An Early Observation Text for Mars: HSM
1899.2.112 (=HSM 1490)

JOHN P. BRITTON

This tablet, acquired by Harvard in 1899 and probably from
Babylon, is a fragment of a text which recorded observations and
calculated phenomena of Mars, year by year, from around the
beginning of the reign of Esarhaddon (—679) through the end
of the reign of Nebuchadnezzar (—561). The astronomical na-
ture of the text was recognized by Claudine Vincente in 1994. It
is published with the kind permission of Prof. Piotr Steinkeller,
Curator of the Collection of Cuneiform Tablets at the Harvard
Semitic Museum. I am indebted to Prof. Paul-Alain Beaulieu of
Harvard for his generous assistance and suggestions with difficult
readings, and for the copy of the text presented here as Figure 1.
I also wish to thank Prof. Hermann Hunger for his helpful com-
ments on the challenging reverse of the tablet. Remaining errors
of reading, interpretation, or over-ambitious reconstruction are,
of course, my own.

Physical Description

The surviving fragment, 8cm (h) x 4.5cm (w), appears to com-
prise between 1/2 and 1/3 of the original tablet in height. Left
and bottom edges are preserved on the obverse (left and top
on the reverse). The tablet turns over the bottom edge (O/R).
Columns, separated by vertical rulings, run left to right on ob-
verse; right to left on reverse, so that the last column on obverse
continues over onto reverse. The fragment thus preserves the bot-
tom of column (i) with traces of column (ii) on the obverse and
part of the top of the last column on the reverse. The tablet is
well written in a Neo-Babylonian scholarly hand,! and uses the

! Description courtesy of Paul-Alain Beaulien.
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cursive form of ‘9’, but possibly the older form, mul, instead of
mal.

Column (i) preserves statements of the dates of appearances
and disappearances of Mars together with one positional state-
ment for years 0-10 of Samas-suma-ukin (—667 to —656). Hor-
izontal rulings separate successive years, and the ten preserved
years take up 13 lines. By the end of the text more informa-
tion is recorded for each year, and in the last column data for
years 35 to 38 Nebuchadnezzar (—569 to —566) requires 15 lines.
Thus by the end of the text there is nearly three times as much
information per year as at the beginning.

If the unbroken tablet was 20cm in height, it would have had
room for ca. 33 lines on the obverse and a few more on the more
tightly written reverse, allowing room for up to 16 years at the
beginning of column 1 and up to 6 years at the end of the reverse.
Thus the text almost certainly included information from the
beginning of Esarhaddon’s reign (ca. —680), and perhaps a few
years earlier, and it probably continued through the last (43rd)
year of Nebuchadnezzar’s reign (—561/0) or perhaps one year
later.?

Column (i) appears to have covered roughly 25 years, whereas
the last column covered only 9 or 10. In between there are 86
years of information distributed over an even number of columns.
Two columns of 25 years (implying no change in information den-
sity) on the obverse and two averaging 18 years (e.g. 24 and 12 as
in Figure 2) on the reverse would accommodate the missing years,
and imply a marked increase in information density between ca.
—605 and —569. The alternative, three missing columns per side,
would imply a steady increase in information density until roughly
—600, followed by a level density at 9 to 10 years per column on
the reverse. On balance it seems more likely that the text con-
tained three columns to a side, with a substantial increase in
informational density occurring in the first half of the 6th cen-
tury. However, in the absence of additional evidence this remains
a tentative assumption.

2 It is perhaps coincidental, but noteworthy, that BM 36731, a compilation
of computed dates of solstices, equinoxes and Sirius visibility phenomena
from 0 or 1 Nabopolassar, also appears to conclude with the last year of
Nebuchadnezzar’s reign.
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Text

Obverse:

I R

Figure 1 (courtesy of Paul-Alain Beaulieu)
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Transliteration

Obverse:
Column (i) Column (ii)

1 || M[U SAG ™4GI§.NU;;-MU-GLNA (mn)(d)

2’ || SU NU [SES (mn) (d) IGI NU SES

3 || MU1INU[SES KIN DIRI

4' || MU 2 NU "SES GUy4 20" SU NU "x" o

5| KIN 30 IGI NU SES o
6|MU3 NU SES SE DIRI |

7' || MU 4 NU PAP SIG 27 SU NU PAP DUg |

8 || 25 IGI NU  SES |

9||MU5  NU  §ES IMT[Ux 1
10’ || MU 6 NU PAP KIN 15 SU NU PAP GAN 25 | MU[ 2
11'[| _IGI NU PAP _ SE DIRI lana'x' 3
12' || MU 7 NU SES | Tx7 [ 4/

13| MUSNE 20 S8U SE10 IGI
14' || MU 9 KIN DIRI DUg 4 ana MURUB, 'ALLA’ |

15| MU10 DUs 13 S0

{lower edge}

Reverse:
{upper edge}

1] { blank }

2 || M[U 35]"SAG SIG” [{]M ina GIR G[Uyg o ]
3| SIUKIN|M1 IGI{ blank’ }

4| MU 36 NE 12 1 KU[S ina IGI MUL IGI ]
5| 54 GIR' LU 2% KUS [ana ULU SIG US]

6 || "KIN" 23 "SIG*" [MUL KUR 54 DUR nu-nu
7|| E 'DUg" 22 4 KUS "mes-hat! [ana ULU |

8 || ana "SU DIB™ US 30 ana NIM LAL SE DIR
9| MU 37SIG 22"17KUS "ar MUL’
10 || "TUR [34] "4" KUS 4r [ 0 A] TSU"
11 || [DUg o o n]a-"su' ma ina__41G[Ixoo0]
12 || [MU 38] "KIN" 22 'E’ MUL" [SUR GIGIR]
13 || [s4 ULU U]S "APIN" 4 “4r’ [IS DA E ]

14 || [GAN o x+]1 ina IGI [IS DA U]

15| [MU39)NE" [0 o o o SU]
16[[[o o o]l]x[o o o o olG]]
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Translation

Obverse:
Column (i) Column (ii)
1’ || Accession year of Samas-suma-ukin, (month) (day)
2' || Q, not [observed, (month) (day) T, not observed
3' || Year 1, not(hing) [observed, VI
4' || Year 2, not(hing) observed, II 20 2, not [observed
5 || VI 30 T, not obser[ved
6' || Year 3, not(hing) observed, XIIy
7' || Year 4, no watch, III 27 Q, not watched for, VII

8 || 25 T, not observed

9’ || Year 5, not(hing) observed | Y[ea.r? x 1
10’ || Year 6, no watch, VI 15 2, not watched for, IX | Year | 2!
11" || T', not watched for, XII2 | towards [x 3’
12’ || Year 7, not(hing) observed | x! 4

13’ || Year 8, V20 Q, XII 10 T
14’ || Year 9, VIg, VII 4 towards the middle of the Crab
15’ || Year 10, VII 13 Q

Reverse:
Column (vi)

1] { blank }
2 || Ye[ar 35]"beginning of III o'r end of I[I,]
3| 7@ [VI] "1, T { blank’ }
4 || Year 36 V 12, 1 cublit in front of]
5 || B-ari, 21 cubits [below to the south, &;]
6 || "VI" 23, "below’ * [n-psc]
7 || ©; VII 22, 4 cubits "'measured’ [to the south (having)]
8 || "passed” to "the west?, ¥; the 30th back towards the east; XIlg.
9 || Year 37 III 22, 17 cubit "behind’
10 || "p-leo, Q;?
11| [VII x y° (hligh); around the 4th T, [...].
12 || [Year 38] VI 22 "above’ MUL’
13 || [¢-tau,] @; "VIII 4 "behind” [a-tau, O]
14 || [IX x+]1, in front of [a-tau, ¥.]
15 || [Year 39 'V [... ;]
6 [.....x...T]
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Critical Apparatus
Obverse:
col. (i)
1 The location of SU on the following line argues against

2/

4/
7'

14’

col. (ii)
1/

1//2/

MU 13 (Esarhaddon).

There is enough space in the missing column for a
second NU SES.

Possibly 30 in place of 20.

NU PAP/NU SES (~nasaru, ‘to watch for’), here
translated ‘not watched for’ (PAP) and ‘not(hing) ob-
served’ (SES), but no distinction may be warranted.

Cursive (3-wedge) 9.

N[U possible for M[U.
Rows not aligned precisely with col. (i); traces of pos-
sible NU between 1’ and 2.

Reverse (generally, very poorly preserved):

2

13

Dates

GIR, or possibly GAN (HE), appears in BM 37361
in the context SAG, MURUBY, GIR, which evidently
denote ‘beginning, middle and end’. It seems to be an
archaic form which was replaced in later Diaries and
observation texts by the more widely used TIL.

GiR, scribal error for SAG or different description of
B-ari? Note LU(DIB), not LU, for Aries. 2%,
possible scribal error for 5%.

Scoring should be under the following line.

Commentary®

Four intercalary months are mentioned: in column (i) a XII9 in
years 3 and 6 and a VI, in year 9; in column (vi) a XII, in year
36*. From the 8th century onwards, the last could only refer to

3 Notation here follows the conventions in ACT. Years with intercalary
months XIIy and VI, are designated Y* and Y** respectively. Synodic phe-
nomena are designated by Greek letters as follows: 2 (Servdisappearance);
I' (IGI~first appearance); & (US~first station); © (E~opposition); ¥ (2-
US~second station).
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36 Nebuchadnezzar (—568/7), which thus establishes the dates
in that column. In theory (although improbably from the con-
tents) this might be the obverse of the tablet, but no subsequent
reign of at least 10 years reflects the intercalations in column (i).*
Before Nebuchadnezzar, attested intercalations and reign lengths
rule out all but Samas-suma-ukin (SSU), confirmation of which
is provided by the positional remark in year 9. The text thus
provides evidence of 3 hitherto unconfirmed intercalary years,
namely SSU 3*, 6*, and 9**.

Contents

The planet’s name is not mentioned, but the synodic intervals
of roughly 26 months for 5i(Q2) and igi(T') in column (i) and the
close agreement between reported and calculated data for all five
synodic phenomena recorded in column (vi) show that the text
concerns Mars exclusively.

Data is recorded for every year, whether or not there is any-
thing to report. In column (i), except in year 9 (line 13') which
contains a unique statement of position, only dates of appear-
ances, igi(I'), and disappearances, $4(f2), are reported together
with intercalary months. Until year 8 these are invariably pre-
ceded and followed by either ‘nu $e$’ or ‘nu pap’, both essentially
meaning ‘not observed’, (~nagarv) and thus by implication com-
puted in some fashion, but with what difference of nuance and
whether predicted or computed back is not at all clear. Nor is
any consistent pattern of usage evident: in year 2 we find three
instances of ‘nu $es’; in year 6 three of ‘nu pap’, and in year
4 two ‘nu pap’s followed by a ‘nu Ses’. In contrast, years 3, 5,
and 7 in which neither phenomenon occurred are marked by a
single ‘nu Se3’. In years 8-10 (—659/8) these remarks no longer
appear, suggesting that for these years the text records actual
observations.

* These intercalations are attested for the reign of Cyrus which, however,
lasted only 9 years with a (late) intercalary VIy in year 2, which is not
mentioned in the text.
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) (i) (i)

line —680 —656 —631
1 Heading SSU 1111  26igi |KAN 16 IV 22 54
2 | SA2 8III 25si | SSU 12X 19 54 |[KAN 16 VII 29 igi
3 | SA2 8 VI 28igi | SSU 13 III 22 igi 17
4 1 14 KAN 18V 123
5| ASR 21IV 1784 | SSU 15 XII 20 sd {KAN 18 IX 9igi
7 3 16 KAN20VI 6 sd
8 | ASR 4V 854 | SSU 17II 29 su |[KAN 20 XII 26 igi
9 [ ASR 4IX 9igi | SSU 17VI 3igi 21

10 5 18 KAN 22 VII 25 s

11 | ASR 6VI 4sd4 | SSU 191IIT 26 si (NBL 1II 29igi
12 | ASR 71 9igi | SSU 19 VI 28igi INBL 2XII 234

13 | ASR 8IX 234 20 NBL 3III 23igi
14 | ASR 9II 25igi | KAN 11V 17 sd 4
15 | ASR10XII 6sa | KAN 1VIII 1igi [NBL 51 26 54
16 | ASR 111V 17igi 2 NBL 5V 13ig
17 12 KAN 3V 8 51 6
18 | ASR131 25354 | KAN 3IX 19igi [NBL 7III 234
19 | ASR13V  Tigi 4 NBL 7VI 5igi
20 1 KAN 5VIyp 6 sa 8

21 | SSU 21II 28si | KAN 61  21igi [NBL O9III 27354
22 |8SU 2V 30igi | KAN 7IX 22354 [NBL 9VII 1igi
23 3 KAN 8III 26 igi 10

24 | SSU 41II 22 sd | KAN 9XII 1354 [NBL 111V 17 54
25 [ SSU 4vi 28igi | KAN 10iv 18igi (NBL 11 VIII 4igi
26 5 11 12

27 |SSU 6V 12si | KAN12I 28384 |[NBL 13V 9 sd
28 | SSU 6IX 3igi | KAN12V 7igi [NBL 13X 3igi
29 7 13 14

30 | SSU 8VI 4si | KAN14II 3034 |[NBL 15 VIy 13 54
30 | SSU 8XI 18igi | KAN14 VI 1igi |[NBL 161  27igi
31 9 15 NBL 17X 145t
32 | SSU 10 VII 12 sd

Figure 2: Schematic potential arrangement of HSM 1490 showing cal-
culated dates of igi(T') and 54(f2). In practice the empty space in each
column would have been filled with additional data.
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(iv) (v) (vi)
—606 —582 —569

NBL 18111 27igi | NBK 221V 1734 | NBK 3511 254
NBL 19 XII 21 56 | NBK 22 VIII 10igi | NBK 35 VI  4igi
NBL 201V 17 igi 23 36
NBK 1II 336 | NBK24V 1034 | NBK 37 III 22 sd
NBK 1V  9igi | NBK 24 XI 2igi | NBK 37 VII 7igi

2 25 38
NBK 3III 13 | NBK 26 VII 19 34 | NBK 39 IX 27 sd
NBK 3VI 4igi |[NBK27I1  3igi | NBK39V 13igi

4 NBK 28 X 28 st 40
NBK 5IV 223t | NBK29II 28igi | NBK 41 VI, 13 5
NBK 5VII 3igi | NBK 30 XII 27 54 | NBK 421 29 igi

6 NBK 311V 17igi | NBK 43IX 4 3d
NBK 7V 1234 32
NBK 7 VIII15igi | NBK 3311 6 3d

8 NBK 33V 9igi
NBK 9VI 93 34
NBK 9 XII 17igi

10
NBK 11 VIII 12 &4
NBK 1211  1igi

NBK 13 XI 12 54
NBK 14 III 21igi

15
NBK 161 134
NBK 16 IV 12 igi
17
NBK 1811 434
NBK 18V  6igi
19
NBK 20 III 27 34
NBK 20 VII 4 igi
21

Figure 2 (cont’d.): For columns (i)—(iii) and possibly column (iv) this
could have been remarks on the location of visibility phenomena. By
column (v) at the latest, however, data for stations and oppositions

would have been included.
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The preserved traces of column (ii) concern 2 or 3 years, per-
haps years 11-13 Kandalanu, and contain at least one positional
report implied by the ana in line 3'. This would be consistent
with the practice of recording the approximate location of visibil-
ity phenomena with less frequent ‘nu 3e$/pap’ remarks, reflected
in the compilation of appearances and disappearances of Saturn
recorded in BM 767385 for the reign of Kandalanu. Most of this
information could be incorporated in place of the frequent ‘nu
Ses/pap’s in column (i) without materially increasing the num-
ber of lines per year as long as mainly visibility phenomena are
reported.

By the end of the text, however, the information recorded has
changed dramatically in substance, precision, and—as we shall
see—accuracy. Here we find both dates and positions recorded
for each of the five characteristic synodic phenomena: disappear-
ance,® 504(Q); first appearance, igi(T); first station, us(®); oppo-
sition, e(®); and second station, 2-u$(¥). The dates often omit
the months—evidently the intervals between successive synodic
phenomena were well enough known by this time that the omis-
sion was not thought important—while positions, often in two
coordinates, are recorded in cubits relative to stars which appear
consistent with Normal Stars preserved in later texts. These are
accompanied by occasional comments suggesting greater or less
reliability and precision, as well as an observation of when the
planet resumed perceptible direct motion after its second station
(¥). Thus by its end, the text reflects systematic and precise ob-
servations of virtually all planetary phenomena recorded in the
later Diaries,” including detail—e.g., the precise locations of i
and igi and the dates of perceptible resumption of direct motion—
which at some later date ceased to be part of the regular obser-
vational regimen.?

Figure 2 shows the possible approximate beginning of each

® [Walker 1999, 61ff.]

6 ‘Last visibility’ in ACT, but shown for Venus by [Huber 1982 to be the
day following last visibility.

7 The most conspicuous omission is the absence of data for the time inter-
val between planet-rise and sunrise (nasu) at first appearance found in later
Diaries and observation texts.

8 It is also not impossible that the apparent reference to ‘me’ (day) between
84 and igi in year 37 is part of some comment about conjunction.
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column together with the dates of $u and igi, arranged to show
how the text might have appeared if one line were accorded each
of these phenomena as at the beginning of column (i). The blank
space at the bottom of each column suggests the expansion of in-
formation recorded, although probably understating this process
in column (ii), where additional information would have replaced
the ‘nu 8es’s and ‘nu pap’s in column (i). As shown here the pat-
tern is consistent with a sharp increase in informational density
around —580, although the increase could have occurred more
gradually. Obviously this is only a schematic rendering of a pro-
cess whose precise details remain obscure, but which appears to
have taken place early in the sixth century.

Accuracy

Occurrences: Figure 3a compares the dates and negative solar
altitudes at planet-rise/set (hx) for 31(Q2) and igi(T') recorded
in column (i) with those calculated from modern theory? using
Schoch’s arcus visionis values!® as visibility criteria. Dates in
the text accompanied by ‘nu 3e$/nu pap’ are underlined. These
are significantly less accurate than the last three dates, lending
support to the assumption that they were calculated in some
fashion. On balance they are systematically late, especially the
igi(T')’s, and reflect a collective scatter (standard deviation) in
hx of £6°. In contrast, the last three dates, unqualified by ‘nu
Se$/nu pap’ and presumably observed, reflect an average h# that
is slightly higher (by 1.3°) than assumed in the calculations, but
with a much lower scatter of only +1.3°.

® The calculations employ the program PLANETS.EXE by Peter Huber
to calculate the daily positions of the planet and sun and the altitude of
the sun at planet-rise and set for the years in question, whence calculated
dates for visibility phenomena are derived from assumed visibility criteria.
Sidereal longitudes, denoted by A*, are calculated from tropical longitudes to
be consistent with the mean Babylonian sidereal zodiac (of later date) by the
formula Ax = Aypop +9.91° — (Y +500) x 1.3825° /100, where Y is the Julian
year in astronomical notation.
19 [Schoch 1928, 103]. For Mars these are 13.2° at 5i(02) and 14.5° at igi(T').
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Mars
Calculated
King(JYr) Yr Phen JD M D | hx Ax
1 SSU 0 sa(Q) | 1477538 I 25 | 13.0 [ 40.6
2 (—667) 0 igi(T') | 1477639 V 7 | 14.7 | 107.0
3 (—665) 2 s4(Q) | 1478309 II 28| 13.1| 80.1
4 (—665) 2 igi(T") | 1478399 V 30 | 14.5 | 137.8
5 (—663) 4 s540(Q) | 1479071 III 22 | 13.0 | 112.2
6 (—663) 4 igi(T') | 1479165 VI 28 | 14.7 | 1734
7 (—661) 6 s6(2) | 1479829 V12| 13.0 | 141.7
8 (—661) 6 igi(T) | 1479938 IX 3 | 14.6 | 216.3
9 (—659) 8 50(Q) | 1480589 VI 4 | 13.1 | 173.8
10 (—658) 8 igi(T') | 1480750 XI 18 | 14.6 | 293.6
11 (—657) 10  sa(Q) | 1481365 VII 13 | 13.2 | 219.8
12 SSU 11  igi(T") | 1481585 II 26 | 14.5 | 28.3
13 7-cnc 100.6
14 f-cnc 100.9
15 SSU 9 (—658) 1481002 VII 4 101.5
16 ~-cne 102.8
17 d-cnc 103.9

Figure 3a: HSM 1490: Comparisons of calculated and recorded data for
Mars from column (i), obverse. Underlinings indicate record accompa-
nied by ‘not observed’ (‘nu 3es/nu pap’). According to Huber’s Cresdat
algorithm, month VI in SSU 10 should have been 31 days long, here
treated as 30 days long.

Calculated

King(JYr) Yr Phen JD M D | hx Ax

1 NBK 35 &i(Q) | 1513395 III 2 | 13.0 | 101.7
2 (—569) 35 igi(T') | 1513486 VI 4 | 14.5 | 160.4
3| (-568) 36 wus(®) |1513821 V 15 8.1
4| (-568) 36 e(©) | 1513856 VI 20 0.2
5| (-568) 36 us(¥) | 1513889 VII 24 353.8
6 (—567) 37 sq(Q) | 1514153 III 22 | 13.2 | 131.1
7| (=567) 37 igi(T) | 1514266 VII 7 | 14.6 | 200.0
8| (-566) 38 us(®) | 1514597 VI 23 59.9
9| (-566) 38 (©) | 1514636 VIII 3 50.2
10| (~566) 38 ws(¥) | 1514673 IX 10 418
11 NBK 39 sa(Q) | 1514912 V13 | 13.1 | 161.9

Figure 3b: HSM 1490: Comparisons of calculated and recorded dates
for synodic phenomena of Mars from column (vi), reverse.
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Mars
Differences
Text (Text—Calc)
JD M D hx | 4D Ohx

[[ff] na 1
na na 2
1478301 1I 20 | 15,5 | -8 24 3
1478429 VI 30 | 24.9 30 104 | 4
1479076 III 27 | 11.6 5 14| 5
1479192 VII 25 | 23.5 27 88| 6
1479861 VI 15 | 6.1 | 32 =70 7
1479960 IX 25 | 204 22 58| 8
1480575 A% 20 | 159 | —14 271 9
1480772 XII 10 | 15.8 22 1.3 10
1481365 VII 13 | 13.2 0 0.0 | 11
1481585 column (ii) 12
igi 54 alla 54 si 13
igi $4 alla $4 uld 14
1481002 VII 4  ‘middle of the Crab’ 15
ar 34 alla 34 si 16
ar 54 alla 34 uld 17

45

Figure 3a (cont’d.): Visibility criteria used in calculations are from
[Schoch 1928]: 14.5 for igi(T'); 13.2 for 54(Q2). A* = sidereal longitude
calculated from Agrop + 82, where 64 = 9.91 — 1.3825 x (Y + 500)/100,
where Y is the Julian year in astronomical notation. h* = negative
altitude of sun at moment when planet sets.

Differences
Text (Text—Calc)
JD M D hx* éD dhx
1513393 II/III 0% | 13.6 | ~—2 | ~ 0.6
1513483 VI 1 13.4 -3 -1.1
1513818 \% 12 -3
1513859 VI 23 3
1513887 VII 22 -2
1514153 111 22 | 13.2 0 0.0
1514253  [VII] 4 13.5 -3 -11
1514596 VI 22 -1
1514637  VIII 4 1
1514680 [IX] x+1
(vl

Figure 3b (cont’d.): hx and A« are calculated as in Figure 3a.

OO =3 O O i QO N =

©

10
11
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Saturn

Calculated hx > 12.0

King(JYr) Yr Phen JD M D | h« Ax

1 KAN 1 1gi(T)* | 1485303 IV 23 | 11.9 | 102.92
2| (—645) 2 igi(T)* | 1485681 V 17 | 12.0 | 116.43
3| (-644) 3 igi(T)* | 1486059 V 11 |12.1| 129.63
4 (—643) 4 igi(T)* | 1486437 VI 5 | 12.2 | 142.52
5 (—642) 5 igi(T)* | 1486815 VI 29 | 12.4 | 155.07
6| (-641) 6 igi(T)* | 1487192 VI 22 | 12.1 | 167.21
7 (—640) 7 igi(T)* | 1487569 VII 15 | 12.0 | 179.10
8 (—639) 8 igi(T')* | 1487946 VII 8 | 12.2 | 190.75
9| (-638) 9 igi(T)* | 1488322 VII 30 | 117 | 202.10
10 (—637) 10 igi(T)* | 1488699 VIII 23 | 12.3 | 213.43
11| (-636) 11 igi()* | 1489075 VIII 15 | 12.0 | 224.57
12 | (-635) 12 igi(T)* | 1489451 1IX 7 | 11.8 | 235.67
13 | (-634) 13 igi(T) | 1489828 1IX 30 | 12.2 | 246.89
14 KAN 14  igi(T") | 1490205 IX 23 | 12.4 | 258.16

Calculated hx > 12.0

King(JYr) Yr Phen JD M D | hx Ax
15 KAN 1 s4(Q) | 1485269 III 19 | 11.0 [ 98.52
16 | (—645) 2 &i(0) | 1485648 IV 14 | 10.9 | 112.20
17 | (-644) 3 s6(Q) | 1486026 IV 8 | 11.1 | 125.46
18 | (—643) 4 s0(Q) | 1486404 V2 | 11.1 | 138.40
19 (—642) 5 s4(Q) | 1486782 V25 | 11.0 | 151.01
20 | (—641) 6 sa(Q) | 1487159 V19 | 11.2 | 163.20
21 | (-640) 7 sa(Q)* | 1487536 VI 12 | 11.3 | 175.13
22| (—639) 8 s(Q) | 1487913 VI, 5 | 11.3 | 186.81
23 | (-638) 9 s4(Q)* | 1488290 VI 28 | 11.3 | 198.31
24 | (—637) 10 sa(Q) | 1488667 VII 21 | 11.1 | 209.65
25 | (—636) 11 s4(Q) | 1489043 VII 13 | 11.5 | 220.80
26 | (—635) 12 s4(Q) | 1489420 VIII 6 | 11.3 | 232.02
27 | (—634) 13 s4(Q) | 1489797 VIII 28 | 11.1 | 243.22
28 KAN 14  5i(Q) | 1490174 VIII 21 | 10.9 | 254.49

Figure 4: Comparison of reported and calculated dates for first appear-
ance, igi(I'), and disappearance, $4(2), of Saturn from BM 76738+.
Calculated dates use arcus visionis values of 12.0 degrees (igi) and 11.5
degrees (51); corresponding values from [Schoch 1928] are 13.0 and 10.0
respectively.



AN EARLY OBSERVATION TEXT FOR MARS

Saturn
Differences
Text (Text—Calc)
JD M D hx 4D Ohx
1485304 IV 24 | 12.6 1 0.7
A%
1486059 V 16
VI
VI end ~0 0.0
1487192 VI 22 | 121 0 0.0
1487569 VII 15 | 12.0 0 0.0
1487943 VII 5 9.5 -3 —-2.6
1488323 VIII x1 | 12.6 1 0.9
1488699 VIII 23 | 12.3 0 0.0
1489075 VIII 15 | 12.0 0 0.0
1489449 IX 5 | 10.0 -2 | -17
1489829 X 1 |[13.1 1 0.8
IX 2x
avg 11.8 -0.2 -0.2
std 1.2 1.4 1.1
Differences
Text (Text—Calc)
JD M D hx éD dhx
111
v
1486024 IV 7 11.7 -1 0.6
IV end ~=3
1486780 V 23 | 12.0 -2 1.0
1487160 V 20 | 10.7 1| -0.5
VI 1x
1487913 VIo 5 | 11.3 0 0.0
1488290 VI 287 | 11.3 0 0.0
1488666 VII 20 | 11.6 -1 0.5
1489043 VII 13 | 11.5 0 0.0
1489419 VIII 5 | 11.8 =1 0.5
1489795 VIII 26 | 12.2 -2 1.1
1490173 VIII 20 | 11.5 -1 0.6
avg 11.6 —0.7 0.4
std 0.4 0.9 0.5
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Figure 4 (cont’d.): Phenomena designated with * include reported po-
sitions; those underlined are described as not observed. h* = negative
altitude of sun at planetset; Ax = sidereal longitude, calculated as de-
scribed in Figure 3a.
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It is tempting to assume that the month name ‘kin’ for $4(€2)
in year 6 is a gross error, but the deviation in h% of (—)7.1° is less
than those for igi(I') in years 2 and 4. Conversely, the deviation
of 22 days in date for igi(I') in year 8, seemingly simply in keeping
with the error evidenced by the three preceding igi(I')’s, reflects
only a modest deviation in hx (1.3°), which is not inconsistent
with an actual observation.

In short, the apparently computed dates of visibility phenom-
ena comprising the first 6 preserved entries in column (i) reflect
distinctively large deviations from assumed visibility criteria lead-
ing to errors of a month or more in the dates of visibilities. In
contrast, the last three entries, beginning in —659, reflect smaller
deviations in h* consistent with fairly careful actual observations.
Similar care is reflected in the one positional remark in column (i),
which placed Mars ‘in the middle of the Crab’ on VII 4 of SSU
9. On the evening of that date Mars was indeed located midway
between 7-cnc/f-cnc and y-cnc/é-cnc, the reference stars (later)
associated with Cancer, with a tropical longitude of 89.4°, curi-
ously close to the solstitial point.

By the end of the text, a century later, the accuracy of ob-
servation has clearly improved as may be seen from Figure 3b
which shows the same data, but for column (vi). Here the text’s
dates are a day early on average, with a scatter or (2 days and
maximal differences from calculation which do not exceed 3 days,
including the hard-to-observe dates of stations and oppositions.
For the small number of visibility phenomena deviations of h* av-
erage —0.4° with a scatter of +0.8°, again reflecting improvement
over the earlier period.

It is instructive to compare the accuracy of these records with
that of the dates of visibility phenomena for Saturn preserved for
years 1-14 of Kandalanu in BM 76738+. These are shown in
Figure 4, separated by phenomenon. Here neither phenomenon
exhibits a sensible systematic error,!! while the scatter in hx is
+1.1° for igi and half as much for si. Evidently, for visibility
phenomena at least, a level of observational accuracy consistent
with that reflected in the records at the end of our text (ca —570)

11 The calculation utilizes arcus visionis values, which best fit these ob-
servations (hx[igi] = 12.0°, h«[34] = 11.5°) and differ slightly from those of
[Schoch 1928] (h#[igi] = 13.0°, hx[5id] = 10.0°).
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was achieved by the reign of Kandalanu (—646 ff).

Measurements: Column (i) contains only one statement of
position which locates Mars, accurately but imprecisely ‘in the
middle of the Crab’. A century later, column (vi) preserves four
measurements of position—two of longitude and two of latitude,
supplemented by an imprecise (before/behind:above/below) di-
rectional remark. All measurements are in cubits, relative to
reference stars which seem to be identical with those found in
the Diaries and later observation texts.!? Longitudinal measure-
ments are preserved for first station and disappearance—us(®)
and $3(Q)—but omitted for opposition, (@), whose position is
only described by ‘under’ in line 6 and ‘behind’ in line 13. No
positional data is preserved for first appearance, igi(I'), but in
light of the greater attention paid in earlier Saturn observations
to the location of igi(I') compared to §1(f2), it seems likely that
longitudinal measurements were often included for it as well. Lat-
itude measurements are preserved for both stations—us(®) and
us(¥)—together with a longitude interval in the case of us(®).
Thus it seems that measurements of both coordinates were fre-
quently, but not systematically, recorded for the four unambigu-
ous synodic phenomena [igi(T'), us(®), us(¥), and §4(Q)], while
for opposition, e(0), only the date and approximate position were
recorded.!3

Figure 5 compares computed and reported positions for syn-
odic phenomena recorded in column (vi) of HSM 1490. With
one exception the interval measurements appear to be accurate
within approximately a cubit with no sensible average error. The
exception could easily be a scribal error in recording the latitude
for us(®) in year 36, as ‘2% cubits [below] 3-ari’ instead of 5%
cubits.

Finally, the text remarks on the date, following second station,
when the planet [was perceived to have| resumed direct motion,
approximately a week after the planet became stationary. The
date is consistent with a direct motion from Mars’s stationary
position of a quarter of a degree, which is a reasonable magnitude
for the smallest positional difference which could be distinguished.

12 No star names are preserved, but the agreement with modern calculation
is too good to be otherwise.

13 COf. Diary —567 [Sachs & Hunger 1988-96], which records an opposition
of Jupiter on I 11 or 12 with no positional remark.
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Text Mars (calc)

King Yr Phen JD M D Ax B
1| NBK 35 36(Q) | 1513390 II/III 0% | 10047  1.12
2 [ NBK 35 igi(T') | 1513483 VI 1 | 158.16 1.12
3 | NBK 36 us(®) | 1513818 V 12 8.08 —4.61
4 | NBK 36 ¢(©) | 1513859 [VI] 23 | 359.561 -3.73
5| NBK 36 us(¥) | 1513887 [VII] 22 | 353.81 —1.90
6 | NBK 37 34(Q) | 1514153 III 22 | 131.15 1.18
7 | NBK 37 igi(l') | 1514253 VII 4 |197.67  0.60
8 | NBK 38 us(®) | 1514596 VI 22 59.92 —0.80
9 | NBK 38 e(O©) | 1514637 [VIII] 4 50.13  0.90
10 | NBK 38 us(¥) | 1514680 [IX] ~12 | 41.84 1.94
11 | NBK 39 3i(Q) na

12 [NBK 36 2us(¥) | 15613887 [VI] 22 | 353.80 Text

13 1513889 [VII] 24 | 353.76 Calc

14 1513895 [VII] 30 | 353.99 Direct

15 0.23 Direct—
Calc

Figure 5: Comparison of calculated and reported positions for Mars
from HSM 1490, column (vi). A* = sidereal longitudes calculated as
described in Figure 3a.
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Planet—Star (cubits) | Error (cubits)

Reference Star Calc Text (Text—Calc)
Star Ax B | dAx 88| o)« B | A= [Ye)
[@-enc]  100.94 —1.00 [ —0.2 0.9
[y-vir] 165.67 3.00 | —3.1 —0.8
B-ar 9.16 8.40 | —-04-54| -05 -2.5|-0.1 2.9
7}-psc 2.01 5.24 | —1.0 -3.7 under under
7-psc 2.01 524 | -3.4-3.0 —4.0 -1.0
p-leo 131.58 0.01 | —0.2 0.5 0.5 0.7
[a-ib]  200.29 0.66 | —1.1 0.0
¢-tau 59.97 —2.52 0.0 0.7 above above
[a-tau] 44.94 —5.65 22 27 behind behind
[a-tau] 4494 -5.65 | —1.3 3.2 before before

1 c. = 2.4 degrees

Transformations to cubits assume 1 cubit = 2.40 degrees [Grasshoff
1999, 138]. Apparent scribal error is highlighted in bold.
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Conclusion

Apart from the Venus Tablet of Amizaduga, the text contains
the earliest observations of planetary phenomena, systematically
compiled, that we possess. It is a pity that more of it is not
preserved, for the complete text would provide an invaluable
overview of the emergence and development of observational prac-
tice in the seventh and sixth centuries (B.C.). Nevertheless, sev-
eral features bear comment. First, it is clear that the text rep-
resents a systematic compilation of observations of Mars’s syn-
odic phenomena, with only occasional interjections of other po-
sitional reports. At the outset and still by the end of the first
column (—656) only appearances (igi) and disappearances (5i)
are recorded, and before —658 even these are reported to have
been ‘not observed’, It seems likely, however, that at least some
actual observations were recorded in the missing beginning of col-
umn (i), and that these would have comprised the earliest ones
available to the text’s author. Thus it would seem that at least
occasional observations of Mars’s appearances and disappearance
began to be recorded around the beginning of Esarhaddon’s reign
in —679.

Only 10 years after the end of column (i) observations of ap-
pearances and (some) disappearances of Saturn record the ap-
proximate location of the planet at the time of the event, infor-
mation which is missing in column (i) of this text, but which could
have been included in column (ii) without much disturbance, re-
placing the ubiquitous ‘nu $e$/pap’s of column (i). Thus it would
appear that regular observations of the dates of appearances and
disappearances began during the reign of Samag-suma-ukin, a
practice expanded by the reign of Kandalanu to include the ap-
proximate location of the planet at the time of first appearance
and, occasionally, disappearance.

During the subsequent lacuna of roughly 60 years (—633 to
—569) systematic observations of the stations and oppositions
were introduced,!* and positions of the distinctive synodic phe-
nomena (i.e. excepting oppositions) began to be recorded as mea-
sured intervals from Normal (reference) Stars in two coordinates.
These innovations were accompanied by an increase in the accu-

4 But note that the Diary for —651 records a station of Mars.
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racy of the dates of recorded phenomena, which by the end of the
text reflected average errors of roughly 1 day and maximal errors
of less than 3 days. Positional measurements, recorded with a
precision of half a cubit, seem to have had a generally accuracy
(scribal errors excepted) consistent with that precision, suggest-
ing an ongoing program of careful, systematic observations.

In short, by the end of the reign of Nebuchadnezzar, reg-
ular planetary observations included nearly all of the elements
reflected in the later Diaries and observation texts, including a
record of the interval between planet-rise/set and sunrise/set near
first appearance (line 11). In addition, the text records the date
after second station when the planet is seen to resume direct mo-
tion, which drops out of later observational practice and which
demonstrates that motion of %o was perceptible to sixth-century
observers.

Abbreviations

ACT [Neugebauer 1955]
ASR Esarhaddon

KAN Kandalanu

NBK Nebuchadnezzar
NBL Nabopolassar

SA2 Sennacherib

SSU  Samas-suma-ukin
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Plate 1: HSM 1899.2.112 (+HSM 1490) Obverse (courtesy Har-
vard University)



AN EARLY OBSERVATION TEXT FOR MARS 55

Plate 2: HSM 1899.2.112 (+HSM 1490) Reverse (courtesy Har-
vard University)
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