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Jupiter

Moon

who were the Babylonian astronomers?
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Uruk 192 BC

Bit-R&3, temple of Anu and Antu
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Bit-R&3, temple of Anu and Antu
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from observation to computational scheme: Jupiter

sunrise Uruk 20 august 192 BC
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from observation to computational scheme: Jupiter
synodic cycle of Jupiter
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from observation to computational scheme: Jupiter

position Jupiter at 1st visibility
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period relations
@ 11 events = 1 revolution = 12 yr



from observation to computational scheme: Jupiter

position Jupiter at 1st visibility
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period relations
@ 11 events = 1 revolution = 12 yr
@ 76 events = 7 revolutions = 83 yr (Goal-Year texts)



from observation to computational scheme: Jupiter

position Jupiter at 1st visibility
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period relations
@ 11 events = 1 revolution = 12 yr
@ 76 events = 7 revolutions = 83 yr (Goal-Year texts)
@ 391 events = 36 revolutions = 427 yr (computational astronomy)



from observation to computational scheme: Jupiter

displacement AA
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from observation to computational scheme: Jupiter

1st visibility Jupiter: longitudinal displacement A\
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System B: zigzag function



from observation to computational scheme: Jupiter

displacement AA
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from observation to computational scheme: Jupiter

1st visibility Jupiter: longitudinal displacement A\
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sexagesimal calculus
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@ positional notation
600.1 =6-10°+0-10"+0-10°+1-10"" decimal [base number 10]
=10-60'4+0-60°+6-60"! =10,0;6 sexagesimal [base number 60]

@ in cuneiform: 10.0.6 = relative notation



sexagesimal calculus

MM P FRE TR s LY

6 7 8 9 10 20 30 40 50 0 9

@ positional notation

600.1 =6-10°+0-10"+0-10°+1-10"" decimal [base number 10]
=10-60'4+0-60°+6-60"! =10,0;6 sexagesimal [base number 60]

in cuneiform: 10.0.6 = relative notation

addition: 0:59 + 0;2 = 1;1

multiplication: 10,0;6 x 6 =1,0,0 + 0 + 0;36 = 1,0,0;36

division: 10,0;6 / 3 = 10,0;6 x 0,20 = 3,20;2



computational instruction Jupiter System A

BM 34571

Babylon, 2nd c. BC
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[From 25 Gemini to 30 Scor]pius you add 30; from 30 Scorpius to 25 Gemini you add 36.
Whatever [exceeds 25 Gemini you multiply by 0;50, add to 25 Gemini and put down.
Whatever exceeds 30 Scorpius] you multiply [by 1;1]2, add to 30 Scorpius and put down.



computational instruction Jupiter System A

BM 34571

Babylon, 2nd c. BC
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[From 25 Gemini to 30 Scor]pius you add 30; from 30 Scorpius to 25 Gemini you add 36.
Whatever [exceeds 25 Gemini you multiply by 0;50, add to 25 Gemini and put down.
Whatever exceeds 30 Scorpius] you multiply [by 1;1]2, add to 30 Scorpius and put down.

times: At =12 m + AX +12;5,10d



Jupiter: synodic table

AO 6476 + U 104 Uruk, written 12 VI 118 SE = 4/5 oct. 194 BC

1st stationary point (System A)

year SE” At month  day A zodiacal sign
1 113 (VIp) | 48;5,10 | | 28;41,40 | 8;6  Capricorn
114 48;5,10 I 16;46,50 | 14,6 Aquarius
115 (Xllp) | 485,10 v 0;4,52 20;6 Pisces
116 485,10 v 22;57,10 | 26;6  Aries
5 117 48;5,10 VI 11;2,20 2:6 Gemini
118 (Xll) | 45;54,10 | VII 26;56,30 | 5;55 Cancer
119 42:5,10 VIII 9;1,40 555 Leo
120 42:5,10 IX 21;6,50 555  Virgo
121 (Xllp) | 42;5,10 XI 3;12 5;55 Libra
10 | 122 42:5,10 Xl 15;17,10 | 5,55 Scorpius
123 (Xllp) | 43;16,10 | XII 28:33,20 | 7:6 Sagittarius
125 48;5,10 I 16;38,30 | 13;6 Capricorn
126 (XIIp) | 48;5,10 | IlI 4;43,40 | 19;6 Aquarius

*
Seleucid Era; 11 SE 1 = 2/3 april 311 BC



astronomical, astrological and mathem. text groups

math. astrol. observ. astron. I comp. astron.
1900 BC
Old Babylonian
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100 AD ; ; ; : . T
omens ' saros texts ' goal-year texts

star lists diaries etc. horoscopes etc.



Moon

lunations



Moon

lunations eclipses



Moon
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Moon: conjunctions, 1st visibility

conjunction



Moon: conjunctions, 1st visibility

conjunction horizon




Moon: period relations

nodal motion

@ lunar anomaly: Mapomalistic = 27.56 d
@ solar anomaly: 1 yr = 365.25d

@ nodal motion: 1 revolution = 18.60 yr; Mgaraconitic = 27.21 d
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nodal motion

@ lunar anomaly: Mapomalistic = 27.56 d
@ solar anomaly: 1 yr = 365.25d

@ nodal motion: 1 revolution = 18.60 yr; Mgaraconitic = 27.21 d

@ time between successive lunations = Mgynodic; Msynodic = 29.53 d



Moon: period relations

nodal motion

lunar anomaly: manomalistic = 27.56 d

solar anomaly: 1 yr = 365.25d

nodal motion: 1 revolution = 18.60 yr; Maraconitic = 27.21 d
@ time between successive lunations = Mgynodic; Msynodic = 29.53 d

@ 1 Saros = 223 synodic m & 239m,omalistic = 242Mdraconitic
1 Saros ~ 65853 d ~ 18 yr + 11 d



Moon: period relations

nodal motion

lunar anomaly: manomalistic = 27.56 d

solar anomaly: 1 yr = 365.25d

nodal motion: 1 revolution = 18.60 yr; Maraconitic = 27.21 d

@ time between successive lunations = Mgynodic; Msynodic = 29.53 d

@ 1 Saros = 223 synodic m & 239m,omalistic = 242Mdraconitic
1 Saros ~ 65853 d ~ 18 yr + 11 d
computational astronomy (System A): 6247 synodic m = 6695 M, omalistic



Moon System A: synodic table

VAT 209 + MMA 86.11.405

49/48 BC Babylon




Moon System A: synodic table

VAT 209 + MMA 86.11.405 49/48 BC Babylon

Ky oM

Feapnt
T el M 4%
LA

T @ B c F G NA;

T 422 122 255942640 224115 An 352730 138232615 3,37,1,58,31,640 271,30 T 1 1950
2423 1 231385320 3,2419,30 12126232615 42503721320 57,345 230 1330
3 2 20271320 1144232615 4,28;39,15,33,20 573,45 31 1250

1 3 15754374640 115455615 4525147242640 -57345 41 1950

5 4 20403320 11;47,45,56,15  4,49;17,54,4,26,40 5 1 203030829xx
6 5 232628532 1212945,56,15  4,2348,53,20 6 30 1

7 6 261224, 131145,56,15 3,58,0,14,48,53,20 730 x50

8 7 285820 13;53,4556,15  3,32;11,36,17,46,40 8 1 1510x

9 8 2114415332 416,509 | 1435455615 3,6:22,57,46,40 9 1 223030x
10 9 2143011640 ; 1578541 2729 1517,45,56,15 2,43;32,2,13,20 10 30 1640

11 10 2 1,640 22920 2152230| -395745 155424845 42619 11 30 10x

12 11 2147353320 24211320 -4255657 | 122259 151224845 240 612640 129 15246 12 1 2010x
13 12 2112140 121845 Ari 313230 -628739 -157,1327 143024845 24735 314230 93935 1229 54555 1 30 14[x]




T = date [year SE, month]

® parametrises lunar anomaly

M=2,17;4,48 53,20
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|«—> p=P/(P+1)=0;55,59,6,13,..




T = date [year SE, month]

M=2,17;4,48 53,20

® parametrises lunar anomaly
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(M-m)/d=1356,39,6...
[<—> p=PI(P+1)=0;5559,6,13,..

n=6247

& = duration of Saros — 6585 days under assumption of constant solar velocity [°]




columns T, o, F

T = date [year SE, month]

® parametrises lunar anomaly

M=2,17;4,48,53,20 - \,‘ -
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n=6247
l«<—> p=P/(P+1)=05559,6,13,

& = duration of Saros — 6585 days under assumption of constant solar velocity [°]
F = lunar velocity along ecliptic [° d™!]
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G = synodic month — 29 d under assumption of constant solar velocity [°]

G
M=4,56;35,33,20 —

m=2,40
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column B

B = ecliptical longitude of Moon (and Sun) [zodiacal sign; °] under assumption of
constant lunar velocity

Bi=Bi_1+ AB(B,',l)
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J = correction to synodic month due to variable solar velocity [°]

Ji=J(Bi)
J

13 Virgo
|
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27 Pisces
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J = correction to synodic month due to variable solar velocity [°]

Ji=J(Bi)
J

13 Virgo
|
—57;3’45 —/

27 Pisces
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G + J = synodic month - 29 d [°]
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C = length of daylight [°]
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C = length of daylight [°]

: \ \ \ \ \ 18
270 0 10 180
Capricorn Aries Cancer Libra

C’ = correction to time of conjunction due to changing length of daylight [°]
G =-(G-GC-1)/2

«O>» «Fr «=)r» « =)



K = change of time of conjunction w.r.t. sunset [°]

K,'ZG;-i-J,'-i-CI-'

«O» «F»r « =

Er <



K = change of time of conjunction w.r.t. sunset [°].

Ki=Gi+Ji+
M = time of conjunction w.r.t. sunset [® before sunset]

M; = M;i_1 — K;
if Ki > M;_1 add 6,0° to M;_; and 1 day to date

if M; > 6,0° subtract 6,0° from M; and 1 day from date

«O» «F>»r « =

« =
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E = lunar latitude [°]

E = E(B, — /\,)
A = longitude of ascending node [°]

/\,‘ = /\;_1—1;33,55,300

-2

-6

«O» «F»r «=)>r 4



Moon System A

nodal motion

solar anomaly

E W eclipses
B .
J / K / M % 1st visibility
. G
lunar anoK M(0)
F

<or B <



1st visibility

NA; = time between sunset after conjunction and moonset [°]

conjunction sunset after conjunction

ecliptic

conjunction




ecliptic

1 M = time from conjunction to sunset [°]

«O» «F»



ecliptic

1 M = time from conjunction to sunset [°]
2 lunar longitude at sunset: Apoon = B+ F- M

solar longitude at sunset: Agyy = B+1-M

«O» «F»r «=)>r 4
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ecliptic

1 M = time from conjunction to sunset [°]
2 lunar longitude at sunset: Apoon = B+ F- M
solar longitude at sunset: Agyy = B+1-M

3 lunar elongation at sunset: AN = Apoon — Asun

«O» «F»r « =



ecliptic

T - T — >
010 90 180 270 360
Aries Libra

1 M = time from conjunction to sunset [°]

2 lunar longitude at sunset: Apoon = B+ F- M
solar longitude at sunset: Agyy = B+1-M

3 lunar elongation at sunset: AN = Apoon — Asun

4 contribution to NA; due to elongation: gset(Asun) - AA

«O> «AF>r «=)r (=)



1st visibility

ecliptic

1,24
1

0:36

e — — — >
010 % 180 m 30
A

Aries Libra

1 M = time from conjunction to sunset [°]

2 lunar longitude at sunset: Apoon = B+ F- M
solar longitude at sunset: A\gyy = B+1-M

3 lunar elongation at sunset: AN = Apoon — Asun

4 contribution to NA; due to elongation: gset(Asun)

5 lunar latitude at sunset: 0 = E£0;4F - M

AN



1st visibility

ecliptic

1
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1,24 1

0:36
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A

Aries Libra A Aries Libra

M = time from conjunction to sunset [°]

lunar longitude at sunset: Apoon =B+ F-M

solar longitude at sunset: A\gyy = B+1-M

lunar elongation at sunset: A\ = Aoon — Asun
contribution to NA; due to elongation: @set(Asun) - AX
lunar latitude at sunset: 6 = E+0;4F - M

contribution to NA; due to lunar latitude: ryet(Asun) - 5



1st visibility

ecliptic

q set rSS[
12 1

0:36
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A

Aries Libra A Aries Libra
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M = time from conjunction to sunset [°]

2 lunar longitude at sunset: Apoon = B+ F- M

solar longitude at sunset: A\gyy = B+1-M

lunar elongation at sunset: A\ = Aoon — Asun
contribution to NA; due to elongation: @set(Asun) - AX
lunar latitude at sunset: 6 = E+0;4F - M

contribution to NA; due to lunar latitude: ryet(Asun) - 5
NA1= Gset - AN £ Feet - B
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1st visibility

ecliptic

—

1,24 1

0:36

= T T T T
010 90 180 210 360 010 90

Aries Libra A Aries

M = time from conjunction to sunset [°]

2 lunar longitude at sunset: Apoon = B+ F- M

O N G W

solar longitude at sunset: A\gyy = B+1-M

lunar elongation at sunset: A\ = Aoon — Asun

contribution to NA; due to elongation: @set(Asun) - AX

lunar latitude at sunset: 6 = E+0;4F - M

contribution to NA; due to lunar latitude: ryet(Asun) - 5
NA1= Gset - AN £ Feet - B

if NA; insufficient repeat 1-7 for next sunset (add 6,0° to M)



Moon System A: synodic table

VAT 209 + MMA 86.11.405 49/48 BC Babylon

Ky oM

Feapnt
T el M 4%
LA

T @ B c F G NA;

T 422 122 255942640 224115 An 352730 138232615 3,37,1,58,31,640 271,30 T 1 1950
2423 1 231385320 3,24119,30 12126232615 42503721320 57,345 230 1330
3 2 20271320 1144232615 4,28;39,15,33,20 573,45 31 1250

1 3 15754374640 115455615 4525147242640 -57345 41 1950

5 4 20403320 11;47,45,56,15  4,49;17,54,4,26,40 5 1 203030829xx
6 5 232628532 1212945,56,15  4,2348,53,20 6 30 1

7 6 261224, 131145,56,15 3,58,0,14,48,53,20 730 x50

8 7 285820 13;53,4556,15  3,32;11,36,17,46,40 8 1 1510x

9 8 2114415332 416,509 | 1435455615 3,6:22,57,46,40 9 1 223030x
10 9 2143011640 ; 1578541 2729 1517,4556,15  2,43;32,2,13,20 10 30 1640

11 10 2 1,640 22920 2152230| -395745 155424845 42619 11 30 10x

12 11 2147353320 24211320 -4255657 | 122259 151224845 240 612640 129 15246 12 1 2010x
13 12 2112140 121845 Ari 313230 -628739 -157,1327 143024845 24735 314230 93935 1229 54555 1 30 14[x]




who were the Babylonian astronomers?

colofons AO 6476 + U 104 (Uruk 194 BC)

‘Tablet of §ama§—é’_cir, son of Ina-qibit-Anu, son of §ipqat—Anu, descendant of
Ekur-zakir... Hand of Anu-aba-uter, son of Anu-belSunu, descendant of
Sin-leqi-unninni, lamentation priest of Anu and Antu, from Uruk.’



who were the Babylonian astronomers?
colofons

‘Tablet of §ama§-étir, son of Ina-qibit-Anu, son of §ipqat—Anu, descendant of

AO 6476 + U 104 (Uruk 194 BC)
Ekur-zakir... Hand of Anu-aba-uter, son of Anu-belsunu, descendant of
Sin-legi-unninni, lamentation priest of Anu and Antu, from Uruk.’
pioneers

'[...computed tab]le of Nab{-rémannu...’

VAT 209 + MMA 86.11.405 (Babylon 48 BC)
@ Nab{-rémannu = author of System A? (= Strabo's Naburianos)

@ Kidinnu = author of System B? (= Strabo's Kidenas)




who were the Babylonian astronomers?

colofons AO 6476 + U 104 (Uruk 194 BC)

‘Tablet of §ama§—é’_cir, son of Ina-qibit-Anu, son of §ipqat—Anu, descendant of
Ekur-zakir... Hand of Anu-aba-uter, son of Anu-belSunu, descendant of
Sin-leqi-unninni, lamentation priest of Anu and Antu, from Uruk.’

pioneers

'[...computed tab]le of Nabii-remannu...’ VAT 20;+ MMA 86.11.405 (Babylon 48 BC)
@ Nab{-rémannu = author of System A? (= Strabo's Naburianos)
@ Kidinnu = author of System B? (= Strabo's Kidenas)

professional titles
@ lamentation priest, divination priest

@ ‘scribe of When Anu and Enlil'" = astronomer /astrologer, 'Sternkundiger’



who were the Babylonian astronomers?

duties BM 35559 (protocol of Esagila temple council, Babylon 118 BC)

‘We have witnessed ourselves that he is capable of carrying out the observations...
We shall pay him yearly in silver for carrying out the observations and delivering
the tables and the measurements...'



who were the Babylonian astronomers?

duties BM 35559 (protocol of Esagila temple council, Babylon 118 BC)

‘We have witnessed ourselves that he is capable of carrying out the observations...
We shall pay him yearly in silver for carrying out the observations and delivering
the tables and the measurements...'

clan affiliation

Sin-leqi-unninni

Nidinti-Anu
I
Anu-belSunu SE 82-143 = 229-168 vC
I I
Nidinti-Anu Anu-aba-uter

Anu-balassu-igbi



astrological text VAT 7847 (Uruk)
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astrological text
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astrological text VAT 7847 (Uruk)
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horoscope

stamp seal MLC 2170 (Uruk)

..... " 'Seal of Anu-belSunu’

NCBT 1231 (Uruk)

In the year 63 SE, month 10, night of day 2 (30/12/249 BC) Anu-belSunu was
born. On that day the Sun was in 9;30 Capricorn, the Moon in 12 Aquarius: his

days will be long.’
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summary and outlook

Late Babylonian computational astronomy
@ end point of long preoccupation with celestial phenomena

@ quite sophisticated predictive computational schemes

@ introduction of zodiak
e principle of decomposition

no formulation of principles, assumptions

no evidence of 'physical’, cosmological concepts

development of abstract mathematical representation

open questions
@ origin (e.g. )
@ relation to other astronomical text groups

@ goal; organisation
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