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Preface.

*) "'\;ose 1::10S~ ~hI'()!1ology is

p~ ... '"'xact C8.r'lnot make history

5~~e~ tl:~ tT'llt~:. [,:;. 1/., hilt. (CJl

i .fc. .. t'J""" ])( f!_c .... iqh., " i~-r~"u"",
P,,""s 1~-KjJ

Th~se l~ctures att~mrt to give an ansV?er to the very natural

c;.n~5tion: Ho';"1 can on~ ~5tablish tb~ exact dat~ of' historical events in

;::~f" i O(lS fal' r~"'lct ~ from ollr m~n time ?

Th~ sy')t~m. o~ dates of' th~ meiro. eV~:lts () f' a ........·m' period is

C'J. ~ ~ ~r1 its "cr:ronolQ£l." '10 ot-tain SL1Ch a chronoloe:Y, one usually distin­

?"l;.~sh·s b~t1'\1~~J" two essentially diff.erent m~thods,wtr:ad_· to an "absolute

')rt/..:"~lativ~,. ('r:rono1 oZov.~l!~he r~lativ~ ehrcnolo£y of 8 p'~riod
ie: (,oJ"lsiti"'I~""ti t·o k~ O'1"! of t~~ 1'19.in ot-jectiv~s or' th~ t:istorian, or, at

1 :to'l.st, a~~ ~1 n-'H"'~ssary cO-:1ni.tion 'tiall of his further stuclies; it imp i~8
~+-a1'liShir:.ii:~b~ oreler r;f succ~ssio~ of' events ftnd tries to determine as

f.;.CCllrht~J:! e~ ! o.:-sit·l~ ~~~ +im~ int~)'vals betT.~~n these ev~nts. The basic

f .. • , S, ......... "sior. c,f' St~·8tEI i·... dycnvatiofls), or Y.i:"'l'-li.sts, inscrirtions,

j~ O;';::fl} "]"'.-. Jr·t.:, r;rcl. L'he 1-.r::ClJI'UCy or t,h,~ r"~su]t~: is n~C~8SaI'bly d,,-

, " ... - • "'I"'v .•

" . -'."-. •C'hronolo.L'-' is b~.s~d or: single events, lltich.
--- -"=
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"'1·.~irl·· ').-.~ ~.t!]:O''Jlo~:i\:~'1 crl9.t'''Ct.,!,. 'Tr:~ir e-iJ": i~ tr:, illtt~;trHt~ m)tta:ls

....-.,. -:0'1:. '0 :1T~(-""":'1":'t~ 8CCQ1Plt Of~~l_llts c'bt::Ji.~"',L rhe~r ar~ th~r·~.f·ore
eJt.un.t

..... ---~'l11:,r r1~"'''''''''' '1+ -"'I'O'"' t!"'~ ,,'t j' ...... "t""n(~hoo1:':" O~· cf'l'':Dolo:::y 5~~ '3.!"~,

- ;r··::r7"!'~·J ...;~n~l'f)~l:~tor~'" ·::>e~ .. ~('t~!·. It.~iT ["oal i" to _:iv~ th" !·"~!'..1~r ::"O!:le

i'-;r'~3~io~ c!' -~_~ corn;l~xity c" t~~~ !I"ot,lems involv~f lln~ to hel~ fev~lop

:"'~"' :r~~r-~nr1~~· j"~~J'l1~'1t ~J,sfo +1-;'.0") d~,:"r'::'~ ot' :·Ht·.~olIl1'fh'22S" of' tr..~ r~sLllts

:,., • '- ... !\:,: 1 i,..~' .. i.?!' 01' 'lstro~o.riC"l:!. m-thods to elel'l~nts rl'ovid~d b:; he hi-

~.f) :--·:J-!.·.dC~ of' maU-""':3t;i":G S!!i; I;:.stl'onomy 'nLict ~o"'s b~.:rond the

")"=;t ~1~r.'l")!1tn './ f'octs i::; t!.sst.l!'1~d. On th~ ott"r- }-,nnd, I do not c.lCC~pt the
Wi,AjV

~.:. ',; 'l""'~' iO"1.1li'8!n:l.1 ~~, ~;1'_~r;e ir. bOG}::"; arollt fl.strcnordctJ.l m·~tho<1B fo!' th~ lln~ of

~~
.... i·;: O"i "l.r::;,1 ttnt !:i~;tori$\ns Cor'" not al,l~ to O~~T"ll,,~ ..-ilh GtlC~: sim:'J~ can-

as
c~;~z ~ !1~-'J.tiv~ "'_lll'T'l:'~TS 01' r~r1air..rl~r 0:· division. As 1:0 th~ hi:~!.ol·ical

•
"''1c''<:, a C' ... ;t-·~i"" ··I.i"Tdli"l.rity 7'ith ancient histoI"? is nec~5sary in ord~r to

I'...,,, ... .,..<;t'-\~d ":1 tt.i'~ th~ "'l';J.!ll"!,:,,/ork 0·... the history OT'

tW. rol'" :~ t\o: .... :::~Cl"""r1")s {1i~;cusz~d he-~. The originb]

th~ nncie!lt \'7ol'ld ~
f'C.L'1I.t

sources as Il'l~ll as 1 42

1ir"'I'utul'~ f'o~' ('11:rther in~or!!tation are consistently cited. The first chep-
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III

""·cor~::"n:- t:O +,",:'" n::;tronof'l"ical ehu~·act~·~· of th~ pl'ob}~m. ?h~ moon's rr.ovem~nt

r··s (C11~?t~1' II): th'~ !ositions of th~ plan~ts deterr'in~ th~ d.ates of hor­

"~0;"'S, ·:.~i 'r.~ l'l~OV~?Ti·mt of IJ-mus isGsp~('i.a]J.v~r~eat i.nt~~·~st in de-

Ii'i-'l11",,0 ,141

Ij41/A':

From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



--
=

Table of contents.

Chapter I. Introduction.

IV

II

1}. lIonths
lA. Days
15. Hours

8. Astronomical concepts
b. The 2.. hours
c. Babylonian "hours·

§~. Concluding remarks. Biblio!;raphy

16. Biblio!;raphy to chapter I

17. History of astrono~

§ 2. Ancient eras

7. Year numbering in the Roman empire
8. Seleucid era
9. Era Nabonassar and Ptolemaic cenon

10. Tables, Examples

§}. Other ancient methods of datin!;

11. E!:ypt
, 2. Babylonia

§ -. The saaller time units

§ 1. Notation

1. Years and months
2. Counting of years
3. Y~ars and seasons

Con!;ruences(r. des
5. The Julian days

a. IndicUo
b. Solar cycle
c. Golden number

6. Examples of calculations with Julian days

1

.,
6

10

'}< d.

'6
'7
18

18

20

2"

26
}O
}2

}"

}8

}8..,
....
"5
50
5}
5}
57
61

67

67
69

From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



Chapter II. The Moon.

§ 1. Ulnar months. Astronomlcal concepts

18. The movement of the sun

19. Th~ movement of the moon

20. Cycles

§ 2. illnaI' calendars
2f. Egypt
22. The Greek moon calendars
23. Babylonia
2~. Medieval lunar calculations

§ 3. Eclipses. Astronomical concepts
25. The moon's latitude
26. Lunar eclipses
27. Solar eclipses

28. Frequencies of eclipses

29. Tables

~ ~ Ancient moon eclipses
30. Egypt
31. Mesopotamia
32. Moon eclipses and geographical longitude

§ ,. Ancient solar eclipses
33. Stm eclipses of chronological interest
3~. Secular acceleration

a. The Agathocles and Bippsrchus eclipses
b. The eclipse. of -321 XI 26

3~. The Thales eclipse

§ 6. Bibliography of chapter II
36. "eneral
37. Eclipses

71

71

78
82

86
86
90
93
97

1 01

101

104

107
111

113

114

114

115

121

124

124

128

135

138
140

144

144

146

v

From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



Il"ltrorl11ction.

----------

.:: thi'-,

A~/u11T()~ )

cE >'J. { tlloJ tI

"1:"'" :':':', ti"'l.nn r.j:cko!l

~x't~nt mor~ \1i.'3·~1:r t1"gfl

0)

§ ,.

"1 Y':~!:.l l'S C:1 rJ m:)ntl:--:;.
~-

-l-n." ,·i·:~ "~"i."i.l.ion"3 or different forms of' "'y~"ll'f," Onf lurely ~'()rmal

r""1-:is, r!ClT.1-~t.~ly {~is:·~£ur:1i.n, th~ historical bfl.r:'k[::"o'lnc! i":l \I.'b.ic~ these

"yell!''' RS t~ :rlll'~):V p.rti tl'E\ry

"-;1" -:.-. 'ifl'~ rr,,~.,nr~m~!lt ~.'r.icl~ more or ) ~n~ sl1i ts tL~ prectical n~~ds of

I!'! all -·'ri.tin~s l")r~rrin~",: to m~(li~val OJ' I)n~i·~nt. hif,t.ory the

.",.,', ".',"P11··~,""'r~::. "J,·.l,l·o,'''' y.=..al'." A J'"lJ'''n y-al' l'S" tl'm- l'nt-"v'l aI'" -- , _ o. !L':" <.i.'~'" I~,.... '~

1
7 cl~Y' in oT'd~r to i1isr-oq «> of' the frHC'tio!"'. ot· H db.~r, in~l1mi£sitl~ in

.\~ .. 1 8.C., 5 B.C., 9 R.C . . tc. ~r'~ l~~~ yea~s.
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or~s, a~on all civj
;;ljr~e -....rIll..
t~ gOneFu~nt ~ th~
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4

:,.~'-:. -:",'1. .~,. '::::f:l: ti'.1D :/~t~r, t~" JUli'ltJ cal")ndar 7'~!S. introduced in 'k:Vpt

t.l :'.'-.-'1 ~i:VS~) ir. tl~·.: ~C'l~.~,.. i~.~ t'orr::l: the nam~s 0;' th~ months ano th~jr

p)
~ "r.<t~It;;;--

':'0:' ~!"!,, ~~u-f this

.?~-~ "., "tl"",,-=,"", Ost.r"S:\.!':R I : .789 ri' •
. ....

n~w ~!'~ ct'. Gin7.~l
........ ji@J.

ann . -f oBti@iert) !IC! d.al d t £-e+

"

rut in each

-''>-. ~.

,. f<t' l"'7" '-7'-
fourth year

prefer to use t1:~ nam~ "Al~x-

------- --_.. -
~) ro .~ 1~,?7 ~~~ Sethe ~~itl·. p.310. ?oc d·.ub]~ dutings Given both in

. r'" : I ...·T~!"drim:'_ CA.] ""nr1flr (It ..)" vEJ..A1v",,-S) and in the' Egy,tian cal~nd6.r (,I(<II(T~

It TOYS ~fX(ou-S 01' A:/tlllTt'OlfS), cf:'~'Grenfel1-Hu~t, Cx.!<:lr.Il p.1~'9 Hnd
S.'~'!nf-:l1--Hll~.t ..Eo;'ll'th, Fa:lii~ p.2: t • h'r, :iJ1t~)'~..:;tir, combi::a.Uon of thr~e

< -_._----_.

r-:l T(a), II(l.), ... , XI:(a). Tt~ ('oexi~tenc~ of tl.~ E£:;'ptian und th., A]~x-

"1!,,'::"i"ln ~al~Y:"~ur in ':1. v~ry tYFical eXB.mpl~ of the SOl1rc~ of difficulties

1'" ··",.,ct!.-' ,"."lth tr.·~ ast::'onotlica] eVA.luatio:1 CJ:' d8.t~s .... ound in cOClments of

·'.-:i~ P~J'iO·1. ~'r.~l·" is no ~trict r'...11~ ~s to the }~ind of ca]endnr llR~i~ in

nomical +:""xt,: 0" ~,:l!'!1nn tim'~s '.7ith no vjsib]~ r~ason r:'hy ;:,apyri ':7rjtt~n

A.;: . or HS'" th~ Eey;'ti~'l ca1"'nd:n' l"l!lil~ t~:,,:ts

.... ~·a.,· i-j-;: '3!l>.. r~ ty:'~ ']t'ir.t~n f'.l'out 1~O A.D. 8ho\11~ ;~f~r to the J\1~)7Rnrt.l"·ian

"')
~;.,l1 ~T'~ar''''' . -;'r~ a>.Jic3.ticn vi' ~Xt1Ct 8~tl'ono!·'.ic'~1 C~'lCll]eLion to dat~s

(- 8~ ,.... f..), ~'IH\ti,.,:'"

"" ... 'A,fY/lJoIS \..) '1 .... · "'i t1:

r An f' Ar/tl(,'

tilt hOI·O~.I"O:p~ (r .London Xr.130) J dat~d Ti tiH'\ " .'3.1' 3

VTIT(n) r. ~jth IV(j) 1 ( ':'5 S; (Pw/ ...7o~ ::KOV~l

n:(e\ ~i:·ht from 1st to ;-,~~ ("".t' .(-~Xco.tC)V5 t;

'Tl""X~V Y(?1Y~~ Etc; T7'- !llfT(fti4.v).
, ,

\t·r /" r£· " ,~
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-:,1"~'r:
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., l'is""rt

", . I.' ;;

, :,: I.' ... r' ~..'. . /

1 ""
. ,

"'~'\f"" .' 11 •. " ..,~ .... "".-~
• •• J • ':ith-

~-··'·')·~11:,i'r".

i~ ..... ,..'h.,. 1. .•• ~
.~ • 1

t "" ~.... .: ...
~. ''',

._' .. , -," i " .... ..........,l: r .,.... ··If", ·'~'·i'r:..tjO':t:, ~.r:r

"

Th-<:;~ "111T!/'1.I" mO'rlthr;tt 7l'er~ r;T'Oup"!(l into "yenrs" 0:' .odl!!l~times 12 or 1.3

'1"'n''h''J, 701' t~l~ 5':r~at~l' part of' rlnbylonien histor~r U]"r~ ~'H;1~ roo definite

]'1' ~ as ~Q whe~ !l :-~ilr 5hould he lon;~ or shcrt. 0:11y durint: the last cen-

. l'T'i ~~ Q.,C. ':""'r'~ cte~'injt~ cy;cles adopted accordini~ to vibotch C'!lrtnin s,e-

r~ "'i~r1 :r,!!.r~ ~~r" to cont~in u 1}-tb mO!l.th. Tb~ final end histol'icully

~ .. c+ i~;ortn-~ ~,clc is ~ 19-y~ars ~cle ~hich ~e shflJl m~et at lat~r 00-

r'J~io~p, ~h~n mor~ details a~out its ba&i~l An~ its n;plicntion ~i}l ~e

hi~ cycl~ six tim~s in~~rts

--------------
l ' 1O ..... .
.._--------------_.

'i'1:~ l~ngth of th~ single montl'~s, bcr:ev!r, ai:' arentQ
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G

C3.2."r"'~r .~ ~r"r.:; cC'r~;licl::'..t~rt che.J'·~ct~l'. On the other !':.anr., tl:is calenrl9.r is

.; ...... ..,~..
thel'~ty ;J~l'r.lit-

~9 or 30).

On th ... cor. tra!'.\',

1,.8</89,Hcm,~ rol.t-·.hat,ct" .llv.V,eD.

~-;'io'l ~:')~ .'.'~t hav'-' l'-'~'" d"!.stL".sl~if'!;'~"")··h~l'~ !3;-,""o~:,a~ri~ '~~1i'p-
"

'""'n" L-·0":"· ...· l i:-~'" of f'l-iv0rar J ~ ~'nri lm~·~vore.hl~ de.:rs13) that a Sl.ln eclipse

- c:

, ,,

,-

,...'.

-,.
'.~ l' ~\ r·- •

" :'1) r ". ~!lll ,•. \ " . Ii

1 . • . '
~,nI T~r-,hd t "1. 1. V'~'"'

"'~!' ~ ~JII: '" "_~l:~~[1.
~. .,..-.- .. 'L

...., . . ...
- r l'

''; ..... " 'sio"! :"'i t-1: t: '~<:'l ''-I't.V. ,.", ''''''''''11-;;1., ,.,.. ',J ... =,,
,. '\ .... , .-~

r" :,'1".. '"t • ...
.~

,,' ~, l'"
J

r; .'
"

..'

'. -. •• , • " '1 .. ,.''';- • , ..... ; .... , ..... '1 ,', •• _,,,,--,1,.'

, , " ". ; '"'

')., :·-';"'-'--3' .. i ';
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~his ~i~l 0; ~~rinition of' th~ Christian eI"U corl'esponds ~o its,
':/)"0)'.:>.1 i;"~odl1~tjo~ l'y the monk uion:'l~ius "Xi[lms~il)Ef': computed F,ast~I'

"',"l."c:: i- f"'Q"l1.i .... II'1.tion c~· pr ...v~ous one~ by 5ishor Cyril 0" Al~.xa"."lria15)

'':i ('1' "'nr:"'o '~i:t 1h- :roea]' Diocl,t-.ian 2.17'0) In tr;~ y","R.I' 52; Dionysius s~nt

"t") l.~., '"tl-~ 1it.·1~

<) :;-j:-' c: r. r.1:..l~:~tl. s~~

on ~ .. ,

HE ?. ,
T'tl;:~ in~Ji;:nifica!lt on,,:'< add~d t.o his ne.m~ as

!J. ''''''8 f., CeE'SiOCOrlls, D~ inst.,:,1iv.litt:. c.23
1 1137.

-: t:.) Di~~ i!l til/' tLD. cr. elm, f."CO ff.

1!) 7hi5 i~" n·", '"::I)'::} Tl~rc;jor., hati~fl C"l th~ :::>tat~~fl'l"'nt of' ~ionysin~ in his

1 .. · "':,. ~':o ~t:ro::il1-: (:,~i.~n- r .;,. !l1. <':01.20) tl~o.t tl;~ t:$}rl-s c:' 8~'ril h~[~n

i ~Jioc1. ": ~,~, (~ ~~'7 ;~.D.) an" ~nd":~d in Diocl.2/'(' (X 5)1 A.D.). Fl't from

l"~ 1"" "'!' ct· ·~.rl'i.l hi~:5~li" (udr~s.•~d to 7heodosius I:, !ul"li.sbt"'c ;:'1'01"'1 an

: " H'i.,...:' .....,tY!l1;,I"'l"'i;·t ~,y Cl)r..yt\~::lt·." Cyril, esp. fj.?21) i.t f'o11o~"s tt':it his

"-Ii 'S ...... mr ... !··~~ '-h'" yryars frO"l Diocl.115 (~3::q :.... D.l to Dioa:l.:J?H (z ~1?

'1'~ r:(''r '-,"'~ hC7.' "hi_:; "'c;"trG,lictior. con t .. :·_-conci]Ao.

--------------------------
'!1 •.

<'!.-,'" 'YI'" ~;"n. 0" -'jo01etiEl!~, tl "t:rral1t mor' thl~n rl pri~ce", SLOllJ(l more

; ..... ,".. , - -" ..I-\-- .. 1 I'.'!'" j.

"'tl'on"iqm".-, . , .- t 'J J • t"h . • i ",+ CJ.. '1 t J 'i

-. - . , -- . "..,-. cr i ,
0 ", • .- ,

.. i:>'"' C:'ri1 ur'!.tl o1hers .
From the Otto Neugebauer papers 

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

Princeton, NJ  USA



T1: " I
.. , .' I 1 . . ... '.-

,.; ... ., "C' • i. . "'r

". ..
,'.,

~i"-' <';"

.. '";- ,

s~em

to

-, '""" "c.'.J • .,

"r,- !I .....
~ • _ <0

not

th -" .. <f'o"·, • ~ - J

'1 ~'t .......

it"r. '

t: " "•• •, .

..,;'. "

'0)
-, !(·'l~~:.l-t:..n·- .

.,r·,t.;.'

:' .. ~ ~ 9

; l-, ... ' ' .

I' ~, -,. " .

'10,.::.,- ,

.. i .... to, ..

• -~ ...... ,j

-; "',

"'r··~:·'i·

• -:.. ... i .... t • 'r'V '.1 1.

.,

~ . '.-

, ' - -... ".

---';"-

. . ,

From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



9

·i::"',...., "!.,.,.~ r.:::W: "lir·~':~.tt~ SOlll'C~~; of" ~rrOLS, 7ihicr: ""0(;1.·'1 nrj~;·' j" on- '.70111(1

~:.~·~·i: t ..... , a:!,,:1.C'Rtion Of' th~ J'lJl~5 of ()r~tnary nr-ithr1etie ir: tbe r-ollT!tin,:::

"

~""') ''ll"~ ~~ :.,,]. L ..... ". '~~~It t '(j 0 I' t'!1lr1't>~1':; ~~r~ al\."l~\Y~ s~l'ar:tt.,(l hy U~

""T ~- ·~Ill"'",t ... .-·; 'his flln.'!fl!!':~r..tal ::rinci:;l~ i~ vi01ate~ t~f rtekin~ "1 B.. C." f\nc.
" .

~fll-_' 'hoo. '.r~"r' ',I',;~,", '1" ·r-·,....J"'!~ the y·_al' 1 f)" p.~y ')'0 th"" v"",,yo 0 the- - w _.... .. L. _ tl _ ~ _ "' ." ~... ,.- J .... - 1 •

0;. : .... l ,. D

~ .,....
r~:.ral'd]~ss of \·:?:.i(~h si,-ns th~ ::~ar num-

, -. ''''ll' "1 ~.C." 1'3 i(l"I1~'~i2.t'?ly t'ollo'o;",d t':.' th., J~F1r "1 A.r·." then thr~e

(c, ) i'oth :~:eere

" , ... ".:'. -7~!lr!";, ( ',) roth ""'ar'=:. flT·P'. j) C -veal'S'J~ .,~•• _.!J •• ~ , (e) on., y~eT' is ~.~. ~llt

........... o+-"'!~r' B.~,

e,' .......,. ,

:'1.1,1

- '''')' i"''' 0" ," • t "):::. ai!l": 'In-:j tt~ ~nd 0" th, (', ''''' iad in :uest io!' _.j t::' r'~-."

- - 110 ,'" t- , • y. ... .,::cd- :'''llr 0" th~ C!'".ristian ~!.'a.
21 )

F t'!"!e co!"',trar'y J. . - .. Q , on ~e

?~~ ~ll',~}' rll1~~: ~·r·~I.~~:l.t1y inC'on;.l~t~ or '.H'on:.-, can r>"!: fOl'nd in l£~ny t,~xt­

r :uk:-;. I~ i" ~'o:!'tf· m~n"ioninr t!".at t'!"!,., lone I'ul~ <iver. i'r1, Cinz~l :iT ~.357/
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··t t-~.~ '~:XB.r:: L~ e.on 11 •.3;3, lURt :)~1:':·agr6.:)b, is ':'l'ont: (11 A.D.
) ,

i ..." ..... '"-, ., " -" ;. "' 1 .., , ': .1' th"" of'

t· .; '} r1 ) , ()1'!::!.y -;-'C!'" '.'1".l

,, ( , .. ,-?kO

"

01. r',y -ToO + ILl"! + Yo

• , ,

1 -7Q:, + I!.,-r + 1

.. .;~.- ..... ~ .~ .. ' ,....,"' .. ~, "I" ;- 1·,.-

= -7'JO + 7>·') + 1

"." r 1

1

.D. e'.·'·!· .. ·

r. "," i. ':

j
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-'r. ... 1 "'... ',r1
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CE.-

.. r.~.::li-
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""0'.1 e.; tc'.1 .!'~c· .. ~.~.,...".~-' - ...
.

,.."",,­J .••

.,,. ','"

~ ~,.... ro ,_ •• ,
"- .

.; O"! c" . \.

". j"~""'''''' ._-1

G1'J:01'1.:.O Ju!i ~!".

<;M I (!") 111 99 XII (j) 22.c

" I (~ ) 1 0 I (j) ,.
/

-1C''":C I (cJ 1 -1~C'0 I (j ) 10
.... "'",.. T (~ ) 1 -~C'CC I (~ ) 1 R~,

(~ )- 3"":v"\ I 1 -3000 I ( j ) 25...

X:r!! IS n.'~cr~~

( 'i)

.., .., )
J,cc~;t '!'L -./,

x (~) = 1 t:82

for t i m~ of

bulJ is pl)blish~d,

II p.}02.

in CJavius,
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~~.,. ~ 1" ~r"'e'!1C~ net::-,: ;!: Jul ien and ED' pth..n year is r:iuct '!'C!'~ cons--

r:- -C1-; ~ t ...·n~:·..,~ition i O'l" can U5~

0::" Sel'~'e"" (c!'. t1:~ instY'notions on

j-. V .j';""w.,rau~r-
..... If''T)
.l;" •• \I "

, ~oli •7' "7'f".!...o • f .. ' ...../.

----------------------

"""':... 1": 'int:!:'v ...".J Of' 1/'Go .T111iaY! y~~rR is vnovm as n·.. e "Sothic reriod" fo!' J'~D.­

--: .. ,:; -:-i ro !" "'ill r": (ti~cu-;sed let~r.25) DUl'i~f.. thi~' '[I~'!"iodJ a -,oint in tr.~

~ c. \ ......

----------- ----

tl... ••,,,neono) Gnu tr-.",,'.-:-""r. ,-,r,,,,n 1.,,, ""'out"·Ii. -J ~ ",.> ..... • J ... _ • _.J. _ ""I' .'-'of~, .... l· .. "r'!-

'1.:' It·~ cor.·;~';lJ-::1.C~ 0': Il sp~cif'ically

'i':'TI?()
• .;> .' r~S R mvt·~r· of' fact, t1:is conse~vati3Pl is hy no ~eans ~re~t~r than

"\..~ ~,.., tr !"1C'!"+-~ "r~ "~i::hth" (C:ctob~r), tb~ 11-tb the "ninth" (Nov~'}1reI')

oc-
... (". :'ii·· th~ r.l'oJ(:j' r~volts uGai.nst ti:.~ v:r~30rien r~ 01'171 0'" t.he (,!ll~ond8r,

~., C'.L.. ... itZJl·l.a~(' only ftft~l' 20~ y~er~ ~r' stuhboI'n I·!sistAnc~.

r"n ecting th~ history of th~ rest 5000
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: .... r l·:-; l'--;sti.- n~-n. ;.!1ulo.:'JUS ~llr·iotiiti·s may he ;l'Jint~d out in opr daily

·CO. ~ •...is :ri · -1m"', SP6.r-,., or' ,. l'lt ... O mar,niiud"'s. A_A'''l ~ ...... it J/ ref. t/G...
t)7f/l ." ..J.. _"' A 1f-.-.r • ..1-.1... ,. ,.... _ .. ~L ,L.,/v, ... If_~(. -{, ... fflu. [ ...... ,,, ......-.., ~J~.I..... ...........,

.1J .. .I. r•.( ,.~ l...,r;pt.'(.....--- '\ 1 ~__S()n~r'l~nces. "

I""'-:;t- r..o·· iT!t"!"orluc~ nnothe!' Illsthematipfll ~onc~pt '\":hich is

:'- t .... · ~!": ~Ilst intr'oC:l1.Ce n ~o'!:v~ni~nt s")r..~ralisati.on Of' tr.~ t""''''ll known

Of' th~ "r'0muind~r" of divisions Of' int~sel's by int~ger5.

'1'l ~ d~f":1i tion in ~L1~s:ior.. is as fallor ~1:

.' : r:,

'1"h1:.. j f' u~Pf111y

" '" b
(mo<1. m)

".~.- .

. \,.1....,.- T"'t!" ~r-ur

(';'1.) !). - b = y.1!1

·..... r:· '. J

~ ")f' {.(,,~) --:;l (7b' it f',:'

.':;; ,
" = km
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(0 • 1 7tis
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oint i~ r:ell~

1 " : ... ·~1t"n.::..,." (/\). :)1Jrir."· o~:-' T"volntio"1, i:h'~ lcn"·il·'1,l .. ()"t" P:,: mO'Ti~'r:

:.- i"'':'::-'''''"l~1'3 1 ... ;f)0° 1 aft~r t':"'o !'~vclrttions h~' 7200, '!tc., but in o~"~~!'

.. ....~ .._:··1c ... ""r1?z: :-h~ ~ ls.c~ of th" b')(1y O!1 its orhit. tJnly on~ r-tlmber A 1·~t?:'~

f'0,

, .
J ,

tiM~C> a multi;l~re~ard l~ss c!' r..o':: ma!l~'"' •. -"' f" (>1' o~t• ..l. ~. ,
......... 0
)' C'

.. "

() r.. "!.~r "modulo

I" -. t ~ •• fiOV -on ~nt 0 f" ti'-:'- r.':ovn :lI'(J"n~ t 1: ~ertL.

• 1 • • I' ...

.. r·")'" .''; ~;!" "'''''.r}:., .... te.

-; .... , ,-

., ~ "J • • 1 ~

)
7 n jI.", ....

... -'''''J ~. 'JS
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"J ~,

, .17 -r-

/

-. : 1~

I
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. ' I'; ... • -J,' ,.J'-'

1 . • c '!(;?7,30 ,t 'C' •'- : ,I

, r.t:: .... ,30 1 • , c
. .. ' :.1 ,l

( ?) . .-....

C~.. .

..... ·.r>]'!"(" Thot

... -' "1,.(\
~ .... c./~.

-~I . ';3 •
" J.

nod. 3~

a
')'). (, Ii"<-. , J.

11' . 1 ~ t;n
: ./J. ~

f);20,t1::

2;' ;?7,t!5
:0:3.1,.10 /

'2'4' 7,~, • J / •

~t('.

0) P~ct i~3t t~- longitud~s

!!lCc' • 3a
), - 360, ). , ~ + 360,
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= 'J1II(j) 29 I

0<. 1.1f,(J Jlllian Y~I.il·R 1 i . ~ ,

. . . , , 1" ~ :::,.' , ,

30t~ic }'~::"i on, II

19Cn is no 1~e.I' ~'enr b'lt 1?(Yl Oi' ?OaO

im-

uTe

·c;,n

... _. .I.#~_u.

~ Ii Ij ~c~. r-:J ""'... /-( A .j).

1.C. w..... II , {-
/ .:::-

o~ con0.epts ~hich play

=200 or =300 reon. ~()O.

Jn1ian Co.}~nd8I', ho,:",~ver, u:l y~ars _ 0 mod."

• , ., _I 0 , .1 etc, fl.c.n..
J..1.,'_.......d.•,f,...... _A ,r>;/,·J1,.

t:;. 'i':--.·~ JuJ.ian dA.Y::;:.

no T rron~~d to exrlein tl group

•• ". t ~; y~ars, .... - "-l'1l"'"'. ... .. ,~

(::'''''T1'': r8'!."l iT' ,,!!~(1i~val calendal'ical art, thus b"~cominf" the l'lasis ot' a c~r-

L'}.i- kin'; or. ~~'U ·-:hicr. iG much 11sed. in modern worK::; 01"'1 nstror!.ml'lical chro!lo-

10r-' !lr.r~T' t'r.~ r-q~~ of' the "JllJ. ian !'''lriod. II This n.,,,,t jnstrL;m~nt of scientific

('Y-:o"o1cg./ "'~~.. j!'t~'orJ;'c~d hy Jos~ph Justns Scalieer ir. hi'J V'l"ork "TIe ~ru~nda-

. ;');- t"!'l"ror"J""~ t-~~ "'irst edition at! which arr!ar"'(l :in Pe.ris in 158;, the

~rlict. ul-out t~~ ne,·: cv.l~~'~'l!·.30) SC81iz;~r :-:''"\:'3 kno~n

-----------------
;:;) For c'Jr.:pl"at~ ti.tl~ and new ~d:itions (1598 and. 1(;29) c:'. E~rnays: Scali­

.s~;J 1:. 283.
--------------------_._---_. ----
to ·h~ s~hol!lt·'S 0 4' tj_~ tjm~ as 0 ~ o~· t!l~ l~a~in ~hilologist! ftn~ is one

~f rhose ,:,1"0 ~:4tat'J.ish~d th~ :'am~ 0:' the Univ",'["sity 0+' L~yden, rh~re he

t'ouP.!:+ .",,1' 14 ·1~H;'S. indir'ectly influ~ncin£ the d~velop~~!lt of humanistic
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I

l- _ ..... n hc.s

6. L ~.

r ...,-:!, r' ,,:,./c1..,.

''' ...... k'''··'',~. .- ' ."'., 1:, ~ -2 mod'. ':'. n~nc/, seven such '1uElJiI'lJpl~~, i.~. 28

. '-, .,,~.........
•• • .::> ~ th ...~· ii id 28 :,'eE:.rs befor~ . This

~~.t": 0 .... 28 Y~:l~· .... i<.; of im;ol·tan:.'~ for th~ calcl'lation of 5:ast~1' BP(l is

... ~":!''''or~ E::.l ..&~·s i.r~icatJ)~ in m;"'i.~"al calendarical ,.c"'ks. A y~e.r i'1 ;r;hich

:1:1 .... '···:7 ~ is u ~::;:.r:a:: fets th'" "circulu::> s'11arig 1: 3tartin£: f!'om the we~k-

9:~:':':' cycl~

t~J"I'!; '). Dio::ysius e::-:-ieuu:-;, on~ finc'ls that the yeRl"

1 ar.~ h~nc~ fi Y~5r n the solar cycle a + 9 if

-8 hu, the I
In 3 e mod.28,

c. G~2den num~el·.

1.+'.-/
Cr rI"Il1ch"\.:i...b;t ori~ir. is th'!! concept "cold~n rlLU!1ber,u 'i.'hich ap-

:",1'~:''1 ("'irs' j;> ..t~ "l.{us~a cot::.;o1.i Tl or' Alexander G-:: 7il1?di~u in 1 200 A.D.35)

.., ...... ~ .... o1·~~n !1l)~r"r of' n ye::lr is its ordinal numb'~r in B 1<)-yeoar cycle ho.vin[

:'.'~T" ··c.; ir tJ):: n.:., th~ y~a.!' o;~ tr..~ int:'o-:luction of the Ctristian ~r9..36)

""'\-. jrr:,crtr.n('~ t')f tr:is cycl~ li~!> !l::ain i~ t~~ ?e.:-..:ter calct11"itio!1, ~~m..us~

~ -; :'-""~'~ !'''!~ 'lr!l +h" "lit',,; m'lc.r. or filII ooon to t~L~ s~."... \l3.te )7) RaCc.llS~

3' ) r o. ~J'3\.r.. '-i.:Jr l ~ J !'. ~ 1 .
7 t,' 00 a r'G';~ , ..., .
,~) Cr, Jtkmo< h~'o:-: .", '

.. l~· := 0 rt!)d:.19, tiT': folrlen nUr.Jbcl' 'Jf th~ j'eer a is 1. 'The ",olden !lumber of
lJ., ....,. ...
, ~ 1 ,'f' !.C-_~a mod.• 19, b' . \.. "'l d 18D. ;'~f>r n IS V ~ , - _ ~ e]!lt"'.; 8f. lnteger l,et,:,,:een an ~ .
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"'; ~ ",-. , .. ke~r:i.ng of

.. " ....... '~"':. .. . . (,,)!"-:1ition 't:() h-- t'ulfi ll·'!r. t ..... Ol',;~I' to giY~' to tr.:ir- year the

n :!Ii 2 mo'~ ~ ~ C, f'111 f'i 1.1 sn !""!. L"';",io!1 to ~ ~ 8 mOQ~28; finally, from

n =: 0 mod.1f). It 1!3 a sil:1"l"i 1,ror-lem of

to p' ..] n· n hu t
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-1'71 !
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Cj rst

ani!

... Jete.3 ,

.: ...~., ..... ". : ... 'ttor 'j" t':- s')l!l"!' C€9"'.: it­
.-4711.. ,

')'" '\-'es .' ~:'::,'::(i.~] a :·J';I(1f:~·. ';lhi'3 r1~':' i~

..;,. -

- -' "

,- , -

, ~ ..... )
\ ' -'?~? I 1 ::; Julian c1e:; (l

• Jillien c3]ender,

-r~~ CC'1C~;'t of ".Tu] ian day!'" repres~nt::;; g v~r:: ty~ical situ2.tion

" ... o~il:i'1 fOJ" ~c!"'''i.nc'ls counti!"'<". But ~ailical i!'llovutio!lti 'both in m~thodg

r :-oc~ss of ";:'"oi:r~ss" cO!lsists in the nnconsciolls cha!lcj::!~ an~ ab~~,]oning

QP t"J~ h'!e.v:',' bq":·A~n of historicRl trariitions.

6. ~x~~el~s o~ cHlculations ~itt julian deys.

I~ ~t~ follo~ing it is not necessary to know anythinG chout the

:--'lr~l,-- "!'~C'n~nical q:3~ of cornrl1ted tacl~s such A.S are to h~ found in Schram,
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i. e. , ?:ith

1728
pair ?G7' ",.!! r"'!lt~t ('oPlpin" i 1;

-17 .
ire t':".:!' ~'~i.:':::' nu.mb~rs -4IJ17 gl'T~n at th'" top of th~

-17. "T'h~ s~cond pert (O~3) o~" Gill' Civ!!" ntlDi.b~]' does

-_._-_._._ .

3 A ) ::'')r th" l!l~t~':"li!1~' of' this di~''''t''!'~nce of .1000 years, see th~ !'~r.:tl:·k at

,:":-" ....... ' I)~ +h~ Tir~c~0in2; ~xampl~.

----------------------
"1:' 052 in th~ lin~ t =

-'.- .. T~'_~r i~ :;'l~stion i~ ther~t'o'!·~ -17 + t = 1R A.D. '(he month into 't"hich

.... :;t:3 :'8.11s ,• <"., VII(e.), th~ O-C.8Y of ;,,:,hicll has t1"o~ numb~l'

( 1 ) Ju1.d"y '728.0"3 - 18 A.D. VE(a) 1

T -~=-:,:j:t,i~:i. .~02IP""r..T,c; o~· ttis tim ... , this y~ar ';';'Ol1!.·~ h8V~ b",'!n call~'! tte

~o,· ... ,~. y0e.:r or" ~jr~rius.
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"r rl'.: r1-'

'J..lJ.C. 0 = -753

•. j" 1'~1' , 1
, ' "~ ..

( .(. )
. ''-' r

hy i."-'''ly i(l n nt,' f"r;n~.... ,.-.. ~ "~''':''

-to i~'

O' {-3:',;" I~ft fram th3 last :'c:J.r oC his pJ"edec~ssor. As a specific example

.. - ., ~7)· .
~"-""")"~ )n tnnv._._.. , •.• ,,' ca.:, '....hc!1 CC offi.ci.?J 1y r'~!.:8n to rul'J the

-_..-,-_._---- - -._._--------- -----_.~.._~_._---

:..., ; :,:,.) ~ = ,r--ll~':: ?G I end th-').,.."':"'O!·~ t~~ I"seco"'o" :1I3er of' Bactrian i."';.

1""1-1.';'0:; ,!,:' ":R ."::'U:"'5 al"tH' hjt) ~sc~nt to tr'? thl·O!:!C.
t13

) This is "l. very

1 :.; at le-
ostr!3.con ("7ilcken, C'stI'<.l.ke II p. 786) HilO hy

rGverse (Ne~ul;e~al~e:g;;~ p.ul. __ )-:._.
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," ),,} .. -...n-, 1"';')-- 1,11,:-;-1 Jon' b,f't':"}1' r.l::; (1'3e.th, as iu shotH_, e.r., t'~.l ll'l o.f;trono­

1("11 ~;".;.'~:'·lJ~ "~iC'L ~:!.1·::! :_h:~ 1'-'11 ~'fwr' of Traja! t.ho 3 11 th of' '1'it1!s~9) Tr.is

------
,.."') 'l",'.'·r ~''l'1is ':74 (ljl·:mf'all-fi\l~t.-Goc.(hJi'3ed. l'ch tllnis II p.2 tl al'1d IJnu­

"'~~"\I::;)~!iJ T.2i2.'. cr. al::.w t~-~·r.orosco~c I.Drit.MTJs.130 (¥~O!1 I r.13"))·
:: ...... , !·o,·ir:c~I_;.l '1!'[~f.," ('~'. G~l·(~tr.::IlG")!'l. ;0.1.11 D.I'/r f'

: '" '''ir~'l~' o ,
, ';

, , ,

.. - - ~

•

-----,-----------------
'.....- ," . 0"

"
, ........ ~

i---,· .... i,,,.....,; - ~ '.
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ty~ical CqS~ showing ho~ careful one must be in comparing the ~gyptia~ reg·

1'1e1 y~ars of ~oman f'?mperors and their years ecc0rding to 'S.oman sources.

Th~ counting of th~ reenal years of an emperor in Sgypt was un-

dOll.rt~<ily continuer'! lonl! after his death, as is shown, e.g., b~' an est rona·

,;:icI1.1 ~apyrus hich calls the 1 ~tb "lear of 'lrajan the 34 th of Titus~9) Thi:

-
'9) : a", "~ht'lnis 274 (G1'9nfell-Hunt-Gocdspeed, TeHunis II p .2"

lOll _"
gohm'?)""f[1 J p.2.4t). Cf. also the' horoscope P.Dl'it.Mus.130 (KilYc!1

'Furt'yrovincial eras" of .. Gardtha.usen ?al .. II p .. l.1.I1~ f.

and Neu­

I p.133).

--_._---------------
IrOCe<1l)r~ is easy to understa:p.G. in astronotl"ical texts wherq systematic cal-

c!11a".ior.~ "\r~ ~nvolv.§d. i:'owards tt.e '3:ld of the ?oman ~mI:-il''3: a real ~ra cem

i~"'o "'Ji(ie,· l~se, conti!luing the regnal years of Diocletian accordinf: to the

.;]t:>xant'll~i8.~ ealen-oar. l'he oorl·es:ponc.in.~ relation to cur ~r8 is

an

---- ."~..
Diocl. ° '" 283/4

------ --_. - -------
in astronomical docu~ents56)

of this era are tHo horoscopes

of '1:1 -r aI'S Dioe1.31 anrl 33 (!'~Soc~Ital.V11 p-5j, ;;0.765, sud ::;1'~1nfell 1.1,. .

G....,~'1f"?1· I G S rat~m";'!nt tha~~ 1'1'.oon nses t1:"~ 8ra Dioel. "seems to t'e nnfC?u;Pdf.rd

'r':!C"l"8') ::::"3:_'Jr (I n.1(,~) rcmar!<:s ttat tr..er~ i~ o!\lv one nlae'3 ~h.-:>r'"3:'this. . - ..,
~!..~ a"""' ':'f'.:'S j ....; Th'3orJ, ql1oti!'_!:'" the eJ.ition I)f th~ OO~I?1':\'!t.:?!7 to t!-1'3 ~llJleg'3'3

-..~.; ...... ,.,.,. ~T\ ;,:'sl~ 1(""38 ::"J.2ptl (If,eler I }:.1/l'J ,.,:-1-3 1). fl"_o !!1o':l-3rT~dit~oD·of

T!:is ~:: '!~~-J~ ''or:', hO-.3ver, sho:-.'s t'!'J"i~ t!:le J'·3.ssaZZ i'i ::l'~stiot"' do~f" no-t:.celo·

(17 )
<:;:------

'f'b~ ~r~~r3 0·.... this -3rC:l. a!'~ clso~ used
17.:-- -- ----------.. -. ------ -- --"'

-' (Mon f'"'-''' »...,1. I Ila) 1= 28-; .fI(jJ 21. ,------------.­

r':')Y~r" ';:t':'o .'~<:1I'liest insta~c9s tuown to me

th:!:,'?Po~"" r ~carn::l th"3 era of' the J..lexendrien ~aste!' calcnlations. :g tave

o.l!'~~ily !':1~!lticn9'i the ?ast91' tat:les of Cyril and. thgir continuation r.:,.

D.iO!1~rsiUs 0_"Y:iguus 51 ) who replaced the Dioe19tien era of his !)I'edecessor
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; ... ,~Lf-J.~.~:~·"~.~7r.~~;·~~,f~Il ... 1'1:(1 t', .t,~:·~-;· tt.~
,..1; •• ; ..... II 1'~1..., 'li,t"; Di0Cl,,1C 1 _ "':,nr

] H.t-~st
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-.,. '~'l'. ,~ .
------------------ - - -- ---- ._---------

-,--:; ,.~. 0" ~h'~

: .... ~,~·;r-l·"'t"i.I''''' "~") "'Jv:ti'11;'Jo1 ir: :'::~:.I?t etc conntin!' 'Jr' 1·he 1"'l.c:nrl1, ,YtJt,l'f! of

~, •. ~':'l"~ r~:u~ a tl"'Q!l~~r.,l ycaI's.~3)

-_._------- ------- _.._-_._- ._----~

,~ - -,
',181 A.D.

-<:h'l 10t:h

fo:' l~:r.> l'.?t')st

cCr! tllry 1'\'1'

. '1" - ,1 ;,-, ) ~' f'. '-' . 1 ,,'rot'n "C01'-'lICl>S....._.' ... ~ :

....." ::.,.} ~'lo'r'!: t'r,llt; ;"'r;undtn': an jntle:;e!1(1.~nt kingdom. In <:ontl'ust to mo~t of

~. ~"":'-' '1;' > l·')~ i .• 1-hn, f:"n0rs.}l'; ~l'jo~ t'~d metr~o'3 0'" (htin--: i"·')ur..(~ i y
' CQunt­

1)1 1
"O~ll!",,;~:q~ f!'o~ ~\Jf'liC fI.:vl privute 2.i;·; i!"' ;,,::r;o:ot;~t""ije ~~~~] ·~vri,l:\.

usein

100n1

~:'i.~ sti J 1of' th~ ~,n2.e'lci,"l

ti!t1.-:.!s~:'~ ";.'l:0rc,. ~-1

" , ";::' ......, "l~t ".:; O~" ~ci"'s cf' 11,j). "" II, tAo ( ••·... s., . , . "1-
, ) ,., f' Gin~"?J I I ~ ":(, r L. 'l":'"!.'! II: r _.1.0 ff..
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I' " ~. . " 1 67)
f'~rrnrK Of .Lto crny, te:t1ine US that "tht:!

::-r':'lserv:;r: alrr.ost cCl!lplctel:! since th0n (the

,. '>~~- ::>ne.sse.r) '1":- to the present dn.t~." This indicut0s that t.he' chol<:c of
_'Ja I.••, Iu~ -

1!':is :-Oiflt of (l1':-::l.r1 tire fer a!' ··~tronornjclll era ~determined t.y the

~''''+r~r 7:;) Hssnm~ that the Ca r.l8fl for thE! era Nabonassar ]e~r in

. 10'"'1, t~o :eSlllt r~'~ai!!s that th"! mer~ cxjst~nce of B ""'ell (lefi~e(l s~'gtem

,),-. i"'Oll>;"jnr J9P-.'Y"S '.':'os of th~ g.r~c.teGt it!lportance for ell astrunorrlical ca1-

iri-~!'i 6'1'1 tr-~ ~'~?_r<.., of' hnronaSStil' eontinued far b~jonrl tr-e liMits I')f anti-

~., ~ ,,:y. ~heir tl~v;f'u).nGss for cr.I'onoloeica1 com;Hltations cat: toe compared wi th

10. Tal-les. 3;xom: les.

Th~ ~n:o}-\lt?m of' pae.sirt£:, over from one ere to .snother can b'3 solve

I"'t wry

by 11sing special tables e::iven

_0'· S h • t ,.10 68) ·11
+G •. A J c.rams a .,5 va

in the larger chronoloeica1

make it ~ossible to rl~ter-

---------_.. _._...__._-

<:"""'.1'- ar.·ann· 0'''' oa 1C'11f\1ion ear ":.he cas~s most fI'eqlle!~tly oecurin:.::. ':'h'3

• .. .,.,., .. . ,. hI (ii) . d' tl.'1':""';:-; 0 q'~"'_. '.'" [l>;.; ..8._ 'n' e.g. !~lV~ l1"'eC y the eQt1ivalences

\ "'-:L~~~ 1·1.g oh~'''; o"l:r1 '1,n1 Christian '3ras. I'ables for th'3 T'~i£:: s of The

-.::,"'! ~Il'\i.")n i .... I;':~·:-~t h'\ve r.~-:m CO~;11tec. l'y Ernst L~oyer6':?) and T.e. Sk~at7?)
................. ----------------

-------_.._-----
'0) e::oriE"mH.)llJ.
7") ~kes.t 11 J.
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r(j) 1 '" 0i" a :'~:: ~'l:::f .;':m 1""' I ~rc'", ';'0)'-

:,- , ,

~. , .. ,

.. ~ .. ",,' r"~l'''''' ,~ ,.......... (1 -f·,..o- r('),~ • ~ ~_ J' ., J _ _ _ '" ...

.. "r

'," ~ 'rf" '.c.'

I' )

(.) ,

3::8/..1:. '( 18

/,.~ in the

............ j .....-, ". ''':>, . ,. J ~\- + T"" ):,r.r J."P._ ,- __ te, has t-;·,·; M = 7r:-. Fu!'-

...• ) !' ,
., ,

'., '': 1" (·i~( ..... c·. ,

r(e) 1 IJ :;. ;. t:".1 tis" .

""~"r'"''''
- - "'. . c -

-", ",(' isi!1rli('~t~'3 thatliS",""j ro. L ! ...., .... artei n

..- :, ,. ..... ' .'. r'

.... 1 ...... .,...,l ....... ", -; .. ,
,.." ..... ,. ;")' S ",",1 17~t :1l11 in ~hc CRse (;f ~p ordi-

.. '1l- fir:t :-'~~l't ot' t.h·::! Jnlic.n

--------------------_._-- ._----_.._--

t - Cl' tho, - J J •• oJ

Vie) 0 + 17 35 ~12 + 17

= ~; -, .,

'0CR (N"t-.) V(~) 17 '" Jul.day 1P)8.2?~
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t ~ 'J7 ,. I h , - T ( ) ~l' ; . " f1l1"1' lP ':' c~_nmn 2 ... a. nc (,'~Y is ... l.ere ore

... ":-?"'R • ;.)~ II(c.) ';:1 -:.~; ~T J !:I I' heSfline: thi s t'-tr.lo is 28); cC"nce

" . C"tS'9 2b~ ~ t = ;~'33 + 37 - ':'?0 A.D. and

II(,,) 21,

;.,- .... ,.'.,<.'. ",'\)",".. ',','". 0'." t'nl'~ t~""~ .... !,n. ""'0" 7-'('\ - "'ou'e' h'\·o ~<:>'n dell~d,- ." w _ !'.,_, \.._ ~,,-,_ ...'''':'~ .... 1'." _ ,':1., U •. '._ •

(17) ;', -," Of :;)jc,clctiun. 7h,:> cottl:l~t.'J un~'i'lOl' t.o ClUJ'

:0(.8 (lj~,r.) 'J(e) 17 ~ 36 (PiueJ..) IIle) ?1

.0 .. H,i) 3Q':I + t = ;2Q. 7his is tLc SU!!I~ r~s1l1t ~x-

..,: 1"~·~',. +;',1 1 .:-- (r'it net vi.('·~ v,;rse.), \·Jhicr. ri?d11('·.~S T.l-I trf'.r.s:'or~"".tt:::!"_~ to

..., .~ " te.l-] '?S '"lhic

. ., ·...·1· 111"'":1 tr"-::':~:'f)l''''''nt;'':m:, t-~:tp.?en tr~ t,:,o Cl',S j~ 'lU<3sUon Era very

"/ ),- ~_ ~ 'l~r ~ i? I

~'"""",,,:,,,.?~: i ." ..... ; - .. ': . .i:.~q~"" auer I s ETCh. fl-, '"h • '-' ,
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~

",i"' l"·...... ,.·r~l "(":1.,,,.11 i!"" ~.:r. ]·".h
~ '·-.·'·'~1 f'O[,r!1 =.r::.:..'l ti."in c'hrono-

1::-: ..... "'1 ""0 :i~"'- ~~.i... .::iv')p...

,...<-: ...........

. 1 • r. r.r."-~ fw.rr~ occasion that ttcs r; ~·e['nD.l y';t~rs t·lel··... idcn-

':': ::ri i'reT t\--. i.~ s ito hav,l been f'oll.nrt \-vi th date:::: J ik'3 "on th8 2t.1th of
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C:l-~r .....
.' -'. ts,

<10

tr.~ 9th day of Athyr, year 1d of Darius the

'.ri~~!l J ~~) :-.:hi~!: i ...... au.I' notation re;:oresents the follo'Nir..[; correspondence:

n",-;us 13 XI(r) 2" ~ D'irius 1<I IJI(e) f 1 . 8?)

f~) ro"'1~2', ;.rfur,.:-ap. ~~o.28 (~.1()1'). Ar.other e.xem:-l~ Ho. 25 (11.85):

n""i,,s 8 IX(o) ~ = Darius 9 I(e) 12

~~is s~o.... s tr:llt tf1~ ml~ber of t.h~ reenal :,.ear de!ll3!lds OT! the calendar, lJ':'hich

'nIJC;~ t-~ knc'nn i""'. o!'flc!· to identify 0 regnal year withont ambiguity.

7~~'~ ~l'Oll; in:: of E8Yrti~;1,n :/~':r's into "Dynasties" is based un Ma­

... <~ 'r-)S' histOl'y cf Egypt; (ahoLlt 280 :S.C.) .. 83) The fcaements of his V!ork are

~) Sf'. :r~ ;-'tro'llJction +0 th9 Ep..!!lish tl'anslation ot' Mkn0thos' COiriti!'.£s

i:l 'h~ T,~):~h ~ssical Library ('3dit0d ebd trunslated by W.G.:eCldell; the

s:::. ... 'E:! volume cC'ntai:nG rtolemy's 'i'etI's.bir-los) .

.... q1 ro '.1 r'r~51:;'V')d tnro'Jeh notations in Josephus' hjstol'y of' the Je1'ish people

(·.... ir:;:· cent.A.D.) and conse';lu~!ltly hy Christian chronographers like "SUS9-

:' illS (CJ'l.. 30'!~. D. ) a:) Al thouSh more or less arti!:'i cia1, this g~ol1ping into

~':"f\Hsti(~s hm; rroved to hq so convenip,nt that it is uselj hy all mone!"!1 hi-

<,,:-:-ol·i8.~s. "Ph; g0ncl'Hl scheme rrfIY be Given here fat' th'3 sakI) of' !"'ef"'".!l'C'!nces

ir °r9 ~cl'o'''j~r-o Jlt.'3 hasis for th'3 dat'3s given (~'31''3 abbr~viat'3d to round

--
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'T~rlynastic

C]~ Y.ip~Jom: D]n~sti~~ I to VI. 3200 to 2500.

1>1. :rl~e i-i"i.ngdsm· Dyne-sties XI to XIII. 2100 to 17C'"!.

J ....'"l;

, " , incltJ~icC Rlso Assyrian, ?al'si~n, Hel1enistic-

?oman I'ul;:;.

-----------------_._--_._----_ ..

1,,: .~. ,..~•.•. _...

'?"el '1C'" ';,p'in: 1l much lonL')!' perio~ tr.an in Egy;:t.= even the COf"1r.'!on Sll~er:
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until a D9W important 3vent

P.C.) 3nd IVcre still th~ I"otron of(c,.

7!"l~ !=1't:.1t":' ot' th~ calende.-r-ic syste1!l.s 0:' l>sopot~fIlia ff'cCS far

p.'3? r .

"

• C" .... .,.
'.,~, • .L_

~'1) 7!-'is is +h.-; r~sl1]~ of' Schn'3:iner ZWG p.60 in contr9.diction to Healll3x.

.~,.~'--

'! :'0'11" S""~r"s to ~ ~ hl'lV3 hee!'. solved by th~ m'3thod o~""' ca11io[: the first part

... :)!,,~ "'':'m;l~x f!·ohli?rr.s than the E$..7~ ti:m calendar, a l',,:,flection of the much

sit-ilit.y cnnno"" he rl.'.'Jni:Jd. fhe period ato~t, which 7~e are hast inf'orme~ to­

~:::"3' is '"h0 time o~ th,~ thil~ri Dynast,:' 0"':' Ur~8) The ::;>rohleo of' desi.c:;nnting

,1 m;' 'P)')0 l'Ti-::rinr: tho. y~ar its defi'1.ite name "ye,J,r of T •• " such IJ.:1d such a

!""3.'-:: '~~ing.89) H""'r? ':':.5 i'!: ~f',Jpt, th:: collection of' the-s'3 :'enr-names t·ecs-l'1e

a "'HJc1:ssit:; fl~'~ such 1i9ts are act!l.all;,' ~reserved,90) but in insu~fici'3:nt
0')

;1'''~h~r3 '0 "~t3r2 i s'!': n c:;!!lpl 'Jte relative chroTIoloe;y, /' not to mention the

87) '·.~tjio!l 11 J my; [2J.

:-':'"'.C· ic'}l]~' '~ottine arout the begir.nines of t.ha SUM9rian calendar.

frcl"'" ~:~'~t h"ls b-:?en assumed87 ) but is by ne means proved, nlthou!.:h the pos-

1"'0:· .... :v~!1tf'l~l hj~'tor;'/ of' 'wah;ylonin ')'"'d tlF'J neir;hbori!llj countries, 71,] know

'10)

,~) Ti ' l'0S111~s bD~e~ on material known Uf to 1938 81'e published in Reallex.
Ass.II 1'.131 ff. an'! p.2% f.

-----
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"3

.....>

'Jf'r1& tinc:

')?) ';'.-- i~' nD.rn;o is ,+:aken from th·;? ~_malor-ous Greek insti tuti or... F'ar the origin

:" 0\.-; -T!'~' In~Y~.5 s:)e:i.5:,2, 2/'1,'. For' the Atbeni9.n list of' Archons see

;- :....,C- Jor, Arc!"t:;r5 11 J ar..c l2J; f::~ th0 ~:;')hors in Srarte., !:E 2, 2860 ff., for

~-,,,," .......... is+-ia .!,:r::r:"f" 'Jtto!T I [.'.1 ~7 fro emiL Thomrson [, J.
--------·------1

,- ~·J:::;o'~t)ti\-,ia~ C'J~t'l!·'3s. Just 1-1:; tr.8 ~real's in D oma 1":03::"'9 c;l,l!cd after the

C.. :_ .,ll!. sIt!'!.':! :"')H.I'S 0'" h.s5~;rit\I: ·1ocurrcnts wer3 ca~l-;: s:'tcr ti,:"r.. 0 N'] c:i als

'''':; "1i~r,ml)'" ',.J(' tl.0 :"''3~ll'. '"hI') li~t of tl!')~)c li..,tru CA.n r·'~ I'e~3tor~d from al"-ollt

')"'I~ ~.C. +-0 _(JJl?95) a'1'i is 0nJ 0" tr~ most im;ort'J.nt 31"'!!9nts ir. th~ r318-

-
I! r'.1' 18-1!";·g enrt be Io?! char t:3r P ".. .

: .--.-

" ........ ,....." ~. - t., .... t~~ 01'::1' c:.l"J!1o.p.rs j~. ~~rylo~ia Ul'3 disc~'.se~ r.\· 1e.~d£r-:lre'J!·

Q.' )
ir.'~o;, ar.t 1 'x" ll:,.~'inj!:ll::~:: stu(l~." T.I:\r.:C:C'·~_'s 1.·J~t'.1!·-;8 ":'P.~ .,tlo!'ier..

~''''''''~''''''... . ... ~ ~

~eca1lge c:' . ~

lS J 0

c8utior.

tt:c
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T)~~~ct ~~ ~~t~rc~~atio~, loc~~ v~rictions,

of the arbitraIJ~ ele~~nt

0<)
etc...... The nqtl1ral di f'f'1

·0;:.
:.lsct't::i-:
~~"~~~'J_-~~r~~ ~i+ ~cc... __ ~ ._ -,_.1.._, ........ ,.

•

an~ almost arlo"al

•the actU'l.l faunci.eTst8.r!c.in~ iand.,++- r~'· .. "c._ :: .. ~

,

.. ::, ~i""') flr:.~," ki~" of pr~cise definition -'.l.'1~ so lOn.!: as on'9 does not cOOI

1''11 ts is a "natural" or sim;'le concept only so ] ant" as one does not att

r]~l'!'iS :,?cliz3s ho'." many pur~ly erhitrary elements are involved i!'J.

I,
•

T~1 smaller ti~e units.

~:C"'it~, d::lYs, a:r,d hours ar'3 S? fmriiliar to us toda.y that 81

';-8ctical lif'o; to OV9rC0'!1~ the resulting difficHlties, several tho -

~.::.ho'ly ou:'3:i,l~ of the s!1:all group of people who ~0.al with sstl'onornicel

'" i . lon of +h3~C' fnnri~rIl9nt81 concepts 0 f time me8.snre!'!'iont. Each of

..........

send y")srs pe.3S~C before a c1e'3.1" under~tan1inc of tho basic astronol!lical

;,l-"''1!)n?~a -vas r~9.~h~n. It lies ontside of the plan of this book to relate

h'" h.iR' ory o~· t.h'1Rf" astro':1omical concepts, but a few details mus be ex­

't 1'\ 1. n':!~ + 0 g~t (I. !'I"0P":l!" understanding of ancien.t time measnrement and i t9

T· ... 1a'-i.onshi; to chronolo,zical rroblems. From the Otto Neugebauer papers 
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-_ r.:o::··

If must ~'3 ax-

<;:~vcr!ll th01 ...

astronomiC 1

'.'J. .-15 -:,""'icul

r oak to relate

ch of'

:.ctU".I. 1.

-'J tr..c. t

t:.'onor;ical r
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1). llunths.

Tt~ C0!1C9pt "'t;ont.t t1 i Z ohviousl:.r ta.k~n ::'rom t!1~ .:>~riodic char:[e

in "'':..3 appearanC"3 0;< the moon. The moveml3nt of this satellite pres'3nts th'3

CU."y,vl')T'ial r.qrI_'os~'3 (n,'1 !"'3nl "lu08r months") ther~fol"e requires 3. more

o43'1i1'3"; discpsuion .,hich ~ill b3 eiven in the next ehapter, ?there '07': shall

";l"C'lSS ,.. 1"30 it'"' clcscl~' l'ele.t'1d prot-l~m of lunar cnd solsI' eclipses. The

i""''''" i ntion of' lunllr c"I.lendart:: aYl(i the interest in th~ ph':morn~:m9n c"" t.he

~("'1~~::.,,1 ~OOT! 0-' Sll!'! ha~' tJ:ldcul tcf!ly }:\~~n on:- 0:-' tho m.q.in forces i~ develop

i-'· !:~oi~)~ical st'.1dy of tr.0 irrcgnlq.riti'1s in the moonts mover.:9nt. Until

. .., ... In,t c'":!'1:-n!"~' 1;.8., hO\"iBV91', nol1ody was able to pr'3dict :."i'ith suf"'ieient

!'!.Cr>IJT'9CY i r!~ Tll)p,r')I' of' de..:.'s fl' ,r'i Oe-VI moon to ne-'l mOOD. F'3stivals f'RJling on

::. ~~~-<-i"",-:' '3 ~L't~ i'~ 4 h3 :lunar month wer~ therefore itep~nd'.3nt uron s.~tltel ob-

s~:·'~S\t-io~s" C""!: t.t~ 01Mr hani,' the development of' econolTic lif'e (th~ coo-
0'­

f)!''''1ioil 0" contr1-~cts, (l.~~liv'3ry of muterials J }1:lym"Jnt of' tnxes J etc.) cre~te

't: ... !"dC9ssi t.! 0" determining dates mllch farther ahead tilen the. i'T"'lf/ularitie

f:itll'J.tion l!'i'IlS I:re i!ltro(luction of a Il1lrely artificial calendar consisting

:"!f;,TS of round numbers of days. We might call this cA.lendar

9. "rus:Sir.e~s" or "fiscal" calendar. In other words J the natural tendency to

-'Jc"flin:s"':~ t;,,,,, calenderic months as closely as :possible to the actual ap-

:-~<i'"L:;"C~ of tr.; m-:lon led to a S,,3cond form of the civil calendar \",lith no

re 1 'it iO!l to : h'3 muon at all.

The !!lost f'ar-r8ec!':in.~ cons9quence of thi.s process cen he S".:len

j :'hc r ~8.] 11lner cal~ndar plays only !1 very secondar:! 1'61'3 as the

~-li7ious CljJ0nll~r o~ certain Junar f~stivals. The 1"981 civil calcndqI',

~~-ev~r, ~~c}usiv~~y userl in datings, ~as based on twelve months invariebly

30 f.3J~ eacr, and ~'ive "e~egom}nal" days at the end in order to ke~r the
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,?,.; A .." .... ,.., •• .'">-~r: L~" ~ <;it""l:'l'~ ~3..,ic"" f>O~ t!l~ a::r:roxj!!lRto ce] C".11qtion of hmaT

;,r-.·';~""~""t. 7""::!~t: --ill h'J (J!.SCP.8S0,1 in cb.a;t3J' II. ')9). H')r~ ':':'? need only

, .-

;. ..... . .... _., -.
. " !'!!-3nl ior. S::!?I'3 "".1J~ll-l<",n'):i'!'. (It!.tn for th8 t'..... 01vc rises J. mO:1.ths of 30

the a;'e.:.;onnl days, in accord"1.nce t7ith their r.ams, ar~ con-

'• .ro·...~!'ir=:'3 in th-:: g1'1'.it eal:r.derip inseri;tio!l on t.h"~ t'l'1l11s of' the t'Jr.'1.rle of

'='.~""S~s ITI (arollt 1200 B.C.) at i~9din"Jt Bahu are considered as consisting

I)-f' "h3 oPf'P.:"l!'\,:s !!"'l1r th3 Jear c~l1 the five days", 100) shor:inJ! clea"l'ly that

__• -J

" :.-.:- :I~e!''' ("ol.tair..~ 1),:,:1:,' 3~O de~·s. r;'hie cen be fa'lo erl ho.ck into 'th0 be-

.... i -in::: 0" "'r.~ ~.iid,;l"J Yinedom' 8 contract hetv:een the nornareh of Sii'it end

9~~ th~ pri~sts of XXB ~o tem~l~s 8eys101) "See, a temple day is 11,60th

0" ',"" year, Y,)11 shal~ divide a"": the daily rations whic~ ent'Jr thi.s temple

(')'l"tSifiti"jl"" 0" r.T'~nrl, t-<~ef', ';i~c. meat,: fo!" a temrle day is reckoned at 1/360t

')" r"!"'~-'\d, he~r, p'''ld ~vcrythin[': ~")"r:ich enters this t'1mple .,." Here and in

a~~locous o~cRsio~s it is evi~c~t that th~ business year consisted only of

~h~ 1? months of the civil cal~ndar.

It is not surin-ising that this simpl13 scherr.") nas also a;:lied il

l""'3.; :.':)1'8 7.'r:ich ?".:J usually call "ast!'onomiceJ" but which are much too campli·

cat~1 to he ~escrir0d accurately by the very primitive mathematical method
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~yi~t .t}~ i~: ~~S:-.Y~t. 7~1~rgfor~, the natl!T3.1 may o!' expression consists in

~~')?'t-:!"'- t!:0 S~l.rr3 siM~lification of' the facts and to describe the changing

'J,~ -:. '·~"1Cf)S uf' th~~ star confi,::urationB in a scl:ematic ?It:.y. Eenc~ t:'e fir.d in

t~ ~ -_·.o~'31 tarors of tbo; ~,C-:' Kingdo!'! re;:res'3ntations of tr.e risine and S'3tting

or, :.; .... J.T~ ('h~ ",l'~~~r"3") 7.'hich er'3 hlS3n 0'1 a :reer- of' 360 days.102) There is

.'1(2) ,-.r> Lnn,s·3 - Neue~hnuer [1 J p.69 ff.

':'! rlo"ht; t~e': ··1:=30 ttis astrono:'''icel use of the idealized calendar roes

:~Cy ~ucr. farTher, at least to tt~ peginni~g of th'3 Middle Kinccom.

'l'llT'nir!f" n""-' to Sabylonia, ';"1~ find the e:X9.ctly parallel phc!'_omena

j ...., 11. j"i!'lcnl or husin2t3S year of 360 days, cO!lsisti0f) of' t".JIlo1ve

"""OI!t h3 of ')0 cayf'- scch 8;'.'1 thQ ~"'(tcnsion of this scherr.ntic cal~nde.r into

--1~·31J· estror.oMical pt'ot-l~rns. For the fiscal year J '!!':; cen !=,oint to 01d-

4'-~t in ~QlcT'lnt\n(~ int~l'ests the year

1800 B.C.) whieh state e7.pJ'eitly

should oe eountcrr "-s 360 days;'03)

10" )the length of e month. ~c kno~,

"--,------
1(3) l'I€ugebauer l.1-:T I )'.360 and III p.59 f.

-: 'J!) Heueeheu9T ~i"'~T III p. 63.

:f'llrt~.~::·l'!'.Or~, tr.at dates i''1 contracts for delivery or :'nyment of 8fricnltural

;ro~ucts :}l- '1 lA.t~r t.imJ mnst not: n~cesserely m':}on t.he? ac ual date of the

",. 105)"
~ a~on. Flr.ally, we Knorr tlo:.st er:':lil'"'oxes

' ....' .... 3.ctlJP.l r~~lte8 i!"'. 1"1:':' lunar 0alendar coul~ deviat9 f!"om th~sc nnt'Js by
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- - --- ---=c:-==----o
--= - -

I~ a 1 - rt10,1<3rn (li~CllS;jion3 atout ancion1 tim~ r')cko'rl in,:" , th::) :-ro-

t -...,.• of 1~t,::~:,,"i!,i.:-· thl1 "e~och" i~ cOltntine days involves th'3 great':)st di:"-

...... ':! ~r"}~'lts 10':';l:1n ~h.;o doy '::itl: :.-l!J mor!ling ("marni!':?: epoch") or ':'.'ith the

~""'J;,j'1- (""?'9""?!:i-.- ~;och"), alU·ol.l.eb a;-.per'3ntly ~v":.ir..,;", epoct is tho riE:ht

8:1'lLio~, ~1' 1 ;U5" foT' thn cln-":Gical }l')riods i.r. J,th:3nG. 108 ) 1~E'.n~' of' the

~ ....~) "(try ""r'!Y'''ir:r- ~rocr:- i:'RS BSSllm-3d mai.nly hJ Bilfingcr in his !1lU!lcrOUS

,..... •. ; i""""<:; dm '!"1:.; Sllrj')ct (cf. th·") rit'lioe::r'3.phy). _lI.n cycp.l19nt G"lTime.ry of the

';"-.. ..,--: ... ' (~i.t"~tion if> r;iv::-n hy Sontheimqr in ....r.~ artie"!.'::! "7ag:eszciten" F.E

~ I., ~Cl'-2n31 (~132).

contradictory stat;J'l'!cnt".3 in ancient literature ~h'jch ere useti in support"of

-i~~l:' ~iver~ine q::inions might be :lxplaint?d 8S r<1sulrin£: from th~ fact

t'l-:n.t ;hlJ ~:rorl""m of c~.och i~. the exact sense of the ~!ord C.00S not rlay 3n

ifJl:po~~-nnT !"cn~ olltsifie of astronol!t; soc. special l~Eal cases. The 'luestion

-'!':~t:h~r th~ r.i~h1· ~l~otlld have the s~m0 date as th'1 precedine; or th~ fo] lot7-

~..,,.. -18:.' cOllI":" hav:! be?o disree;arded by most of th::. peo},.110. For sreeiel rea-

qO"'. -!'",,: "na::,n cOLlld naturelly heve heen considerec as beginning a.t sunrise

the oth0r hsnd,
. q 110)

?S In ..ome.

Sl)'3cin1 1"01:i C;i ous reasons

Th3 "Jveni!lS ~poch i~ e10se1;

Seth~ Z31+,1'4. ~•.• 1)~O ff. Ct', not~ 3 •.- ,

(,0'1-0c'~d r:ith ':',h~ luna!' c"l~nc.ar, which l'egins the 0'3'.1 month with th"l re-

e?nearanC0 o~ ~h~ crescent at sunset after the new moon; if on0 counts the

rirs~ ~S7 o~ a ~o~th from sunset according tu this rule, then logically ellFrom the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 
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8'\Y~ ~'1"R7 ulso

111 \
c~ l'~'1£l~J!' ) "1B

begin in th~ eveninf.. This is

~ell as in the Jewish112 ) and

51

the case in the 5a­

MOhamm~den113) cs-

· ~ ~ \,
~,'- ",""-l'~ '"!' of'h i:--: "a};~Tloni'9. {·ontr·adicts. th"'! st'1t3m·:mt of' cleRsical

""~'i'~rs (~O· "nct':r1 i~ !hlt'ing~l' i "1 J p.15/1(;), thO') oldest of "lJl]hom S'3~rrs to

fl3 'h.r'Q (:'jr'3t (]0:.t. f;.C.). :'hi.s. Sh0'~S ho'" unr.~1ia't>le Anci':r!lT. r-"por·ts

'.\ Ol~' '''9"'':'~ ~1.,.,,1 .nd-ylon can r'~i ('f !- (; ...... ft jl,t",.

• "! ...... '." ,

;}inzJl I !

;. 2 ~.

.... ky
r.l' ~,."" /-'r' rOT'I·o~"on'nn"O. ._ ·,1··<.1 .... ""

- ... ":' S'l""':, i'1; 0;' ~Ol)l"':" I trllP, i"" COmpal'ine dates uccord.i n~ to MidniO"h t- anQ,

.- ") ..... _~:O0.~.. .". ·-.bOD ~r thor/} was hard ly any civi 1 cal ~nnar SIl") i ne: noon epoch,

tl;~' '3 ('j"'-i, ~O~ 1'': C'on'l"nient. 1'01' astronomical rl1rposes, not only r<?ceuse

q Y"i -m{jr-rl ... ~ oc'!': invo!vss tr.~ C'hnne;c of' datedl'!'ine the time of ol serV8-

¥ nv' ~.~~+ io"!"

• • I' 1 1'12t1 X.II ,­
/'

.... ~l-}..,s 0" tim-;; i-: -';;ich th~ "'""irst ttll:' of t!1e civil day i

From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



,,":), . ,. .--: -1':. r,,' ... - .... ,- "J_, to

.,

7t':! SHl'!: .... 48 hOll!"fn .... ), . .

mj:'!nj~ht

26II

l":et rh.'\j' ti!'i~

0 " t \.-. ~".ri.n r-I :... •.-.~
'-., "t:

- i- ,~l"~!1..,n;~i·-,.

;:"'1'£'0"'''' 10fivin.:: th~ dincuRsion of th0 d~ys, V'.~ must mSl'1tion an

i ,.,t')r~sti!'w coY:c~rt rlev'Jlop':!c_ 1>:: ""'at-ylonian a.stronomy o~ S~19ucid times

1"':"'~" "'O!i'~F; o~ 29 an'l 30 do:'s led to the intJ'orluction c:' months o!' ~'.;.ual

1':'" ""th. T~:'s holr1 s, of course, "'150 for astronomjce.l calculations, in i'!!:icr

c":A.t in"" ~'1an~t3I'Y positions therefore used cot the real lun3!' cc.l'S!nnar

r'l't l·1TIEl.T P1.o ........ r.s of' con~te.nt Ilvgrage Jcne;ths (i.0., abet 29 -;1. days). Each

S'1t:'r;. aVr~':-A;;r..:> mon~h !j8t: suhdivi-::~1 into ;0 eqnal parts, r:'hich i!'~ l"!1i'::;ht call

!1!'.1!1B.!" d:J..i·s." ~l)cb P.. lunar cny js orviously shorter than a r'3~] r]H~l, t>ut

T1--;.: (j')via"tjor r~t"c~n 8V'3raee dates 0l"t3jn~d ry ttie method and the rca] d

~~t~s R~ ~9t9r~in~d by the wov~ment of' th·~ y'ea]_ moan n~Otl~ts to so little

~~a-t:: ir.s US? is ""ully justifi,:,n it:. practice." 5) It is, ho-.;.'~ver, i!lt0:!'~stj

7r."is ~-rocailure We-.R rliscoverE'd t>y Fe:nnckoelt(l1 J) anfi i!!.d-::;:9nr1cntly b~'

'- CJ Sf>'3 to ·'hat con'J~~L1.ences the institution of 8. lunar calendar leads ""7hel

u~r its ~xt~nsion into tb9 future:~ecomes'becess8ry.
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53

J.. purall.el to thes'J "lunar days" can be fOllnd in Hindu astronomy,

',>-:'? 30-cA.ll~rl "tithi", 'ihich mi [bt even be related to the hepylonian lunar

de:'s. C"!'~ tithi 1;'.180 8rlOllnts to 1/3Cth of one lunar month, hIt, in contrast

~ C' : r.~ .... at yloniRn conct?pt, not to 1/30th of an average lunar month hut to

1 /31\t-rl c~· ~l r~al lunal' month. Consequ·::;ontly, the length of the titbi varies

1"1 ~r::·;:o1"tion to the leneth of th~ lunar month, th'3 limits being ahout 21 i-
8,"r r-r. hOllrs. "rhe introduction of this unit is th'9refare not a simplifica­

~'io"" l'tl- I). 8t,ron~ c'Jrnplication ot' the situl;ltion. This could he considered

38 an ar!];nment for its importation from the outsid~ into India ':'l!ithout a

... ~A.-: 11;1c.crst.aniJin:; of' the origihal purpose of its introduction in the Baby­

lo!"ie.- ~l9.n'3~a~·y theory. 'I'hist.t"lc'J_ld become even mor~ possibl~ by considering

th~ fact ~hat dir0ct cont~ct bet~een Babylonian ~na Hindu astronomy is

~is·o~·icall~ 9yclunci, and, cons~~ue~tly the assu~ption of a Gr~ek or Near

;''''8.si'~rn m'3diu~ COI1]I' 98Si ly 8CCOtlnt for the misinterpretation of the oriei­

~!3.1 -pr:>hlem.

2.2. HottI's.

1'0 tJ~'? modern man a concept like "honr" seems l:erfGctly si mple:

th0 ;J/th part of a day. It is therefore not surprising to find frequently

r3!"1arks in modern historical liter.'atl1re consi(lerin~: the complication in the

'l.nci .,..~ •. def'initions of' hours atl a sign of primitiv:)ness in time rGckoning.

r .... order to l1nderstan,; thp-se enai '-mt de.fini tio!1s, it is necessary to 8ppre­

"iaT': +he astrono'711cal facts which '1'7il1 show ho\'J fHr from simplicity our

C's:ncei=lt "hour" actual ly is and. how Ion::; a road of' cliscoveries was n0c~ssllry

',J 1"""'lC1: tl r'eall::r conv')nient def'i!lition of this fundamental unit.

e. A:",tl'on.o~dcal conceDts.

~r'l "sky" i:: :" sphcr0 of 8r'bitrary radius on r:l:ich an ors'Jrver

-;::rej ~C'ts 7'!",--- wi.sitl:: fix~d stftrs. Be~auBe of the tr;}m~ndou$ '"istanc'3 of the

..·ix,.... ~' s~·qrs f'!''J''!1 th~ 0art'h, !10 c'hane~ of' apl!earance cal' t''3 r0co~niz'::rl i.f
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}- t!:.2 fL'*':?d f>tars C3.J::l. he consi~~~·.)d

, 1- ., i .. ').)

, 10 '-

... .... .... -, ,.. .. ,'~o....... "! .... ".., r~ oi!::.t~ :J'" the

:.~ ,'1-,- 2':::.+-'.'::'.

... -\.. ...-' =-.. . . ....,.. ... ~ ,......... ... '"•.0_.--... :.0 to tb0 fi~is of ~o+=tior is th'J "ce-

",,,, """''''01·")-'- ~. .

........ ,

o:f the opser-

..... '.--:-')" io;;, r>:l~1')~1 ~r..; "Ill":rir1;Jlr." o~ tr..~ !",lc.c~ 0:' 19.titud~ T' :'r.,'} c;:~'icli!:n

:> ...... .:.,:: .. 81~. Fl~ "'3 "n' o~l:' 'thJ -:::'1""itl::. of th~ ot-~'}!''l:'l' tIlt elsa the n0l'th a~d

RC" r. pol: or" 'f:f) n:ds of rotation of tte celes 1al srhcre (cf. i'irr.I') •

...... P.:)O;" r:; ~!''}~:;.rd rhc u~iform rotation of" tte sry f'roI'\ ~nst to

-~S~ '1. ... ~ loc·).t-- .... ""'t[:tt ~:fter !1j~ht the ~ 13ce of the moon or of o!!e of the

f"ive ?2.'lIV::ltS ·.'-'ith !"'3s~ect to tb.~ fixed stars. ~"Je shall find that teose
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th~ mean 0o~tinuouDly from

,~ ... (yr' '!:h~ r..Cl'izor:. toil'l:',' is n~t~r 5. fC17l da:/s l!J.llch lower at £'ut'!.s~t s,=,-c fi-

o .... '!'" i t j-, H ,:r~r::.t circl~ o!" tt~ ('')lest.inJ spher~ cal!erl tt0 "'3cliFtic". The

titl'~ n~ce~..;urJ P or tte: sun to tr'uvcl once aro 11nd thi€'. circle is the "year."

T~~ 1"le~~ Of' th0 cclj;tic is inclin~d towaI'~s th~ e;uctol" by an

2n""1~f f'31:~(l l
l-.ss . .su,r'c fl.t Suo,Ita- t}::- pain.... u~·

I of araut 2t degre~s in.anti1uitt, today.j... J....- _·_-t ~"uff::J
iTltersection p~t\':H)::m e'luatol' and -~clirtic.

about : degree

Ih~ daily rota-

'-~O'" o;ov~s ~""':is oint o!'t a gr~'.lt circle (the '~Hluf:tt.ar) which is ~xCLctly half

ar av ~ 5""" hal-<-- r,elo': th~ hOl'i~on, conS'3'luently makine:o; n.ay and ni.rl-.t of

'1'~'is :"oint has t-h0 maximum distAT_ce of £. degrees fro~-I tr.0 equator; it is
wl..J.

-ov~r tv ""t.-;:!: dally rotatio!l in a ci,rcle parallel to tr.e equator af!Hi is

as gr'1'3. ... n;: ~_os..:i.rl ~ during the

':) ~.)~~ I"r~'''' rm? of tt~s~ fou";" chal'aC't~ristic : oin s of tt,e ""':'lirtic to the

~~~t. ~n n~:r~~s mor3 a~var.ced, are called the "s~asonB""
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. ;,-1- ... ,.. .. ..,1_
.'~--.<.-

,,~. ,0.:- t'h? ~

,,',,:!",- ) . r:~l

, .

..... n ....rtlf.·I'.- ~.- ,

1 , ,-

. ..
.-" .

...... .: -- ....
.. ,

...... , . ..... .: ....'
,·.';·..,'1·' "C'.. ... . - .

7!'. : '') "
,.. , !'.C:.'~VJ:!:·,

, '- 8' ,~ut 0';;.(: in the e~li:ttc. us SL1.l cse

'"!"::.t flo- .. ~'l:l Fit noon 0"" 9. (,,:iv~""t ('o;l.:' stood cxe.ctly at onJ of' th'? 'T'J; oints

fi:. 6,,). S"ppose that is th'? arc

S'2 correspor..dinc~ to a rotctio!! of

I ," :ie, secondl:; , c~nsider tt~ ann1ogous case
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if> no\":' on the

decroe-s

• •!"~:~t.. But 3
2

8 1

i"! o!"der to brin,:; th~ sun from one rn':oidie.n

i ~ th~ full 8M':)Iln1. of th'J snr. '5 <10.11:," movc-

i~ onlJ a f~::.ct'ion of it. The"true solar day", I.e., the

·... -"l-OX";l::'. :;-, (Jt-l-).'1Y' '."orrls, th'J 1'10v~m'2'nt of the sun, even dtsl'~eardi.n.:: its

...... "" ..

ut:>1')~itj' i'''', :h'! tirri'"~ i"'hich tb~ 1'0al sun takes i~ making 0':10 l'ev,:lutio~ in

"!1~ 1c1i~"'~c: rr.o!'~ovc!'J this fictitious body trav:)ls not in the ecliptic

tv~ iT'!. t!'_J ~q'l:;ltOl'. 'rce tim"} r.3t\ieen t';']o consecutive passp.~es of the meri-

di"J.n oP th0 l!le':ll1 ~mn is called "mean solar day" I and its 21'tb part i~ none

Antr':'''101!!ica'l ta~-les t'"1'-3Qnently count hours from 0 t.o 2Ll and

i~':'cqt'? ~~n11er f-arts not as minutss, seconds etc. but by dscimal frac-

. iors" ~htlS 2~.~ m":'f\ns

~. 7~~ 2d hours.

e
It PTer "d:-~ preccRdine discussion of th"3 discrepanc:iAs bett"n~en

"'t.. ~'1T.'3" 0'" e'1'Hll l'3!l[th 3nd th'J actual movement of the sn~, it will hot

.p~7"?n' °ro~ on":." IJr"3::~!lt syst'Jl". iAoreover, it is not onl:'" tt~ n'Jcessity of

"!s .. ro .... c-ic~1 }-.'1c po l"1dee ,hich stands ir the way of th'3 i troductio!' o.P hours

:: -;:" canst ant- 1 '?r.,::tl-: bl1+ th'3 adeli tional practical di fficul ty of construe i ne

.i"!r~rpm0n~s o·'!:i~f: :J.rt) rr~lia'b1e '3!"'.ough to sho\17 equal tirn'3 intervals. All
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c; _'~-llJir': nstror.cimical t.h.:'ory of t'heir constr1lctioI:l and COTI'':lC't

." r ~ .... i~h0S to ol·t·~in mor'~ t!1S'1 e r')l1~h estimat::- 0:' tirro;

-l'"!' ':"-:,"l..Oro!.;.3 i-.;volv'1 l:I'':!ot inaccuraciet; by physical I":!8sons and their gra-

:. '1' i 0"1 '1::a1" 1""";.':i 1'.... 5 astronomy. Th~ use of e~actlj.· definec hours is tt.gl"e-

. 'r .. i ......,.r; ..... .,..i.OT1 C i' tir:~ -1' ~cordel's like the p?nou1urn-controlleo clocY.

':h": Ol~0Gt t;,'~e of' tir"1: n'-it smal1e:r than u de:.' nndoubtqdly con-

hoth d.e:' find ni~ht ~I'e di-

lil~c th0 ~OlJ!' vizilise of the Ro-
11 Q).

0 ..' 1 ... " G"'..,,"''Ir<:>·· /_ .• _ '~J"O;

.... ::.'.....~

si ";1;1':"! f'r"lctions of' th ~ ~.i~ht,,ru ,.\"\,1("1.1

C~ ..~ I 7(\ "' .... ~ "''''1'''-'; r'l=,,~ '0\-.;"''''('1<:' r:;1_ ....._. , .... c:;. ••. _ J.."- -'_, "'"J'\'_'

;'" ~'·r;C::'!1, ~:f>~~'ylottF· I,? ~.7~?/7Qj).

...... ) ~, .... ..:l ~; "",..,nl· 1 -'C' ('"' .,. .... ,.,.., <:""-0B1· C1-·,.... ,'o)
.-" <-i.. V • ".v .. ".'" (' '-'._ ,~,._ •. u ..

(-'llYTlrV'Jtotl(/" {"'In)' VitOTt)flr,J.. t T';Y Y';tI.'P\)..-~_ ."1- ....,; .-Y."

~ ... ,:. l-r·", '•• "',~r ; c·., ••. _.J ;.J

11 .. ~ ,

. ""c-]' '1:: (ca.

. ,... ' ...

,
.) "'i'e 'ivi~1J~ ;.:ot~l.!,:-'1 tb; !'i.:~t int.o f:"ll~' TJI.c.,)foL I ~

'~vb":'~?::- i~'': ·t,·· l'l,} bml"s; th'J ·-Jivj~i0!! i!!to "(;lll~' :-srts

1,..,'1'", _.

~:n~:-nrJ /"\cc~pt~d r!:Dt' :1-.3 'fuA.. J<1 i.s the fC'J,..th yart of the

;~; r-!-'.S:,l OT'! '.1 fe-tat,]· :mt or. Suid"3.S (cn. 1-:-"0 "Lfl.) S.v. ilfGfuA.... f
! ... , ....~1;:· TV n ")~. a!'(l ;.772) s.r.C: is SI1!'T-O:tf"l.J r:I r1:~.ei.st1on

"'. ., ..... ~ y. •• • ,... .... ~_ _ ..... •J.

r>:,,:_:- :;.t: ')"

, .. ::;.

-., "

.... , ·.-;.-.n.......... 4· •..~-' .,.

., .... ,...
~ .... ; -_. 1 r.: .~ ..... ~ ir:. .. ", ~ r~ es" t':\~ let:. C~· t:1 ~

c', /7 ""'r' TT- n (of' ..., ~ r ....+.... lob'
.,L 1'/' -~-,•• 1..~ ••.J~_ J'

?:.CJ_. t' fnrt'::.r::t· develo;-on th'3 division or da.~· and ni .....ht b~' the

':::"':-":'·.;O~ .... ro ~ • .., .-, 1, "~.o" ~''31/, name 1)" I t~!ol ~ths of' day Rnd n i-:.~ht I r~8pGC t j vely .From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



ir: w)--ich he 'l'lOttJS :'ytheas of

ir Gel"!1ir..ll~'

60

"Introduction to astro-

.... x) :-'~t-b: ':--:=itr. 1,.113 rjllOt;~ $\ dOll1tftll f'rnnm""r~t or A!'ist:otl~. C:~t'tain

..,., ..... 'li!"."' i~' "r~ I,aS~~£:A ir.. A~'i::~'Jtl~, i\"'7t1lt(o..I,..li:,tln/" 3C,r) bqt inrleci-

siv':) ~'""c',.ius·Co nol pjr..l- is st-li'] ar UIJt U:9 !1Umbel's 0" hou"s bill: {July tp~t the

""·'.rr~!",.- cf' ~}:: cOl'r:cil Sh(.lllrl fl.lle:l~ i!l time (~JI\. 71lJoffl)'iZerll\.).
-rI n
- "

I' ,...' ,' ..

r', 1')."1 ff 11.'",. ~ .,

. ':SSiJ~H 't-i"'" 0" :..1 .......... "r.1nj-)\ _'I ., •..• - - ,

i

....... )

"";"\-'-""~ 'l",,..,'l,. ... . - 1-: "J:: .:rl,·: for

". -

... ,. ,. , .. , -, )
, ./' ).

T i.' t ":'-"", ~":"J " .. ~_..."".,

hours at ni.sht. ~t'::l1!r astronoM~rs :he~e-
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122)
ric":: C" ·:C/;~t.i'3.'l histor~. hot::..rc; are !'!lsntioned in thl'?- p:"-r"::'!."11C. texts,

C~·1 ':-:; fl;vi.'3-io~ 0:' ti:~ "'i.::h+. i~to t?'elv'J parts is the basis of the so-calJaj

'"~ic.,":"~nal c'-l-;"'f~'1:~'stt c;!': cor"fin Uris of th'3 XlIth n:,T!:!Bsty. 123) The f'I'ocessiCZl

~P '-:-'" +;:,~lve c.ej .... i~s Of' t~c da.y !'nd of th~ night is
. s 1211)

... :~-:>:-~, t';!!lrle of' fl'l~'~!l !~atpe;"3,·t 'and frequen.tly

rerre'sented i p

th,reafter1?5)

the

1?1') ;:!:!.vi11'), D~il' ~l H9.he.ri IV, 11 L1 , 116.

~~~) ~f" ~.~. 3~theJ ~eitr. p.111 ap.~ brugsch J 7h9s.I J p.185 fro

Th'Jse Egypt ian rOUl'S J r.o·"ever, ai'e hours of unequal leneth,

C':'.11 'J~~ "s-?8sonel'" hours because they are the twelfth part of the actual

1. ~~"'~hs 0" 1'1:"G or p..i.ehts v::hich V9.ry d.nl'ing the seasons. This follors, 'for

exem;le, f~om th~ divisions of tho scales in Egyptian water_clocks;126) eac

126) Borchardt l1J: cf. also Pobo l1J.

~~nth has a scale of its o~n, divided into twelve parts by smell holes

drilled into th'9 stone. The variahility of these seasonal hours, however,

is no" V'9r~' gr'33t in Egypt because even in the northern-most parts of the

C ~l:n"':-y the lonz'9~t c.e.y is only 2/5 longer than the shortest.

Th~ same type of seasonel hour is found in Greece, but only in

"-erioc1s. "The word ""111\ (whence I.otin "hora" ann OUT"

~'rO'lr!l) o-:oigi!lB11y means cny definite period of time. The division of' the

~qy in10 t~elve parts is first mentiones in Gr~ek writings by Herodotus

(~t~ c~~t. P.C.), although with speciel r~ference to Bab lon. 127 ) The next

~ -7) R'JTOr'lOT'lS 11,1(:'9. This :passage has been declared to be an intet"I'ola­
+io~, mo~t rec~ntly by Powell ([1 J p.69); but this view is based on uncon­
vi~vi~F and even false tireuments (e.g., that there is no other evidence 'for
11" t'-~lve houes i" Greece refor" Plutarch). Cf. also I'ubitschek, GAZ p.178
not':! -
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_~··.:l_._,'C_,.1'?8) . . t t' . .., . ," ,.,~~. l~ nn ]: ~res l!'l.~ rn.ssng~ lD \}0mlr.lJ£; "Ir-tro0nction t.o estro-

::8) :-'<;+l'1 Z9~t!'. 1, .. 113 'lJ"ot;~ 8 doul-tful f'rn~~nt of' ArlRtotl<;. C~rtai!

.... , - '!'llJi--:' i~; f"r) r,assBr':1] in t\~'i~tot.l""", ~~"7"''t(....... R:A.4.T"\c'" 30,(, t't1t indeci·

f;i'l.t; r~c~us"" nctr'ir..{,: is sail) arout th'3 !1um1:'et's of' hours but only .... r;e.t tpe

"',··,r,r3!'C c~·, th ~ ~('l!1ci1 ShC.'lllil ar i-.e:~n' in time (~'" 7 llJoff1?"£'a""D\).
"I 0
, " :1 I :~. -: 20 iT.,

"-\~~'1"'~'1 '-":O'l)"~ ""<, ..... ,

-: 7' '-, ~

.\. (-•. 1. ~, j'- .-,. , .

'.. ~ ......~ -.....
~. ~ ,. t'1 ,.... <:' +., +..... "",

..) ... ,1·,
, -.
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~a~ chosc~ ~~ ~poch

;7) ";f". '1hOH) r-. ~ . .,. 71~3 oetai1.'3 r,clo!1~ to n l:istor:,r of anci~r..t ec:;tronotrr'J

., ~ ~~ ~c+ tM~~··~·~1·0 ~itl: chl·on01.o:ic~1 :·ro~l.erlls.

• - I' , .... f'. '1: 0·· ... .. -

.." .., l~:+-'" ~~ti.O!1~'1 t:f;:C'l of" hourG, p'.~ ust--:"onorricnl hCllrs of constar.t lenr:th'

~lS~~ t:l 'h3 ii31~~-istic astrononl~rs, is un~oubtedly mOJ'C closely related to

. ~·J1o~i~~ qs~~cnc-s t~a~ to Z~y~tian traditio~. :h~ foundation of our pre-

s~nt s:rst"!~ of tirr.~ r~c}r.oning is :'oTl:!lerl only throu~h the ccmbiflation of

r cq"; inPln,=nc~s.

'-, h~VJ alr~a~J ff1ntioned135) th~ division or day and ~i~ht into

f':;'1e::'lri!l"" marc~in::: i1iste.nc~s not only by len~ths rsa~l miles) but also by

.. ~,..,..." n~"') do it" fiJl.;'in[ t1:c.t ';:: :lace is "only on~ hOllT distant." Trois ver~

~ o~·, h~T· "YO, "'~rin(T 0':".9 r.i3ht) wad su: l-os'?1 to amount to at-out Go km (36
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, - t )
l".!l :e;:-:" >J :h~ d~st2!'Ce corresro!ldinr: to on,g "watch" wou.ld oe at-ollt 2 ocru,

ey.;:!,;~ ~:-:'"'!. i ..... J8.rylo~i.an u'1its. 1.37 ) ASSllmint~ this eQllivalenee betneen 't"i'9.tches

.1~~i~~· r~] c.2 r elves tha

,'"'- clo.y. AI,. i_ /-life}, 1..1,
PBtimJ,.te fer car9van travel of 50 km (30

.~~",r- y _'''}....... f f"" ~'.....~r( 0/1-. (rJ).
\ ,..hr...~~.,

of t'b..is lJ~i t is flanna, re~l.':1 KAS-~U in antiquated

c.!\fl.r.e \'\'H;; ~'ound hy 7!1u!·<~nn-Dansi'C. l1 J !,.~'::':.3.

. .,. ~, )

"'! ; 1 :>';)

(2~)

j:=> -:!l~eeil the "!'~]ctio!1 O!l. which the B9.rylonian tim'" r'9cHoninc r.ith "beru"

re,S·S.

Bce~.usf") of (25) tho Tlt'0ru" is frequently calli:>d "dou'tlle hour" in

. r~ '",1'1'97' Ii t.3:Jlt:,,·yoe. 138) Tr.i'3 if> correct in so far 8S one t:;ru err,aunts

tc T"O 0(' O'.1I' honrs; the r..arre.is, bO'l"eveI', mislendin£ in so f"lr as (a) the

-;Jr~ h:::iJ"u does ~ot Cf) tnin the e10ment vdouble" and (b) t!;C t'~r~ is orie;i-

n~"!l:' nc~ n m':!~sur'3 of tim'3 lik"! Il~our", but of distance. Th~ 80phasis on

1 7.B) ~~.g. Si~fine~"l5J or Ginzel I p.122.

t~~p 1~1' ~r' ;·c)jnt is very e~snntial because j.t hes far rcachine conse1uen-

('~;. :~'5 ~~ hav~ s:;.;n boll uJ:.cient ti!!le r.'le~-..sures ara on inconst.ant lC!lLth J

~~:-,"-~j,,!.:,: 0;' t~~ vHri~~i~i.ty of' tl~e seasons. By introduciue a('cordin~ to

,,~ + 1:1'? n')q .... '? "';' C1""'3'1+.'3rl lone r~forc 8!ly est~or.omical theol'y ~xi!'itc::1.

SO!l'!~ a~(:i.-t:ionELl conS~(1'1~nC9s must be !!lenti.oned wrJ.ch wi.ll under-

1 i~~ .-~~ h;s' ')"!'i~':\l i"";.o:·t"t:·mce 0'" llsine l1nits 0'" !1on-astronol'"lica1 desc'3n-

':;~"'"'J. -:"';, "-.i" r:j~"l hc.s roell <!ef'ined relations to smaller u!1its of Ie -ths

':'1"G:::~ r.''.sic '1:.1'· is the GAP.. (ur·out 5 l1! or 15 feet). Sixty Gf-.R mak~ up one
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~,.., t-,... 7 t,r. ....,...... ". r.'.. .... ~-..I'-~_.,"
".;:,r> .....re~s"
ll",c..~' ,

com;::!. :,t·:! re-

.,-, ... ;.•.. _ o~ .i,',~ ~." •. ~n ••
_~.:.'_.,J.,

~ ' .
•

~... .., t'· .. ':; +-

.) ..-
lc..."':rtb. 3

IIf,." ... \. il.-.~" 139)
" < •• ,'_ v.~ .1 .::..; •i- l.".;: .,;

,... ;~.-~:.
- ... : "" ,.. ­

. '-
.... _.

..

":.":c~··.::c~" (0" "\..r' '(;:if~·i.'_· ~rcv-:: th~ horizo""); -'1'i' t0~ cu. :;2(' 3.~_

~.... ..,'. /"'o'f T"nll4.~ an· /",-;,,,, Xf.JYIW.{. Th~ :::::-sa:::~ :!s trs.r.slct-::d in
•. ~<... T :'1"'- th3 t~xt ie ~ivcn }..~l'litip~, ·.:::p~i~'les, j, .)"xr~I.

,- ". - , ,

in

:r",,'''~ hc-

,.,.~t"\" :Jr. Fi.;.'l1J., .4ra.l":ic and 8Ul'Of:0STI tl:·:;:)r)riGs of the movement of t.he c81estial

~i"i·~-""'" .... .-' '1- -r,,".-·
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I

~""'('lJ.l t")).,t.., ()~. H.e C'J....,-oetj'lo~ia.r: fleriocl 9.r::r. in tr.e astronof'lcel texts of

...., ....... ,~ .. '}",t :--.rio':, ?!::~ s~co!ld el":1::0!'~t is tt'3 e:xistence of I!l~tr.ods of mea-

I
i
1--

~' ;.~ ...... tj~"3 M-: lJ '.mc:]es [11 units ,,·::i..::b do not depend. on 8'3t.rvnomica! con--

~o~' "::"-:''''''''' :;:1:; .,....I~:-tl: ')T' devr;lcpecl. i'I->") 2! hovrs 01' constant lene;th: th~ "ec;.ui

• j J'" r·r~'lt:~'; i- Ei"'!.~u a3trl)~al!l:i' eyl trar.sfeTred to EUI'opJ hy; the astrono-

. '~'lt~ '.I)tjCi.8!'lS a1' Jsl'J.·~ ~C'~ onl:' varietJ.ons o~ the .uatylo!"ian

,,'3.~- 1- ...,If!.} :'~a:"i:l, ::::r.1:'1.t!~ af the day a1:'; frequently e:xpr~sGed :-Ji th 1'0f'}rence

"0 :-:3nr.ri.s~ a'!" sT\ns~t, poth in rcr'u a!!d in us ("de,sl'ees"). Examples af these

':'~;res ions 'h:.'l7~ r,:,-m coJ:'S!cteo l'y Thureau-Dar..£;i.n begi:lT~.in8 -r:ith th2 P"3r-

55.r;1" :"''11''ioo.
162

) The sam'~ kind o!' terminology is still used jr, thtathema-

• • . ..

resT~iction that the calculations thp-mselves cOLsistently 11S~ midni~ht

<e;och a~':'i t:!."'Clnsl:~t'? t.r,~ r~sult into "civil" epoch, i.e. -Jither ~v~ni!1C:

"3) . 1.") .
,?Y 0ch, . o!' Sl11"lset and S'Jnrlse. ThIS can b~ illustrated by the foll!

1 / 3) ~his is th~ metho~ fal~ow~d by the older system (system II in Kusler

1 ....~;ninolo!D'", r.o-· called A).

~o ~~. trIJ mere advanced theory (KuS13!,j "system I" = B).
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2:J9 n:(lo) 18 . -102 XII(j) 22):4 5) The rirst

- ....... t ...yt it; d:c;cuss·~d t,~r 1~J.'l,:-1 "r ssr:: 9 ft'. ann. Sc~e.1Jmberee:r Ert::.,. 37SI.
I

'.

"s VI~ 28 ~t:r:o.- ,

;C" ~1,t""T'"

• ; I" ) PoL 'I 11""" ~: 1-11.:- r.1J~b":::·:::" Are '!;Jr~ r'!estroyed r-t1t C<J,n h~ rCl'tO!'ea

c;..·t')i!,,+y "'l'O~ r-r("(,"J.,j~" or follT'j!,'y nU!'!Ipers. ?t~ Hl"'rer 3~5

r.r. :-c·, ..... -; :'ritt""'r. i., ~eYe~?simal !".c+,ation as r ,~7 ~or !'ath~r

"; r.~ .. 4isr~r-.,'1r·' '!"F) fr'lct'.o!'.e 0(' (~<>frl''''oc>\
- ~"~ J-')/1

.;~; of

, Yo -~ ...... ~.

'"

~J

• ''4
,

-". '.'-~""" _.. : . -.

j

• •. " •
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t~g eX8mpl~ taken fro~ a tablet which gives the ne~ moons for the years 208

to 2;J Sol.era (~ritten 209 IX(b) 18 ~ -102 XII(j) 22)~45) ~he first

1/1~) The t.:::xt is discussed. by Kugler 8SB 9 f"f. and Seha-umberger Erg. t 37S1

1 i~e of the r~veX'S3 c;ives the calculation of the ne117 moon which s-::rarates

~h~ ~IIth an~ Vlllth ~onth o~ the year 209. Th~ moment of the calculat~d

. 1 4 6)
conju~ction is :lvcn as VII 28 the followin~ c~lu~ ~iv~s the- -
11'1),) Col. "i1 li~'=.! ~: the r..ll!!l.bers are ~ere destroyed bl1t ca!l f''} l'cstorec.

.... i tt. arsolnt ~ certai!'!tj" fro:~ r-rF"cedi!l~ or foIloT-in:: nllmhers. ?~~~ nnt:.'b3r 355
is ~- l-r~ t.~7t 0.("- con'l:'~.'J '.""ri.tten in sexe~esitt1al notation as l= ,5'"" (or ::'ather

~,~7~L!2,''"' rlil l ',le;. h'~r~ rlisr~CB-r~ the frecti.o!ls of d,eErees)~

II i.T I I 29 aft'3T sL1r-set. l'

",-,-- ""',) -'ro,' <"" ... ·.o C>j1·"~~ '-.0' "' __ .v _ "-c...

.. ., ....0, - - ..... 1 .~, .., ..
J •• _ ~ .... :.':·C _

SO - oc::,o after' sur-set. IV10I'90Ver J the 28tr... i~ ~st!'or..o:~ical

(1·~~ ....O:!"9r l.l",!-l I!a:'t::)~~") 1 ')}vic"sly b.J~2.I}se t!:is t:.';'c; of' eX~:'~33io!: -::2.8 nS0d
. ..... :'~'. . ........... ~.•~"'._...;.-.i;s- _ ''ioj>'

ftt1P~~llC·t"ic..&""?hiS s._ ~ g ~! 3~!j·'-n:P..t 8~ eJll:1)flee-e::i;?V~!ir~:.e:ft'3r surrr-isG" doe
"'. "'-. "

ho'1" ste~d ~!" cont'!"'e.r'jictio~'t\}(b.b~ '~n.;~. ,EfP' hlbf':""%.... dct;s; ~.S is:;p3ces."
"1 ?,. .' lit'..:) .

s'\~l~.~:,_,~..~~o~~c _. ~r~ r.
u
_~t~~.~_~:-¥-_.k...ek~P..z. s_arne. '?Oi-nC~i ·~~?~:.~.,~r ~rT 3rent

1~6 a) As confirmation of an alleged morning epoch in Babylonia (Thurean­

Da~in J.As. 10 ser.14 (1909) p.}41 note 4), the statement of Varro, men­

tioned above p. SI note Ii!, has ~een cited (Ed•. Cuq RA 1 (1910)·P.89/90

note "3). This BabYlonian. mornina:: etlocb has 'found. H:~ WR.V _ of' ('!nln·~A. A1 An
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"VII

, . _. , ,'- - ..... ,. "' .... ,', - .-." ..-. ~o~ 0" 1" "'." '.'t t".'.·S +.,'.-..", 0'."cc_;~m-, l' 2;:" ·-t. !"')q.-,y «:nto-..·,!. _~r... t.. ••• ..: .• ~~. _ '. '. .'~ ... ' L , .•

t l~'~

,_ ... ~ __ -rr:; .... ~~

- -'--- -'

... ~.,., •. ~,. ""--'-'-­..
1;0 . (iC: O

....... ::! ~c~tradi9tioni~~Jt~e ~en~
........ llr'.. \

nero It is very likely t~g sa~~ ·cofncidencg ~f 6~!arent,
__~ __, __ n:oAbMc..... ,. ...._- - . -""'''o'' "'C'...... - • .. -

As confirmation of an alleged morning epoch in Babylonia (Thureau-

"

n ..:::~ ca·.,.. ;;--

'''6 a)

c:: ~'..... - ~ ...... ..,...~ ..

Da!1,!;in J.As. 10 ser.14 (1909) p.341 note 4), the statement or Varro, men­

tioned above p • .51 note Iii, has lIeen cited (Edl' Cuq RA 1 (19'0) p.89/90

note 3). This Babylonian morning epoch has round its way, or course, also

into modern hand.ooks, e.g., Jeremias HADG(1) p.166 note 5 and HAOG(2)

p.280 note 3 or Sethe, Zeitr. p.121 (with wrong quotations in note 3). The

question started with the discussion of a Sumerian expression (bs.-zal.)­

used in connection with time interTals and lelieTed to mean sun-rise. This... .
etymolo~, however, has been proved to be wrong (S.Langdon RA 28 (1931)

p.14 f~.); moreoTer, the supposed numerical .asis is non-exist~nt ~ecanse

all problems concerning tlme-interTals are necessarily independent of the

prOBlem or epoch as long as both ends of the interval are given according

to the same epoch. ActnalIy, there is no trace of a morning epoch in Baby­

lonia at all.

.,

-.
.•. --.~ .....~r:

:'i! ly COl1tJ'ad.ictory expressions which caused difficultil3s in determir..ing the

". ,,,' .,-",ii';...
·~'~;~"'-:~i~}<·-;' ':~~:"~'

,
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of the hori-'-

0": Sea20n

Tr") 'Jse oi' th~ meridi 2f:. inst"'~~

, ,

·/-7) -ris 3~COT'{fl.!"::"""!~~T if; eXI'llicitly r.'\;;ntioned hy Ito18m:.,' (Alme.e;est 111,9,

:'~it )!'::: r p.2i)1) f, l lt hc-~rdl~~ :,lo.y~d, e !'olc i.:'. R!lryloni'=l!J astrot:omy.
-------------------------

':"T'O"l.'l('"?..l b~T s:... st~!'1:Ltic sc5 ~..:nco ....~ 1art:e :n'o::,ortion of' all scientific:-,l'o-

zr0SS c0"1si:<t"s il"l. !1ot!':i.n~ 't'I.lt. th'~ analysis and removal of' CO!lC~PTS cons!de~

Jr. ccr..t:!.'ast to Eg:.-r;t E.~d Gr3~ce, no Babylonian instruments nhich

('C'.,1 -j t;~l' p'j SO"l')::):1:inc about the actual technique of time measuring are

~'l'·"Js)r'V:d.. :3 ¥;:O~ on}! ~l'O1'!1 t,:,xrnal ref(~r')nces thn.t snndia:!.s and water

cloc'..- ~ 8xis:3"l. It.' G'3con1 method resuLts in e.ncth-ar expression of time

"'·~!::.::')t"m9T't, no.me]y, (-1 ..,cight of ';'1ater (mena, Greek mine). Tr.e discussion

0:' ......... ." r'lt'h~T' cor.rplicgt~d details of this p!'ob13n" ~oes beyond t.he scope of

'h~S t- .. ck. ]4 ..-:i:ht 1'",: ment.ion~{', hC'l!ever, that the outflol- of the ?Jater

~~s ~o~ cC!loidered as pro?ortional to the time ~r.d that this exreri~r-ce ex-

;l~ins th9 a: aTe~tly embarsssing fact that the lo~gest day contains twice

~s ~~::y "~ane" as th0 shortest.

This concludes our short and far frorr. comrlete descriptton of tc
involved history of the origin of the fundarrentel units of time reckoning.

rh~ co~;l~~ity of anci~nt tmmo reckoning should always b~ kept in mind by

th~ historis:n V'!}:"'~!l denline with ancient dates. The more precise a'" A.ncient

.............~~ ,- .... !"l '\ ('~;'tain r.10l"''1!lt tte more care must be applied as to how
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h.,
~t, t~~ ~~d of t~is c~a?ter, ~hichAatte~rted to ~ive a short sur-

... \.,·~ ...··,~t_~I·';~tl·C conc~j.t,s of' e,n..Cl·on.." oalnndsl's 0om" aOneT's' ,'0- - - - - -- - - ~ ~ ~~. ,o:J .... c..;_. - ~ ",-

to detcr~in~ dates

i- ~.""1 "~!"'!istn.k::lt-lJ H!".': s)M;lJ wry. T};':!' u!lnecessery entat:[13!!l:::mt of t"lis

..,. ...orl.'}- ','!1itt :'!L"!r.3:'JUS prohlems 0:' sl'solutely dj:'fermt Character, like re-

, i:-i'J":O:, social 0"':' :'o~itical doctrines, soon cree.ted diffjculties ho'Pc-

~ess .,i ~PiC!;l ti3S t·nt hiZhly t~'>jcal fo!" the so-called. develor.ment of hu n

~,.~ - Il;-J. 1+ s~·;~s to me rhat th3 study of the hist.o~y 0;' tbe calendar has
.

i.'-:: s';'8('~cl :lttract.io!l for the !,~j,storil.\n bacsusIJ it j~) one of thD very rare

C:lS""S --1-:')1"-'"' F.ll!""8-:. TJ8ctions C'l!1 b,~ studied :":r.ilJ th~ :'uctc tr.emfJ'J}"J~ aT:!

COf'l~~ icetions c!' t:t..:? histo!'ics~ cal'3t"'.dars; to

07.'C

••• ' ~~0\"l":' n+cr:~ °.l!':,C lir::'r::~ lint£' ~c'."~ to tb.·:;! m·;rli")~!al easter c!'l!"o--:ic'_cs, un­

~_o,~t~d17 "~:'8'~UCtS of iEncrent aSSieu~ty"'48) ~Ilt sti21 of in~stimnl~le

,. J

..... ,.'_ .• p"'~

". .- \""
.: ,. ')T;' /'-, 1 7 P:,.,

.) -' .

s;cCilll '~ue ions J

1") _.: .... , ~;~'io"~n~h;n~ "'0 ~i A ~l,·"e·uo-t'-_L __ .::-_c.<-.t.__ -:..... >. __ ;:) l-o_' .1 _t...:
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.. ..,.~ .........~. . - , ,... "."

- i 1 ~ ,_. ~ -.. 4_ ..
~ -.. ~ \..-

i,- ~,_. " ..... C:..i.C..., ... ~ .... 1.

IT' cQntr:'.:.st t:: t:.:! S

':~ ': c..·. l·~n::'!.e.-;.·, -, ._. "{""\{,. - '.. ....., -., -0' ~ t 10'7_._..•~O'I· Cr.: 1.1.'

(,~:,:,,,,, ~.~. !'1 'l~rii tion t.O Gi'Z'11 j 1 t~::) if, the "pl'ecodiYl{': analofous "od'i., the

c"'l1<:;e of t!11 fll~ 1 (liscussion dr details incorporated in al,r.reviat~fl form

, . t • t .. ht . t·· "h'" "'i'h ;'ale-..dar":-.S In !~O,':IC ory 'NOrKG mlg fie men .lor:au lo l_lp, 'J •. ~ - _"

"Calendar'! in Eesting's

edition o~ th~ ~ncyclo-

mod --.: lon) and th'3 art ic 1 a
150)

(1911'), in the eleventh

-~~t'l E~it'Qnica

. AI,. It-... ..(,'J.,.

-: ~C') :r.is l'3.r?~ 'irticle (va] .111 !}.h1-141) if> \.."!'itte!l by different authore

-!'"' ('h::l~., .... .,.. 0': ttl"! UA,}'Iylrmiar.. ~a }::ondar (t.y HOM:n<Jl) as writt~n under the

j:' ....l,)~'1~'3 o{' th~ "Innraiylonisnic" doctrine and i.8 therefor.e very mislead­

i-- in its ~)L'3r~l stat~me~ts.

r-~'~~' Gorl""l~~ P'l"'.'ll'>ouks ~ontain special articles on cl:.ronology a tto:l' ~recu-

r:o,.,ar.. "'~l'jorl: r:.,. fTnger (188(;.) i~ tr..e flrst e1ition 0'" the "Handlllch der

,~ltor"11"":':s-i~.3:"r:8c!1a:-t", fly Kuritsc:hek (J928) in +-he n~w edition, -.,tich is

'\.-."" i~~t r~" ~rr:nc~ \"'ork, and ry Bickcrr.1an~ (193) in "Gel'ck..~-Nord"'ll": iI"sj~"

From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



69

,- ~ 0-'1 (''1'" t '. ·"l oJ ('he:'t~rs in Gnl'ct.rp.tlSen, ! hlaeogl'. and 7ilck~n, Cst }'t-1Ca are

':> .... ~,.1~-.. .... . :'or in i .. C'lle:n.istic studies; Eoh[!1bnn., ehron. (1911 )

-- ..·v. '.. '.'. !'"

·-i."1.r T,o>,.,,...., r~ 1'CT' (1'?36).

1: MHr'f",~ c:r [;.~ [:~i] .:~ "0"

r. •..>.,~":rl·t;

.(.. ]J.,l.
u:'') '.~';"'T! :­
CiG 7!..l..

"ti~ ,,1 ".T -",' .18.2 t'.

-. ., ""

...'- ; i c::, :: ';~.".;-~.
J ~ •••

c· 'r " , ...
-"-' -'" ",~.. ,."". "' ... ,

• 0 ·0 :. "" f'::.r

~-- r:; .-'-~''\ + ... , :J""" 1 ... .,..~ 9......_ ~., '" • ~ _ a

"s')t"'l
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cherches sur l'histoire de l'astronomie ancienns" (1S9}) and by Dreyer,

"History of the planetary systelllS from '!'hales to Kepler- (1906). Very ela­

borate is Delambre's "Histoire de l'astronomie ancieane" (1817), now anti­

quated in many details, but still nnreplaced for special studies. Biblio­

~raphies for later periods can be found in .olf "Geschichte d.Astron." and

especially in the second yolume of his "Bandbuch: For Babyloni.. astrono-w

Kugler's researches published in his "Kondrecbn~" and ·S~erDkunde· are

basic, but difficult to read because of the extensiye discussion of special

problems. Jeremias' "Bandbnch" was writt~ under the inflnence of the "pan­

babylonistic" doctri:e and is yery unreliable. It canDOt be nsed without

checki~ all statements with the or~ll1llal Bources. '!'here is no madera sur­

Tey of Egyptian astrono~. '!'he book of Antoniadi "L'astronomie egyptienne"

(193') is not only dilettantic but disre~ards all Egyptolo~ical results

since Champollion. Also Zinner's "Geschichte der Stsrnkunde" (1931) relies
1

only on second-hand in~ormation and ~iYes a yery distorted picture of the

historical facts.

An introduction to ancient and medieTal astrological concepts

is ~iYen in Boll-Bezold, Ster~lau'e n.Sterndeut~ (19}1), whioh contains

rich references to older literatare. 152}

152) Cf. also the Bibliography of Gandel, Bursians Jahresber. 1934 (caTer­
ing the period 1907 to 19}}).
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Quod si ade~ quis deses Tel hebes ~st,

ut absque o=i labore cOlllpUtazldi lunae cureus

scire Tola.erit ......
Beda TeBerabilis, De tempora. ratioBe- -

XXIII: De ....tate lUB&e si quis complltare non
*)

p_ot_e_s_t_'....'liltJtll~kJr,p\~

"') If &!lYone is so lasy aad dull aa to wish
to I<BOW the behaTior of the .OOD withOllt the
effort of calculatioB ....••

Beda, De temp.rat. chapter XXIII: OB the
a~e of the moon if OBe does not !<Bow how to
compute. (M,t, PL 10, Nt 31")

. § 1. Lunar mOBths. Astronomical co""epta.

18. The mOTemen of the 8I1ll.

In order to descrt'e the sun' a mOTe_at as se_ fro. the earth,

we a~ain consider the celestial sphere as the sphere of reference Oll which

the path of the SUll. is projected. We assume the obsener located at the

cellter of the earth; lleceseary cor....ctions as to the actual ~eo~raphic

location at a ~iTell place on the earth do ~ot illyolTe esselltial difficul­

ties. We a~ain consider the two fundamelltal plaaes of the equator (defined

by the daily rotation of the fixed stars) aad the ecliptic (defined by the

orbit of the sun duri~ the year with respect to the fixed stars). The

point of intersection bet-eell ecliptic and equator where the sun passes
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from the southern to the northern hemisphere is oalled the Yeraal poiKt (1'

in fi~.8). The a~ular distanoe of the s~ from the yernal poiat, oOQAted

from 00 to 3600 in the direction of the son's moyemeat with respeet to the

fixed stars, is called its "lo~itude" (usually denoted by ~).

Let us DOW .'.cae' erect a diameter perpendicular to the plaas

of the ecliptic meeti~ the surface of the sphere at the points p ed p' •
the "poles of the ecliptic" (fi~.9). Let S be aa arbitrary poiat on the

celestial sphere (differeat from P &ad P' ). The location of S CaB be

uniquely determined by the followi~ procedure. We draw a ~reat circle

thro~h P, S, sad P' which intersects the ecliptic at S·. The

position of S can then be characterized by the two arcs lrS' =A aud

S'S = ~ ' called "lo~itnde" and "latitude" of S !53) If S lies on the

153' We omit here and in the followi~ the additioDal word ·~eocentrio"

when it is self-eYident that we consider only ~eocentric ooordinates.

same hemisphere as P, the latitude is called positiye; if S lies oa

the ecliptic (and kence S· = S " ~ is said to be zero; otherwise ne~a­

tiYe. The latitude of the SUD is therefore always zero.

Hipparchas (around 150 B.C.) in compari~ such "ecliptic coor­

dinates" of seyeraI bri!ht stars measured by himself with the ooordinates

obtaiaed by older obserYers, discoyered that the lo~itudes had iucreased,

althp~h the latitudes had remained uacha~ed. He concluded from this fact

that the point from which lo~itudes were couated, i.e. the yeraal poiat,

had mOYed in a retro~ade direction because this would hays exactly the

obserTed coasequ~nce. Ptolemy 30e years later repeated tk.x ••••rrwix....

aa_••I.1 and coufirmed this discoyery, which is Jaowa as the "precessioa

of the equinoxes~ This phenomenon oan also be described ia the followi~

way. The north pole is perpendioular to the plaas of the equator; the
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precession of the equinox.... means that the pI..., or the equator mOTes slow­

ly backwards with respect to the ecliptio, ke&pi~, howeYer, the iacli~­

tioo betweeD these two pla.es coastaat.'54) Beace the north pole describes

a circle around the pole or the eOliptlc'55) (ri~.10). ir the Ternal poiat

15&) Actually s..ll but periodic cha~es io this iaclinatian (which we,
ho.eyer, disre!~rd) do exist.

15') The pole or the ecliptic is not marked by a~ bri~t star. Its posi­
tion is .ear the head or the dr&!:o~, aboat halfwll¥ betw~ea the stare ~

aad 5 draconis.

moTes rrom -r:, to 'r,. by an a~le -< , thea the aorth pole moTes by the

...... ~le around the axis :&P froa ., to .2. In other words. th..

precessioll or the equinoxes consia"ts ill a slow IIIOTemeat or the axis or the

daily rotation EB on a coaic surrace with its top at E, the axis b..in

EP, aod an ao~lar distance PEIl =, where £ is the iacllaaUoa betaee

eqaator and ecliptic.

The precessional mOTement or the north pole takes abont 26,000

years ror aile complete reTolutioa. This is the same as Sll¥i~ the pol..

moTes about 10 in 72 years, or about 50" in oae year. In order to ~iT"

these numbers a more concrete coatent, it mi~ht be said that th.. diameter

or the full moon's disc measurea almaat exactly t d..~ee. I~ thererora a

certain rixed star is at a ~iTen momeat exactly the ·polaris", this star

will already 36 yeara later rotate on a lit"tle circle or a radias equal

to the moon's appareBt diameter. The star" c:< ursae minoris", todQ callI

polaria, actually mOTea on a circle or abont ,0 radillB. At the be~inJrl,,&

a r our era this atar had all a~lar distance or 12 de~ees from the aorth

pole, at 1900 B.C. or 220 • 156)

156) The position or more tluut 500 atars ~or each ceatury from -4000 to
+1900 are ~i..... in Ile~eba....r (P.V.) fAChr.I pl.III (p.21-82. the alpha-

-
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betic list of the star names is ~iTen on pp.8}-85). If one substracts the
Talues indicated in this tables for the declinatioa from 900

, oae obtaias
the an~ular distance of the star trom the Borth pole of the ~iTen time.

------------------------;
The discoTery of the precession of the equinoxes is frequently

praised 86 aae of the ~reatest achleTemeats of ancieDt astronomy and espe-

cially of Bipparchus. Actually this discoTery played a Tery modest rale

in ancient 8strono~, consisti~ in DotbiU! more than a small correctioa

to be applied on lo~itades of fixed stars measured at sufficiently distant

moments. The discoTery required nothiD! more than the existeace of older

records accurate eno~h to make the c~e in lo~itude and the iBTariabi­

lity of the latitude ewideat. AncieBt astronomy contaiRS numerous discoTeril

and theoriee which deserTe our hi~est admiration and which by far OTer­

shadow the recordi~ of the contin~usly increasi~ effect of the precession

The reaBon w~' modern authors empbfsis& this poi.t so much constitutes an

anachronism due to the subsequeat importance of the precession within the

framework of Newton's theory. Newton found that DO precession should exist

if the earth were a perfect sphere but that the combined attraction of SUD

and moon on a rotati~ ellipsoid must result in exactly the precessional

mOTement of its axis which we obserre.'57) Thus measurements of the shape

, 57) About two thirds of the precession is dae to the iafluence of the
moon, the rest to the sun and (to Tery small de~ree) the planets. Because
the members of oar planetary system do Dot rotate in exactly the same plan
periodic Tariationa of the prec'ssional mOTemeat occur which can, boweTer,
be disre~arded for oar purposes.

of the earth could furnish a direct proof of the ~eneral law of !raTitatic

!oTernin~ the mOTemeats 6n the planetary system. This explaiBwhy precessJ

became one of the most famoas astronomical facts; for anciett astronomw 11

is only a phenomenon of Yery restricted interest and for chronolo~ic81 pre

~~.-~ i~ plays a eti1~ gmM11er r610.
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Another method of determini~ a point on the celestial sphere

consists in usi~ the celestial eqllator and the meridians thro~ the nort

and south pole to form a system of references in exactly the same way as

il~u5tr6ted in fi~.9; these coordinates are called rectsscenslon and de­

clination. Ancient astronomers, heweTer, exclueiTe}y used the system of

ecliptic-coordinates (lon~1tude >. and latitnde ~ ) deecribed aboTe. Yet

there exists a difference in notation of measllr'~ lo~itndes which ie

sOlll8time of ~reat importance for chronolo~ical inTesti~ations. AncieJlt

astronomy does not count lo~itndes from 00 to }600 but considers the eell

tic subdiTided into twelTe equal parts of }Oo each, called the "zodiacal

si[;ns", and indicatss lo~itndes by de~eea from these Si~BB. The usual

nota:ion of these si~s ie

~ Sa~ittariue

b Caper

= AllIphora

'Y' Ariee 61 Leo

11 'i'aura.&
~ Vir~o

l: Gemini .,.". Libra

9 Cancer , SCOrpillS }( Pisces •

The ueual assumption is that Aries corresponds to the lo~itudes from ~ .

to "\ - 300 (h "'V'." ence,

Tanrus to the lo~itndes

as the symbol

from ), = }Oo

for the Te~ equinox A = 0),

to ). = 600 etc. Two restrictioll

howeTer, must be made. The first consists in conaideri~precesaian.The

zodiacal si~e bei~ confi~uratious of fixed stars but the lo~itndes bei

measured from the Ternal point which mOTes slowly in retro~rade directioll

the section from ). = 0 to A =}O will ba slowly eeparated from aD,Y ~rpu

of stars representi~ the ~roup "Arle6~ One must therefore dlstin~ui8h

~etween ~.he "si~s" and the "pictures." The signs are Jiy different names
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for sections of le~ths of 30 de!rees be!inni~ with the real Ternal point;

the pictures, on the contrary, are the confi~uratioDS on the sty, consist

of certain fixed stars. In the second century B.C. (the time of Hipparchus),

si~n5 and pictures coincided; today the A'A" ·Si~B· Aries almost complete­

ly COTers the constellation of the fishes; in 2300 B.C. the Ternal poiDt
: .• t.(t. /.,

lay in the be!inftift!-~f Taurus. Kodern tables !iTeS 10~itQdes usually with

respect to the true Tarnal point of the time in questian; in discussions

of ancient astronomical documents, one must inyeatitate the problem whether

a ,.osi tion, say 'Y 100 , means 10 de!:rees distance from the actual Ternal

point or ~O de!rees distance from the be!inniD! of the confi!uration 1" •

In most cases this difficulty can be oTercome by calculatiD! aceordift! to

both possibilities; if one knows the century of a document, say a papyrua,

oy historical or ep1!raphical and liU!:uistic considerations, then the in­

fluence or the precession Is known and an error of oae hundred years cor­

responds to only one de~ee more or less. which is frequently aayhow the

mar~in of error one must admit in ancient obseI"Yations or calculatioJ!S.

There is, howeTer, another dlf~icultj which 1s much more serious

but frequently i!nored. This is the fact that maDY aBcieBt astronomers

considered not 'Y 00 as Ternal point but 'I 80 , 'Y 100 snd other Talues

between Y 00 and 'Y' 150 • The history of these notatio"" is not known in

detail; it is only clear that assumi~ the Ternal point at Y 10 and '18

corresponds to Babylonian tradition and was taU!ht in astronomical and

astrolo!ical writi~s for aboot one thousand years. 158) Hipparchns and

158) Aries 100 is the Ternal point of the older Babylonian theory, '180

of Ihe youD!;er one, both represented in texts of the three last centuries
B.C. The most recent eTidence known to me is the Syr1ac letter of Bishop
Geor/';e written in 714 A.D. (Ryssel [1 J p.45).

Pt olemy considerl "(' 00 as the Ternal p01n, E!:Yptian texts of Roman times

seem to use some fix.~ star of about -40 or -50 lon!itude as the startiD!;
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point etc.'59) One must therefore Lot only take into account the effect of

---------------------
, ;9) Neutebauer (0.) [, J p.231.

precession but also the existence of arbitrary definitions of the distance

between the Teraal point and the betinni~ of Aries.

It is ObTious that an uncertainty of about 10 detrees in placi~

the Ternal point affects chronolotical problems to a much hither detree

than the slow continuous ch&n.!:e by precession. There is no way of elim1nat­

int this factor except throD.!:h intimate knowledte of the doctrine to which

the document in question, e.~., a horoscope, belon~5 a kno.led~e which
a

we io many caseB do not possess. This is Tery typical example of a serious

source of error caused by applying naiTely modern calculation to ancieBt

texts re~ardless of possible very ~re8t dlf~ereDces between modern and &n­

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 Talue of the xa
lentth of the period between two consecutiTe passates of the Ternal point

by the sun, the socalled "tropical year." This value, which we shall denote

in the follow inti by y ,is

(27) •

The name "tropical year" indicates the relation of this intsrTal to the

seaSO~B, in contrast to the ·sidereal year" which is defined by the return

of the sun to the same fixed star. Bacause of the precession of the equi­

noxes, the tropical year is slithtly shorter160} than the sidereal year;

for all historical problems, only the tropical year is of importaace.

-----------------------------
<cO} By about 20 minutes •

•..- -- -------
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ll. The movement of the moon.

In describin~ the orbit of the moon as aeen from the earth pro­

jected on the celestial sphere, we a~ain use the system of spherical coor­

d inates "ith respect to the ecliptic, lo~itude A and latitude I . The

orhi' of the moon is only sli~htly inclined to the ecliptic (about 50) and

it is therefore possible to disregard the deTiation for oar preliminary

fiscussions: in deali~ with eclipses the mOQ~'8 latitude is the decisiTe

factor.

The mOTement of the moon, like the sun's is opposite to the

daily rotation. If sun and moon haTe the aame longitnde, the t"o bodies

are said to be in Wconjunction;" it the lon~itudes of the two bodies are

1800 apart, they are said to be in "opposition." Both conjunction and

opposition are called ftSYZY~ies".161) New moan and full moon are the phases

of the moon at the SYZY~ies.162)

161) ",'rom Greek ';lJ"t''i "yoke'1

162) The symbol for opposition is ,;> , for conjunction cf •

Let us consider a certain conjunction, where sun and moon both haTe the

10n~1tude AI (fi~.11 ). D"ri~ one month the sun' s lo~itnde increases lIy "­

"hile the moon performs one complete revolution plus additional ~ de~rees

This ~t~es us an estimate of the moo,n's daily mOTement; c( is obviously

about ~. 3600 = 30° and therefore the moau's mOTement during one mont

amounts to about 390°, hence about 13° per day. Because the SUD moTes

abont ,0 daily, the moon ~ains about 12° ·elo~tion" oyer the Bun.

the

These Taluea are only

moon varies from aboat 11 0/ d
ro~h estimates; the ~tual movement of

to 15o/ d and consequently also the

time between two conjunctions Taries. If one, he.eTer, counts the number

of days elapsed duri~ a sufficiently lar~e number of months, one obtains
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averate val~es which will be the basis for o~ f~rther calculations. The

time thus obtained between two conjunctions is called a "synodic month" or

one "lunation" and amounts to

(28) - ~m - 29.5}O

i.e. slithtly more than 29 t days. This shows that in lunar calendars the

number of months of }O days must be hither than the number of months of 29

days.

The problem of

the re~ular distributions

real lunar calendars, however, involves more th~

of monthu of either 2{( or }O days such that the

ri~ht averate lentth is !ranted. The actual moment of conjunction is tener­

ally difficult to determine kecause of the invisibility of the moon, 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 ecliptic. Lunar calendars therefore be~in the months not with the Betrc

nomical ne~ moan but with the new visible crescent, the so-called "new

li~ht." The following will show how this "natural" definition of the be­

gi~~ing of a lunar month introduces further complicatioms.

The main new element introduced by usi~ the new crescent as thf

startint point of a new month is the horizon. At the moment of conjunction

and also shortly thereafter, sun and moan are so near to one another that

they set almost simultaneously and thus make a moonless ni~ht. The next

evenin~, howeTer, the moon will be about 12° more eastwards from the SUD

than the evening before and therefore still some degrees abaTe the horizon

when the sun is already below the western horizon. It may be that the

distance between sun and moon isaill not sufficient to allow the fine

crescent to be ~isihle before settint in the dusk shortly after the sun;

the following evenint, however, the crescent is most likely to be visible

because the eloD!6tion from the sun will be sufficiently great to allow
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th~ mOOD to be seen above the horizon when the sun is already so deep below

the horizon that there is full darkness. The Tisibility of the crescent

therefore depends on the .arious factors which determine the distances of

sun and moon from the western hort~on on the evenings following conjunction;

already this prelimin~ consideration shows that small variations in the

relative positions of the two bodies can result in advance or delay of the

moment of first visibility by 24 hours. The reason why real lunar calendars

depend upon actual obserTatioD is that only a hi!hly developed astronomy

is aole to follow the mOTement 01 sun aad mooa not only with respect to

each other but also with respect to the horizon 60 accurately as to make

a prediction of the visibility of the crescent poesible. This will become

clear if ~e DOW turn to 8 more detailed discuss of the conditions in que-

s t i aD.

ETery problem wbicb involTes the horizon inTolTe8 the ~eo~raphi­

cal latitude f . The settint of sun and moan moreo~er requires the con­

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 fi!.12 shows, this inclination is

90 - f ; thus sun and moon set much nearer to a Terticsl direction at

southern latitudes like Assum ( 'I' = 24'), 1Iemphis ( r = }Oo) or Babylon

( 'f = }20
) than at Ro... ( 'f = 42 0

). It is obvioas that a !iTea eloot;ation

of the moon from the sun will be more Bufficie~ for the Tisibility of the

crescent the nearer the direction of 6ettl~ is to 90°.

We now consider the !eo!raphica! latitnde as !iTen (the follow­

in~ fi!Dres assume f = }Oo) Bnd investi!a~e the inflneace of the seasons.

Let us sUFPose that we are dealing with a conjunction tallln~ close to the

vernal equinox. The 6un therefore steads in the equator. Let us assume tor

the sake of simplicity that the moon moves exactly in the ecliptic; on the
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eveni~ following conjunction, the moon will thererore be north of the

equator. On the contrary, the moon is south of the equator in the analo!ous

situa-ion at the autumn equinox. This shows (fi~.1}J that the same elo~a-

tion, i.e., the same ft~. of the moon, will brl~ the moon much hl!her

above the horizon at the Ternal equinox than at the autumn equinox; aad the

bi~her the moan stands aboTe the horizon the better is the cbance of its

visirility. An intermediate case exists at the solstices when the direction

of the ecliptic is ta~ential to a parallel circle to the equator; hence

the direction of the daily rotation coincides with the direction in which

the moon moves away from the SUD.

The influence of the Tariable inclination of the ecliptic with

respect to the horizon is to some extent counterbalanced or enlar!ed by the

fact that the moen does not move in the ecliptic but deTiates as much aa

five de!rees on both sides. As is evideat from fi!.14, the influence or
the moon's latitade has least effect at the Ternal~ eqUinox and ~reate8t

at the autumn equinox when the ecliptic inclines as much as possible toward

the horizon.

sons16}J •

BJOause the Tariation of the latitude is

the reaulti~ influence on tha Tisibility

•in~endent of the sea-

of the crescent is Tery

----_.._- ....._..

'6}J This movement will be d~scussed below p.lll.

complicated. 'his makes it very difficult to detect a rule in the variation

of the len~h of lunar months on purely empirical grounds. On the other

hand, the problem of predicti~ the evening of the first Yisibility of the

new moon is one of the most importaat cballe~es to deYelop a theoretical

astronomy. It is therefore well to understand that the calculation of the

new moon is the central part of Babyloniaa astronomy164), from which all

16') I: mi~t be explicitlyi stated that the influence of astrolo~ on the
develeopment of theoretical astronomy is practically ne~li~ible.
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further development has branches. Bere a~ain an apparently simple and "na­

tural" notation, namely the counting of the months from crescent 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 eTery theory of movement of the moan consists

in the establishment of "cycles ft
, i.e., numbers of months after which the

moon is a~ain in the same (or nearly the sase) position with respect to

some other periodic phenomena, say the seasons. A typical problem of this

kind is the Easter calculation; one 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. One tries

to find a definite rule ~r the arran~ement 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 rollowi~

is an explanation of the common ~aBIB of all Buch cacles; it consists in a

comparison of the average length os ysar and month. For the length of the

y~ar we take the value

(29_)

me~tioned above p.'" as the length of the tropical year. For the len~th

of one lunation, we ahall use

(29b)

The actual len~th of time

m = 29.5306d •

I
between two consecutive conjunctions can deviate

considerably from this value; if one counts, however, the number of days

contained in a sufficiently large nu$~er of months (say for 50 years), then

the avera~e len~th of one month will be very close to (29b).From the Otto Neugebauer papers 
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We now ask how many times this difference must be repeated to give as nearl

In comparin~ the two numbers y Bnd m it is evident that we

need o~ly c~~8ider the difference between y and 12 m J which (because

of (?9) ) amounts to

y - 12 m = 10.8750d(}o) .

complete month. Let us for a moment assumeas possible a

is only 10d and m = }O ; then we .ou~d haTe y - 12m
m

that y
10

= 50

- 12 ..
1= } ,

or three years would exactly equal }7 months; in this case, an intercalation

cycle would consist of two ordinary years and one leap-year. The same kind

of argument can also be applied to the more accurate num~ers (29) by maki~

increasi~ly better approximations.

We begin with the stateme~t that the number

(}1 a) < 1
~ •

This is obviously a very rou!h evaluation of the proportion "'= y - 12m
m

29~}06 - 2 . 108750 = 77806 or

0( = 1?~76~2 }

If we now replace the fraction 'lP06
1 8750 simply by 1 we obtain

The error we commdtted in replaci~

termlned because

=(}10) 1

2 + 1

1
}

~7806
18750

•

~ by 1 is easily de-

~
108750 =

1 +

We ~ therefore get a more accurate result if we write
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01C) 1

2+
< 1

2 + , 1
+f

The replacement of ~~o~ by
12 can be impro.ed because

Hence

Old) 1
0\. --'----.-

2 + -~1--1

1 + -2-+'-,1"5"'2:]""8"'­
}0944

>
2 +

1
1

1
1 + -2"'+;--'1-

The replacement of 1~18
} u by 1 can be improveJ because

1 +
1
1~026
1 918

from which follows

Ole) "'~
1 1 =,f-1 <2+ 1 2 + 1

1 +
~+ 1 1 + 1

~~m
2 + 1

1 + r:rl

~he replacement of ~~~~~ by 1

minute error. We therefore do not

obviously involves only a relatively

continne this process165 ) but turn to

-----
into a "continuans fraction".Called the development of, 65)

------------_.._._--,-,---
y - 12m

m

the interpretation of the results obtained. We found in (}la):From the Otto Neugebauer papers 
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'" = z. _ 12 <!.
m 2 or i < 12 + 1 or 2y < (12+ l)m
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and correspondi~ly in (31b) to (311) :

z. "> 12 + 1 3y > (3 12 + 1)11I = 37 III
3

orm

Z. < 1"2 + 1 8y < (8 12 + })m = 99 IIIm 8
(32)

Z. 4 (11·12 4)11I 136> 12 + IT 11y > + = IIIm

Z. < 12 + ~ 19Y < (19·12 + 7)m = 235 mm

These inequalities can be considered as approximations of the quotient y/m

with values given in (29), and it follows from OaT procedure that these

ap-roximations approach 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 equations can be considered as the gasie re­

lation for a luni-solar cycle; 3Y = 37m is the very inaccurate relation

we ~entioned in the be~inni~. The thre~ following relations, however,

8y = ( 8·12 + 3)m = 99 m

(}3) 11y .. (11'12 + 4)m = 136 m

19y '" (19·12 + 7)m =& 235 m

are cycles which hSTe been uBed in calendaric practice. Babause of their

ori~in from successive approximations, each of these cycles 1s more accura1

than the prece.lng one. The same fact is expressed by saying that each of

these cycles requires a shorter period of obserration than the following

one. This is historically quite important to emphasize because it shows

that such cycles can be established and even improved during the lifetime

of one man. All that we actually know from ancient source material speaks
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for a very rapid development of the basic astronomical ideas, wbieb were the

work of a few men and than kept uncha~ed for a long time. The frequently

told story of age-old observational material at the disposal of ancient

astronomers is by no

periods nothing like

existed.

means proved for the be~inni~; and even in classical
on

modern cooperation and planned work over l~er periods

§ 2. Lunar 6alendars4

21. Eupt.

Breasted said ..bout the Egypti..na: 166) "They, like all.ther

16,) Ancient Records I p.25.
------------------------------

"peoples, had suffered from the vexatidiS fact that the lunar month is not

a~ even divisor of the year.- It seems to me that exactly the opposite is

true; the E~ptians never made an attempt to create anytbi~ like a Iuni ­

solar calendsr but kept their iunar calendar entirely independent from the

civil calendar. Hav~ng no astronomical theory whatsoever, they were spared

from all troubles; the only relationship between CiT!l year and lunar Ca­

lendar consists in calling years containing 13 new moon festiTals ft~reat

years", the others tmall years.·167 ) Which year was great and which small

167)
( 12th
which
fora:s

----
This is the harmless meaning of an inscri~tion found in Beni Hasan
dynasty; published Urk.VII p.29,18 = Newberry Beni Hasan I pl.25,90 f
~ave ori~in to many speculations about all kinds of Egyptian year
(e.~. Ginzel I p.176 f.) Cf. below p.lll.

------ - -- --- ----
was undoubtedly for very lon~ times decided merely by the events; we shall,

however, describe a simple method, found in a Demot1e papyrus from Roman

times, by which one could decide in advance aboat the character of a year.
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We must, however, first give a short account about the lunar calendar

._-- ---------
Meyer (Ed.) Aeg.Chron. p.52.

.~h

lunar calendar is the calendar of the temple BerTlee. This purely religious

cha~ter of the lunar calendar in E~p~ is supported by all further evidence.

The theolo~ical interest in the lunar days, the phases of the moon etc. are

amply testified,69) and we know that the days of the lunar month had special

names.'70) There even exist donble dates characterisi~ a day both in the

civil and in the lunar calendar.'71 ) This ·shows cleerly that the reli~ious

The oldest evidence of a lunar calendar in Egypt is found in a

papyrua from Kahun (Xllth dynasty) which &hows that the schedule of the

te~ple duties was arranged according to a lunar calendar of alternati~

months of 29 and 30 days. We shall discuss. this papyrus in chapter
IIIW

of its importance for the chronolo!y of the twelfth Dynastyf. ~~~~~~~

169) Cf. e.~. tlrugsch, Thes. I, although mostly from late (Ptolemaic-Roman)
periods.

'70) Br~sch, Thes.I p.45 ff.

171) These instances are collectsd by Borchardt, UZ p.39 ff. The influence
of the lunar calendar on practical life hae .een overemphasized by Borchaadt
(e.g. his theory of coronation~ only on a full-moon day MZ p.68 has been
disproved by Cerny AZ 72~ cf. also Edgerton [1J ). From the Otto Neugebauer papers 
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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 underlines, on the other hand,

our r-revious statement that the Egyptian civil calendar with ita months of

invariably 30 days cannot be explained as the degenerated product ot a lunar

calendar; it was not created in order to replace the lunar calendar but had

the purpose of serving for administrati~e purposes wbile the natural lunar

calendar was never abandoned for reli~ious purposes. 172 )

172) The imr-ortance 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 tlnd of
predecessor to the civil calendar led to ths disregard of its existence (e.
g. Sethe, Zeitr. p.301).

We can now turn to the Demotic papyraB J mentioned above, which

gives a rule to calculate lunar dates in a sim];le cyclical _ay.173) The

17~) Papyrus Carlsberg 9, published by ~eugeba~er - Volten llJ.

besis is months alternating 29 and 30 days in length, where every 5th yea:

one more day i6 inserted in the last month of the year a procedure wb

we already met in the Kahun papyrus. Five such pentades are linked togett

to one 2~-year c~18, after which the dates in the civil calendar are reo

reated a~ai~. The details of this method, as ~iven by the papyrus, can b

i~~ustrated by the section containing the years from 10 to 15:
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II IV VI VIII X XII

year 10 24 23 22 21 20 19
11 13 12 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

" I 1 IK I 17 I Ii I IS /4

The year numaers are the number in the cycle, the months are the 30 days'

month of the civil calendar. Only every second month is mentioned, indicat­

ing that the date in the omitted month is undetermined. The dates given

dec~ea8e by one, as is necessary if a lunar month contains 29 t days. The

decrease from XII to II amounts in ~eneral to 6 days because of the

< epagomenal days which follow month XII. At the end of the pentade, 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 co

the number of lunar month contained in such 6 cycle, we must remark that

usually two lunar month are contained 1n the interval between tWQ ~iYen

dates but that three months should be counted in sll 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 two, as from VI 30 to VIII 29,

etc. Three months are also contained between 14 XII 5 and 15 II 30,

and in the same way one finds that 9 years among 25, namely the years

l

1 3 6 9 12 14 17 20 23

contain 13 lunar dates. These years are called "great years", the name of

the remaining 16 years is not preserved in the papyras 'ut both Wgreat-
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which giTes

us the obvious name for the years containing only 12 lunar festiTals. Bence,

the total number of months in a 25 year's cycle is 9'1} + 16'12 = }Q9 •

This lunar cycle is therefore based an the relation

(}d) }09 lunar months = 25 Egyptian ye~rs = 9125 days

Us ing the value (29b) m = 29. 5}06 for the. length of one lunation we obtain

for }09 m the value 9124.95 daya, which shows that this cycle of 25

Egyptian years represents a very good basis for the prediction of lunar
nl .. )

festivals in the Egyptian civil calendar.

22. The Greek moon calendars.

The Greek calendars confront us with so many problems that their

treatment has d~veloped intG a field of its own, much more related to ar-

ch~ological and historical questions than to astronomical methods. The com­

~lication of the Greek calendar systems is a consequence of the splitti~

of the Greek nation into many independent city-states with local calendars:

1)oa1 eponymic lists and subject to frequent chan!ee according to the eyen"

ful history of these small states. Here we see the same situation in the

fuel light of history which we must suppose responsible for the disorder i

the Sumerian calendar. There exists, howeyer, another aggravating element

in the Greek, or at least in the Atheni~, calendar, namely the attempt tc

regulate the lunar calendar by means of cyclical intercalation. Ev.ry'BUcl

attempt is necessar~ly doomed to failure i~~ased only on such primjtiye

astronomical knowle~e as'existed before the creation of a mathematical
,

astronomy in Hellenistic times. It is therefore· not surpriaing that even

such questions as whether 't'a'l"7.VI~ (ttnew moon") means actual conjunctic

or the first visibility of the crescent are still open for discussion. W,
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find for example in Thncydides174 ) the remark that a solar eclipse175 'oc_

cured on Y077/"~ .,,'. 6',A1Y7V • Dinsmoor176) finds that this expression
_._-_._--

17") II,28.

17;') It is the annuler eclipse of -4}O 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 .ith

oiher elements of the Athenian calendar; Meritt177), an the contrary, thinka

._---_._-
177) Calendar p.104.

----- -----_. - ._-- - . --- ---

-------._--_...•-._-------_•.__._--- -- - ---

~hat t he unusual apposition K ....~ urA{1'7" ("according to the mo)tn tt ) intend::

'0 emr.hasize the astronomical new moan in contrast to the new moan of the

civil calendar. Th~s view seems to be-supported by the fact that Plutarch

l~~;'; 178)gives the 30th as the date of ~ eclipae and by the use of the aame

expr~ssioD ~~f~~~~~s where ~he .meaning ."~onjunctionw i~ cer:ain.1?~:~~\

Gi""{"If..." ~/J ././'-r.. (fa. /.f 1,13',"n (-11.1<,.1 V0 ) '.T' ..,A,.1 Y JO,!: ~l.;f.
,uh ~ c.-",-( (..i-J.. r .... h; c"..,/n.... f h -ft.... r-<...( f...._c.r (L./. ,..~71"'). _. __. _

-- - -----'-- .--------.-._- ,. _. .. ------- --'-
178) Plutsrchns, Romulns 12 (the 30th = ~1"~~»' The solar eclipse in
connection with the h~rosope of Romulns is fictitious.

\':"~:'y['lr.f:~· ./0 - ~ q,)
179) ~787, 2389 (4 I(~T~l"c!~Y YI);r-7v.~;- that Hy.. [~ .. means
the same as ••;. C-'~{'r is explicitly prayed 9.g. by Kleamedes II ,4 ed. Zie/l
ler p.190, 21 f.).
17' a) li~••. ,1,,-11. r."- No. "0; /,.107 rI•. oa (-,.Iwr#.. <"f).

here a/lain local influences might giva a different meaning to the same ex-

pression.

The attempt to re~ulate the lunar calendar according to cycles

~oe8 back at least to Budo.os , the great mathematician of Plato's acade~
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(ca. 375 B.C.), or even to Claostratos (ca. 525 B.C.).180) Ie find all the-

180} This according to Censorinu5 in his "De die natal!" (chap. 18; written

238 A.D.) N,f ll., r,j _J i'TR !_ J6, ~.__ • YJrl..- "'r- .( It. "l/J-l"~ <.)J.. . ••~..-
r;t:.. "V u... ,..{I ...~ "-< f"n ..1.-<-£) "f.,IL<f-- L - . - ---

three lunar cycles in use which we found by comparing the len~h of year

and lunar month, nnmely the 8-years', the l1-years' and 19-years' CYCle. 181 )

An exhaustive description of their history has been given by Dinsmoor. 182)

181) Cf. above p.!I!.

"82) Archons p.297 ff.
---- --- ------

Here it may be sufficient to show that the 8-years' eBeIe, the so-called

octoeteris, can easily be derived from much more approximative values than

used in our modern treatment of the luni-solar cycles. Let us assume simply
1365 , days as the length of the year and 29 t days as the length of the

month. A year is then 11 i days lo~er than 12 months. If we now start from

a New Year's date 1, the

23 t and the third 3 4 t
obtain the dates

1following New Yearts Day becemes 12 4
'

= 4 i mod.30. PrQceedi~ in the same

the next

manner we

date: 1 12 1
23 t 4t 16 2?t \ 8 t 19 i t 14

year: 1 2 3" 4 5 6 .. 7 8 ..

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

of the

ordinary years and once by only one

octoeteris. 183 ) The possibility of

year. This is exactly the rule
,";

deriving thw cycle so directly

---------
·83) Cf. Geminus VIII, 28 ff. (ed. Manitias p.110 ff.).From the Otto Neugebauer papers 
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from the round numbers }65 ~ and 29 t may ba a reason for the large

extent of its use even at times when. the much better 19-years' cycle wes.
18' )known. The 19-years' cycle itself is usually called the "Metonic cycle~

because of its introduction into the Athenian calendar by the astronomer

Metho~ in A}2 B.C. 18;)

1~t) Cf. Dinsmoor, Archons p.}60 fr. (the assumption of Egyptian influence,
however, made by Dinsmoor, is unfounded).

1~;) Cf. Dinsmoor, Archons p.}09 ff.

n. Babylonia.

The history of the 19-years' cyc1e is not yet fully known, but

it seems Yery probable that it originated in the 8abylonian lunar calendar

and not in Greace. The priority of the Babylonian 19-years' cycle, however,

is not yet clearly established. What we know is its exclusiT8 use in Helle­

nistic times according to the rule186) that allt years which are mod.19

-- -- --- ---- ------------_._---
186) Discoyered by Kugler SSB I p.212 (1907) from his inyestigation of
sstronoc:lical tablets; of. also SSB "II p.425.

con~rueDt to

Sel.era 1 - ... 7 10 12 1 5 18

are leap years intercalating a second 12-th month, except the years = 10
Ifbilll

mo~.19 which interealate a second 6th month. The 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-year8' cycle from -505 onwards, perhaps soon replaced b,

the '9-years' cycle. Parker187), from the ioYestigation of al~ available

IK' a)
187)

\.{Iut~ 7tllr I ... fuC' <!l C'ye t is C<1 r

Parker [1] p.292 note 22.
i~. '
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material, assumes the use of the 19-years' cycle since -545 but

disturbed by e~pirical corrections. This would bring us in direct contact

with th~ rei~ of Nabonidus (from -554 to -5}7) ~rom which we have evide

of explicitly ordered intercalations. 18B) On the other hand, already the

series "mul apin" contains intercalation rulea189 ) which mt~t bel0B! to a

period around 700 B.C.

188)

18:1)

Meissner BA II p.}97.

Weidner [lJ p.187. L,;/.1.II.-LI ,J"" cJ.I,,,,,,,
,,-f.-L...kJ [oJ.

.~ r~ ,,- !",..!•..{ {4J ~N
-._--- _. --

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 Ammizadnga190) illustrate this fact. If we indicate

, 90) Langdon - F. - S. p.61 ~f.

----
1 eapyeaTS with XII 2 by * , with VI2

by:fl'r we have

1 2 } 4 •
5 •• 6 7 8 9 10 "'>J 11 ...

12 '} 1~' 1 5 16 17 18 19'" 20" 21 •

No system of cyclical intercalation, devised to balance 8. solar year and

a lu~ar calendar, could lead to a sequence of four ordinary years; such a

sequence brin~B the lunar calendar 1 t months behind the astronomical

seasons.

This is a very essential point ~or the proper understanding of

many problems of Babylonian chronology. Without discussion, the majority

of the scholars working iu this field made the assumption that the Babylo-

~ian calendar attempts to establish a definite relation betwBan its lunar

months and the equinoxes. This is, of course, the meaning of every cyclical

int~rcalation; if we deal, however, with periods when only arbitrary inter­

calations are in use, one must first ask what purpose was served by co~and·
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inz the intercalation of one month. Series of intercalations like the above

given group covering 21 years show clearly that- no astronomical facts could

have b~~n decisive bYcause the most primitive observation of equinoxes or

~ixed star a~pearances gives much better results. The only possible con­

c~usion, therefore, is that it was not the astronomical seasons which regu­

lated the oldest form of the lunar calendar but the agricultural seasons.

This conclusion 1s fully confirmed by all the available evidence. We know,

for instance, from the time of the Third Dynasty of Ur (aboat -2100) that

local cal endars of' nearby cities used different intercalations191) but agree

only in the fact that the last month is called the harvest month. 192 ) Ob-

191) Schneider ZWU pol0S fl'o

192) Schneider ZW p.10S.

viously, different places held conflicting opinions 8S to the expected time

of harvest or as to the necessity of enlarging the period of harvest by a

5~cond harvest m~nth.193) There is, on the other hand, no evidence for any

193) This explanation has been given already by Landeberger KK p.6 and
Olmstead [lJ po115o The astronomical consequences-have been emphasized by
the present writer ([4J 406 f.).

89tro~omical interest in this calendar, except, of course, that the months

are real lunar months. In other words) the Old-Oabylonian calendar is a rea

lonar calendar with no "luni-solar" intercalation ~t all but strongly in­

fluenced by aericultural considerations whicb held the harvest months as

much as possible on the real harvest. The replacement of the variable clim­

atic seasons by astronomically defined seasons was the work of a much. late]
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The Oabylonian calendar was made uniform by the abandonment of

the dif~erent local calendars in favor of the calendar of the city of

Nippur. This happened as a result of Bammurapits rule aver all of Babylonia.

Before 1100 B.C., the Assyrian cajendar differred from the Ba-

,

194 ) Ebelolf - Lan~er~er [1) p.217 note 2 and Schott (1) p.}17. f I

195) Example: VAT 9557 colophon gives "month XI(ass.~ which corresp0n4a
IX(bab) day 19th year ••.• (KAH 2 p.~ No.7} and Ehelolf - Landsber~er [t)
p.217).

196) IIEII, Landsber~er KK p.88-9t; Ebelolf - Landsber~er (1); Weidner
[ 2 J and [3.).

hylonian; after this date, the 0abylonian calendar was adopted also 1a ~

ASOyria.'9-) Double dates prove that the Assyrian calendar. was based o~

real lunar montha,1 95 ) but, so far as one can conclude from the material

now available,1 96) the intercalation of a thirteenth month never OQcurs.r96)
n

Because twelTe lunar months add up to about 11 days less than one Bolar

year, only 33 solar years are necessary to carry each of the twelve calen­

dar months through s11 four seasons. Indeed, there is evidence for the

identification of the same Assyrian month with seven different Babylonian

months;97) This, combined with the lack of any intercaletion in the Assy-

197) Namely I, II, III, VII, IX, X or XII according to Weidner [}J p.29.
All these synchronillsms between the Assyrian and Babylonian calendar belong
'0 the reign of Tiglethpelesar I, i.e., to the period around 1100 B.C.

rian calendar, clearly indicates that the Assyrian year was strictly lunar,

consisting of twelve lunar months. Consequently, year numbers in Old-Assy­

rian king-lists must be reduced by abottt 3 years for each 100 Assyrian

years in order to obtain the proper number of Julian years.From the Otto Neugebauer papers 
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. calendar of the 01 ty of

96

1yrian year was strictly lunar,

;!y, year numbers in Old-Assy­

,ers for esch 100 Asayr1an

,ccording to Weidner [}] p,29,
ffid Babylonian calendar belong
,e period around 1100 B.C.

--_._-----_._--

,h seven different Babylonian

ens intercalation in the AsS)'-

irry each of the twelve calen­

there is evidence for the

1 days less than one Bolar

niform by the abandonment ot

~rien calendar.wes based oa

, - Landsber!er [1]; Weidner

,i's rule aver all of Babylol11a.1L f'} 1t.1- _./- ,JJ IG. tzl( (..j.L . .t. (I(

'endar differred from the Be,- _,,/{. h~ In- j~II,.( ,~ !"~ wI.,.t ~.t...{ -

r-I~,J.I,rJ _~ff. 1/,.,/, ... '/·l"'~ ·f IL..
'!I,w y..~ poJ' 1 /i.-. r.1/~"'" ,.,L.I.r: fL."

,n conclnde from the materieU .....,/, ,,/- :-t~ , /Vow I'C, f,f;~'{ ,- Itv.. JnoJ
rteenth month never oocurfJ96)(N"'~) 1..1-:1,. "-' ,,- fl. . ..... 1,_, (t ..l.roJ

• f./-- 1_ dr«I;" . I- 'ji.)
____. -itfl.._

J
R ... ./r....rl.,"'{~ ",\,', .,-.{~h •.-...6C"_ t,'.-v.. ..-J ~~.{

.nd Schott [1] p,3'? . ,. ,I,.{( 'it-of;" ,,- ft.... J'w.;t -) .... vt. /.1..,.,,-
, i ' I.('~ 1'1' .} '/l...n _. fJ~i e• ,'-1 Am I. f' 16 f

,h XI(ass. r which correspo+ C~ .'-. Ifll) pC,J" ! . .flf' -, i: r"i.
, and Ehelolf - Landsber!er [t]

.endar was adopted also ia ,.
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24. ~edieTal lunar calculations.

The Mehammedan calendar 1s a pure lunar calendar with no 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

repidly increesing differences between tha era of the Hejirah (beginni~

in 622 A.D.) and the Christian era. 198 ) But even in such e strict lunar

198) Tahlos for the direct reduction of dates of the Mohammedan era into
the Christian era and vice versa are computed by WUatenfeld and Mahler be­
ginning with 6~2 A.D. VII 16 ; 1 Hejirah I 1 and endi~ with 2077 A.D.
X 19 ; 1500 Hejirah XII 1. This reduction can also be made, of course, b;
using Schram.

calendar, a cyclical calculation of the type of the Egyptian method discus

ed above (p.II') was used. The length of the months is assumed to be 29 aD

30 alternatingly, and 11: leap-deys are added during a cycle of 30 lunar

years. 199 ) This cycle of 360 months is also qUite accurate because a leng1

of 360,29.5306; 10631.016 days would result from the average length (291

199) Cf. Ginzel 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 eimple luner calendar, the Christian nations kept alive both sol,

and lunar elements inherited from the Hellenistic, Roman and Jewish calel

dars. We have already discussed the relation of the Christi~ era to the

ere of Diocletian (and thus to the E!yptian celendar).200) The srrangem

20:1) Above p. ""--------;--_._. -

of the months follows the Roman order, which completely disregarded the

lunar calendar. The proble~ of the lunar calendar, however, were again
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introduced by the adoption of the paschal festival of the Jewish calendar

atd herewith parts of the Babylonian calendar, i.e., in the final ana­

lysis, the calendar of IUppur. It is well known what violent controversies

arose in the Christian churches over the rules of· XI determining the Easter

dat~. The astronomical knowledge of the leading persons in these fights wsa

not sufficient to make use of the achievements of Hellenistic astronoMY,

~hich could easily have aolved the problems in question. Cyclical calcuIa-

tion appeared the only way out, and it was again the 19-years' cycle which

was finally accepted sfter the Easter tables of Cyril and Dionysius were ~

based on this sCheme~01) supposedly accepted by the fathers of the Nicene

COlJ!1cil through inspiration from the Holy Spirit. 202 ) 'l'he tables of Diony­

siUG "ere continued in 616 by '-elix Uillitanns203 ) and finally by the table

o~ Bede for 532 years;204) the number 5}2 is the produet of 19 and the sol,

cycle 28 h order to repeat the days of the week. 205 ) These tal,lee of Bed.

001 )

202)
"hane

tione

2°3)

20- )

205)

cr. aboTe p."-.
Dionysius ea1s (Yigne P.L. £L col.19) that the members of the counci
regulam .... non tam peritia eaeculari quam sanet! Spiritus illustra

sanxsrunt" (the reading saecular! according to Ideler II, 286).

Concerning him, see Poole [1] p.36 f.

Migne P.L. 90 col.859-878.

Cf. above p. 18 and Krusch [1] p.115.

constituted the definite victory of the method of calculating Easter by ~

means of the 19 years' cycle ironically enough, sufficiently late to

make th~ inaccuracy of this period yield one day too much. 206 ) Bede, how

-------------------- -- -_.. _-------
206) It must be remembered that according to (32) only 235 m 19 Y hoI

13ver, fOllnd the explanation of this discrepancy in the assumption that

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 4} (Migne P.L. iQ, col.481).
----------------------------- ------

We have already seen the importance of the 19 years' lunar cycle ­

for medieTsl chronolo!y during our discussion of the basis for Scali!er's

"Julian period" of 7980 yeara. 208 ) In this number 7980 = 15'28-19, the

2(8) Cf. above p."'.
------------------ -------

factor 1q is introduced to bring the full moan again in the same relation

~o Ihe vernal equinox as at the beginning of the CYClel(the order of a year
cf- .,••, /'.~)

within the cycle was called the "golden number.".Bu~ we h&Ye alae mentlened,
11<:6* this COBeopt "ae ifttreatleeE! as late as 1200"'At~.We shall now

hriefly explain the corresponding concept of the "epact" of a year. This

" )word is derived from the same Greek. rOQ.·t (01" yll Y as the expression "epa-

gamonal (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 following simple procesa: starting

from 0 one adds continuously 11 (i.e. the difference between }65 and }54

days) but reduces the results modulo yO. By 19 stsps one obtains the follm
. w~i(~ ........~

in~ numbers We" which we write down beside the numbers "gW lfrom 1 to 19:

<
/

e:()6 )
g:

o 11 22 }
1 2 }* d

1~25617

6"7 8

28 9 20 1
9*1011*12

12 2} 4
1} 14' 15

15 26 7
16 17*18

18
19'

the second series indicate whereThe stars in
I'" l-lu ".,t- 11.... (

made except in the last

a reduction mod.30 has been
•• f> /

place, where the next number would-beY29. Assumi~

however-, the correctness of the 19-·years' cycle, the difference between tJ
.

solar and lunar year should disappear after 19 years if we started with 0

•
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O~e ~~st therefore 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 where
•

a reilnction mod. 30 was made are obviously those

210)lunar months; if we replace g by g + 1

years which contain 13

, we get (mod.19) as the

numbe'·s for leap years ~ 7 10 '2 15 18 1 , which are the numbers

(3°)211) characterising the Seleucid intercalation rule. The primitive~

210) Cf. e.g. beda, Migne PL 90 col.507 f.

211) Cf. p.'''.

method by which we obtained the numbers e therefore leads to the same

intercalation rule which is usually called the Methonic cycle. 212 )

12) It must not be forgotten that we used the 19-years' cycle to derive OG) by
stop;:ing sfter 19 steps regardless of the fact that we should proceed with
29 10 21 etc. The method employed is therefore insufficient to discoTer
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.ll.

The two lines of numbers in (36) show that the position of a yea

i~ The 19-years' cycle c~n be equally well determined by its number g,

the golden number, or by its number e , its epact. The transformation of

g into e is silliply performed according to the following rille:

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 mOd_3 then e Eg+ 9 B1od·30
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Although the complete equivalence of goJl:de:n. number and epact has been clear

ever since the introduction of the golden number,21}) both sets of num~er8

have .... usually been indicated by the calendars. 214 )

2'}) Massa compoti verses }O} and }Q4 (Van Vijk p.59, p.79 f. and p.120).

21 A)

p. }9}

Tables of epact,
- A05.

golden number and indictio are given in Ginzel III

---- -------------- .

§ 3. Eclipses. Astronomical concepts.

£2. The moon's latitude.

Eclipses take place when SUD, moan and earth are exactly (or

almost exactly) on a straight line. If the orbits of the sun and moan lay

i~ the same plane, then every conjunction or opposition would produce an

ecllpse. Actually, however, the plane of the moan's orhit is inclined

towards the plane of the sun's orbit (the ecliptic) by slightly more than
I'

~o. For the occ~nce of an eclipse, it is therefore necessary not only

tr.at su~ and moon have the same long~tnde but also that the moon be in the

eclip~ic at the same time or at least has only a very small latitude (fig.

1~). The line of intersection between the planes of the two orbits is

cal~ed the ~nodal line~ becanse the points where the orbit of the moon

meets the ecliptic are called the "nodes" (ascending node, Jl , where the

moon passes from negative tG positive latitodes, descending node, tr , the

opposite). We can thus say that eclipses occur only when the syzygies fall

into the nodal line or at least very close to it.From the Otto Neugebauer papers 
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The time elapsing between two consecutive passages of the same

no~e (or between two consecutive passages of points of the same latitude)

is ce11ed 8 "oodiesl month". Its length is

(3,) mn ; 27.2122d

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 prQjec

ed in to the seme fixed star but occupy all possible positions in the eclip

tic. Because the period of this rotation of the nodal line is only 18.6

years the moon reaches a~ain the same latitude at an appreciably earlier

time than the same longitade; this second period is called a "tropical

month" and amounts to

(38)

Ot.viously only the length of the Dodieal month is essential for the occur­

re~ce of eclipses.

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 i fol:ows that the moan more than-two days earlier comes again to the sam~

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 hold:

during the next month but in the third month nodal line and line of SYZygil

will be arout 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 rep.tition of eclipses aftsr 6, 12, etc. months.

This rough consideration must now be bro~ht into a precise to~

7/e must ask how many times the di frerence

m - ~ ; 29.5306 - 27.2122 = 2.318~
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is contained in the nodal period. An approximate solution is ohviously given

<39a) _1_ <~ = _~-:.;.1~:(1ir12 272122 17098
11 + 23184

< 1
11

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

~~ntbs can be expected. As a matter of fact, this rule W6S well known to

ancient astronomers. 215)

--------------------------
215)
lemy

E.g. Beron,
Almagest VI,

Dioptra 35 (ed. SchOne p.302, 21 f. and Rome [1J) or Pto­
6.

We can now refine the inequalities (39) by the same procesa which

we used in determining the common periods of the tropical year and the 9Y­

nocical month. 216 ) As the next step we obtain from (39)

2'6) Above p.III.

<39b) 11 +
1 ,

1 I 6086
17098

< ------'-,-,-­1
11 + '1'+::-Xf

=

This further sharpens our preceding result by telling us that a combinatioD

of one ~-month81 and five 6-months' intervals bring a repretition of eclip­

ses. If we proceed in the same way, we !et

.. - "'n
"'n

=
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This approximation is obviously 5P good that we comit only a very minute

error in replacing the < -sign by the a-sign and write

m - '"n
'"n

or = 1 +'9. m = 243
22} •

The relation thus obtained

(40) 22} lunations = 242 nodical montha

is the famous ecliptic period usually called the "saros". Becanse 22} syno­

dic months are very nearly 6585; days, the threefold time of

( 40a) 669 lunations = 19756 deys

is also called "saros" sometimes. In the other hand, 22} = 235 - 12 J an­

235 months = '9 years, hence

(4 Db) 22} months ,., 18 yeare

_~ (mere accurately 18 years + 11 daya),which is another period .J~JXI~

called sometim95 "saros".

It might be remarked that the name "eeros" for the cycle (40)

is not of Bebylonian origin but was introduced by Halley in 1691. 217 )

217) Cf. Neugebauer (2) p.241-247 and [}) p.407-410. Already Ideler I p.
21} doubted the correctness of Halley's etymology.

26. Lunar eclipses.

In order to de6cri~e the details of the appearance of an eeli"

we cannot restrict o~rselves to a consideration of the movement of the

centers of the three bodies, but must take into consideration their fina

diameter. Fig.16 illustrates the typical situation of the eclipsed moon J

the diameters of SJ E and M of course exaggerated as compared with thei]

distances. The distinction between umbra and penumbra is in practice of
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li:~le value because the appearance of the progress of the eclipse depends

largely on the physiolo!y 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 considers in moon eclipses only one

shade» cone, whose diameter is 1/50 greater than the geometric~lly deter-

mined umbra cone. The angular diameter of this shadow cone, seen from the

centee of th~ earth, varies from 1 t a to 1 to at the moon's dietance,

which varies because of the excentricity of the moon's orbit. The disk of

the moon ap~ears under an a~le of 29 t to 34 arc minutes, again depending

upon its distance from the earth. Because the sun moves about 1° per day,

the moon about 13° a day, the elongation of the moon from the sun is about

12° a day or t degree per hOUT, i.e., one moan-diameter per hour. This

shows 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 indicste the small velocity of the sun (and of the shsdow) and the

much higher velocity of the moon in their orbits. The daily rotation in

opposite direction determines east and west rOT any given horizon; this

shows that the moon enters the shadow with the eastern part of its rim or,

i~ other words, that the shadow·pas8es over the moan from east to weft.

It is clear that it is not necessary that the moon be exactly

in lhe node at the moment of the opposition in order to produce an eclipse,

As W9 have seen, the diameter of the shadow is always more than twice as

~arge as 'he disk of the moon and will therefore eclipse at least parts of

the moon even ir the center of the moon dmes not coincide with the center

of th~ shadow. Let us assume that the center Y of~ the moan (fig.18) is in

the node when the center of the shadow already lies at S~ farther east in

'he eoliptic. Cne then calls "ecliptic limit" the maximal possible distanc·

MS~ such that the moan still aChieves at least one moment of contact with
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~ he shadow at Si. These ecliptic. limits again vary according to the special

circumstances (distance and relative velocity) between 9 to and 12°. ~rom

t.his it follows that if the moon is in the node when the syzygial line

deviates from the nodal line by less than 9 to, then at least a partial

1unar eclipse must occur. By the same type of reasoning it can be shown that

a total eclipse is certain if MS~ is les5 than A -t-0
•

From fig.18 it follows that our previous statement that tha

shado~ passes the moon from east to west only gives the main direction but

that the actu&l contact might deviate very conBi~erably 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 filII moen. If the eclipse is total, foar chuacteristic points can be

distinguished: (1) the point of the first contact with the shadow, (2) the

point 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 there always remains a certain part outsid.e the shadow.

~e no~ define as the ~north point" of the mOGn the northern point of inter­

section of the moonts disc with the great circle which pasaes throogh the

moon's center and the northpOle. 218 ) The four (or two) points or contact

218) Every such circle intersects the celestial equator at right angle and
is called hour circle or circle of declination. The circle in question is
~berefore the hour circle at the moon.

------- - -_.-------
mentioned above are detern-.ined by giving their "angles of position", i.e.,

the a~les NM(1), ... , NM(4) of the points of contact, counted eastwards

from the north point (fig.19). The north point is the highes-t point of the

limb of the moan above the hurizon only if the moan stands in the meridian;
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r~fore midnight the radius MN inclines towards the east, after midnight

towards tbe west. This element is of ~reat importance for the identifica­

tion of an eclipse if a historical report gives details about the pra~re8s

of the eClipse. 219 ) We shall discuss below p.II' an example from cuneiform

tablets.

--- - - ---- - - --- ----- --- - ---
219) Neugebauer (P.V.) AChr. I p.129 gives a table to compute the inclina-
tion of NM towards the horizon for the horizon of Babylon .

.. ._.•.._--------------

The ~gnitude" of an eclipse is measured by the proportion of

the maximum eclipsed diameter of the moon. Using this diameter as unity, 81:

partial eclipses have a magnitude less than one; the magnitnde of total

eclipses, however, is equal or greater than one. A magnitnde 1.5 means that

the shadow covers 1! times the diameter of the moan (fig.20). Magnitudes

are frequently also expressed in "digits", assuming the diameter equal to

1? digits. The maximal possible magnitnde of a lunar eclipse is abont 1.7

or 23 digits.

The definition of the "magnitnde" of a lunar eclipse given here

is already adopted by Ptolemy. We know, however, from him220) that magni-

220) Almagest VII, 7 (ed. Heiberg p.512 and 522).
-----------------------_.
~-udes were usually expressed by the eclipsed area, also called "digits" i.e

twelfths, which must be kept in mind when using anc~ent eclipse reports.

£1. Solar eclipses.

The existence of solar eclipses is one of the most peculiar and

accidental facts in our planetary system. It is a pure accident that the

distance of the moan from the earth is exactly such that the moon's diamete

as seen from th~ earth appears under the Bame angle 88 the diameter of the

sun. Furthermore, the distances between sun, moon, and earth are 80 nicely
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balanced that their small variations sometimes bring the moon into such a

position that its disc covers only 1~/15ths of the sun, thus lesving a ring

of 1 arc-minute width visible ("annular eclipse") for a moment. The limits

between annular appearance and totality are so DSrrQW that the same solar

eclipse can 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

hy the moan. In order to measure "magnitades", we now define the diameter

of the sun as ·one" (or 12 digits) and count the eclipsed proportion. With­

Ollt advance knowledge that a solar eclipse will take place, one will hardly

recoenize partial eclipses of magnitUdes below 0.75 (or 9 digits), except

when the sun is very close to the horizon, where STan small partial eclipse

tacoma 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 8S a clearly

visible dark sector on the full moon, a fact which thus makes practically

all lunar eclipses eqnally likely to be recorded. Lunar eclipses are there­

fore much less signeflcant for-historical problems than solar eclipses.

But the main reason that sun eclipses are BO much more important

for aosolute chronology lies in the fact that moon eclipses are visible

from all places on the dark half of the earth; Bolar eclipses, however~

only in places which lie in the narrow strip described by the umbra on the

surface of the earth aud the parallel zones of aufficiently high partialit,

In regions of a geographical latitude like the Mediterrenean Sea the strip

of totality reaches only about ~o width in geographical latitude. From the
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existence of annular eclipses it follows that this width caD diminish com­

pletely; on the other hand, 10 or more degrees of geographical latitude can

be in the zone of totality near the poles (cf. fig.22 and 23).

We turn now to describe the main traces of the process of a Bola

ecliras on the earth. Because the movement of the moon from west towarda

east is much faster than the corresponding movement of the sun, the moon's

shadow first touchea the western side of the earth (fig.24) snd then moves

eastwards (with a velocity between 1000 and 5000 miles per hour l), leaving

th9 earth a~out ~ hours-later on its eastern side. On the eastern side of

the earth, there are therefore placee (A1 in fig.25) where the solar eel ips

begins exactly with sunrise; shortly thereafter, the umbral cone reaches th

earth 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 A2 only see a partially eclipsed sun-rise, until

A
3

, where th9 eclipse is over at the moment of the appearance of the sun

above the horizon of A
3

0 Analogous considerations h~ld 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 eclipsef

of the sun. An observer at a given place, however, does not see anything 01

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 from fig.24 that the eclipse

moves from west towards east over the sun. The progress· of eclipses of the
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sun rterefore follows th~ opposite direction as the progress. of lunar

eeli f-ses.

The first step in using eclipse reports for historical purposes

wil~ always be to exclude as many cases as possible and to restrict the

detail~a investigation to a small number of remaining possible cases. For

th~ majority of cases, a knOWledge of the approximate path of the zone of

to~ality will be sufficient. The following considerations lead to the con­

struction of aprroximately determined curves of totality. Let us assume the

eerth to be perfectly spherical and the sun to stand exactly in the nodal

line. From the second assumption, it follows that all straight lines drawn

from the center of the sun to the center of the moon lie in the plane of

~h~ moo~'s orbit. Hence the axis of the umbral cone during the eclipse

describ~s an exact plane; consequently, the intersection of this plane with

:he spherical earth, i.e. the central line of the eclipse, is a circle.
~

AC'ually, none of these cond~tions ere fulfilled. The earth is not a sphe-
b~t an el1ipsoid: the sun need not be exactly in the nodal line in order to

produce an eclipse and, -.z at any rate, during the eclipse moves by an

angle which subtends about 10 arc minutes at the center of the eerth. But

it is evident that these deviations from the ideal case are sufficiently

small to justify the following approximation. One determines the two points

reechef. by uItbral cone at sunrise and at sunset; furthermore, one calculat

'he point where the eclipse is total just at noon (point C in fig.25). The

three points uni~uely 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 Oppolzer 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 when Beeh from the small areas which are the
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scene o~ anci8nt history are possible. Especially eclipses whose path de­

vtat~s much from a pure west-east direction are likely to be incorrectly

repres~nt.ed by the approximstiv·ely drawn central line. Fig .. 29 illustrates

one of these 08S85.
221 ) The curve A is a part of the path of the annular

221) This examplB is taken from Giozel, Kanan, p.5 and is of cour~e select

ad as an ext.reme case.

eclipse of -880 V 1 , the total progress of which is given on fig.28.

Calculation, however, using the same elements but determining the path not

ohly by the approximative circle, gives the strip B.

28. l!'reguency of eclipses.

Solar ecli~8eB, like lunar eclipses, do not require exact coin­

cidence of nodal line and syzygies. The "ecliptic limits" of solar eclipses

are even greater than the correspond~ng limits for moon eClipses,222) name-

222) cr. above p.'''.
--- ._ .._---

-------_.-------
1:v a't'out 1 ~ 1° and 18 to as compared with 9 to and 120 • This means

'hat i~ the moon is in the ascending node and the sun less than 15 i degreee

b8yond the node, an eclipse ~ust take place; an eclipse is, however, cer­

tainly excludsd if the sun already gained more than 18 to from the node.

Simple considerations, based on these values for the ecliptic

limits give the following result. The least possible number of eclipses

during one year is two, and both are solar eclirses. The maximum number,

however, is 7, of which ~ither 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 154 3 lunar eclipses, but 2375 solar eclipses occur. Among
223

these solar eclf>pses " 537 are total or annular, the remaining 838 partial.
-- ----- ---------- -- -,-- -----------
223) Oppolzer, Kanop, p.VII.

-----------------

--- --_. --------"-----------
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Numbers like 1500 total solar eclipses and 1500 lunar eclipses

during 1000 years would be ysry significant for moon dwellers. For a given

place on the earth, however, the majority of Bun eclipses which take place

somewhere on the globe pass without notice. Among approximately 900 solar

eclipses, only 22. were visible in Rome from 0 to 600 A.D.; only 13 of these

22 A reached more than 11 digits in Rome, and of these, only 2 were total,

one annular.
. 22')In Rome.

Bet~een -200 and 3;0 A.D., no total sun eclipse was visible

During the 6th century B.C. Babylon saw 2 total sun eclipses,

bUT 87 lunar eclipses, of which 28 were total.

---;---.,.,.-------,-......,.-_._--_. - _.~-------
0 2') Neugebauer (P.V.) AChr. I p.95.

--·----1

------------------_._-_.-

The frequently repeated story that centuries of observations

must have led the tiabylonian to discover the saros cycle can be illustrated

by the list of the 8 total solar eclipses visible at Babylon during the last

900 years before our era. 225 )

225) The visibility in Babylon according to Ginzel's KanoD. The differences
in days can be directly derived from Oppolzer Kanon, where the Julian day
of each eclipse is given.

Differences
Dates in Days

-880 V 1

-558 I 14 117326
-556 V 19 856
-401 I 18 56492
-177 XII 22 82154

-135 IV 15 15090
- 21 VIII 11 41756
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It is hard to see how such a sequenp.e of numbers could possibly

suggest the idea of cyclic repetition of solar eclipses, a periodicity whicb

wou~d be difficult enough to detect even from a complete list of all Bolar

eclipses.

£2. Tables.

We give below a list of the tables which can bs used to deter­

mine historical eClipses. 226 )

226) More detailed information can be found in Neugebauer (P.V.) AChr.
~ 1~ (p.9' ff.).

canon sun moon region

F.v.~eu~ebauer -4200 to -900 -3450 to 0 Near East
( 93 1/34 )

Gin.el (1899) -900 to +600 -900 to +600 Mediterranean

SchrOter (1923 ) + 600 to +1800 +600 to +1800227 ) Europe 1k NearES!

Oppolzer (1887) -1207 to +2161 -1200 to +2163 World

227) Only total eclipaes are listed.

This list obviously covers all periods for ancient and medieval history.

There exists, however, a very serious gap of tables for solar eclipses from

-90: to -~OO because Ginzel's .tables are not fUlly reliable for thig perio

(th. r.asons will be discussed in§ 5.{cf. below p.l" ff.).
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§ 4. Ancient Moon Eclipses.

lQ. 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

-8'0) which might possibly refer to an eclipse but could just asshout

fr~~ ~ll the periods of ancient Egyptian history. There is only one ~ague

remark in a Ka,-nak inscription of a king of the XXnnd dynasty (Takelot

mean invisi~ility of the moan at newmoon or due to any other cause. The

toxt reads: 228 ) "Now, afterwards, in the year 15, month XII(e), dsy 25,

228) Following the translation of Breasted AR IV p.~82- and note d, where
fu'-ther litertl-ture is quoted. See, moraover , Breasted AR I p.21 and the
most recent discussion of this inscription by Borchardt L3J p.3 ff.

----------- ---------- ------

under the majesty of his angust father, the divine ruler of Thebes, heaven

not baving devoured the moan, great wrath arose in this land ... ". Bllt even

assuming that a lunar eclipse is meant, this report is without practical

value for chronological purposes. Even if we find a year in which a lunar

eclipse falls in the season in question, eclipses would also have occured

1 1 or 12 months earlier Bnd later, and it would take many years to bring

-he ecliptic months and the calendar into total disaccord.~29)

2?9) Th~ siti~ation, of course, is different if one already knows the time

into which the reign of this king falls (cf. Borchardt [3J p.d r.).
---------------------- ---

To make np for this complete lack of Egyptian eclipse reports,

mo~er~ books sometimes 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 question230) is by no means clear

----
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Diogenes only says that the Egyptians consider their god Hephaistion 8S the

crealor o~ philosophy; since his time, Diogenes adds, 48863 years had elaps­

ed, during which the above-mentioned number of eclipses are said to have

happened. But there is no special reference to Egypt in connection with

~hese numbers, and the continuation of this passage includes other chrono­

logical data, 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 1 1 might be possible, of course, that such records did exist. Our know­

ledge of Egyptian cultnre in general and of Egyptian astronomy in particu­

lar is sufficient, however, to permit us to say that the development and i~

portance of astronomy in Egypt certainly never reached the level of Baby­

lonian astronomy; we can never expect to find many hundreds of reports of

all kind of astronomical observations in Egy~such as we actually possess

from Uesopotamia. TIle obvious explanation of this fact is the very late'

introduction of astrological concepts into Egypt. Astrological ideas can Do1

"e discovered in Egypt before the fourth century B.C. This reduces very

consinernblf the probability of finding Egyptian astronomical reports; for

~he present, at any rata, Egyptian absolute chronology must be based on

considerations of a different sort than the chronology of the Greco-Roman

period, which is manly based on the lunar eclipses mentioned in the Alma­

gest.

11. Mesopotamia.

T~e ara of Nabonasaar is chronologically determined by the

eclipse reports contained in the Almagest and dated according to this era

i~ Egyptian years. ~'rom the era 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 hasis 0:' ancient Greco - Roman chronology, all of them lunar. The

ele~ents of these eclipses are giv~n with astronomical details which are

more than sufficient to permit them to be determined uniQ.uely by mod.ern

caJculations. 231 ) Of th.se 19 eclipses, 10 are taken from Babylonian re-

231) These eclipses are listed and discuesed in Ginzel, Kanon, p.229-234.

~orts. 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 IV 22 (2.1) -381 VI 18 (5.9)
-522 VII 16 ( 6.1) -381 XII 12 (18.2)

O~ly the first232 ) and the last eclipse are total. 66 is shown by the mag-

ni t IJdes given in parenthesis. 233 ) The last three eclipses were used by Hip'

parahus from Babylonian sources. 234 ) The eclipse of -522 is of special

interest because we have not only Ptolemy's elements but an original cunei­

form report as well. 235 )

232) Detailed information about the progress of this eclipse in Neugebaue:
(P.V.) AChr. I p.126 f.

.
233) According to fieugebaner (P.V.) Kanon (expressed in digits).

23') Almagest IV, 11 (ed. Heiberg p.340). Bipparcbns gives the years in t'
Athenian eponymic fashion by mentioning the Archons. This makes these ee11
ses of interest for Athenian chronology (see Dinsmoar, Archons, p.350 and

p.391).

235) This was discovered by Oppert [1].

Ptolemy's descriFtion of this eclipse is as foIlowa: 236 ) Cambys

year 7 • Nabonassar 225 X(e) 17/18, 1h before midnight, reaching! of

~ha moon's diam~ter from the north.

236) Al~ag~~t V,1~ Oed. beib~rg p.419).
---
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1t7

~-;--=-~--:---:-::.:------,....-------_._---_._......
2/01) cr. b9101i p."-.----_._- -------_.__•.•._--

•

h1.0 . Assuming thst the ancienttime, the beginning was 22.3h , the end

reports refer to the middle of the eclipse, we would obtain the following

hours: cuneiform text 22.6, Ptolemy 23, calculation 23.7

other dates can be oxplained by the formerls loose expressions in round

~umbers. But it is perfectly absurd to assume, as has been done occasionally

that Ptolemy ~sad elements gained by observations from other places (say

ty Hip;,archus in Rhodes) and recalculated the elements as he thought they

should have been for observations at babylon. This assumption exhibits mis­

understanding of Ptolemy's goal, which consisted in selecting ecli~ses of

Modern calculatio~239) gives as magnitude 6.1 digits from the

north,2
d

O) in agreement both with the cuneiform text and Ptolemy. As to

~heir modern equivalents, we must note that sunset took place on the given

nate at 19.25h and that 1 ~ beru correppond238 ) to 3.33h ; hence,

22.Gb is the time given by the text, or about t honr earlier than accor­

cing to Ptolemy.

237) Published in Strassmaiel', Kambyses No.400. Cf. Kugler SSB I p.70!?\.

238) Cf. above p.lll.

We shall later discuss the problem of discrepancies between mo­

nern calculation and texts~A1) The divergences between Ptolemw and the

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 from the north. In order to convert these numbers into

-:-::-::-;---::----:----;:c-::-c-c::----:-:::-------. _.-.-_....-_.._ ... --.
239) Neugebauer (P.V.) Kanon p.40.

2-0) Angle of position of first contact 330 towsrds east, of last contact
~7° towards west.
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2 / 2) Oppolzer in Ginzel, Kanon p.233.

2'3) Almagest IV," Jed. Heiberg p.340): "Hipparchus says that he uses
these three eclipses for comparison among those eclipses conveyed from Ba­
tylon as opserved there ft

• One should, moreover, keep in mind how careful
Ptolemy was in selecting his material. In the case of the three oldest eeli
ses, e.g., he mentions (ed. fieiberg p.301) explicitly that the reports con­
cer~ing these eclipses give the impression of especially carefUl recording.

a certain type in order to determine the basic constants of his theory. One

has doubt~d,2A2) e.g~, the Babylonian origin of the elements of the eclipse

of -382 XII 23 although Ptole~ says explicitly that Hipparchns received

the elements from BatYlon. 243 ) The reason for the doubts is that Ptolemy

gives t 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

clnsion left is that here again modern calculation gives a slightly later

tsginning than the facts attested by the ancient reports.

We kno~ from Ptolemy that he selected the eclipses from more

extensive material at his disposal. 244 ) This is confirmed by the existence

of numerous astronomical reports from the same period,24 5) e.g., three

llma,. eclipses from the reign of Samas-sum-ul<'n namely -661 I 28,246)

-6;2 VII 13 2
4

7) and -652 I 18. 248) The partial lunar eclipse of

-20~ IX 22 had been noticed at ~abylon249) but was used by Ptole~ from

Hip;archus' own observation made at Alexandria. 250 )

2'/) Almagest, introduction to 1V,6 (ed. lieiberg p.301 f.).

2A~) Collected in Thompsan, Report9) and Harper, Letters (cf. the index to
Waterma~ts translation of the Harper Letters).

Kugler SSB II p.372-380.

Discussed by J.Mayr in Piepkorn [1] p.105-109 (previously by Ginzel,
p.252 ff. and others). .

Harper, Letters No.137. Cf. Weissbach [1] and [2] p.65 •
.... ,....\..n"_· .-ger ~rg. ~'''.x l:I.n~ ,....}68 1". f'nd note 1 on these pages.

. ..
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been ~llly investigated, although easily
Thompson Rep .. ; Harper, Letters; Waterman

For the period in question, how6Ter, one dlff1culty

in using cuneiform matsrial fpr chronolo!ical purposes must be

251) This material has not yet
accessible in the publications
?oyal corr.; Pfeiffer, Letters.----

119

which rises
25·mentioned.

--'__0··' __ .. _ •• .• _. _

One must in each specific case exclude the possibility that the given e1e­

~ents result from calculation instead of observation. Although systematic

calc·'18tio.D of the moon's movement, predicting its position with high ac­

cura~y for 8 long period in advance, do nat exist before the third century

B.C., more primitive and short-termed predictions were undoubtedly made

some centuri~s earlier. 252 ) And there are cases where the decision betweet

observed or cblclllated is not easy to make, and the best polie:¥' consists .iI

not llsing the text for further conclusions. 253 )

272) For examples see Kugler SSB II p.62 ff. or Olmstead [1) p.118 f. Sucb
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
.Il lunar eclipse at the next conjunction. This negative method is much more
in accord with our knowle~e about tiabylonian astronomy than the usual as­
sumption of cyclic prediction.

253) No agreemenL has been reached in the case of the lunar eclipse of

·'2' X 9 (mentioned in CBS 11901) declared by Kugler (SSB Erg. p.233 ff.)
to have been calculated but considered by Schoch and Fotheringham (Schocb
[1] p.3, Langdon -F.-S. p.50 note 4) as actually observed; cf. Schaumber~er

Erg. p.2'3 and Kugler l1]. It seems to me methodically wrong that Fothering
ham ([3]) end De Sitter ([1]) also based their own calculations on this, .eC_lpse.

Almost no material exists from the period before 750 B.C. One re­

nort about a lunar eclipse has been found in the archives of Mari from theFrom the Otto Neugebauer papers 
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struction of tTr from the following conditions: an eclipse toa.k place on th

1'th of XII(b), beginning in the south, ending in the north, beginning in

the first watch, ending in the third. 256 ) From these data it follows that

~ost detailed information is contained in one omen which concludes the de-

120

255) F..g. by Schoch L1] p.6 ff.

the astrological omens collected in the great series "Enuma Anu Enlil" con­

tain metrial ~hich can still be identified chronologically. This has been

at~empted in different casee but without very convincing results. 255 ) The

-------'-------------_.•_------ -----

2"') DORsin L1] p.125.
.------------------------------
• 8th cent. B.C. but is still unpublished. 254) It is possible,

_.•._-----

-----:-;--,..- ..__.__.--==_.- -.__._. ---_._- -
256) The text is contained in Virroleaud Sin XXX 79-82, translated by
Jastrow, REA II p.558.

a lunar eclipse is involved, not too distant from the vernal equinox (say

t2 months). The length of a watch at this time of the year ie aboat 4h ,

regardless of whether one assumes seasonal watches or not. Beginning in the

first, ending in the third watch ~herefore implies a very freat total

eclipse with its middle near midnight. Finelly, the angle of position of

the first contact must by as much as possible be greater than 900 in order

to justify the expression "beginning from south"; correspondingly, the

last contact should be as near as possible to the northpoint. The best

possible solution seems to be the eclipse of -2015 IV 24/25 proposed

ry S.Srnith. 257 ) The date is late eo far ae the month is concerned (XII(b) ~
- .--- . -------_._----:-~-_._-- ...

2<7) Smith, Alalakh p.31. Schoch proposed the eclipse -2282 III 8/9
which hardly reaches totality (magn.= 12) and lasts only for 3.3 hotlrs. The
angles of positbn are 1320 towards east (which could well enough have been
called "south") ~ut more than 100° towards west, which is not "north" at
all. There are about seven eclipses in the period under consideration which
~it ~r~ ~lo_oh~o Rr ~bQ te~~ no worae. --
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at the same time opened the on~y existing possibility to determine exactly
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21 + 18 =III

--- - - -~-----=--=---~=

the vernal equinox falls about

--- --------- ----

According tp
at -2000.

"''''0 ~~ P ......... ~c,o ...... -,- Li long.ita"'~ at; !'-yo dioT-:l.nt places. The simultaneous obser-

]g. Moon eclipses and geographical longitude.

----- .---- - --_._-----------_._-

2 ~ 8)

IV a

The value of lunar eclipses in Greek and Roman times is

restricted to the occasional checking of dates within the framework of the

general chronology established by means of the eclipses in the Almagest.

The difference in local time recognized in observing the same lunar eclipse

y!elded one of the main arguments for the sphericity of the earth~60) and

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 racts, then can hardly remain any doubt that tho destruction of Ur

has to be dated -2015.

2(0) Cf. e.g. Theon Smyrnaeas (ed. Martin p.140 ff.) and Cleomedes 1,8
(ed. Ziegler p.76), both(?) writing in the 2nd cent. A.D.

b'lt ry no means impossible within the arbitrary calendar of the Third Dyna­

sty of' 'Jr,2~8) This eclipse reaches the magnitude 22.1 and lasts from 23.7

to 3. -;, i. e., 3. c, hours, the tni delle being 1 .. 5h after midnight. The first

conta.ct took place 1200 from the north-point, the last only 64° to the west

of he !lorth-poi.nt. 259) One can say that all elements fit the conditions

2~9) One must not forget, however, that the north-point is inclined with
respect to thA meridian. Assuming that the ecli~se actually happened 1 t
ho"rs earlier than according to calculation, one would obtain as point ot
first contact a point 1520 east of the meridian, as last contact, however,
96° west (instead of "north") as fig.3D shows. Assuming the time as given
by calculation, one would obtain 1270 as angle of position of the beginni~,

1100 tor-erda west as angle of position of the end of the eclipse.
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to be known.

signals today; solar eclipses, on the contrary, furni.sh no information

._----------_...-._--

th'3 same as equinoctial hours. Mo!eover, moonrise and sunset are simulta­

neous at a lunar eclipse; hence, the time difference is 2 hours, which is

correct since Arbela lies 30° east from Sicily. The same ecliyse 1s men­

tioned by Ptolemy in his Geography262) as having taken place at the 5th

262) Geogr. I,. (MZik p.21 or Ginzel, Kanon, p.184).

~-------~~=

ceded the hattIe ar Arbel~bY 11 days happened at the second hour of the

7J:ig;ht bat at moonrise in Sicily, we have the following elements. Since the

eclipse occured on -330 IX 20, seasonal hours are therefore practically

Fig.}1 shows how one can directly conclade.geographical longitude,

fro~ the difference in local time~;; the differen~~~~; differences in

latitude make no difference because all places on the S8me meridian have

the same local time. Each difference of one hour corresponds to 15° differ­

~nce i~ longitude. When Pliny261) tells as that the moon eclipse which pre-

26 ' ) Pli"ius NH II,180 (= p.196 2 ff. ed. Jaa··Mayhoff or Ginzel, Kanan,
p.l';t).

a~out the difference in apace or time of different places because not only

the direction of the path but also the velocity of the shadow would have

vat ion of lunar eclipses plays for antiquity the same role as the time

hour in Arbela, at the second in Carthage. Here everything is wrongj Car­

thage lies not }h ~ 450 west from Arbela but only }6°. Moreover, the

eclipse in question, having begun at the 2nd hour, was just over at the

5th hour. 26})

--------------------------_.-
263) Because Arbela aad Dabyloa lay on the same meridian, the times from

Neugebauer (P.V.). Kanon, are the same, namely, beginnung 19·8, totality
<. - •• ~ .~~?~ n

From the Otto Neugebauer papers 
Courtesy of The Shelby White and Leon Levy Archives Center 

Institute for Advanced Study 
Princeton, NJ  USA



123

The erroneous values given by Ptolemy may haTe been caused by an

simple error in his Bource; the essential point, however, is that he obviou

ly had no other elements at his disposal because he actually based ris ~P6

O~ ttis erroneous time difrerence. 264 ) This reflects undoubtedly one of

261 )

o80 ,

luee

According to Geogr. VI,1 ,5 (Nobbe I p.83,9) Arbela has the longitude
according to IV,3,7 (Nobbe I p.236,9) Carthage (Karchedon) the longi­
3/°~O' .

the greatest difficulties in ancient mathematical gBography and aBtrono~:

~he complete lack of a scientific oTganisation. 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 obsel~ations 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)) st the 5th hoar of the night, ss

js confirmed by calculation. 266 ) For Rome,however, lieron assumes an obser-

vation two

(1 h snd 10

hours later
'£7)

minutes).

which is almo*t twice the true time difference

265 )

III

Beron says 10 days before equinox which actually toak place
h22 21.7 •

+62

2cG) Neugebauer (0.) l5) p.23.

267) A list of the geogrsphical coordinates of important places in anti­
q'lity is r;iven h lleugebauer (P.V.) BAChr. III p.?1.

It is, therefore, perhaps not quite accidental that the number

of ecli?ses, recorded in Greek liter8t~re, 1s so small. If we do not count

the 19 lunsr ecli~ses from the Almagest, only 18 lunar sclipses (total and

partisl) and 36 solar eclipses (only 2 partial !) are mentioned in Greek
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---- ----_.---- ----
2GB) Theso numbers according to Boll's list in HE 6, 2352 ff. (1909).

a fact which should

- ---_....• --_ .._--- ._----

§ 5. Ancient Solar Eclipses.

12. Sun eclipses of chronological interest.

-----~

a fer. traditional v81u~s and personal observations

Sun eclipses are of much higher interest for chronological pur­

pos~s than eclipses of the moon because of their great rareness at a par­

tlc 111ar place. The mere mention of the visibility of a solar eclipse during

a given period is usually sufficient to determin~ u~iquely the date in

question by simple leaking at maps such as are given in Ginzelts, Oppolzer'

not be forgotten in evaluating the results of ancient astronomers.

smaller had it not be~n for the importance of eclipses for superstition and

astrology. The material for exact calculation was therefore restricted to

SOI.\rce3 betw~en 700 B.C. and 300 A.n. 268 ) And thesA numbers would be even

or on~ of I.toe other "canons". Knowing, on the contrary, that during the

reign of a king a lunar eclipse was visible is chronologically valueless

because almost every ,:ear "ill suit this description.

Unfortunately, the number ·of recorded solar eclipses is still

far lo~er than it must be by purely astronomical reasons. One could, for

example, easily get the impression from modern literature, especially from

tooks at an expository character; that countless solar eclipses were re­

corded since in ancient babylonia. Actually only a single report about a

solar eclipse can be used fro chronological purposes,2S9) namely, the

---;--:-­
269) A rew additional solar eclipses ars mentioned in the literature, but

all of them require too many additional assumptions to be considered as
chror. n1 ·· rH ,...,:-:l1:" uoc,f',:tl. The OJ.dQ5T eclipse in this group is the total ecli
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of -1062 VIII 3'. Fotheringham l2] takes this eclipse in consideration,
although the date given in the text is the 26th (no misreading as explicitly
ad~itted by Fotheringham l2J p.105), not to mention the very doubtful de­
scription of the phenomenon (cf. Kugler SSB II p.372 note 2 and Ginzel [1 J
p.39 f.). rho eclipse mentioned in Harper Letters 276, identified in Gin­
zel Kanon 245 ff. with th~ eclipse of -699 VIII 6, is also contested by
Kllgl~r 11] p.64 -66. !'lesson [1 J attempted to identify -11.. ,d,!" -<~A-.-•.I ..~ •

&.. ,.;Iy rr''''''~ f.tf,t- (Tt.·-r"~ f..rl; .!! /'- /10 No_ '77 R) Mk I(, "It" of ­
~e alT~edy mentioned (p.~",) the text CBS 11901, which not only refers to
'h~ }llnar eclipse 0:' _ tl 2.1 X 9 but also the solar eclipse of -.424 X 23,

invisi~l~ at oa~ylon (Kugler SSB Erg. p.236 f.).
.

re~ark in the list of the Assyrian eponyms that during the eponymate

Bur-Sagale an eclipse of the sun happened in the third month. 270) The epo-

---------_._--_._._------ - ----,
270) The text is K ;1, published in II R 52, the passage in question re­
pI"oduced in Ginzel Kanen p.2L1j. Cf. fteallex. II p . .1.13.
---_:_-~-_. - ..------- ------_._.--

nymic caDon alone is sufficient to determine the centnry of Bur-Sagale as

the 8th century B.C. As fig.2) shows, only two eclipses were visihle in

~esopotamia from -800 to -700, specifically -762 VI 15 and -764 II

10. The second is excluded because a third Babylonian month cannot fall
re

~ear February but only near June. Hence, thc remains only -762 VI 15,
!'

which is not only in best agreement with the given month but also reached

almost complete totality in Nineveh; the magnitnde reached for this place

was 11.89 digits. 271 ) This eclipse is therefore the raal fixed point in

------ -------
27<) This according to Schoch [1] p.24. Fig.23 gives the zone of totality
according t~ Giozel, Kanon, about 100 km too far north.

As~yrian chronology. For older times we must rely mainly on relative chro­

nology until a thousand years ~8rlier, when we get some help from observa­

tions of Venus (to be discussed in the follOWing chapter) and from the moon
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eclipse conop,cted with the destruction of Ur, the chronological value of

----_.-- -- ~-------, --

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 Dabylonian lunar calculations of Seleucid

times.

273) Listed in Ginzel Kanan p.259 f.; but only one of them was visiole at
babylon (-122 1 23).

-------_._-----------

The situation is only slightly better in the Greek sources. It

shol)ld be remarked that l-tolemy does not give a single date of a sun eclip

ohviollSly because he had no material, at his disposal which seemed to him to

te sufficiently trustworthy. It is also of interest that Cleomedea274)

d~nies the existence of annular eclipses, Rlthough, e.g., the eclipse of

-'30 VIII 3, mentione~ by ThUCYdides275), was annular. 276 ) Actually, all

27') Cleomedes II,' (ed. Ziegler p.190,23).

0'75) Thucydides II,28. Cf. above p.lll.

276) Cf. about their frequency above p.II"

chronologically important reports of eclipses of the sun in Greek sources

belong to the p9riod of the Peloponnesian war and the time shortly there-

after. The just previously mentioned eclipse of -430 falls in the first
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27 1a) The solar eclipse of -1331 XII 30 has been assumed to
e recorded in Hittite sources and would constitute an important chronolo­
leal elemer.t (cf. e.e. F.Bilabel, Geschichte Vorderasiens und Agyptens vom

6.-1'.Jahrhundert v.Chr. [Heidelberg, Winter, 1927J p.291). It has been

hcmD, however, that this assumption is based on sn erron~ous translation

or the text (cf. A.Gatze, Nochmals sakiiah(h)-. KJeinasiatische Forschungen
I
f (1930) p .• 01-"13). It might be added that this eclipse only reached 5 d.i-- . .
!its for the rp.gion in question and W"tS therefore hardly reco,enized at all
(ef. Neugeloauer (P.V.) KS p.24).
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year o~ teis great conflict, the partial eclipse of -423 III 21 in the

eiGh'h year. 277 ) Then follow¢ the eclipses of -d03 IX 3, establishing

the date of the defeat of Larissa by LYCophron,278) -393 VIII 14 the

invasion of Boeotia by Agesilaos279 ) and -363 VII 13 the war between

Pel pidas and Alexander of Fherae. 280)

277) Thucydides IV.52. The eclipse of the mban which caused the Sicilian

catastrophy of the Athenean expeditionary force falls ten years later ( -412
VIII 27).(CAB V p.306).

278) CAB VI p.36.

279) CAB VI p.47.

280) CAB VI p.86.
--------_._-- -------_._--

The last eclipse in connection with Greek history is the WAga_

thocles· eclipse of -309 VIII 15, which will be discussed below in greater

detal·1. 281 ) mh l' R 1 . 26 I.I. e ear lest omBn so ar eclipse:1.8 - 1 I 1 t which is

fo'lowen hy four additional recordings in the year before the beginning of

our era. 282 ) The latest Greak reports on eclipses do not refer to political

of 71 A.D. III 20, seen by Plutarch, is of
•

tistory; the total eclipse

astronomical interest 283),

"
28d) c._appus, that of +3.,..

t.reatises.

while the eclipse of

VI 16 by Theon285 )

+320 X 18 is used by
. . -'.

in their astronomical

281 ) Cf. p. Ut.

282) Cf. the list given by Boll RE 6, 2357 f.
•
283) Cf. below p" "l.

28d ) Rome p.X.

28 <,) Boll BE §, col. 2363.
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Altogether, one may say that no more than aboat 2~ solar eclipSE

which are useful for establishing the fixed points of absolute chronology

are kno~n from all periods of ancient history.

~. Secular acceleration.

In 1698 th9re appeared in the Philosophical Trsnssctions286)

286) No.218 for 1695.

"An sxctract of the journals of two several voysges of the English merchants

of the factory of Aleppo, to Tedmor, anciently call'd Palmyra". In an appen­

dix to this report, E.Balley wrote287 ): "And if sny curious Trsveller, or

M~:'chand residing there, woald pleaae to observe, with due care, the Phases

of t·be Moons Eclipses at Bagdat, Aleppo snd Alexsndria, thereby to deter­

mine their Longitudes, they could not do the Science of Astrono~ a greater

Service: For in and near these Places were made all the Observations

"hereby 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 demonstrste, and shsll (God willing) one day,

make i~ appear to the Publick."

In order to explain what Halley meant in speaking of an accelere

tion of the moon's motion we must briefly return to the description of tbe

~ove~ent of the moon given in § 1. For the sake of simplicity, we disr6garc

the moon's latitude and consider only its longitnde as depending on time.

~a disregard, moreover, all irregularities in the moon's velocity by con-

sieering only the average velocity ae obtained from, say, ODe or two cantu­

rl~s or observations. Let U8 suppose ).. to be th·, longitUde of the moon at

a certain moment (called the "epoch ft
) from which we begin to count the
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tim9 t. This means that we suppose that ~. is the moon's longitude at t=O

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 «, i.e., its

longitude increases by ~, degrees in each unit of time. The longitude at

the time t will hence be given by

(41 )

(W9 count. here, of course, longitudes not mod .. 3600 but admit continllOusly

i~creasine values like distances on a straight line). What Halley discoveree

"as 'he folloNing, in discussing four eClipses288 ) observed by Al Battani

(the solar eclipses of 891 VIII 8 and 901 I 22 and the lunar eclip­

ses of 88} VII 2} and 901 VIII 2289)) and comparing them on tha one

288) Balley [1 J.

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 o~n time in the other, he found that these three groups of observations

could not be reconciled with each other by the simple formula (41). A1thoug)

the eclipses of Al °attani were just in the middle of the time between

Halley and Ptolemy corrections appeared to be necessary, di ff'erent for the

first and for the second half of this time interval. Therefore e formula

lik~ (~1) does not describe th~ mean longitUde of the mooD but ~e need for­

."u 16 11ke

A= A. + __,f -+ 0<, f L

where the littKle coefficient ~L measures the incrasse 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

cha11~nge to astronomers,290) as expressed in the following sentence of

IBPlace291 ): "Ie correspondence des Butres phenomenes celestes avec 1e

?'I n) Cf. Lalande r1 J.
2q1) ],aplace [1 J p.244 f.

th~orie de Ie pesanteur est 51 parfaita at s1 satisfaisante que lion ne

peu; voir sens regret I'equation seculaire de Ie Lune se refuser ~ cette

theorie at faire seule exception a une 10i generale at simple dent Ie de­
converte, par Ie g:randeg.r at Ie variete des objects qu'elle embrasse, fait

tan~ d'honneur a l'esprit humain~. It is one of the great achievements of

Laplace to have been able to sho~ that sl~ch an acceleration is the conse­

quence of a slow decrease in the excentricity of the orbit of the earth

caus~d by the perturbation of the other planets. 292 ) It turned out, how-

-_._-------

---------------------_ .._---
292) Laplace [1J, published 1788 in the Memoires de l'academie royale des
Sciences de Faris, annee 1786. For the modern theory, see Tisserand Me III

chapter XIII and Brown Lth. p.243 and 267 ff.

eV9T, that the numerical valu~ of the coefficient ~~ , 8S deduced from the

comparison of the ancient eclipses with mod~rn elements, is about twice a6

muoh as anticipated by the theory (although numarically 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

eclipses, especially eclipses of the sun. A small difference in the moon's

longitude of course affects th~ time of the syzygies, and hence the be­

gi!,!)1ing or end of an eclipse. Such small diff"erences arA, however, bela"

the limits o~ accuracy of ancient time measurement or, at least, of the
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aC~llr8~Y ond rp.liability of ancient reports; they can therefore not be de­

+ectec i~ reports on lunar ecljps~s. A small difference in the time of oon­

jllnctio~ will not only affect the moment of recording of a solar eclipse

P:lt also influences the position of the zone of totality on the earth, be­

cause different parts of the earth will be in the shadow at different times.

Very small changes in the moan's longitude therefore might move the path of

totality by 50 or 100 miles and make the ecli~se total for a certain place,

~here it. was only periiel 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 a very important eleme~t for deter~iDing the empirical valne of the

constant of secu~ar acceleration in the theory of the moon.

~efore ~e go on to describe in some special cases the influence

of thA value of the secular acceleration on the appearance of ancient solar

eclipses, W9 must first discuss the modern explanation of that part of the

s~cular aCC'31erat'ion which is not yet covered by the Laplacian arguments.

This will lead 115 once more to the necessity of analysing the concept of

"ti~e". We sa~ ho~ the apparently "natural" concepts like year, month, and

nay are actually of a very complex nature and deserve much analysis before­

they caD become scientifically useful. The basis for all these defini.tioDs

is 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

th~ 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 transits of the same fixed star, or more accurately, of the

vernal point, which is not quite the same, because of the precession of the
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e(jF.inoxes. All previously introduced units like hour, meA.n soler day, lu-

nation, etc., are in this way eventually defined by means of the sidereal

day.293) w~ must now consider the consequences of the assumption of a slow

refuction of the rotational speed of the earth.

-----------------------------
293) The nnmerical relation between sidereal day and mellD 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 'Y'" on the sky will

again reach the meridian earlier than the sun. After oDe tropical year, the
sun will have fellen behind the vernal point one complete circuit; or in
other words, the vernal point will have gained ODe pass§ge of the meridian.
Hence, if y = 365.2422 is the number of days in a tropical year, the cor­
res~onding number of sidereal days will be y + 1 • There fore

(.3) 1 mean solar day = (1 + ;) sidereal days

fro'11 which follows

1 mean sol.d; = 1.0027 sid.d XXAIJlIllllJOX
1 sid. day = 0.9973 mean sol.d.

or approxi.mately 1 sidereal day ~ 1 mean solar day, - 4 minutes.

Let us su~pose that two vehicles, M and S, travel with uniform

velocity on a road (cf. figo-32), but M much faster than S. Their movement

shall be observ3o hy an observer on a rotating disc E, which defines the

"veloci tyl! of M and S by counting the numbers of miles covered during one

revolutio~ of Eo- I~ E rotates uniformly, the observer's definition of velo-

city wil~ yield the same result as the measurement of the actual velocity~

of ~he vehicles on the road. If, however, the angUlar velocity of the disc

slo~ly diminishes, the observer on E will realize that M and S cover more

~iles during one rotation than before, and he wlll consequently speak about

an "'acceleration" of their movement. Moreover, he will detect this accelera-

Lion mor~ easily by observing the faster vehicle M than the slower vehicle

S ~ecause M covers much more distance than S in the same time.
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The application of these considerations to our present problem

is 01 ViO'IS. A slm":l increase of the length of" the sidereal day must be inter

~r~tA~, accoroing to our definitions, as an acceleration of th~ ~ovement

of sun, moon Bnd planets, and these accelerations must be much more visible

i~ the csse of the moon than in the case of the SUD because this kind o'

secular acceleration will be proportional to the actual mean velocity of

the body. This part of the secular acceleration of the moon is therefore

not a consequence of the interaction of forces in our plan~tary system but

is merely due to anr employment of the rotation of the earth as our supreme

clock. ~easons why this clock does not move in an absolutely regular manner

h~lv~ heen given; am.ong them, tidal friction is evidently the main cause. 294)

._ .._---
294 ) Cf. Jeffery [1] where more references are given.

The method of' detecting a secular acceleration of the moon is

closely related to'the chronology of eclipses. If the present length of the

sidereal day is us~d as the unit of time, all longitades calculated for

times will be too great if we apply simply the formula (41). This error

he in proportion to the coefficient Ol" , i.e., to the mean velocity. There-

fore tte moon's longitude will be much more affected than the sunts longi­

t1ld\!; in other words, the elongation of the moon from the sun will increase.

Too gr'~at 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-!

tioD caused by the slow decrease of the earth's rotation.

A few general remarks may be added. We 85sumed in our example in

flg.32 that the two vehicles Il and S "actually" moved with constant veloci 1<}'.

This supfoses 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
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go~d reason to distract the basic assumption of the unvariability of the

earth's rotation. This problem caD be solved only by finding a new method

of measuring time int9rvals absolutely independent of the phenomena in

question. Pendulum clocks cannot be the solution because their frequency

depends upon th~ constncy 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 processes which are, in

all our present knowledge, absolutely independent of influences connect9d

with the earth's rotation. This principle is the basis of the so-called

"crystal clocks", which encourage our expactation of the possibility of

controlling the change in the velocity of the daily rotation with the same

~egree 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)
'0 '936 is given in Scheibe [1J._....c..:._--='-- --'-~ _

It will be clear from the preceding discussion that two dif~erent

causes oacome visible in the moon's "secular acceleration": ODe completely

determined by means of celestial mechanics, the second explained in prin­

cip19 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, ho~ever, largely depends upon the selection of recorded eclipses whid

are supposed to be so reliably recorded that modern calculation can be

tested on them. This explains why modern eclipse tables are not slike in

their results in representing all ancient eclipses. Ginzel's Kanan, for

example, is b~sed mainly on elements chosen to agree with medieval eclipses

Fotheringham and Schoch, on the contrary, required higher accuracy of the

retresentaiion of ancient eclipses. This difference in procedare results in

no+ 1uite negligible differences in the localization of the totality of
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soItH' eclips~s for the period before 400 B.C. Around 1500 B.C., the differ

'3nce

other

amollnts to about 600 Kilometers; accordingly, Ginzel's curves lie far­

east than SChoCh,s.296) There can be little doubt that Schoch's ele-

296) Neugebauer (P.V.) AChr. I p .13' •

menta are at present the best solution of the representation of ancient

ecli~ses. The following examples will show the effect of these new correc-

tions O~ Gjn~el's elements.

8. The Aeathocles and Hipparchus eclipse.

Sicily was fpr centuries the 'hattlef"ield between Certbaginian

an~ Greek colonization~ in one of these wars, Agathoeles, the tyrant of,
from besieged Syracu~ in order to attack the

Be. 298)
Now Diodorus (first cent.A.D.) reports that

•Syrecus escaped with the fleet
•

Phoenicians in Africa. 297 )

------------------_..
297) Cf. CAR VII p.625 and HE I col.752.

298) Diodorus XX 5,5.
-------------------_.._.__.__.•._--,-- - .._-

• •non the following day (after Agathocles had left Syracu~) there occur~d

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 eclipsA of -309 VIII 15, visible in Sicily. Further­

more, the ecltI:se must have been total wherever the fleet happened to be at

"'"hrJ moment hecause of the appearance of stars (which refers, at least, to

~,.renus). o/e know, moreover, that Agat~ocles landed six days later at Cape

H'3rml'3.etlm,2 99 ) not far from Carthage; hut it is not explicily stated whether
.__._--

2q~) NoT, Cape Bon. Cf. the map mn CAB VII facing p.617 •
.-- _.__._-------- . ~-'--

AGa'hooles sailed around the northern shore of Sicily or took the shorter

way southwards,
'3,;-"'---'" ·.~.J·e

although the comparatively long sailing time mekes the first
prohall ; ~ ,
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It is a peculiar fact that the two possibilities, northern or

sO'J~he,·n route, are equivalent to placing the zitne of totality according to.

Ginz?l's elements or according to Schoch's. Fig.33 shows how Schoch's cor­

rec~io~ for secular acceleration moves the zone of totality so far towards

north that only the northern route around Sicily rem~ins possible. Ginzel'e

el~~ents, on th~ contrary, would clearly speak in favor of the direct way

from Syracuse southwards. Fig.3; shows, moreover, the southern limit of the

zone o~ totality according to Stockwell and the zone according to Hansen in

oreer to sho~ how sensitive these areas are to changing elements, which all

represent almost eQually well the present-day appearances. ~t is obvious

that both Stockwell and Hansen are incompatitle with Diodorus' report.

The decision whether Ginzel or Stockwell are right seems to come

from a notice in Justinns,300) who tells us that Agathocles kept secret

his real goal, the attack on Africa, and told his officers and soldiers that

he plan~ed to sail to Sardinia, which was also in Phoenician hands. This

~ek~s 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 ce~tral line of totality according to Schoch's calculation. 301 )

---------------------.-------.---- ... --I
'.""!'l) Just;nus XXII,6.

~01) The detai~.o~ the progress of this eclipse are given in Neugebauer
(P.V.) AChr. I p.112-121.

The sam~ eclipse plays a role in the discussion of the material

used by Hipparchus in the First Book of his work on the sizes and

of sun and ~ocn. Psppus in his ~ommentary on the Fifth Book of the

distances
302)

Almagest

- ---------._-----.._--- -_._-------_._------
302) Now edited by A.Rome.
:....-'----------'----------------- .. ---
says tloat Hipparchus used the fact that .. solar eclipse, total at the Helles
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3°7)magn.at Alexandria 9.3 digits

------------------------

1 5- 309 VIII

-262 II 9

-189 III 14

-128 _ XI 20

307) The magnitudes according to Hultsch l1J p.197 f.

The first is the Ag~thecles eclipse, the last is usually accepted as the

HipparchuG eclipse. The second is ruled out because it was an annular

eclipse which would hardly have been called a total eclipse by Hipparchus.

The third eclipse is too great because 4/5 ara only 9.6 digits, and Hip­

parchos must have had good reasons to trust the accepted magnitude as ac~

curate if he based his calculations on this essential element. Hence only

visible at the nellespont and simultaneously partial at Alexandria were

following:

"",

the two first and the last date remain as very likely. Fig.3A gives the

zones of totality according to Giozel and according to Schoch. The eclipse

of -128 is barely total and does not quite cover the Bosphorus according

~o~t, was seen in Alexandria as only partial, covering at its maximum only

~/~ of tbe sun's diameter. The same phenomenon is quoted by Cleomedes30J )

and alluded to by Ptolemy)04) The possible eclipses can easily be select

Alexandria was founded in _331305) and Hipparchus' observations fall in

lhe years -160 to _125. 306 ) During this period, the only four ecli~ses

303) Cleomedes II,) (ed. Ziegler p.174 and p.178).

30') Almagest V,11 (ed. Heiberg p.402).

305) ilE I, 1277.

30G) Berger, GFrH p.6 note 4 and HE 8, 1666.

-----------
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to Ginzel or Schoch. 3GB ) The Agothocles eclipse, however, covers the whole ].

308) Concerning the role of this eclipse for Schoch's e1ements cf. Schoch
[1 J, NeugebBuer (P.V.) AChr. I p.132 and Fogo l2J p.164.

hellespontic region according to Schoch but passes south of this area ac­

cording to Giozel. If oDe therefore accepts Schoch's elements as the best

r~presentation of the Agathocles eclipse in the description of Agathocles'

mano~uvre, it becomes very likely that Hip~archus did not use an eclipse

ohserveQ by himself in -128 but relied on an older report of the Agathocle

ec1i~se recorded for the Bosphorus and Alexandria. The final decision would

~~ o~tain~d by some k~owledge of the arrangement of Hipparchus' nUMerous

",ri'· ines .;09)
_______. -_·_.-•. 00_- __ . _ .... ..

; 09) An attempt to date the work of' Hipparchue is made by Hehm HE 8, 1668
_167 1

, but fOT the date of the work in qu.estion the eclipse discussed here
i~ the main argume~t.

-----------------..---. ----I

b. The eclipse of -}21 IX 26.

Fotheringham found a convincing argument in cuneiform sources

for the accuracy with which Schoch's elements represent ancient eClipses~10

-------------
310) Fotheringham [}].

--------_.._- ------ _._'.
It seems to me useful to discuss this case because it exhibits typical dif­

ficulties involved in such arguments.

The text in qu~stion is an unpublished tablet,311 ) mentioned by

-------- ---_. ---
31') Now in the !ritish Vuseum (S~.I, 192).
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according to which a soler eclipse began on the 28tb of VI(b)

~ us refore sun-set, i.e. 16 minutes,}1}) in the second year of Philip.

Kugler,3 12 )

----- ------------ ------_.__ .._--
312) Kugler SSB I p_259 and pl.XXIV bottom; SSB II p.385 gives the passage
in 'luestion.

313) Because O!'1C us corresp,:md.s to one degree (cf .. p .. III).
-------_._.- .._---_ .... ----.__._..•__ ..- .._-
Fo'heringham calculated the time of sun s~t for Sippar (about to north of

Dahylon) and the moment of the first contact with Schoch's elements and

"·ollnr. that the Dabylonian report is only 3 minutes earlier than the resul­

ti~f calculation. This would seem to be 8 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 10n-

31~) Fotheringham quot9s Langdon in supposing that the Spartali collection'
CB~~ from Sirpar. 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 fro~ the astronomical texts of the Seleucid period.

-- ----- - ._------ - --_.. _- ---------_. - - --
gitll.de between the two sites is negligible and the difference in latitl1de

has practically no eff9ct on the time of sunset because the date of the

eclipse is alIDost equinox. Very seriens, 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 fi.rst contact. It is

harrl to understanrl what means the Babylonians should have used to be able

'0 rp.cognize this moment in view of the fact that the sun was above the

~orizon by stout six times its diameter. The clipse reached only a magni­

tuce of 2_' digits at Babylon315 ) and it is much more likely that the

,------- -----I

315) This according to Ginzel, Kanon, p.63. Fotheringham does not give the
magni tude according to Scho~h's elements, bu.t the difference cannot be es­
sential.
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eclipse ~as not discovered until it had reached, say, 2 digits, which might

he"Je r,e~n i'1terpreted as th-e "beginning" of a tot_l eclipse whose further

pro res~; ~as invisi}'lle because of sunset. Such an arsument cannot be proved
i

but it should be strctly excluded before the statement of the text can be
A

llsed for such minute discussions as the determination of the correction of

the secular 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 explained by the jnsufficient accuracy of the ancient means of

observation.

}2. The Thales eclipse.

The most famous eclipse of antiquity is undoubtedly the Thales

ecli!-~e~ Virtually no textbook on ancient history omits a reference to it

even when no more than a few pages are devoted to ancient science~ This

eclirse has become some kind of symbol of the glorious early rise of Greek

scienc~ and philosophy in Ionia in the sixth century B~C~

Optimist.ically expressed, the actual foundations of this story

are rather weak. The main source is Herodotus I,7~ who tells about the war

hp.t~een the Lydiens end the Medes: its cruel beginning with the slaughter

and cooking of a son of the Median king and the happy end of the revJlting

wer i~ its sixth year when a solar eclipse brought a halt to a running

hattl~ and the new alliance of tbe enemies wes confirmed by a marriage~

The story about the eclipse is amplified by the famous notice

·~and teia change (from day to night) had been predicted to the lonians by

TheIes, who gave 85 time the year in which this change actually haprened"~

Obviously, Pliny has the same event in mind when he saya}16) that Thalea

}16) NH 11,53 (ed. Ian-Meyhoff p.143 No.12 (9) ). This and all other rele­
vant_p~ges are collected i.n_ Diels VS (5) 11 [1] A 5 (p. 74t. ) .
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"investigated" the ceose of

01. /8,' = s.u.c. 170 317 )

an eclipse during the

(which would mean318)

reign of Alyettes in

-584/3 or -583/2) .319 )

-------_..._._--_..•._- .._--_.__... --' .

-----------------.---_ •._..

-------_._-- . __ .._--- .. "

Cf. CAB III p.512.

Schoch [1 J p.25; for details see Neugebauer (F.V.) AChr. p.122-125.

After very much discussion, modern historians seem to agree that

the battle in question was fought neer the Halys River and that the eclipse

i~ ouestion was the ecli>se of -584 V 28. 320) As a matter of facts,

l!iodern e] aments, parti.cularly Schoch t s eleme-nts, yield totality of this

ecli"se in the region in question (cf. fig.35).3 21 ) It can be considered

322) About prediction Apeaks Eudemus (pupil of Aristotle; according to
C19~ens Alex.Atrorn. I p.354) and Cicero, De div. I, 49.

sufficient to arouse suspicion: to predict an eclipse n for a certain

year" is astronomically meaningless; and Pliny (i.e~ his source) speaks

much more modestly only about the "investigation" of the eclipse. 322) An-

at least as very unlikely that it is a pure accident that the calculated

place and date, the date of Pliny and the report of Herodotus agree so well.

Absolutely contradictory to all oar modern knowledge of both

Greek and Babylonian astrono~J however, is the story of the prediction

of the solar eclipse by Thales. The wording of Herodotus' remark is alone

320)

321)

317) Some manuscripts offer variants for the a.u.c.-years, namely, 120,
160, 180 all excluded by the Olympiad.

318) Cf. equations (15) and (~6a) p.-I ••

319) Clemens Alex. Stromata I, 354 gives 01. 50,1 ., -579/8.
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th~ time of Theles to predict the visibility of a solar eclipse at a given

place. 323 ) The usual "explanation" of historians that Thales used Babylon-

---------------
323) When Darius, 70 years later, ordered the Ionian commanders to watch
the bridge across the Danube for 60 days, he hed to give the Greek tyrants
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 astronomic~l

level of this period, and is fully supported by all our information about
the geographical concepts of the early Ionians (cf. ~eidel AGM).

---_.._._-.------_.. _._-------
ian cycles co11apses by virtue of the fact that no cyclef of solar eclipses
can be discovered at a given place. 324) Even assuming a complete knowledge

------ ---._--- ._-
32/) Cf. the examples given above or Ginzel, Kanon p.15.-------_._----_.__._------_. -_.-._----~-

of the mechanism of solar eclipses which would lead to the establishreent of

periods for the whol~ world, predictions made for Babylon would be of very

restricted value for Asia Minor. We are today so well informed about Baby-

we can fully confirm the state-

inefficient and do nat dare tp predict them nor to give

Ionian astronomy of the latest period that

ment of Diodorus325 ) that "regarding solar ecll>pses the Chaldeans are very
326)

exact time limits~

325)

326)

------ .__._-
£nXDJUJliltQll!JiX~J!I!J(JOi1linXUXIlXJlUIlXKJilJllqXJmIDi odorus I I, 31
(ed. Vogel p.222, 6-9).
Cf. Neugebauer (0.) UAA III p.294 ff.

Tbe only methodical approach to the problem id the discussian of

the passag~ as an illustration of purely literary technique according to

~hich the prediction of extraordinary events is one of the characteristics

of snrerior ;;"lisdom. ""le need only quot'3 Diodorus' remarks about the Egyp­

tians,327) "they fortell destructions of the crops or, on the other hand

--------------
327) Diodorus I, 81 (I,oeb p.279).
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3.01Inda;).t yields, and pestilences that are to attack men or beasts, and as -).

~ 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 rne~ look upon as beyond all finding out". Exactly the same kind of

abilities are assumed fOT the Ionian sages: Anaximandes predicted an earth­

~uake,328) Anaxagoras the fall of an aero1ite329 ) and Tha1es a rich

crop.330 ) It is clear that a famous eclipse happenning in the lifetime of

328) Pliny NE II, 191.

329) Aristotle, Meteor. 1,7; Pliny NE II, 149. Pluf""L.Ly>.Il(oi)i,1, VSt(~A/~ I
~ ·.!.(·1 I

330) Aristotle, Po1it. I, V; Diogenes Laertius 1,26 ~= Diels VS(5) P.~8~25l

s'lch an ~xtracr(Hnary man must have been predicterl. by him just as he was

'llsde ~hp. i.nv"'nt.or o-f various astronomical and mathematical theorems whose

origin was unknown to later centuries.331 )

- - - ._--------- .. - _._-- _. ------_._----_.
331) Ir is interesting to notice that practically no efreet was exercised
on later writers by Rawlinson's commentary on Herodotus (I p.163 note 6):
"The prediotion of this eclipse by The1es may fai~ly be classed with the
pre~iction of a good olive-crop or of the fall of an aerolite".

The high estimation in which eclipses we~ce held in this milieu

is shown by another story of Herodotus332) relating in great detail the

ocanrance of 8 solar eclipse when Xerxes left Sardis for the invasion of

Greece. No eclipse happenned anywhere at this tim9; but eclipses are great­

ly respected by modern historians, so an annular ecl;pse of -477 II 17

has teen found333 ) which Herodotus should heve quoted in "sagenhafter

332) Herodotus VII, 37.

~33) Cf. ~E 2, 235d •

---- --._.
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RUck'1bertragnng" ... The only eclipse which has, to my knowledge, escaped dat­

ing until now is the eclipse predicted by the wi~e shepherd Chrisostom334 ):

Wh9 k~ew the science of the stars, and what the sun and moon are doing up

th-3re in t:he sky, for he told us exactly of the clips8 of the sun and

moon" "Eclipse it is called, friend, and not clipse

Quixote. ,,5)

... " said Don

------------ ----
33-) The analogy r~aches still farther: both
in adva,ce whether or not thA next year would
po·h c0uJd have grown rich if they wanted.

3~~) Cervantes, Don Quixote I ch.12.

Thales and the shepherd knew
be a good year for oil and

§ 6. Bibliography of Chapter II.

lQ. General.

The works quoted in the following are not intended for the

astronomer but are specifically writteu for the us~ of historians. 336 ) Best

------_._-- ---'-'-'~

336) For 6 reader who wams an introduction to astronomy in general, the
"Sph9rical astronomy" of W.M.Smart can be mentioned.

--_._-_._----
fit ad for this purpose is P.V .. Nellgebauer's "Astronomische Chronologie",

Vol.I. which not only gives the explanation of the general concepts but

co~tains examples of all calculations which might be of interest in histo­

rical investigations. This work, moreover, contains 6 critical bibliography

for each section telling the reader which tables arp, best fitted for use in

~ spe, ial problem. No historian who has to deal with astronomical problems

should n~glect to consult this work and the tables given in BTChr.

"
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G~neral astro~omical introductions are, of course, also given in I

-~~t chronological wo~ks, e.g., in Ginzel I or separately in Wislecenus t

AChr. hq~ they usually contain more details than the historian needs in
a

:--ractic'3 and no not help him to solve specific prohle~.

"-
So far as the moon in particular is concerned, much depends on

tb"l ~~·30i~ic type of prohlem. Necessary advice can again be found in F.V.

Nellgerl),1]p,r's AChr. J.t might be mentioned that fre<;.uently only very approxi-

mat0 information about the moon's ~osition is necessary, e.g., in dealing

wi th horoscopes. A horoscope was usually cast years after the date of

hirtb and Ii is therefore based on ancient tables for SUD, moon and planets.

These tetlas were Qatainly not accurate enongh to give positions of the

moon within an accuracy of say ±10o
01' even more~ one must not forget that

the moon's m~an motion amounts to more than 1}0 per day so that already

smell errors in time or epoch result in very considerable deviations from

th"3 trl} th. Moreover, most horoscopes disloegard the movement in latitude

completely, not to mentioD the difficulties involved for us by the use of

di fOferent points of origin in the eCliptic.}}?) It is therefore useless

337) Cf, al-ove p,.",

to compute lunar posi1.ions with great accuracy when an equal accuracy of the

ancient records con not be ~ssumed. Such approximate determinations of the

lunar longitode can be easily calculated by a few additions from the tables

i~ P.V.lieugehauer's TAChr.II according to rules given there p.XXIV f. com­

~ined with AChr.I p.59/60. In many ~ases an even rougher procedQre is pos­

sible, e.g., if only the zodiacal sign of the moon is given. Ginzel I and II

contain tables for new moon and full moon for the following periods

New moons

Full moons

-604
-99
-"99

to - 99
to +308

to +100

vol.I p.547-562
vol.II p.5dA -556
vol.II p.557-575
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T~~s~ tahles give the chronologically arranged Julian dates of the syzygies

fro-;. !\'hich the position of the sun can be derived very simply (e.g., by th€

t~rles in P.V.~eugebauer TAChr.III p.67). Positions of sun and moon are

therefore known for dates about 15 days apart which is 8ufricient to

determine by simple interpolation the approximate position at any inter­

ve~in8 date. In order to avoid errors, one must not forget that the Ginzel

tables are based on B.C.-years and Greenwich time with noon-epoch. In arde]

to get civil time for the longitude of Babylon, one muat therefore add 15

hOllTS = 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 may he mentioned. This problem is of special im~ortance for the

ba~ylonia~ calendar; Schoch therefore computed special tables, published i:

La~gdon F.-S., for Babylon. Some additions to these tables are given in

S0~och ! 1] r.?O.

iI. 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.~eugebauerAChr.I p.l09-133.

Discussion of the eclipses from classical SQurce8338 ) are giveD

338) The discussion of the. babylonian material given on p.234-260 (throu@
collaboration with C.F.Lehmann[-Haupt]) are now antiquated.

in Giozel, Kanan, p.167-234 . Ginzel gives not only all astronomical com~eI

t.aries but also the passages of the sources and older literature. The 1i81
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o~ these eclipses is given by Boll HE 6, 2}52-236A who added a few more IJX

dates, most of them of very doubtful character (e.g., an alleged eclipsa at

the date of the foundation of Rome).}}9) Eclipses which are of importance

339) The only serious new date is the presumed Hipparchns eclipse which
probably must again be eliminated rOT ressons given above p.III_

for the problem of secular acceleration ~re discussed by P.V.Neugebaaer in

an appendix to Schoch's collected publications (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
-64 7 IV 6 484 I 14 1241 X 6
-584 V 28 693 X 5 1267 V 25
-556 V 19 878' X 29 1}}9 VII 7
-309 VIII 15 10}} VI 29 1912 IV 17
-128 XI 20 113} VIII 2

I t follows from these dates that this series of solar eclipses includes all

periods of history from which eclipse reports are available and therefore

r~presentsthe most complete account of the consequences of Schoch's theory

of secular acceleration.}40)

3 4 0) 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
peculiar form and added berOlue historical comments. It Is therefore ne­
cessary to emphasize the seriousness of his astronomical work which is of
greatest value for ancient chronology.

More information about the modern discussion of the problem of

secular acceleration by De Sitter, Fotheringham, Schoch snd others can be

found in the bibliographies Fotheringham La) and Schoch [B).From the Otto Neugebauer papers 
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