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Preface

This study of the procedure texts of Babylonian mathematical astronomy is aimed at Assyriologists, historians of science,
astronomers and others with an interest in Babylonian astronomy. I have organised it in a manner prompted by method-
ological as well as didactical considerations, in the hope that this will increase its accessibility to readers with different
backgrounds. Chapter 1 includes a brief introduction to Babylonian mathematical astronomy, a history of research on this
topic and sections devoted to documentary, historical, contextual and methodological aspects. Chapter 2 offers a semantic
analysis of the procedures and a systematic investigation of the underlying mathematical concepts. Chapters 3 and 4 are
devoted to the algorithms for the planets and the Moon, respectively. While some of the algorithms are undeniably com-
plex, many aspects of the procedure texts can be explored without mathematical or astronomical training. Chapters 2—4 are
structured in a bottom-to-top fashion, setting out from elementary concepts (numbers and arithmetic operations) to more
complex ones (algorithms and computational systems). Most readers will find little or no difficulty in coming to terms
with Chapter 1 and Chapter 2 up to §2.6.7. For those with some elementary mathematical training the rest of Chapter 2
and Chapter 3 should also pose few difficulties. More audacious readers may venture into Chapter 4, which deals with
the algorithms for the Moon, by far the most complicated part of Babylonian mathematical astronomy. Critical editions
of all known cuneiform tablets and fragments of the corpus can be found in Chapter 5. Many other interesting aspects
of Babylonian mathematical astronomy, including its social and institutional context, purpose and applications, empirical
foundation, evolution and relationship with astronomical diaries and other observational texts from Babylonia, could not
be addressed to any depth in this book. Some of these issues have been or will be addressed in separate publications. An
upcoming second volume will deal with the tabular texts of mathematical astronomy. Apart from occasional remarks I
also do not address the issue of how accurately the algorithms reproduce the phenomena they aim to predict — for this
topic cf. Aaboe (1958) and Swerdlow (1998).

Mathieu Ossendrijver
Berlin
February 14, 2012
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U

UE

VAT
verb. adj.
W

tablet siglum of the Uruk collection in the Eski Sark Eserleri Miizesi (Istanbul)
upper edge

tablet siglum of the Vorderasiatisches Museum (Berlin)

verbal adjective

tablet siglum of the German excavations at Uruk

Astronomical abbreviations and symbols

Unless stated otherwise the conventions are the same as in ACT and HAMA.

A
A
AR

G

a o

dB(s)
dBj(s)
df (s)
dfij(s)

EF
EL
ES

system A

synodic arc of the Moon and the Sun (Moon system B)

Acronychal Rising (outer planets) [ACT, HAMA: O]
system B

zodiacal position (lunar and planetary systems)

‘trailing’ boundary of zone j of step function (type-A systems)

beru, ‘mile’ (unit of arc and time)

system C (Venus)

duration of daylight (Moon systems A, B, K)

correction to the time of the lunation (Moon system A)

Conjunction

transition coefficient for step function in zone j (type-A systems)

transition coefficient for generalised step function in zone j (type-A systems)

interpolation coefficient (for interval k)

maximum value of eclipse magnitude (parameter of ¥, ¥’ and ¥” in Moon systems A, B)

constant difference between synodic time 7 and synodic arc ¢ (planetary systems) [ACT, HAMA: c]
constant difference between synodic time 7 and total synodic arc X (planetary systems)

constant difference between temporal push 07 and angular push 6 (Mars system A)

cubit (unit of arc)

duration of the night (Moon systems A, B) [ACT, HAMA: D]
half the duration of the night (Moon system B) [ACT, HAMA: D]
difference of a function for 1 synodic cycle [= df(1,0)]

or dB(s,t): net displacement for s synodic cycles, where ¢ is nearest whole number of revolutions

or dBj(s,t): same, for zone j (type-A systems)

or df (s,t): net difference of f for s synodic cycles, where ¢ is nearest whole number of oscillations of f

or dfj(s,t): same, for zone j (type-A systems)

(whole) day number [1-30] (Moon systems A, B, K)

day

distance to the ecliptic (Moon systems A, B, K; Jupiter; Saturn)

Evening First (inner planets) [ACT, HAMA: =]
Evening Last (inner planets) [ACT, HAMA: Q]
Evening Station (inner planets) [ACT, HAMA: V]

yearly epact (length of the year in excess of 12™)
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F/
FA
FM, fm

~.

W\‘.

KUR

LA

ME
MF
ML
MS

NA
NA,
NM, nm

nin

opP

Abbreviations and symbols

the Moon’s daily displacement along the zodiac measured in degrees per day (Moon systems A, B)

idem, measured in degrees per time degree

First Appearance (outer planets) [ACT, HAMA: I']
Full Moon (opposition) [ACT, HAMA: index 2]
unspecified function

finger (unit of arc)

duration of synodic month —294 (Moon systems A, B, K)

Lunar Six interval near Full Moon: sunset to first moonrise after sunset (Moon systems A, B, K)

Goal Year

monthly difference of J (Moon system B)

astronomical altitude (height above horizon)

Inferior Conjunction

index for the event number of a synodic phenomenon, lunation number, day number or tithi number

zodiacal correction to G (Moon systems A, B)

index for the zone of a step function

system K (Moon)

time interval between successive lunations —29¢ (Moon systems A, B)

Lunar Six interval near New Moon: last visible moonrise before sunrise to sunrise (Moon systems A, B, K)
index for the control values of an interpolation scheme

time of lunation with respect to preceding midnight (Moon system B)

Last Appearance (outer planet) [ACT, HAMA: Q]
1. maximum of a function

2. time between lunation and sunset or sunrise (Moon systems A, B, K)

Lunar Six interval near Full Moon: last moonrise before sunset to sunset (Moon systems A, B, K)

Morning First (inner planets) [ACT, HAMA: I']
Morning Last (inner planets) [ACT, HAMA: X]
Morning Station (inner planets) [ACT, HAMA: @]

1. minimum of a function

2. number of additional full revolutions of the Sun for every synodic cycle

synodic month (unit of the event frame)

mean synodic month (unit of time)

1. time interval between lunation and Lunar Six event (Moon systems A, B)

2. number of elementary steps contained in total synodic arc X (type-A systems)

Lunar Six interval near Full Moon: sunrise to first moonset after sunrise (Moon systems A, B, K)
Lunar Six interval near New Moon: sunset to first visible moonset after sunset (Moon systems A, B, K)
New Moon (conjunction) [ACT, HAMA: index 1]
whole number of additional revolutions of the planet per synodic cycle

nindanu, ‘rod’ (unit of arc and time)

corrected elongation of Moon from Sun or anti-Sun (Moon system B)

Opposition (Moon, outer planets)

period measured in fractional synodic events after which a function returns to the same value
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p 1. period, measured in synodic events, of more rapidly varying function underlying tabulated function
2. index for different pushes within 1 synodic cycle (planetary systems)
0 1. contribution to Lunar Six from distance along the ecliptic (Moon systems A, B)

2. unspecified quantity

QN name of an unspecified quantity
q ratio between rising or setting time and distance along the zodiac (Moon systems A, B)
R 1. contribution to Lunar Six from the Moon’s distance to the ecliptic (Moon systems A, B)

2. refraction angle

RA right ascension (= )

r ratio between rising or setting time and distance to the ecliptic (Moon systems A, B)

T transition coefficient for step function in zone j

S, S,... schemes for the subdivision of the synodic cycle

S1 First Station (outer planet) [ACT, HAMA: @]
S2 Second Station (outer planet) [ACT, HAMA: V]
SC Superior Conjunction (inner planet)

SIGN name of unspecified zodiacal sign

SN name of an unspecified synodic phenomenon

s whole number of synodic events

§U2 Lunar Six interval near Full Moon: last moonset before sunrise to sunrise (Moon systems A, B, K)

T 1. column containing year number and month name (Moon systems A, B)

2. time (planetary systems)

T.. time interval between rising of planet at FA and sunrise (Jupiter systems A, A™)

T.. time interval between sunset and setting of planet at LA (Jupiter systems A, A”’)

t nearest whole number of oscillations of a function for a close return to the same value
UT Universal Time

v ‘daily’ displacement along the zodiac

duration of 6 synodic months modulo a whole number of days (Moon system A)

w generalised step function (Moon system A)

wj preliminary value of generalised step function in zone j (Moon system A)

X unidentified computational system

X, lunar variation of the Moon’s net displacement for 1™? (Moon system A)

X, lunar variation of the Moon’s net displacement for 223™? (Moon system A)

Y 1. whole number of years after which a function returns to exactly the same value
2. zodiacal correction to A (Moon system A)

y whole number of years after which a function returns to nearly the same value (‘close return’)

Z 1. whole number of oscillations after which a function returns to exactly the same value
2. zodiacal correction to W (Moon system A)

zod. zodiacal

o right ascension

o length of zone j of step function

B distance to the ecliptic [degrees] (Moon systems A, B)

Bo distance to the ecliptic at lunation [degrees] (Moon systems A, B)
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A 1. amplitude of a function (= M — m)

2. disk correction (Moon system A)
AB zodiacal displacement (other than synodic arc o, push 6%, or net displacement dB)
0 1. declination

2. elementary step (of zigzag function)

0j elementary step of step function [HAMA: I}]
ON, number of elementary steps contained in angular push p (type-A systems) [HAMA: sp]
o0z angular push (subdivision of X) [ACT: A; HAMA: 6A]
0, angular push p

0X,; angular push p in zone j (type-A systems)

ot temporal push (subdivision of 7)

0T, temporal push p

n elongation

€ 1. obliquity of the ecliptic

2. correction to the lunar elongation (step 3 of Lunar Six module of Moon system B)

0 sidereal time

K half width of nodal region (Moon system A)

A duration of 12 synodic months —354¢ (Moon system A)

A ecliptical longitude

u mean value of a function

Vj number of elementary steps contained in zone j (step function) [HAMA: v;, 7;]
I number period (smallest whole number of events after which a function returns to exactly the same value)

O] duration of 223 synodic months —6585¢ (Moon system A)

0] 1. geographical latitude

2. basic interval between adjacent @y in the interpolation schemes for G, W and A (Moon system A)

¥, W', P" eclipse magnitude and its variants (Moon systems A, B)

X total synodic arc [ACT: AA]
c synodic arc [ACT: AA]
of preliminary value of step function for synodic arc in zone j (type-A systems) [ACT, HAMA: w/]
T 1. synodic time [ACT, HAMA: 671]

2. hour angle
T; synodic time in zone j (planetary systems of type A, C)
(real) tithi (unit of the event frame)

T mean tithi (unit of time) [ACT, HAMA: 7]
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Names of the planets, zodiacal signs, months, regnal years and units

names of the planets

transliteration Akkadian (literal translation)  translation symbol
[Y]s5in(30) Sin Moon )
Samas,(20), ‘utu Samas Sun ®
[Y]1gu,.ud Siptu (‘Attack; Jump’) Mercury o
[Ydil-bat Dilbat Venus Q
AN Salbatanu Mars J
mul,.babbar Pesii (‘The white one’) Jupiter U

genna(TUR.DIg) Kajjamanu (‘The steady one’) Saturn h
Occasionally used alternative names: Sagmegar(sag.me.gar) = Jupiter, Kajjamanu(sag.us) = Saturn.

signs of the zodiac

transliteration older form Akkadian literal translation sign abbr. symbol
bun, lu mullhyn,ga, agru hireling Aries Ari T
mul,[.mul, ] mul.mul zappu stars (Sum.); bristle (Akk.) Taurus Tau 3
mas[.mas] mulmas.tab.ba masu, tu’amu twins Gemini Gem I
alla mulga],Jul alluttu crab Cancer Cnc &
a mulyra nesu lion Leo Leo Q
absin, absin,(KI) ™"ab.sin, Ser'u furrow Virgo Vir T
rin, mulgig, rin, zibanitu scales Libra Lib o~
gir,[.tab] mulgir, tab zuqaqipu scorpion Scorpius Sco m.
pa mulpa bil.sag Pabilsag Pabilsag Sagittarius  Sgr X
mas, mulsuhur.mas, suburmasu goat-fish Capricorn  Cap ©
gu milgy la Gula Gula Aquarius  Aqr N
zib[.me] Mk un.mes zibbatu tails Pisces Psc X

Also listed are the official abbreviations which are used in all translations.

month names

transliteration OB Nippur Akkadian (+literal translation)  translation
bar iihara,.zag.gar Nisannu I
gu, igy,.si.su, Ajjaru I
sig iigig,.#5u, Sub.ba.ga,.gar  Simanu 111
Su iy, numun Diizu v
ne iine IZI.gar Abu A%
kin iikin.Y%inana Ululu VI
kin.2[.kam] Ululu arkii (‘second Ululu’) VI,
du, it gy, ku, Tasritu VII
apin iigpin.dug.a Arapsamna VI
gan igan.gan.e, Kislimu IX
ab iiah.e, Tebetu X
ud,(ZI1Z,) iiyd,.durug Sabatu X1
Se lige kin.ku, Addaru XII
diri[.Se] it djri.Se.kin.kus Addaru arkii (‘second Addaru’) XII,

All month names are translated with Roman numbers. The cuneiform sign for month XI is transliterated as ZIZ, even
though the month names of OB Nippur (Cohen 1993) imply that the proper reading is ud,.
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regnal years

ruler regnal years Julian yr (BC)
Xerxes 1-21 485/4
Artaxerxes | 1-41 464/3
Darius 1T 1-19 423/2
Artaxerxes I1 1-46 404/3
Artaxerxes III 1-21 358/7
Arses 1-2 337/6
Darius IIT 1-5 335/4
Alexander the Great 7-14 330/329
Philip Arrhidaeus 2-8 322/1
Alexander IV 2-5 315/4
Seleucid Era (SE) 1- 311/0
Arsacid Era (AE) 1- 247/6

Late Achaemenid and early Seleucid rulers. The third column contains the Julian equivalent of the first regnal year.

units of measurement

transliteration Akkadian translation symbol internal equivalence modern equivalence

angular temporal
danna beru ‘mile’ b 1" =30° 30° 2 hrs.
us ? (time) degree ° 1° = 60Min 1° 4 min.
ninda(GAR) nindanu (?) ‘rod’ (7) mn 0;1° =1’ (arcmin) 4 sec.
kus, ammatu cubit ¢ 1°=24f=2° 2°
[Su].si, u ubanu finger f 1f = 6% 0:5°
Se uttatu barleycorn Se 0;0,50°

Top: the ‘degree system’, used for angles and time intervals. Bottom: the ‘cubit system’, used for angular distance to the
ecliptic and eclipse magnitude.

Factor diagram for the ‘degree system’:
1 ‘mile’ (%) & 1 degree (°) Q 1 ‘rod’ ("™
Factor diagram for the ‘cubit system’:

1 cubit (°) 2 finger (") <i 1 barleycorn (%)
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