitious.
Wu:rly [f])ﬂ- &4 £ wz/

179) 787,Y2389 ( ﬁ uaT&f;hzv Wyhvv{& T that ij:/xly means
the same as n«ﬁqtﬁl+ﬁvi$ explicitly proved e.g. by Kleomedes II,4 ed. Zieg
ler p.190, 21 £.).

179 a) Dura, Rzr. o ris No. 220, p-lo7 Ne.232 (= 2 1y f. Me. 23€).

here ﬁgain local infiuéné;;“might give a different meaning to the seme ex—
pression.
The attempt to regulate the lunar calendar according to cycles

goes back at least to Budomos , the great mathematician of Plato's academy
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|
(ca. 375 B.C.), or even to Cleostratos (ca. 525 B.c.).‘ao) We find all the |
o - - = WSS
180) This according to Censorinus in his "De die natali” (chap. 18; written
LR = ' e rees 4 1o o "“ e f"* a3 ¢ c,(,._ et -

238‘_LAD) N!”JJ 1 RTEIJSM Dbl Ty 14 7o o |

f&"r.\_:_‘ _:}_%a_-&[x_-( jc-w;A. e e e e e
three lunar cycles in use which we found by comparing the length of year

181
and lunar month, namely the 8-years', the 11-years' and 19-years' cycle. )

An exhaustive description of their history has been given by Dinsmoar.1a2)

181) Cf. above p.?%0,
*82) Archons p 297 L.

Here it may be sufficient to show that the 8-years' cacle, the so-called

ectoeteris, can easily be derived from much more approximative values than

used in our modern treatment of the luni-solar cycles. Let us assume simply
365 % days as the length of the year amd 29 % days as the length of the
month. A year is then 11-} days longer tham 12 months. If we now start from

a New Year's date 1, the following New Year's Day becemes 12 %, the next

23 4 and the third 34 %-EE 4 % mod.30. Proceeding in the same manner we
obtain the dates

date: 1 121+ 233 | 42 16 27%\8% 192 | 1
8’[‘

year: 1 2 3* 4 5 6 * 7

This shows that after 8 years the dates will be repeated in the same order
if we intercalate three times a third month, separated from each other twic
by two ordinary years and once by only one year. This is exactly the rule

of the octoeteria.183) The possibility of deriving tﬁg/cycle so directly

183) Cf. Geminus VIII, 28 ff. (ed Manitias p 110 ff.).

. T A e —— v A L s N et
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from the round numbers }65‘% and 29 £ may be a reason for the large
extent of its use even at times when the much better 19-years' cycle was
known.18‘)The 19-years' cycle itself is usually called the "Metonic cycle"™
because of its introduction into the Athenian calendar by the astronomer

Methon in 432 B.C.18%)

184) Cf. Dinsmoor, Archoms p.360 ff. (the assumption of Egyptiam influence,
however, made by Dinsmoor, is unfounded).

13%) Cf. Dinsmoor, Archoms p.309 ff.

23. Babylonis.

The history of the 19-years' cycle is not yet fully known, but
it seems very probable that it originated in the Babylonian lunar calendar
and not in Gresce. The priority of the Babylonian 19-years' cycle, however,
is not yet clearly established. What we know is its exclusive use in Hélle—

nistic times according to the rule‘aé) that all¥ years which are mod.19

186) Discovered by Kugler SSB I p.212 (1907) from his investigation of
astronomical tablets; cf. also SSB II p.425.

congruent to
(3%) Sel.era 1- 4 7 10 12 15 18

are leap years intercalating a second 12-th month, except the years = 10
mod.19 which interealate a second 6th montﬁfi;he same cycle can be shown
in uninterupted use at least since -382, but the earlier method of inter-
calation is not yet clear. Kugler assumed an 8-years' cycle since =530,
followed by a 27-years' cycle from -505 onwards, perhaps soan replaced b}

the *'9-years' cycls. Parker187), from the investigation of all available

1¥6a) Which year v soch a cycle is called “final yeac™ @5 of course :'T?;?M?E_If/,-?;,'i} wd %’—."u—

187) Parker [1] p.292 mote 22. \ 12 0o Fasel,
4
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material, assumes the use of the 19-years' cycle since =545 but occasional
disturbed by empirical corrections. This would bring us in direct contact
with the reign of Nabonidus (from -554 to -537) from which we have evide

of explicitly ordered intercalations.188)

On the other hand, already the
series "mul apin® contains intercalation.rules189) which might belong to a

period around 700 B.C.

188) Meissner BA II p.397. k;ﬁJLn&j [ﬁy |
189) Weidner [1] p.187. Zsh ,/JA,/;.( skir cililiin ane PR bkl T )

It is definitely clear that no intercalation rule existed during
the First Dynasty of Babylon (1900 to 1600 B.C.). The Intercalations during
the 21 years of King Ammizaduga'?0) illustrate this fact. If we indicate

190) Langdon - F. - S. p.61 ff,

leapyears with XII, by * , with VI, by ** we have

1 2 3 4% 5% g 7 8 9 W™ 1™
12 13 W 15 16 17 18 19 20 2 .

No system of cyclical intercalation, devised to balance a solar year and
a lunar calendar, could lead to a sequence of four ordinary years; such a
sequence brings the lunar calendar 1 % months behind the astronomical
seasons.

This is a very essenfial roint for the proper understanding of
many problems of Babylonian chronology. Without discussion, the majority
of the scholars working in this field made the assumption that the Babylo-
nian calendar attempts to establish a definite relation between its lunar
months and the equinoxes. This is, of course, the meaning of every cyclical
intercalation; if we deal, however, with periods’'when only arbitrary inter-

calations are in use, one must first ask what purpose was servedoby cormand-
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ing the intercalation of one month. Series of intercalations like the above-
given group covering 21 years show clearly that no astronomical facts could
have boen decisive Beause the most primitive observation of equinoxes or
fixed star aypearances gives much better results. The only possible con-
c’usion, therefore, is that it was not the astronomical seasoms which regu- ;

lated the oldest form of the lunar calendar but the agricultural seasons.

This conclusion is fully confirmed by all the available evidence. We know,
for instance, from the time of the Third Dynasty of Ur (asbomt -2100) that
1ocal calendars of nearby cities used different 1ntercalations191) but agre

only in the fact that the last month is called the harvest month.192) Ob-

191) Schneider ZWU p.108 ff.
192) Schneider ZW p.108.

viously, different places held conflicting opinions as to the expected time |
of harvest or as to the necessity of enlarging the period of harvest by a

sz2cond harvest month.195) There is, on the other hand, no evidence for any

193) This explanation has been given already by Landsberger KK p.6 and
Olmstead [1) p.115. The astronomical consequences -have been emphasized by
the present writer ([4) 406 f.).

astronomical interest in this calendar, except, of course, that the months
are real lunar months. In other words, the Old-babylonisn calendar is a rea
lunar calendar with na "luni-sclar®™ intercalaticn gt sll1 but strongly in-
fluenced by agricultural considerations which held the harvest months as
much as possible on the real harvest. The replacement of the variable clim-
atic seasons by astronomically defimed seasomns was the work of a much late:

veriod.
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The Babylonian calendar was made uniform by the abandonment of

the different local calendars in favor of the calendar of the city of _

A
Nippur. This happened as a result of Hammurepi's rule aver all of Babylonil{
i

Before 1100 B.C., the Assyrian cagendar differred from the Ba-
bvlonien; after this date, the Pabylonian calendar was adopted also ir f
Assyria.19d) Double dates prove that the Assyrian calendar was based om
real lunar months,195) but, so far as one can conclude from the materi&l

now available,196) the intercalation of a thirteenth month never eeccurs. 96)

£

i

S5 . ol
194) Enelolf - Landperger 1] p.217 note 2 and Schott [1] p.317. ;
195) Example: VAT 9557 colophon gives "month XI(ass.) which correspon@n'
IX(bab) day 19th year ..." (KAH 2 p.44 Fo.73 and Ehelolf - Landsberger [1]

Ps217)-

196) NEEEI¥ Landsberger KK p.88-91; Ehelolf - Landsberger [t]; Weidner
[2] ana [3].

Bscause twelve lunar months add up to about 11 days less than one solar

year, only 33 solar years are necessary to carry each of the twelve calen-
dar months through sll four seasoms. Indeed, there is evidence for the
identification of the same Assyriam month with seven different Babylonian

months!97) This, combined with the lack of any intercalation in the Assy-

o

197) Namely I, II, III, VII, IX, X or XII according to Weidmer [3] p.29.
A1l these synchronisms between the Assyriam and Babylonian calendar belong
to the reign of Tiglathpelesar I, i.e., to the period around 1100 B.C.

rian calendar, clearly indicates that the Assyrian year was strietly lumar,
consisting of twelve lunar months. Consequently, year numbers in Old-Assy-
rian king-lists must be reduced by about 3 years for each 100 Assyrian

years in order to obtain the proper number of Juliam years.
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24, Medieval lunar calculations.

The Mehammedan calendar is a pure lunar calendar with ne refe-
rence to the seasons (except the number 12 of its months). Here the "years®
of *+his calendar fall back 11 days in each solar year; this results in
rapidly increasing differences between th:s era of the Hejirah (beginning

198)

in 622 A.D.) and the Christian era. 9 But even in such a strict lunar

198) Tatlzs for the direct reduction of dates of the Mohammedan era into
the Christian era and vice versa are computed by Wistenfeld and Mahler be-
ginning with 622 A.D. VII 16 = 1 Bejirah I 1 and ending with 2077 A.D.

X 19 = 1500 Bejireh XII 1. This reduction can also be made, of course, b;
using Schram. |

calendar, a cyclical calculation of the type of the Egyptiam method discus
ed above (p.i%1?) was used. The length of the months is assumed to be 29 an
30 alternatingly, and 11 leap-days are added durimg a cycle of 30 lunar

years.199) This cycle of 360 months is alsec gquite accurate because a lengi

of 360-29.5306 = 10631.016 days would resul}t from the average length (291

199) Cf. Gingel I p.254 f.

of one lunation while the cycle contains 30.-354 + 11 = 10631 days.
While the Mohammedan part of the world adhered to this newly
created simple lunar calendar, the Christian nations kept alive both sols
and lunar elements inherited from the Hellenistic, Roman and Jewish cale:
dars. We have already discussed the reldation of the Christian era to the

era of Dioclefian (and thus to the Egyptian calendar).zoo) The arrangem

202) Above p.i1%,

of the months follows the Romani-order;-which completely disregarded the

lunar calendar. The problems of the lunar calendar, however, were again
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introduced by the adoption of the paschal festival of the Jewish calendar

- and herewith parts of the Babyloniam calendar, i.e., in the final ana-
lvsis, the calendar of Nippur. It is well known what violent controversies
arose in the Christian churches over ths rules of XX determining the Easter
date. The astronomical knowledge of the leading persons in these fights was
not sufficient to make use of the achievements of Hellenistic astronomy,
~hich could easily have solved the problems in question. Cyclical calcula-
tion appeared the only way out, and it was again the 19-years' cycle which
was finally accepted after the Easter tables of Cyril and Dionysius were ¥

201)

based on this scheme| supposedly accepted by the fathers of the Kicene

Council through inspiration from the Holy Spirit.2%2)
203)

The tables of Diony-

sius were continued in 616 by Frelix Gillitanus and finally by the table

204) the number 532 is the product of 19 and the sols

205)

of Bede for 532 years;

cvele 28 in order to repeat the days of the week. These tatles of Bedt

“01) Cf. above p.#"",

202) Dionysius says (Migne P.L. 67 co0l.19) that the members of the counci
"hanc regulam .... non tam peritia saeculari quam sancti Spiritus illustra
tione sanxerunt™ (the reading saeculari according to Ideler II, 286).

203) Concerning him, see Poole [1] p.36 f.
204) Migne P.L. 90 co0l.859-878.
205) Cf. above p. |# and Krusch [1] p.115.

constituted the definite victory of the method of calculating Easter by X

mcans of the 19 years' cycle - ironically enough, sufficiently late to

206)

make the inaccuracy of this period yield one day toc much. Bede, how

206) It must be remembered that according to (32) only 235 m 19 y hel

sver, found the explanation oflthis discrepancy fin the @ssumptioncthat

Adam began the counting of time on the day when he was expelled from Pare
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dise, March 18th.207)

207) De temp.rat. chapter 43 (Migne P.L. 90, col.481).

We have already seen the importance of the 19 years' lunar cycle
for medieval chronology during our discussion of the basis for Scaliger's

"Julian period" of 7980 years.zoa) In this number 7980 = 15-28-19 , the

—— e —— e e e . e

208) Cf. above p.?tF,

factor *9 is introduced to bring the full moon again in the same relation
to ‘he vernal equinox as at the beginning of the cycle;(the order of a year

l:l:'- a‘evt_ . m
within the cycle was called the "golden number,ﬁsB&%-we—hg;e~&}s%—menf§eaed

a. W snhall now

briefly explain the corresponding concept of the "epact®™ of a year. This
word is derived from the same Greeck root ( ?n&}u:v) as the expression "epa-
gomenal (days)" in the Egyptian calendar and is well chosen because the
epact is an expression for the difference between the lunar and the solar
year. Its calculation is based on the follawing simple process: starting
from O one adds continuously 11 (i.e. the difference between 365 and 354
days) but reduces the results modulo 30. By 19 steps one obtains the follov

_H‘ll_'ttq___mu ;

ing numbers "e" which we write down beside the numbers "g" /from 1 to 19:

e: 011 223142561728 920 11223 41526 7 18
1 2 3*a 5 67 8 g¥10 11*12 13 1415 16 1718 19*

The Staﬁﬁ in the second series indicate where & reduction mod.30 has been
v € .ﬂ ;'“‘/ oW

madeyexcept in the last place, where the next number would‘b§«59. Assuming

however, the correctness of the 19-years' cycle, the difference between X

solar and lunar year should disappear after 19 years if we started with O
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One must thereforz add not only 11 days but an additional day209) in the

209) This additional day is essentially what the medieval computers call
the "saltus lunae" (the jump of the moon).

last place and then obtain correctly 18 + 12 = 0 mod.30. The years whgre

a rednction mod.30 was made are obviously those years which contain 13

210)

lunar months; if we replace g by g+ 1 , we get (mod.19) as the

numbers for leap years 4 7 10 12 15 18 1 , which are the numbers

(3“)211) characterising the Seleucid intercalation rule. The primitive XpH

e S S S T

210) Cf. e.g. Peda, Migne PL 90 co0l.507 f.
211) Cf. p.uee,

method by which we obtained the numbers e therefore leads to the same

intercalation rule which is usually called the Methonic cycle.212)

it must not ke forgotten that we used the 19-years' cycle to derive (36) by
stopring after 19 steps regardless of the fact that we should proceed with
29 10 21 etc. The method emplaoyed is therefore insufficient to discover
the 19-years' cycle in contrast to the case of the 8-years' cycle, which is
a direct consequence of this type of calculation, as shown on p.1il.

The two lines of numbers in (36) show that the position of a yes
in the "9-years' cycle cmn be equally well determined by its number g ,
the golden number, or by its number e , its epact. The transformation of

g 1into e is simply performed according to the following rule:

if g=0 mod.3? then e=g+ 19 mod.30
(36a) if g=1 mod.3 then e =g -1 mod.30
if g =2 wod.3 then e=g+ 9 mod.30
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Although the complete equivalence of goddem number and epact has been clear
ever since the introduction of the golden number,213) both sets of numbers

have I=mm usually been indicated by the calendars.214)

213) Massa compoti verses 303 and 304 (Van Vijk p.59, p.79 f. and p.120).

21#4) Tables of epact, golden number and indictio are given in Ginzel III
p.393 - 405.

§ 3. Eclipses. Astronomical concepts.

25. The moon's latitude.

Eclipses take place when sun, moan and earth are exactly (or
almost exactly) on a straight line. If the orbits of the sun and moan lay
in the same plamne, then every conjunctiom or opposition would produce an
eclipse. Actually, however, the plane of the moaon's orbit is inelined
towards the plane of the sun's orbit (the ecliptic) by slightly more than
9, For the occuj%ﬁce of an eclipse, it is therefore necessary not only
*hat su» and moon have the same longitude but also that the moan be in the
ecliptic at the same time or at least has only a very small latitude (fig.
1%). The line of intersection between the plames of the two orbits is
called the "nodal line" because the points where the orbit of the moaon
me=ts the ecliptic are called the "nodes™ (ascending node, J! , where the
moon passes from negative to positive latitmdes, descending node, U , the
opposite). We can thus say that eclipses ocecur only when the sygygies fall

into the nodal line or at least very close to it,
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The time elapsing between twa consecutive passages of the same
node (or between two consecutive passages of points of the same latitude)

is called a "nodical month". Its length is
(37) m, = 27.2122% .

The nodal line does not maintain an invariable position on the
ecliptic but moves backwards, i.e., in a direction apposite to the movement
of the sun in the ecliptic. This means that the nodes are not always prajec
ed in to the same fixed star but cccupy all possitble positions in the eclip
tic. Because the period of this rotatiom of the nodal line is only 18.6
years the moon reaches again the same latitude at an appreciably earlier
time than the same longitude} this second periecd is called a "tropical

month™ and amounts to
(38) m, = 27.3216% .

Otviously only tke length of the nodical month is essential for the ocecur-
rance of eclirpses.

Let us suppose that we start from a certain eclipse, i.e., from
a moment when the line of syzygies coincides with the nodal line. From (37
i' follows that the moon more than two days earlier comes again to the same
node than to the same longitude with the sun. The moon during these two
days gained so much in latitude that an eclipse is excluded. The same holds
during the next month but in the third month nodal line amd line of syzygi:
will be atout at right angle and from now on the latitude decreases and
makes possible an eclipse at the opposite node after six months. This poin
to a periodic repetition of eclipses after 6, 12, etc. months.

This rough consideration must now be brought into a precise ffom

We must ask how many times the difference

m - m = 29.5306 - 27.2122 = 2.3184
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is contained in the nodal period. An approximate solution is obviously given
by
a4
(39a) 1< 23518 " 1 < 3

72 272122 17008 11
"+ 558

which confirms our preceding estimate that eclipses will be repeated after
6 + 6 months but shows at the same time that also intervals of 6 + 5
m>nths can be expected. As a matter of fact, this rule was well known to

215)

ancient astronomers.

215) E.g. Heron, Dioptra 35 (ed. Schéme p.302, 21 f. and Rome [1]) or Pto-
lemy Almagest VI, 6.

We can now refine the inequalities (39) by the same process which
we used in determining the common periods of the tropical year and the sy-

nocdical month.216) As the next step we obtain from (39)

216) Atove p.itl,

T —— o e

(39%) 22152 = -~ < i ol
11 + 1 +
1 6086 1 + 2

7098

This further sharpens our preceding result by telling us that a combination
of one S-months' and five 6-months' intervals bring a repretition of eclip-

ses. If we proceed in the same way, we get

R ! 1
B T T e . o

L% 86
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Tkis approximation is obviously sp good that we comit omly a very minute

error in replacing the < -sign by the =-sign and write

= By 1 m 1 243
——— = —— = 1 4+ = .
m 225 o Ty 722} 223
The relation thus obtained

(40) 223 lunations = 242 nodical months

is the famous ecliptic period usually ealled the "saros". Because 223% syno-

dic months are very nearly 6585-% days, the threefold time of
(40a) 669 lunatioms = 19756 days

is also called "saros" sometimes. On the other hand, 223 = 235 - 12 , an

23% months = 19 years, hence
(40b) 223% months =~ 18 years

¥X (more accurately 18 years + 11 days),which is another period EEREXI®EEF
called sometimss "saros".

It might be remarked that the name "saros"™ for the cycle (40)
is not of Babylonian origin but was intreoduced by Halley in 1691.217)

217) Cf. Neugebauer [2] p.241-247 and [3] p.407-410. Already Ideler I p.
213 doubted the correctness of Halley's etymology.

26. Lunar eclipses.

In order to descriabe the details of the appearance of an ecli
we cannot restrict ourselves to 2 consideration of the movement of the
centers of the three bodies, but must teke into consideration their fins
diameter. Fig.16 illustrates the typical situation of the eclipsed moon,
the diameters of §, E and M of course exaggerated as compared with thei:

distances. The distinction between umbra and penumbracis!din practice-of
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li*++le value because the appearance of the progress of the eclipse depends
largely on the physiology of our eye. Moreover, the atmosphere of the earth
exercises a considerable influence on the distribiution of the light on the
moon's surface. One therefore usually comsiders in moon eclipses only one
shados cone, whose diameter is 1/50 greater than the geometricglly deter-
mined umbra cone. The angular diameter of this shadow cone, seen from the
centee of thzs earth, varies from 1 % ° to 1 %o at the moan's distance,
which varies because of the excentricity of the moon's orbit. The disk of
the moon arrpears under an angle of 29 3 to 34 arc minutes, again depending
upon its distance from the earth. Because the sun moves about §9 per day,
the moon about 130 a day, the elongation of the moon from the sun is about
129 a day or 3 degree per hour, i.e., one moon-diameter per hour. This
sbhows that the maximal duration of a total lunar eclipse amounts to about
three hours. Fig.17 illustrates how the moon passes the shadow cone. The
arrwos indicate the small velocity of the sun (and of the shadow) and the
much higher velocity of the moon in their orbits. The daily rotation in
opposite direction determines east and west for any given horizon; this
shows that the moon enters the shadow with the eastern part of its rim or,
in other words, that the shadow passes over the moon from east to wegt.

It is clear that it is not necessary that the moon be exactly
in *he node at the moment of the opposition in order to produce an eclipse.
As we have scen, the diameter of the shadow is always more than twice as
‘arge as ‘has disk of the moon and will therefore eclipse at least parts of
the moon even if the center of the moon dées not coincide with the center
of the shadow. Let us assume that the center M off the moon (fig.18) is in
the node when the center of the shadow already lies at S farther east in

the egliptic. Cne then calls "ecliptic limit" the maximal possible distanec

MS; such that the moon still-achievesrat-least one wmoment of contact with
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‘he shadow at S{. These ecliptic limits again vary acecording to the special
circumstances (distance and relative velocity) between 9 %o and 12°. Prom
this if follows that if the moon is in the node when the syzygial line
deviates from the nodal line by less tham 9 %O, ther at least a partial
lunar eclipse must occur. By the same type of reasoning it canm be shown that
a total eclipse is certain if MS& is less than 4 3°,

From fig.18 it follows that our previous statement that the
shaedor passes the moon from east to west only gives the main direction but
that the actual contact might deviate very consicerably from the eastern
point of the limb. In order to describe the details of a lunar eclipse pre-
cisely, one must therefore indicate how the shadow passes over the disc of
the full mocn. If the eclipse is total, foor cherescteristic points can be
distinguished: (1) the point of the first contact with the shadow, (2) the
roint into which the still illuminated area converges with approaching to-
tality, (3) the point where partiality again begins, and (4) the point of
last contact. In the case of a partial eclipse, the two inner contacts do
not exist because thsesre always remains a certain part outside the shadow.
Te now define as the "north point" of the moan the northern point of inter-
section of the moon's disc with the great circle which passes through the

moon's center and the northpole.218) The four (or two) points of contact

218) Every such circle intersects the celestial equator at right angle and
is called hour circle or circle of declination. The cirele in question is
‘herefore the hour circle of the moan.

mentioned above are determined by giving their "angles of positiom®, i.e.,
the angles NM(1), ..., NM(4) of the points of contact, counted eastwards
from the north point (fig.19). The north point is the highest point of the

limb of the moan above the horizonoonly “ifithélmecandstands in the meridian;
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Fafore midnight the radius MN inclines towards the east, after midnight
towards the west. This element is of great importance for the identifica-
tion of an eclipse if a historical report gives details about the progress
of the eclipsa.219) We shall discuss below p.¥1? an example from cuneiform

tablets.

é19) Neugebauer (P.ﬁr)-héh;:‘i p.129 gives a table to compufe the inclina-
tion of NM towards the hcrizon for the horizon of Babylon.

The magnitude™ of an eclipse is measured by the proportion of
the maximum eclipsed diameter of the moan. Using this diameter as unity, all
partial eclipses have a magnitude less than one; the magnitude of total
eclipses, however, is equal or greater than one. A magnitude 1.5 means that
the shadow covers 1 + times the diameter of the moon (fig.20). Magnitudes
ars frequently also expressed in "digits", assuming the diameter equal to
12 digits. The maximal possible magnitude of a lunar eclipse is about 1.7
or 23 digits.

The definition of the "magnitude™ of a lunar eclipse given here

220)

is already adopted by Ptolemy. We know, however, from him that magni-

220) Almagest VII, 7 (ed. Heiberg p.512 and 522).

tudes were usually expressed by the eclipsed area, alsc called "digits™ i.e

twelfths, which must be kept in mind whenm using ancient eclipse reports.

27. Solar eclipses.

The existence of solar eclipses is ome of the most peculiar and
accidental facts in our planetary system. It is a pure accident that the
distance of the moon from the earth is exactly such that the moon's diamete

as seen from the earth appears under the same angle 'as the ' diameter of the

sun. Furthermore, the distances between sun, moon, andiearth/are so nicely
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balanced that their small variations sometimes bring the moen into such a
position that its disc covers only 14/15ths of the sun, thus leaving a ring
of 1 arc-minute width visible (,annunlar eclipse®™) for a moment. The limits
between annular appearance and totality are so narrow that the same solar
eclipse car be annular at some places of its path over the earth, total in
the remaining part.

Because of the enormous brightness of the sun, partial eclipses
are only striking if considerably more than one half of the sun is covered
by the moon. In order to measure "magnitudes", we now define the diameter
of the sun as "one" (or 12 digits) and count the eclipsed proportion. With-
ont advance knowledge that a solar eclipse will take place, one will hardly
recognize partial eclipses of magnitudes below 0.75 (or 9 digits), except
when the sun is very close to the horizon, where even small partial eclipse
Pecome visible. This is very important for chronological problems because
it rules out many eclipses which would be visible according to calculation
but only by careful watching of the sun with foreknowledge of the time of
the event. This‘is one of the great differences between moon and sun eclip-
ses. Even a small partial lunar eclipse will be recognized as a clearly
visible dark sector on the full mocon, a fact which thus makes practically
all Junar eclipses egually likely to be recorded. Lunar eclipses are there-
fore much less signeficant for -historical problems than solar eclipses.

But the main reason that sun eclipses are 80 much more important
for absolute chronclogy lies in the fact that moon eclipses are visible
from all places on the dark half of the earth; solar eclipses, however,
only in places which lie in the narrow strip described by the umbra on the
surface of the earth and the parallel zomes of sufficiently high partiality
In regions of a geographical latitude like the Mediterrenean Sea _the strip
of totality reaches only about 4° width in geographical latitude. From the
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existence of annular eclipses it follows that this width can diminish com-
pletely; on the other hand, 10 or more degrees of geographical latitude can
be in the zone of totality near the poles (ef. fig.22 and 23).

We turn now to describe the main traces of the process of a sola
eclirse on the earth. Because the movement of the moon from west towards
east is much faster than the corresponding movement of the sun, the moon's
shadow first touches the western side of the earth (fig.24) snd then moves
eastwards (with & velocity between 1000 and 5000 miles per hour !), leaving
the earth abtout 4 hours later on its easterm side. On the eastern side of
the earth, there are therefore places (A1 in fig.25) where the solar eclips
begins exactly with sunrise; shortly thereafter, the umbral cone reaches th
sarth and creates the spectacle of a total eclipse for a place like A2 at
the moment of sunrise. Places which pass from the night half of the earth
to the day half later than A, only see a partially eclipsed sun-rise, until
AB’ where the ceclipse is over at the moment of the appearance of the sun
atove the horizon of AE' Analogous considerations hovld for places at the
western side. The distribution of these points in a typical case is illu-
strated by fig.26. The situation of this eclipse corresponds closely to the
simple scheme assumed in fig.25: the path of the umbral cone nearly coin-
ciding with the equator, or better, the shadow at noon falling almost ver-
tically on the earth. If the umbra strikes the earth even at noon more tan-
gentially curves like those given in fig.27 originate.

The preceding description of the progress of a solar eclipse on
the earth are, as a whole, only of interest for the calculation of eclipses
of the sun. An observer at a given place, however, does nct see anything of
the path of the shadow over the earth but he sees only that the dark disc
of the moon passes before the sun. It follows fromifigli24/that-the wclipse

moves from west towards east over the sun. The progress of eclipses of, the
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sun *Lerefore follows the opposite direction as the progress of lunar
eclirses.

The first step in using eclipse reports for historical purposes
wil’' always be to exclude as meny cases as possible and to restrict the
detailed investigation to a small number of remaining possible cases. For
the majority of cases, a knowledge of the approximate path of the zome of
totality will be sufficient. The following considerations lead to the con-
struction of aprroximately determined curves of totality. Let us assume the
earth to be perfectly spherical and the sun to stand exactly in the nodal
line. From the second assumption, it follows thet all straight lines drawn
from the center of the sun to the center of the moon lie in the plane of
the moon's orbit. Hemce the axis of the umbral cone during the eclipse
describes an exact plane; consequently, the intersection of this pleane with
‘he spherical earth, i.e. the central.line of the eclipse, is a circle.
Ac'ually, none of these condigtions EEQ fulfilled. The earth is not a sphe
but an ellipsoid:; the sun need not be exactly in the nodal line in order to
produce an eclipse and, mmx at any rate, during the eclipse moves by an
angle which subtends about 10 arc minutes at the center of the earth. But

it is evident that these deviations from the ideal case are sufficiently

small to justify the following approximation. One determimes the two points
reached by umbral cone at sunrise and at sumset; furthermore, omne calculateﬂ
*he point where the eclipse is total just at noon (point C in fig.25). Thesﬂ
three noints nniguely define a circle on the earth which can be considered

as nearly identical with the path of the total eclipse.

This method was followed by Oppolger in laying out the maps in
his famous "Canon der Finsternisse". Fig.28 shows an example of the maps
thus obtained, In using these maps, however, one must keep in mind that

deviations which are large whén ‘seeh”from the small-areas which 'are the
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scene of ancient history are possible. Especially eclipses whose path de-
viates much from a pure west-east direction are likely to be incorrectly

represented by the approximatively drawn central line. Fig.29 illustrates E
221)

one of these cases. The curve A is a part of the path of the annuler

|
i

221) This example is taken from Ginzel, Kanon, p.5 and is of course select-
ed as an extreme case. i

eclirse of -880 V¥V 1 , the total progress of which is given on fig.28.
Calculation, however, using the same elements but determining the path not

only ty the aprroximative circle, gives the strip B.

28. JYrequency of eclipses.

Solar eclipses, like lunar eclipses, do not require exact coin-

cidence of nodal line and syzygies. The "ecliptic limits®™ of solar eclipses

222)

are even greater than the corresponding limits for moon eclipses, name-

222)ﬂ“Cf. above p.Y1F, T e - R

lv abkout 1° %o and 18 %Q as compared with 9 %O and 12° . This means
that if the moon is in the ascending node and the sun less thamn 15 % degrees
bteyond the node, an eclipse must take place; an eclipse is, however, cer-
tainly excluded if the sun aslready gained more than 18 %0 from the node.
Simple considerations, based on these values for the ecliptie
limits give the following result. The least possible number of eclipses
during onc¢ year is two, and both are solar eclirses. The maximum number,
however, is 7, of which either 4 are solar and 3 lunar or 5 solar and 2
lunar. Hence, solar eclipses are more frequent than lunar eclipses; during
1000 years only 1543 lunar eeclipses, but 2375 solar eclipses oceur. Among

223
these solar eclipses, 1537 are /total or ammiular,“the remaining 8}8 partial.

2*3) Op olzer, Kanon, p.VII.
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Numbers like 1500 total solar eclipses and 1500 lunar eclipses
during 1000 years would be ¥ery significant for moon dwellers. For a given
place on the earth, however, the majority of sun eclipses which take placs
somewhere on the globe pass without notice. Among approximately 900 solar
eclipses, only 224 were visible in Rome from O to 600 A.D.; only 13 of thess
274 reach=d more than 11 digits in Rome, and of these, only 2 were total,
one annular. Between -200 and 370 A.D., no total sun eclipse was visible
in Rome.22d) During the 6th century B.C. Babylon saw 2 total sun eclipses,

btut 87 lunar eclipses, of which 28 were total.

724) lheugebsauer (P.?;) AChr. Ihf;95.

The frequently repeaﬁed story that centuries of observations
must have led the Babylonian to discover the saros cycle can be illustrated
by the list of the 8 total solar eclipses visible at Babylomr during the last
225)

900 years before our era.

225) The visibility in Babylom according to Ginzel's Kanon. The differences
in days can be directly derived from Oppolzer Kanon, where the Julian day
of each eclipse is given.

e ST — S ———— S P —

Differences
Dates in Days

-880 V 1

-558 I 14 117326
-55%6 VvV 19 856
401 I 18 56492
-177 XII 22 82154
-135 IV 15 15090
- 21 VIII 11 41756
- 9 VI 30 4341
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It is hard to see how such a sequence of numbers could possibly
suggest the idea of cyclic repetition of solar eclipses, a periodicity whick
wou:d bte difficult enough to detect even from a complete list of all solar

eclipses.

29. Tables.

We give below a list of the tables which can be used to deter-

mine historical eclipees.226)

226) More detailed information can be found in Neugebauer (P.V.) AChr.
S 13 (p.9° f£f.).

canon sun mocn _rggion
P.V.geugebauer -4200 to -900 | -3450 te o) Near East
(7931/32)
Ginzel (1899) -900 to +600 -900 to 4600 Mediterrenean

Schréter (1923) |+ 600 to +1800 +600 to +1800227) Europe & NearEs:
Oppolzer (1887) [ -1207 to +2161 | -1200 to +2163 World

- - - - - . ——

227) Only total eclipses are listed.

This list obviously covers all periods for anciemt and medieval history.
Thers exists, however, a very serious gap of tables for solar eclipses from
-90™ to -400 becauses Ginzel's tables are not fully reliable for this perio

(the reasons will be discussed in § > tcf. below p.ti1r f££.).
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§ 4. Ancient Moon Eclipses.

30. Egypt.

It is a remarkable fact that not a single record of an eclipse
has been found among the countless inscriptions and papyri which we possess

from all the periods of ancient Egyptian history. There is only one vague

nd

remark in & Ke:rnak inscription of a king of the XXII dynasty (Takelot II,

about -8Y0) which might possibly rafer to an eclipse but could just as well

mean invisibility of the moon at néwmoan or due to any other cause. The

text reads:zzs) "Now, afterwards, in the year 15, month XII(e), day 25,

228) Following the translation of Breasted AR IV p.382 and note 4, where
futher literature is quoted. See, moreover, Breasted AR I p.21 and the
most recent discussion of this inseription by Borchardt [3] p.3 ff.

nnder the majesty of his angust father, the divime ruler of Thebes, heaven
not having devoured the mocon, great wrath arose in this land ...". But even
assuming that a lunar eclipse is meant, this réport is without practical
value for chronoclogical purposes. Even if we find a year in which a lunar
eclipse falls in the season in question, eclipses would also have occured
1* or '2 months earlier and later, and it would take mamy years to bring

“he ecliptic months and the cdlendar into total disaccord.gag)

229) The situation, of course, is different if one alrcady knows the time
into which the reign of this king falls (cf. Borchardt [3) p.4 f.).

To make up for this complete lack of Egyptian eclipse rsports,
modern books scmetimes make the statement that Diogenes Laertius (third
cent.A.D.) says that the Egyptians had recorded 373''solar‘eclipses”and ‘832

lunar eclipses. Actually, the passage in questiongjo) is'“by’ no/means ¢lear

230) Dioz.laertina, proeminm .
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Diogenes only says that the Egyptians consider their god Hephaistion as the
creator of philosophy; since his time, Diogenes adds, 48863 years had elaps-
2d, during which the above-mentioned number of eclipses are said to have
happened. But there is no special reference to Egypt in connection with
thes= numbers, and the continuation of this passage includes other chrono-
logical date, all of which clearly have nothing to do with Egypt at all.
Although there is, accordingly, no definite reason to conclude
‘hat Diogenes had any information about Egyptian records of eclipses, it
sti’l might be possible, of course, that such records did exist. Our know-
ledge of Egyptian culture in general and of Egyptian astronomy in particu-
lar is sufficient, however, to permit us to say that the development and im-
rortance of astronomy in Egypt certainly never reached the level of Baby-
lonian astronomy; we can never expect to find mamy hundreds of reports of
all kind of astronomical observations in Egypt such as we actually possess
from Mesopotamia. The obvious explanation of this fact is the very late
introduction of astrological concepts into Egypt. Astrological ideas can not
he discovered in Egyvpt before the fourth centmry B.C. This reduces very
cogsiderabl? the probability of finding Egyptian astronomical reports; for
“he present, at any rate, Egyptiam.absolute chronology must be based on
considerations of a different sort than the chronology of the Greco-Roman

period, which is manly based én the lunar eclipses mentiomed in the Alma-

gest.

31. Mesopotamia.

Tke sra of Nabonassar is chronologically determined by the
eclipse reports contained in the Almagest and dated according to this era
in Egyptian years. From the ers of Nabonassar the chronology of the king -
list of the "Ptolemaic canon" is established, thus linking together orien-

tal and Greco - Roman chronology. There are 19 eclipses which form in this
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way the basis of ancient Greco — Roman chronology, all of them lunar. The
elerents of these eclipses are givermn with astronomical details which are
more than sufficient to permit them to be determined uniquely by modern

ca!culations.251) Of thése 19 eclipses, 10 are taken from Babylonien re-

_551) These eclipses are listed and discussed in aiﬁzel, Eéﬁaﬁjip;éééiiiii

norts. They are as follows:

-720 III 19 (18.2) -501 XI 19 (2.1)
-719 III 8 (1:5) -490 IV 25 (1.7)
-719 IX 1 (6.1) -382 XII 23 (3.0)
-620 v 22 (2.1) -381 VI 18 (5.9)
=522 VII 16 (6.1) -381 XII 12 (18.2)

Only the first252) and the last eclipse are total. as is shown by the mag-

nitudes given in parsnthesis.2}3) The last three eclipses were used by Hip-

234)

rerchus from Babylonian sources. The eclipse of =522 is of special

interest bscause we have not only Ptolemy's elements but an original cunei-

235)

form rsport as well.

232) DLetailed information about the progress of this eclipse in Neugebaue:
(P.V.) AChr. I p.126 f.

233) According to Reugebauer.(P.V.) Kanon (expressed in digits).

2324) Almagest IV, 11 (ed. Heiterg ﬁ.}40). Hipparchus gives the years in t
Athenian eponymic fashion by mentioning the Archons. This makes these ecli
ses of interest for Athenian chronolcgy (see Dinsmoar, Archoms, p.350 and

p.391).
23%) This was discovered by Oppert [1].

Ptolemy's descrirtion of this eclipse is as followi:236) Cambys

h

year 7 =~ Nabonassar 225 X(e) 17/18, 1" befors midnicht, reaching’% of

t+he moon's diameter frcm the north.

236) Almagest V,14 (ed. beiberg p.419).
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The cuneiform text gives:237) year 7 IV(b) 14 1 % beru
after dark, total progress of the eclipse visible, covering at its maximum
half of the disc frowm the north. In order to convert these numbers into

+heir modern equivalents, we must note that sunset tock place on the given

dete at 19.25h and that 1 % beru correppondzBa) te 3.})h ; hence,
22.6h is the time given by the text, or about 4 hour earlier than accor-

fing to Ptolemy.

537) Published in S%rasamaier, Kambyses No.400. Cf. Kuéler SSB I p.70/7t.
238) Cf. above p.?1l,

— ———— -— e

Modern calculatioﬁ?39) gives as magnitude 6.1 digits from the

240)

north, in agreement both with the cuneiform text and Ptolemy. As to the

239) Neugebauer (P.V.) Kanon p.46:

2/0) Angle of position of first contact 330 towards east, of last contact
£7° towards west.

time, the beginning was 22.}h

, the end 1.0h. Assuming that the ancient
reports refer to the middle of the eclipse, we would obtain the following
hours: cunsiform text 22.6, Ptolemy 23, calculation 23.7 .

We shall later discuss the problem of discrepancies between mo-

4
dern calculation and texts? 1) The divergences between Ptolemy and the

..... T T ——— ——

et e o e et e iy - . m memma  ———— e ——

other dates can bte explained by the former's loose expressions in round
numbers. But it is perfectly absurd to assume, as has been done occasionally,
that Ptolemy uscsd elements gained by observations from other places (say

ty Hipparchus in Rhodes) and recalculated the elements as he thought they
shonld have been for observations at, Pabylon. This: assumption, exhibits mis~

understanding of Ptolemy's goal, which consisted in selecting eclitses of
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a certain type in order to determine the basic constants of his theory. One

242)

has doubted, e.g., the Babylonian origin of the elements of the eclipse

of -332 XII 23 although Ptolemy says explicitly that Hipparchus received
243)

the elements from Babylon. The reason for the doubts is that Ptolemy

272) Oppolzer in Ginzel, Kanon p.233.

2¢3) Almagest IV,11 Jed. Heiberg p.340): T"Hipparchus says that he uses
these three eclipses for comparison among those eclipses conveyed from Ba-
tylon as observed there". One should, moreover, keep in mind how careful
Ptolemy was in selecting his material. In the case of the three oldest eclir
ses, e.g., he mentions (ed. Heiberg p.301) explicitly that the reports con-
cerning these eclipses give the impression of especially careful recording.

gives % hour before sunrise for the beginning while calculation gives 7.1h,
i.e., almost exactly at sunrise (which is at 7.2h). Actually, the only con-
clusion left is that here again modern calculation gives a slightly later
teginning than the facts attested by the ancient reports.

We know from Ptolemy that he selected the eclipses from more

244)

extensive material at his disposal. This is confirmed by the existence

o f numerous astronomical reports from the same period,245) e.g., three
lonar eclipses from the reign of Same-Sum-ukin namely -661 I 28,246)
-6F2 VII 13 247) and -652 I 18.248) The partial lunar eclipse of
-200 IX 22 had bzen noticed at Babylon249) but was used by Ptolemy from

Hiprarchus' own observation made at Alexandria.25o)

24¢) Almagest, introduction to iv,t (ed. Heiberg p.301 f.).

24F) Collected in Thompson, Reports, and Harper, Letters (cf. the index to
Waterman's translation of the Harper Letters).

226) Kugler SSB II p.372-380.

247) Discussed by J.Mayr in Piepkorn [1] p.105-109 '(previcusly by Gingel
Kanon p.252 ff. and others). '

248) Harper, Letters No.137. Cf. Weissbach [1] and [2] p.65.

PAOY  Takonet “ger Erg. '°.X and r.368 f, and note 1 on these pages.
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For the period in question, however, one difficulty which rises

in using cuneiform material for chronoclogical purposes must be mentioned?5

251) This material has not yet been fully investigated, although easily
accessible in the publications Thompson Rep.; Harper, Letters; Watermanm

Roval corr.; Pfeiffer, Letters.
- ? s F .

One must in each specific case exclude the possibility that the given ele-
ments rasult from calculation instead of observation. Although systematic

calc1ation of the moon's movement, predicting its position with high ac-

curacy for a long period in advance, do not exist before the third century
B.C., more primitive and short-termed predictions were undoubtedly made

252)

som= centuries earlier. And there are cases where the decision betwee:r

observed or calculated is not easy to make, and the best policy consists ir

253)

not using the text for further conclusioms.

2%2) For examples see Kugler SSB II p.62 ff. or Olmstead [1] p.118 f. Sueck
predictions are, e.g., possible by watching the moon's latitude in the
middle of the month. This is at least sufficient to preclude in many cases
a lunar eclipse at the next conjunction. This negative method is much more
in accord with our knowledge about Pabylonian astronomy than the usual as-
sumption of cyclic prediction.

253) No agreement has been reached in the case of the lunar eclipse of

22¢ X 9 (menticned in CBS 11901) declared by Kugler (SSB Erg. p.233 ff.)
to have been calculated but considered by Schoch and Fotheringham (Schoch
[1] p.3, Langdon -F.-S. p.50 note 4) as actually observed; cf. Schaumberger
Erg. p.243 and Kugler |1]. It seems to me methodically wrong that Fothering
ham ([3]) and De Sitter ([1]) also based their own calculations on this
eclipse.

e B R e 8 e ——— A - - e R T — 5 LA £ e =

Almost no material exists from the period before 750 B.C. One re-

nort about a lunar eclipse has been found in theCarchives 'ofiMari Prom-the
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*8th cent. B.C. but is still unpublished.254) It is possible, however, that

——

25¢) Dossin [1] p.125.

the astrological omens collected in the great series "Enuma Anu Enlil" con-
tain metrial which can still be identified chronologically. This has been

at*empted in different cases but without very convincing results.255) The

25%) FE.g. by Schoch ERIE F A

most detailed information is contained in one omen which concludes the de-
struction of Ur from the following conditions: an eclipse tock place on th

14th of XII(b), beginning in the south, ending in the north, beginning in

256)

the first watch, ending in the third. From these data it follows that

256) The text is contained in Virroleamd Sin XXX 79—82 translated by
Jastrow, RBA II p.558.

e —— e ——— i — i AR R e U . e e

a lunar eclipse is involved, not tooc distant from the vernal equinox (say
%2 months). The length of a watch at this time of the year is about 4h,
regardless of whether one assumes seasonal watches or not. Beginning in the
first, ending in the third watch therefore implies a very freat total
eclipse with its middle near midnight. Finally, the angle of position of
the first contact must by as much as possible be greater than 90° in order
to justify the expression "bteginning from south"; correspondingly, the

last contact should be as near as possible to the northpoint. The best
roscible solution scems to be the eclipse of -2015 IV 24/25 proposed
ry S.Smith. 257) The date is late so far as the month is concerned (XII(b))

e R ———— e i A, e % ——— e —— o ———— e e

257) Smith, Alalakh p.31. Schoch proposed the eclipse -2282 I1II 8/9
which hardly reaches totality (magn.= 12) and lasts only for 3.3 hours. The
angles of position are 1}20 towards east (which could welloenough-have been
callsd "south") tut more than 100%ctowards west, 'which" is“not/"north™ at
all. There are about sseven eclipses in the period under consideration which
£it th~ 2lamohitc af tha text no worse.

e e e —r— = e e - — ——
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Eut bty no means impossible within the arbitrary calendar of the Third Dyna-

=)
sty of Wr.2‘8) This eclipse reaches the magnitude 22.1 and lasts from 23.7

to 3.%, i.e., 3.£ hours, the middle being 1.5h after midnight. The first
contact took place 120° from the north-point, the last only 64° to the west |

of the north—point.259) One can say that all elements fit the conditions
2°8) According tp p. |- the vernal equinox falls about III 21 + 18 =
IV 8 at -=2000.

2%9) One must not forget, however, that the north-poinmt is inclined with
resvect to the meridian. Assuming that the eclirse actually happened 1 %

honrs earlier than according to calculation, one would obtain as point of
first contact & point 152° east of the meridian, as last contact, however,
96° west (instead of "north") as fig.30 shows. Assuming the time as given
by calculation, one would obtain 127° as angle of position of the beginning
110° towards west as angle of position of the end ofvthe eclipse.

of the text fairly well, and there is no better eclipse from the period
-2300 to -1900. Assuming that the elements mentioned in the omen reflect
real facts, then can hardly remain any doubt that the destruction of Ur

has to be dated =201%.

32. Moaon eclipses and geographical longitude.

The valve of lunar eclipses in Greek and Roman times is not only
restricted to the occasional checking of dates within the framework of the
general chronology established by means of the eclipses in the Almagest.
The differsnce in local time recognized in observimng the same lunar eclipse

ydelded onzs of the mair arguments for the sphericity of the earthzso) and

e e R, S o ——

2¢0) Cf, e.g. Theon Smyrnaeus (ed. Martin p.140 ff.) and Cleomedes 1,8
(ed. Ziegler p.76), both(?) writing in the 2nd cent. A.D.

at the same time opened the only existing possibility to''ddtermine’ 'exsctly

-

+ra A:fParansn~- 14 1l0Ngituzds at £~» distant places. The simultaneous obser-—



vation of lunar eclipses plays for antiquity the same réle as the time -
sigrals today; solar eclipses, on the contrary, furnish no information
about the difference in space or time of different places because not only
the direction of the peth but alsc the velocity of the shadow would have

to te known.

Fig 31 shows how one can directly conclude)geographleal longitudse

e
fror the d1ff‘erencn in local time upon the dlfference 1n ; differences in

latitude meke no difference because all places on the same meridian have

the same local time. Each difference of one hour corresponds to 150 differ-

261)

ence in longitude. When Pliny tells us that the moen eclipse which pre-—

2671) Plirius NH II, 180 ( o 19‘ 2 TP, ed. Jan- Mayhoff or Glnzel Kanon,
p.1324).

cedsed the battle ar Arbelgyby 11 days happened at the second hour of the
night bat at moonrise in Sicily, we have the following elements. Since the
eclipse occured on -33C IX 20 , seasonal hours are thereforse practically
the same as equinoctial hours. Moreover, moonrise and sunset are simulta-
neous at & lunar eclipse; hence, the time difference is 2 hours, which is
correct since Arbela lies 30° east from Sicily. The same eclivse is men-

262)

tioned by Ptolemy in his Geography as having taken place at the 5th

262) Geogr. 1,4 (uzlk p.21 or Ginzel, Kanon, P- 184)

hour in Arbela, at the second in Carthage. Here everything is wrong; Car-
thage lies not jh - 450 west from Airbela but only 560. Moreover, the
eclipse in guestion, having begun at the 2nd hour, was just over at the

5th hour.263)

e -

263) DBecause Arbzsla and Pabylon lay on the same meridian| 'the times from
Neugebauer (P.V.), Kanon, are the same, namely, beginnung 19'8, totality

= ey sva DT N
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The erroneous values given by Ptolemy may have been caused by an |
simple error in his source; the essential point, however, is that he obviou

1y had no other elements at his disposal because hs actually based ris mpaps
264)

on this erroneous time difference. This reflects undoubtedly one of

- A——

267) According to Geogr. VI,1,5 (Nobbe I p.83,9) Arbela has the longitude
80°, according to IV,3,7 (Nobbe I p.236,9) Carthage (Karchedon) the longi-
tude 32°50"

the greatest difficulties in ancient mathematical gmography and astronomy:
the complete lack of a scientific organisation. An astronomer in Alexandria
had no means at his disposal of regularly obtaining results of observations
made at far-distant places. When Heron described the method of using si-
multaneous observations of a lunar eclipse in chapter 35 of his "dioptra®,
he could only use in his example elements as observed in Alexandria (par-
tial lunar eclipse of +62 III 13 265)) at the 5th hour of the night, as
266)

is confirmed by calculation. For Rome,however, Heron assumes an obser-

vation two hours later - which is almost twice the true time difference

h 267)

{1 and 10 minutes).

26%) Heron says 10 days before equinox which actually tock place +62
IIT 22 21.7° .

2€7) Nengebauer (0.) L5] p.23.

267) A list of the geographical coordinates of important places in anti-
gnity is riven in Neugebauer (P.V.) HAChr. III p.71.

t is, therefore, perhaps not quite accidental that the number

of eclipses, racorded in Greek literature, is so small. If we do not count
the 19 lunar ecliprses from the Almagest, only 18 lunar eclipses (total asnd

partial) and 36 solar eclipses (only 2 partial’ !)'are ‘mentioned 'in''Greek
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268)

sonrces between 700 B.C. and 300 A.D. And these numbers would be even

248) These numbers according to Boll's 1list in RE 6, 2352 ff. (1909).

smaller had it not besn for the importance of eclipses for superstition and
astrology. The material for exact calculation was therefore restricted to
a few traditional valu=s and personal observations - a fact which should

not be forgotten in evaluating the results of ancient astronomers.

§ 5. Ancient Solar Eclipses.

33. Sun eclipsss of chronological interest.

Sun eclipses are of much higher interest for chronological pur-
poses than eclipses of the moon because of their great rarsness at a par-
ticnlar place. The mere mention of the visibility of a solar eclipse during
a given period is usually sufficient to determine uniquely the date in
nuestion by simple looking at maps such as are given in Ginzel's, Oppolzer'
or one of the other "canons". Knowing, on the contrary, that during the
reign of a king a lunar eclipse was visible is chronologically valueless
because almost every yxear will suit this deseription.

Unfortunately, the number of recorded solar eclipses is still
far lower than it must be by purely astronomical reasons. One could, for
example, easily get the impression from modern literature, especially from
tooks of an expository character;, that countless solar eclipses were re-
corded since in ancient Pabylonia. Actually only a single report about a

solar eclipse can be used fro chronological purposes,269) namely, the

269) A few additional solar eclipses are ‘mentioned “in %géqliterégufe,_but
-all o them require too many additional assumptions to be considered as
chronnl “#1r=11r useful. The oldest gclipse in this group is the total ecli
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of -1062 VIII 31. Fotheringham [2] takes this eclipse in comsideration,
although the date given in the text is the 26th (no misreading as explicitlyf
admitted by Fotheringham [2] p.105), not to mention the very doubtful de- i
|
|

scription of the phenéomenon (cf. Kugler SSB II p.372 note 2 and Ginzel [1)]
p.39 f.). The eclipse mentioned in Harper Letters 276, idemtified in Gin-

zel Kanon 24% ff., with the eclipse of -699 VIII 6, is also contested by
Engler [1] p.64-66. Wesson [1] attempted to identify The ﬁﬁr=t wenhraed 1u a |
&, ‘g.ﬂy Prn;w-u( ﬁﬂd‘ (Wa«.}ywq R(rorh =, 1o Mo, 277 R) MK P‘L( ‘f/t 13 ¢ .:f' E
ms alr:ady mentioned (p.%%?) the text CBS 11901, which not only refers to
‘he lunar eclipse of -424 X 9 but also the solar eclipse of -424 X 23
invisibls at ﬂabylon (Kugler SSB Erg. P36 o)

P ey A ok T o s ST R S —— — P e |

remark in the list of the Assyrian eponyms that during the eponymate

270)

Bur-Sagale an eclipse of the sun happened in the third month. The epo-

T I S S e— - —— e —— A T s eyl

270) The text is K %1, publlshed in II R 52, the passage in question re—
produced in Gingzel Kanon p.24} Cf. Heallex. II p.d1}

A A T e e fe T S e ke T Ar—— e © S gy e . s U — LA

nymic canon alone is sufficient to ddtermine the century of Bur-Sagale as
the 8th century B.C. As fig.2) shows, only two eclipses were visible in
#agsopotamia from -800 to -700, specifieally -762 VI 15 and -764 1II
10. The second is excluded becaumwse a third Babylonian month canmot fall
rear February but only near June. Hence, th;fremains only -762 VI 15,
which is not only in best agreement with the given month but alsc reached

almost complete totality inm Nineveh; the magnitwde reached for this place

was 11.89 digits.2?1) This eclipse is therefore the real fixed point in
27*) This accord1ng to Schoch [1] p.24. Flg 2% gives the zone of totallty
according to Ginzel, Kanon, about 100 km toec far north.

As-yrian chronology. For older times we must rely mainly on relative chro-
nology until a thousand years eéarlier,’ when we getisome| helpcfrom obssrvas

tions of Venus (to be discussed in the following chapter) and from the mecon
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.

eclipse connected with the destruction of Ur, the chronological value of

- - S s = — - - - o —— —— it % e mae g e— w— =g —

the very latest centuries of Babylonian history, we have records of a few

additional eclipses of the sun,273) but the chronology of this period is
already exactly determined by the Pabylonian lunar calculaticns of Seleucid

times.

- apCamy PR e P LT Lo TR R CIE YN T PR e e A 2 e e s e e e

273) Listed in Ginzel Kanon p.259 f.; but only one of them was visible at
batylon ( =122 I 23).

The situation is only slightly better in the Greek sources. It

should be remerked that rtolemy does not give a single date of a sun eclip
obviously because he had no material,at his disposal which seemed to him t:j
te sufficiently trustworthy. It is also of interest that Cleomede3274) |
denies the existence of annular eclipses, although, e.g., the eclipse of

/30 VIII 3, mentioned by Thucydides2’?), was anmular.276) Actually, all

274) Cleomedes I1I,4 (ed. Ziegler p.190,23).
275) Thucydides II,28. Cf. above p.tik.

276) Cf. about their frequsncy above p.FPll.

chronologically important reports of eclipses of the sun in Greek sources
belong to the period of the Pelopommesiam warband the (tims shortly théere<

after. The just previously mentioned eclipse of -430 falls in;the fimst
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_ 271a) The solar eclipse of -1331 XII 30 has been assumed to
ﬁ:e record=d in Hittite sources and would constitute an important chronolo-
Sloal element (cf. e.g. F.Bilabel, Geschichte Vorderasiens und Agyptens vom
ﬁ.d‘.Jahrhundert v.Cbr: [Heidelberg, Winter, 1927 ] p.291). It has been
ghown, however, that this assumption is based on an erroncous translation
of the text (ef. A.GOtze, Nochmals sakiiah(h)-. Kleinasiatische Forschungen
1 (1930) p.401-413). It might be added that this eclipse only reached 5 di-
a_'ité for the region in question and wus therefore hardly recognized at all
(ef. Neugebauer (P.V.) KS p.24).
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year of this great conflict, the partial eclipse of -423 TIII 21 in the

eizhth year.?77) Then followg the eclipses of -403 IX 3, establishing

278)

the date of the defeat of Larissa by Lycophron, -393 VIII 14 the

invasion of Bocotia by Agesilaos®’?) and -363 VII 13 the war betweenm

Pel pidas and Alexander of Pherae.280)

277) Thucydides IV,52. The eclipse of the mban which caused the Sicilian
catastrophy of the Athenesn expeditionary force falls ten years later ( —412
VIII 27).(CAH V p.306).

278) CAH VI p.36.

279) CAE VI p.A7.

280) CAH VI p.86.

The last eclipse in connection with Greek history is the “Aga-

thocles"™ eclips2 of =309 VIII 15, which will be discussed below in greater

281)

detail. The earliest Roman solar eclipse is -216 II 11 which is

followed by four additional recordings in the year before the beginning of

282)

our era. The latest Greek reports on eclipses do not refer to political

kistory; the total eclipse of 71 A.D. III 20, seen by Pluterch, is of
acstronomical interest,eaj) while the eclipse of +320 X 18 is ﬁsed by

284)

Panpus, that of +364 VI 16 by Theon28?) in their &stronomical

treatises.

281) Cf. p.ste,

282) Cf. the list given by Boll RE 6, 2357 f.
583) Cf. below p.¥1E,

284) Rome p.X.

28%) Boll RE 6, col. 2363.
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Altogether, one may say that no more than about 20 solar eclipss
which are useful for establishing the fixed points of absolute chronology

are known from all periods of ancient history.

34. Secular acceleration.

In 1698 there appeared in the Philosophical Transactionszsé)

286) No.218 for 1695.

"An exctract of the journals of two several voyages of the English merchants
of the factory of Aleppo, to Tadmor, anciently call'd Palmyra®™. In an appen-

dix to this report, E.Halley wrot9287): "And if any curious Traveller, or

e e — e ——

287) Halley [2]'p.174 f.

Me}chand residing there, would please to observe, with due care, the Phases
of the Moons Eclipses at Bagdat, Aleppo and Alexandria, thereby to deter-
mine their Longitudes, they could not do the Science of Astronomy a greater
Service: For in and near these Places were made all the Observations
whereby the Middle Motions of the Sun and Moon are limited: And I could
then pronounce in what Proportion the Moon's Motion does Accelerate; which
that it does, I think I can demonstrate, and shall (God willing) one day,
make i! appear to the Publick."

In order to explain what Halley meant in speaking of an accelera
tion of the moon's motion we must briefly return to the description of the
movement of the moon givem in § 1. For the sake of simplicity, we disrégarc
the moon's latitnde and consider only its longitude as depending on time.
%2 disregard, moreover, all irregularities in the moon's velocity by con-
sidering only the average velocity as obtained from, say, one or two centu
ries of observations. Let us suppose ),1x:be thz longitade of the moon at

& certain moment (called the Mepoch™) from whicH we beginm to countcthe
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time t. This means that we suppose that A  is the moon's longitude at t=0
and that the future corresponds to positive values of t, the past to nega-
tive values, "future™ and "past" as understood from the epoch chosen. Accord
ing to our assumption, the moon moves with constant velocity x, i.e., its
lcngitude increases by «, degrees in each unit of time. The longitude at

the time t will hence be given by
(41) As A o+ at

(we count here, of course, longitudes not mod.360° but admit continuously
iner=sasing values like distances on & straight line). What Halley discoveres

was 'he following: in discussing four eclipsaszss)

observed by Al EBattani
(the solar eclipses of 891 VIII 8 and 901 I 22 and the lunar eclip-

ses of 883 VII 23 and 901 VIII 2289)) and comparimg them on the one

288) Halley [1].

289) The passages in question are now published in Al Battani p.56 f. and
discussed by Schiaparelli on p.226-234,

hand with the eclipses described in the Almagest and with the elements of
his own time in the other, he found that these three groups of observations
could not be reconciled with each other by the simple formula (41). Althoug}
the eclipses of Al Pattani were just in the middle of the time between
Halley and Ptolemy corrections appeared to be necessary, different for the
first and for the second half of this time interval. Therefore & formula
1ik2 (41) does not describe the mean longitude of the moon but we need for-
~unla like

(22) X = A # o\l'f + o‘,‘fl
where the litt=xle coefficient «, measures the incrdase of velocity, i.e.,

the acceleration of the movement:
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The existence of such a slow increase in the moon's mean longi-

tude, although only visible after many centuries, constitutes a permanent

290)

challeange to astronomers, as expressed in the following sentence of

1 4 ~ L4
Iaplace29 ): "la correspondance des autres phénomenes celestes avec la

29n) Cf. Lalande [1].

291) Laplace [1] p.244 7,

. — ——— e e et e S S S — S = o — e e e e i e e, et

thiorie de la pesanteur est si parfaite et si satisfaisante gque 1'on ne
pent voir sans regret 1'équation séculaire de la Lune se refuser i cette
thdorie et faire seule exception a une loi générale et simple dont la dé-
couverte,-par la grandepr et la variété des objects qu'elle embrasse, fait

tant d'honneur & l'esprit humain". It is ome of the great achievements of

Laplace to have been able to show that such an acceleration is the conse-

quence of a slow decrease in the excentricity of the orbit of the earth

292)

caus=d by the perturbation of the other planets. It turned out, how-

232) Laplace [1], published 1788 in the Mémoires d= 1l'académie royale des
Sciences de Paris, année 1786. For the modern theory, see Tisseramd MC III
chapter XIII and Brown Lth. p.243 and 267 ff.

ever, that the numerical value of the coefficient %, , as deduced from the
comparison of the ancient eclipses with modern elements, is about twice as
much as anticipated by the theory (although numerically very small, about

10" if one Julian century is chosen as the unit of t.

This discrepancy between empirical values and the results of
celestial mechanics gives a new interest to the investigation of far remote
eclirses, especially eclipsss of the sun. A small difference in the moon's
longitude of course affects the time of the syzygies, and hence the be-
girning or end of an eclipse. Such small differences are, ' ‘however, ‘below

the limits of accuracy of ancient time measuremernt or, -atileastj-of-the
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accuracy and reliability of ancient reports; they can therefore not be de-
*ected in reports on lunar eclipses. A small difference in the time of con-
junction will not only affect the moment of recording of a solar eclirse
Fut also influences the position of the zone of totality on the earth, be-
cause different perts of the earth will be in the shadow at different times.
Very small changes in the moon's longitwde therefore might move the path of
totality by 50 or 100 miles and make the eclirse total for a certain place,
where it was only pariial according to slightly different elements of cal-
culation. The totality of an eclipse is so different a phenomenon from
merely partial solar eclipses that there can be no doubt as to the reliabi-
lity of ancient reports in this respect. Ancient solar eclipses are there-
fore & very important element for determining the empirical valme of the
constant of secular acceleration in the theory of the moon.

“efore we go on to describe in some special cases the influence
of the value of the secular acceleration on the appearance of ancient solar
eclipses, w2 must first discuss the modern explanation of that part of the
sacnlar acceleration which is not yet covered by the Laplacian arguments.
This will lead us once more to the necessity of analysing the concept of
"time", We saw hom the aprarently "natural" concepts like year, month, and
day are actually of a very complex nature and deserve much analysis before
they can become scientifically useful. The basis for all these definitions
ie the assumption of a unit of time of definite length. The instruments for
checking the invariability of time intervals are our clocks. The accuracy
of clocks must be controlled, and this is done by using one revolution of
the earth, the "sidereal day", as the fundamental unit of all time measure-
ment. The sidereal day is thus the time which elapses between two consecu-
tive meridian tramnsits of the same fixed star, or more‘“accurately, ‘of“the

vernal point, which is not quite the same, because of|the precessioniof the

s
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eqiinoxes, All previously introduced units like hour, mean sclar day, lu-
nation, etc., are in this way eventually defined by means of the sidereal
day.293) %o must now consider the consequences of the assumption of a slow

reduction of the rotational speed of the earth.

293) The numerical relation betw=en sidereal day and mean solar day can
easily be derived as follows. Because the sun is delayed with respect to
the daily rotation of the fixed stars, a given point 7 on the sky will
again reach the meridien earlier than the sun. After one tropical year, the
sun will have fallen behind tke vernal poirt one complete circuit; or in
other words, the vernal point will have gained one passgge of the meridian.
Hence, if y = 365.2422 1is the number of days in a tropical year, the cor-

responding number of sidereal days will be y + 1 . There fore

(43) 1 mean solar day = (1 + %) gidereal days

fror which follows

(a47) 1 mean sol.d. = 1.0027 sid.d XXEIAXEXXEX
1 sid.day - 0.9973 mean sol.d.

or approximately 1 sidereal day = 1 mean solar day, - 4 minutes.

- T

Let us suppose that two vehicles, M and 5, travel with uniform
velocity on a road (cf. fig.32), but M much faster than S. Their movement
shall be observed by an observer on a rotating disc E, which defines the
"velocity" of i and S by counting the numbers of mides covered during one |
revolution of E. I® E rotates uniformly, the observer's definition of velo-
city wil' yield the same result as the measurement of the actual velocityk
of *he vekicles on the road. If, however, the angular velocity of the disec
slo~ly diminishes, the observer on E will realize that M and 5 cover more
iles during one rotation than before, and he will consequently speak about
an "acceleration” of their movement. Moreover, he will detect this accelera-
tion more easily by observing the faster wehicle M than the slowercvehicle

#
S becsuse M covers much more distance than S in the same time. f
L
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The application of these considerations to our present problem
is otvions. 4 slow increase of the length of the sidereal day must be inter
vretad, according to our definitions, as an acceleration of thes movement
of sun, moon and planets, and these accelerations must be much more visible
in the case of the moon than in the case of the sun because this kind off
secular acceleration will be proportional to the actual mean veloeity of
the body. This part of the secular acceleration of the moon is therefore
not a consaquence of the interaction of forces in our planetary system but

is mer=sly due to onr employment of the rotation of the earth as our supremse

clock. Reasons why this clock does not move in an absolutely regular manner

h=v2 been given; among them, tidal friction is evidently the main cause.294)

= — _— e

294) Cf. Jeffery [1] where more references are given.

The method of detecting a secular acceleration of the moon is
closely relatsd to the chronology of eclipses. If the present length of the
sidereal day is us=2d as the unit of time, all longitudes calculated for pas
times will be too great if we apply simply the formula (41). This error will
be in proportion to the coefficient «, , i.e., to the mean velocity. There-
fore the moon's longitude will be much more affected than the sun's longi-
tnde: in other words, the elongation of the moon from the sun will increase.
Too grzat an elongation, however, means that the conjunction is assumed to
be later than was really the case. We showed on p.¥%#? that such a delay can
affect the strip of totality of solar eclipses, which is thus at present
the most sensitive instrument to measure the amount of the secular accelera-
tion caused by the slow decrease of the earth's rotation.

A few general remarks may be added. We assumed &#n our example in _
fig.32 that the two vehicles M and S "actually" moved withiconstant -velocity.
This supposes the existence of some method of measuring time independent of

the rotation of E. The same problem now rises on the earth after one has



134

good reason to distract the basic assumption of the unvariability of the
earth's rotation. This problem can be solved omnly by finding a new method
of measuring time intsrvals absolutely independent of the phenomena in
question. Pendulum clocks cannot be the solution because their frequency
depends upon ths constnecy of gravity, which is, as is well known, subject
to changes in the distribution of mass inside the body of the earth. The
only way open today is therefore the use of atomic pracesses which are, in

all our present knowledge, absolutely independent of influences connectsd

with the earth's rotation. This princirle is the basis of the so-called
"erystal clocks", which encourage our expectation of the possibility of
contrclling the change in the velocity of the daily rotation with the same

degree of accuracy resulting from detection by accumulated effects during

20 or 25 centuries.295)

29%) A report of the development of these clocks from 1929 (W.A.Marrison)
to “934 is given in Scheibe [1].

t will be clear from the preceding discussion that two different
causes become visible in the moon's "secular acceleration": one completely
determined by meahs of celestial mechanies, the second explained in prin-
ciple but to be determined numerically only by empirical means. The first
part is of course taken into account in all modern lunar tables. The second
part, howevef, largely depends upon the selection of recorded eclipses whid
are surposed to be so reliably recorded that modern calculation can be
tested on them. This explains why modern eclipse tables are not alike in
their results in representing all ancient eclipses. Ginzel's Kanon, for
example, is bused mainly on elements chosen to agree with medieval eclipses
Fotheringham and Schoch, on the contrary, required higher accuracy of the
rerresantation of ancient eclipses. This differencenincprocedurs resultscip

not quite nsgligible differences in the localization of the totality ef
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solar eclips2s for the period before 400 B.C. Around 1500 B.C., the differ
" ence amounts to about 600 Kilometers; accordingly, Ginzel's curves lie far-

ther east than Schoch‘s.296) There can be little doubt that Schech's ele-

296) Neugebauer (P.V.) AChr. I p.131.

ments are at present the best solution of the representation of ancient
eclirses. The following examples will show the effect of these new correc-

tions on Ginzel's elements.

a. The Agathocles and Hipparchus eclipse.

Sicily was fpr centuries the battlefield between Certhaginian
and Greek colonization: in one of these wars, Agathoeles, the tyrant of
F a
Syracus escaped with the fleet from besieged Syracus in order to attack the

B
Phoenicians in Africa.297) Now Diodorus (first cent.A.D.) reports2?®) that

297) Cf. CAE VII p.625 and RE I col.752.
298) Diodorus XX 5,5.

. ¢
"on the following day (after Agathocles had left Syracug) there occureed
an eclipse of the sun such that it became night and stars were visible".
From the period in question, it follows that the eclipse in question was

the total solar eclipse of =309 VIII 15, wvisible in Sicily. Further-

more, thes ecliprse must have been total wherever the fleet happened to be at
*he momant because of the appearance of stars (which refers, at least, to

Venns). Te know, moreovar, that Agathocles landed six days later at Cape

299)

Hermaenn, not far from Carthage; but it is not explicily stated whether

297) No= Cape Bon. Cf. the map #n CAH VII facing p.617.

_— i P ——— - e T .
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Aza*hocles sailed around the northern shore of Sicilycor/itoock ‘thecshorter
: 3

way southwards, although the comparatively long sailing time meakes the first
aacvw-+:.. ~.pre probshi .
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It is a peculiar fact that the two possibilities, northern or 5
sou*hern route, are equivalent to placing the zéne of totality according to.
Ginzel's elements or according to Schoch's. Fig.33 shows how Schoch's cor- |
rection for secular acceleration moves the zone of totality so far towards
north that only the northern route around Sicily remsins possible. Gingzel's -
el=ments, on the contrary, would clearly speak in favor of the direct way
from Syracuse southwards. Fig.33 shows, moreover, the southern limit of the
zone of totality acccrding to Stcckwell and the zone according to Hansen in
order to show how sensitive these areas are to changing elements, which alll
represant almost equally well the present-day appearances. 4+t is obvious
that toth Stcckwell and Hansen are incompatitle with Diodorus' report.

The decision whether Ginzel or Stockwell are right seems to come

fror a notice in Justinus,joo)

who tells us that Agathocles kept secret
his real goal, the attack on Africa, and told his officers and soldiers that|
he plannsd to sail to Sardinia, which was also in Phoenician hands. This |
mekes it almost certain that he left Syracuse in the northern direction and
that the eclipse reached the fleet when it was in the strait of Messina,

just in the central line of totality according to Schoch's caICulation.301) |

= TR ey s e e e e ————

371) Justinus XXII,6. {

301) The detailsof the progress of this eclipse are given in Neugebauer
(P.V:) &Chr. I p.112-121,

The same eclipse plays a rdle in the discussion of the material

used by Hipparchus in the First Book of his work on the sizes and distances

302)
sun and mocn. Pappus in his commentary on the Fifth Book of the Almagest

o

O:
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302) Now edited by A.Rome.
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says that Hiprarchus used the fact that a solar eclipse, total'et”the Helles




rort, was seen in Alexandria as only partial, covering at its maximum only
2 /% of the sun's dismeter. The same phenomenon is quoted by Cleomedessoj)
arnd alluded to by Ptolemw.304) The possible eclipses can easily be selected

Alexandria was founded in —351305) and Hipparchos' observatioms fall in

the years =150 to —125.306) During this period, the only four eclirses

303) Cleomedes II,3 (ed. Ziegler p.174 end p.178).
304) Almagest V,11 (ed. Heiberg p.402).

30%) RE I, 1277.

306)

Berger, GFrH p.6 note 4 and RE 8, 1666.

visible at the #ellespont and simultaneously partial at Alexandria were the

following:
~309 VIII 15 dogn.at Alezandria 9.3 digtts 207
262 II 9 9.1
-189 III 14 11.0
_128. XI 20 9.4

207) The magnitudes according to Hultsch 111 p. 197 £,

The first is the Agathecles eclipse, the last is usually accepted as the
Hipparchus eclipse. The second is ruled out because it was an annular
eclipse which would hardly have been called a total eclipse by Hipparchus.
Th2 third eclipse is too great because 4/5 are only 9.6 digits, and Hip-
parchuos must have had goad reasons to trust the accepted magnitude as ac=
curate if he based his calculations on this essential element. Hence only
the two first and the last date remain as very likely. Fig.34 gives the
zones of totality according to Gimzel @ndc-acecording-teSchoch. The eclipse

of =128 is barely total eand does not quite cover the Bosphorus according
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308) |l

to Ginzel or Schoch. The Agothocles eclipse, however, covers the whole |

308) Concerning the rdle of this eclipse for Schoch's elements cf. Schoch |
: Neugebauer V. . pP. and Fogo p. .
[+], & b (P.V.) AChr. I p.132 and F L2] p.164

dellespontic region according to Schoch but passes south of this area ac-
cording to Ginzel. If one therefore accepts Schoch's elements as the best
rapresentation of the Agathocles eclipse in the description of Agathocles'
mano=suvre, it becomes very likely that Hipparchus did not use an eclipse
observed by himself in =128 but relied on an older report of the Agathocles
eclirse recorded for the Bosphorus and Alexandria. The final decision would
he ortainzd by some knowledge of the arrangemert of Hipparchas' numerous

wri*ings.sog)

e S S A B £ A T . e e i - —

309) An attempt to date the work of Hipparchus is made by Rehm RE 8, 1668
-167", but for the date of the work in question the eclipse discussed here
is the main argument.

b. The eclipse of =321 IX 26.

Fotheringham found a convincing argument in cuneiform sources

for the accuracy with which Schoch's elements represent ancient eclipsssé10]

310) Fotheringham [3].

o — e — i —— e — e w ——— 5 e

It seems to me useful to discuss this case because it exhibits typical dif-

ficulties involved in such arguments.

The text in question is an umpublished tablet,511) mentioned by

e —————— N A e emn e N i v

311) Now in the British Museum (Spg.I, 192).

—

_-‘-'-‘-—\—._.—-— - —
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Kugler,312) according to which a solar eclipse began on the 28th of VI(b) |

4 us tefore sun-set, i.e. 16 minutes,31}) in the second year of Fhilip.

212) Kugler SSE I p. 259 and pl.XXIV bottom, SSB II p. 385 givea the passage
in question.

312) Bsceavs2 one us corresponds to one degree (ef. p.l!l)

e ————— PSS ———————————— e e e e

Fo‘harincham calculated the time of sun sat for Sippar (about %o north of
Lgbhylon) and the moment of the first contact with Schoch's slements and
“ound that the “abylonian report is only 3 minutes earlier than the resul-
tine calculation. This would seem to be a very close coincidence indeed.
It is only a very minor argument against Fotheringham's conclu-

sions that the text scarcely comes from Sippar.314) The difference in lon-

312) Fotheringham quotes Langdon in supposing that the Spartoll collection:®
camz from Siprpar. This contradicts not only the statement of Babylon prove-
nience made by Bezold Lit. p.149 (ad 18) but also various arguments which
can be derived from the astronomical texts of the Seleucid pprlod.

gitnde between the two sites is negligible and thes difference in latitude
has practically no effect on the time of sunset because the date of the
eclipse is almost equinoux. Very sericus, however, is the objection that
Fotheringham treats the time given in the text as if it were a modern,
highly precise observation of the very moment of the first contact. It is
hard to understand what means the Babylonians should have used to be able
‘o recognizs this moment in view of the fact that the sun was above the
horizon by atout six times its diameter. The clipse reached only a magni-

=
tude of 2.4 digits at Babylon}1’) and it is much more likely that the

21%) This according to Ginzel, Kanon, p.63. Fotheringham does not give the
magnitude according to Schoch's elements, but the differenceicannot -becesr

sential.

——— s —— = e PECSSR— e e it e e e ——
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eclipse was not discovered until it had reached, say, 2 digits, which might
have tesn interpreted as the "beginning" of a totgl eclipse whose further
progress wWas invisiﬁle because of sunset. Such an arkgument cannot be proved
but it showvld be st%%tly excluded before the statement of the text can be

nsed for such minute discussions as the determination of the correction of

the sescular constants. The only conclusion which seems justified to me is
that any calculated eclipse which starts later than a text reports must be
corrected; however, a time of first contact, say, twice as early could
easily be exrlained by the insufficient accuracy of the ancient means of

observation.

35. The Thales eclipse.

The most famous eclipse of antiquity is undoubtedly the Thales
eclircse. Virtually no textbook on ancient history omits a reference to it
even when no more then a few pages are devoted to ancient science. This
ecliyse has become some kind of symbol of the glorious early rise of Creek
science and philosophy in Ionia in the sixth century B.C.

Optimistically expressed, the actual foundations of this story
are rather weak. The main source is Herodotus I,74 who tells about the war
between the Lydians and the Medes: its cruel beginning with the slaughter
and cooking of a son of the Median king and the happy end of the rev&lting
war in its sixth year when a soler eclipse brought a halt to & running
battle and the new alliance of the enemies was confirmed by a marriage.

The story about the eclipse is amplified by the famous notice
"and this change (from day to night) had been predicted to the Ionians by
Thales, who gave as time the year in which this change actually happened”.

Obviously, Pliny has the same event in mind when he says316) that Thales

316) NH 1I,53 (ed. Ian-Meyhoff p. 143 No.12 (9) ). Thisnsmdcall/dther rele-
vant passages 9r=_col¢ected in Dlels VS(B) 11 [1] A S (p 74} )




"investigated" the cause of an eclipse during the reign of Alyattes in

01. 78,4 = a.u.e. 170 3'7)  (which would mean3'8) -584/3 or -583/2).519)

317) Some manuscripts offer varieants for the a.u.c.-years, namely, 120,
160, 180 - all excluded by the Olympiad.

318) Cf. equations (15) and (16a) p.til,
319) Clemens Alex. Stromata I, 354 gives O0l. 50,1 = -579/8.

After very much discussion, modern historians seem to agree that
the battle in question was fought near the Halys River and that the eclipse
in avestion was the eclipse of =584 V 28.320) As a matter of facts,
modern elements, particularly Schoch's elements, yield totality of this

eclinse in the region in question (ecf. fig.55).321) It can be comsidered

320) Cf. CAH III p.512.

321) Schoch [1] p.25; for details see Neugebauer (P.V.) AChr. p.122-125.

at least as very unlikely that it is a pure accident that the calculated
rlace and date, the date of Pliny and the report of Herodotus agree so well.
Absolutely contradictory to all our modern knowledge of both

Greek and Babylonian astronomy, however, is the story of the prediction

of the sclar eclipse by Thales. The wording of Herodotus' remark is alone
sufficient to arouse suspicion: to predict an eclipse ™ for a certain
year™ is astronomically meaningless; and Pliny (i.e. his source) speaks

much more modestly only about the "investigation"” of the eclipse.)22) An-

322) About prediction speaks Eudemus (puril of Aristétle; according to
Clemens Alex.Atrom. I p.354) and Cicero, De div. I, 49,

cient rep.rts notwithstanding, ‘the'‘fact remains that “no 'medns'eéxisted at

JG«M éﬂef‘;’l-u-(q‘ ™y ’{L\ (m/}-‘r:} 'A% P Tt,f /‘J‘_ﬂ /,-J'ﬁ'[:‘c/;r/ (,r} hd% -"-V{D -l‘ 3-)'{:,'- 69{41;.,73‘;’ A[L
A solices T prl of ey ditnt Gl iided. |



142 :

the time of Thales to predict the visibility of a solar eclipse at a given

place.}zj) The usual "explanation" of historians that Thales used Babylon-

223) TWhen Uarius, 70 years later, ordered the Ionian commanders to watch
the bridge across the Danube for 60 days, he had to give the Greek tyrants L
a leather thong with 60 knots in it, in order to untie one of them every

day (Herodotus IV, 98). This is sufficient to characterize the astronomical
level of this period, and is fully supported by all our information about
the gnopraphlcal concepts of the early Ionians (cf. Seidel AGM).

e B ot . 5 A Y, AR .t e B A e i B e St -

ian cycles collapses by virtue of the fact that no cycley of solar eclipaeai
can be discovered at a given place.324) Even assuming a complete knowledge

e i, S-S gt - ——— s - el

327) Cf. the examples given above or Ginzel, Kanon p. 15

e i e e e . .8 e . e e e b i A A e . 8 1 T e e A R Syl .8 A T 1 A e i Pt 8 B % s A i

of the mechanism of solar eclipses which would lead to the establishment of
periods for the whols world, predictions made for Babylon would be of very

restricted value for Asia Minor. We are today so well informed about Baby-

lonian astronomy of the latest period that we can fully confirm the state-

ment of D1odoru3325) that "regarding solar eclgpses the Chaldeans are very

326)
inefficient and do not dare tp predict them nor to give exact time limits“

T e ——

32%) EIIXIEEZ§XE§IE§X811EﬁxxﬁﬁiHXﬁiXEIilEIXXKIiEi;XﬁXIEI Diodorus II, 31
(ed. Vogel p.222, 6-9).

326) Cf. Neugebauer (0.) “UAa 1II p.294 fP.

The only methodical approach to the problem id the discussikm of
the passage as an illustration of purely literary technique according to
which the prediction of extraordinary events is one of the characteristics
of surerior wisdom. We need only quote Diodorus' remarks about the Egyp-

tians:327) "they fortell destructions of the crops or, on the other hand

227) Diodorus I, 81 (Loeb p.279).
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it~
abnndaat yields, and pestilences that are to attack men or beasts, and as -):
i result of their long observations they have prior knowledge of earthquakes
and floods, of the rising of the comets, and of all things which the ordi-
nary men lock upon as beyond all finding out"™. Exactly the same kind of
abilities are assumsd for the Ionian sages: Anaximandes predicted an earth-
quake,328) Anaxagoras the fall of an aérolit9329) and Thales a rich olive- _

croy.sio) It is clear that a famous eclipse happenning in the lifetime of

328) Fliny NE II,191.

[

329) Aristotle, Meteor. I,7; Pliny NH II, 149. Plutarch Lys 12 (= Drels KSf?'?f% |
e _!/v ,I

330) Aristotle, Polit. I, V; Diogenes Laertius I,26 (= Diels vs(5) p-68,25) |

su1ch an extracrdinary man must have been predicted by him just as he was
made the inventor of various astronomical and mathematical theorems whose

origin was unknown to later centuries.331) . |

Lty S iy N———

331) Ir is interesting to notice that practically no effect was exercised
on later writers by Rawlinson's commentary on Herodotus (I p.163 mnote 6):
"The pr=diction of this eclipse by Thales may faiRly be classed with the
preiiction of a good olive-crop or of the fall of an aerolite”.

The high estimation in which eclipses weie held in this milieu
is shown by another story of Herodotussz) relating in great detail the
ocamrance of a solar eclipse when Xerxes left Sardis for the invasion of
Gresce. No eclipse happenned anywhere at this time; but eclipses are great-
ly respected by modern historians, so an annular eclipse of -477 II 17

has teen foun6335) which Herodotus should heve guoted in "sagenhafter

332) Herodotus VII, 37.

333) Cf. RE 6, 2354,
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Riick‘ibertragung®. The only eclipse which has, to my knowledge, escaped dat-
ing until now is the eclipse predicted by the wiée shepherd Chrisostom}34):
"he knew the science of the stars, and what the sun and moon are doing up
there in the sky, for he told us exactly of the clipse of the sun and
moon" - "Eclipse it is called, friend, and not clipse ..." said Don

335)

Mixote.

334) The analogy reaches still farther: both Thales and the shepherd knew
in advance whether or not the next year would be a good year for oil and
ho*h conld have grown rich if they wanted.

372%) Cervantes, Don Quixote I ch.12.

§ 6. Bibliography of Chapter II.

36. General.

The works quoted in the following are not intended for the

astronomer but are specifically written for the use of historians.jsé) Best

336¢) For a reader who wants an introduction to astronomy in general, the
"Spherical astronomy" of W.M.Smart can be mentioned.

fit ed for this purpose is P.V.Nengebauer's "Astronomische Chrecnologie®,
Vol.I, which not only gives the explanation of the general concepts but
contains examples of all calculations which might be of interest in histo-
rical investigations. This work, moreover, contains a critical bibliography
for each section telling the reader which tables are best fitted for use in

a spe.ial problem. No historian who “has”to deal with astronomical ‘problems

should neglect to consult this work and the tables given in~HTChm.
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General astronomical introductions are, of course, also given in £

=58t chronological works, e.g., in Ginzel I or separately in Wislecenus

t
AChr. bnt they usually contain more details than the historian needs in
a
~ractice and 4o not help him to solve specific problemx. K
N

So far as the moon in particular is concerned, much depends on
tha spzcific type of problem. Necessary advice can again be found in P.V.
Neugetaner's AChr. <t might be mentioned that frequently only very approxi-
mate information about the moon's position is necessary, e.g., in dealing
with horoscopes. A horoscope was usually cast years after the date of
tirth and ¥ is therefore based on ancient tables for sun, moon and planets.
These tatles were cgfainly not accurate enough to give positioms of the
moon within an accuracy of say t10° or even more: one must not forget that|
the moon's mean motdon amounts to more than 130 per day so that already
small errors in time or epoch result in very considerable deviatiomns from
the truth. Moreover, most horoscopes disregard the movement in latitude
comrlately, not to mention the difficulties involved for us by the use of

different points of origin in the ecliptic.337) It is therefors useless

\
|
@

337) Cf. above p.=*".

to compute lunar positions with great accuracy when an egual accuracy of the
ancient records con not be assumed. Such approximate determinatioms of the
lunar longitude can be easily calcuvlated by a few additions from the tables
ir P.V.Neugebauer's TAChr.II according to rules given there p.XXIV f. com-
tined with AChr.I p.59/60. In many cases an even rougher procedure is pos-
sible, e.g., if only the zodiacal sign of the moan is given. Ginzel I and II
contain tables for new moan and full moon for the following periods

New moons . 604 to, ~99 ¥ol.l p.547-562
-99 to +308 vo0l.II pu544<=556
Full moons -499 to +100 vol.II p.557-57%CE
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Thes= tables give the chronologically arranged Julian dates of the syzygies
frow which the position of the sun can be derived very simply (e.g., by the
tabkles in P.V.heugebauer TAChr.III p.67). Positions of sun and moan are
therefore known for dates about 15 days apart - which is sufficient to
determine by simple interpoletion the approximate position at any inter-
vening date. In order to avoid errors, one must not forget that the Ginszel
tables are based on B.C.-years and Greenwich time with noon-epoch. In orde:
to get civil time for the longitude of Babylon, one must therefore add 15
hours = 0.62 days, for Alexandria only 14 hours = 0.58 days.

As an example of the other extreme, namely, where calculations
with high accuracy are involved, the determination of the times of the new
crescent mey be mentioned. This problem is of special importance for the
batylonian calendar; Schoch therefore comput=d special tables, published i
Largdon F.-S., for Babylon. Some additioms to these tables are given in

Sekoch {11 p.20.

37. Eclipses.

In the overwhelming majority of cases, historical problems con-
nected with eclipses can be solved by consulting the existing lists and
maps already mentioned in § 3 No.28. Methods of computing more detailed
el=ments of the progress or the magnitude of an eclipse are described in
P.V.Neugebauer AChr.I p.109-133.

Discussion of the eclipses from classical sourcesjja) are giver

e e e

338) The discussion of the Pabylonian material given on p.234-260 (throug
collaboration with C.F.Lehmannlqﬁaupt]) are now antiéquated.

in Ginzel, Kanon, p.167-234. Ginzel gives not only:all;astronomical commer

taries but also the passages of the sources and older literature. The list
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of these eclipses is given by Boll RE 6, 2352-2364 who added a few more HEX
dates, most of them of very doubtful character (e.g., an alleged eclipse at

the date of the foundation of Rome).jsg) Eclipses which are of importance

N

339) The only serious new date is the presumed Hipparchus eclipse which
probably must again be eliminated for reasons given above p.EEN.

for the problem of secular acceleration are discussed by P.V.Neugebauer in
an appendix to Schoch's collected publicatioms (1930, Schoch [1] p.24).

Their list is

-762 VI 15 +29 XI 24 1147 X 26
-660 VI 27 71 III 20 1239 VI 3
-647 © IV 6 484 I 14 1241 X 6
-584 v 28 693 X 5 1267 v 25
-556 v 19 878 X 29 1339 VII 7
-309 VIII 15 1033 VI 29 1912 IV 17
-128 XI 20 1133 VIII 2

It follows from these dates that this series of solar eclipses includes all
periods of history from which eclipse reports are available and therefore
rarresents the most complete account of the conseguences of Schoch's theory

of secular accelaration.34o)

340) It might be remarked that Schoch himself made it difficult for histo-
rians to accept his results because he frequently printed them in a very
reculiar form and added barogue historical comments. 1t is therefore ne-
cessary to emphasize the seriousness of his astronomical work which is of
greatest value for ancienmt chronology.

More information about the modern discussion of the problem of
secnlar acceleration by De Sitter, Fotheringham, Schoch and others can be

found in the bibliographies Fotheringham [B] and Schoch [B].
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