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I. Introduction

he texts presented here are most probably from Babylon,

although their exact provenance is unknown.! All concern

luni-solar phenomena with the exception of a text on the last
visibility of Mercury, which is found on one side of a tablet whose
other side deals with lunar eclipse magnitudes and longitudes.

The texts fall into two groups. One comprises what we have
called “Saros Cycle Texts,” which give the months of eclipse pos-
sibilities arranged in consistent cycles of 223 months (or 18 years).
Three of the four texts in this group concern lunar eclipse possibil-
ities; the other treats solar eclipse possibilities analogously. In-
cluded in this group is B.M. 34597, known as the “Saros Canon,”
which we republish to correct several errors in previous publica-
tions, and to clarify its structure.

The second group of texts contains astronomical functions. Two
(Text L and Text F) tabulate lunar longitudes at syzygies in accord-
ance with a relatively crude scheme, which approximates uniform
motion and seems designed to facilitate computation. One of
these (Text L) also presents a new function which describes lunar
eclipse magnitudes with considerable accuracy and includes a cor-
rection for zodiacal anomaly. A third text (Text G) is a fragment
of a previously published text, which we here call Text 5. The frag-
ment enables us to restore the function describing eclipse magni-
tudes in Text 5. This in turn contributes to our (still imperfect)
understanding of the analogous, but more sophisticated function
in Text L. Finally, the last text in this group (Text M), occupies the
obverse of the tablet containing Text L and gives the longitude of
Mercury at successive last visibilities (£2). [he writing on it is at
right angles to that of Text L on its reverse, and we treat it here
as though it were a separate text.

The periods covered by these texts are generally earlier than
most of the dates associated with mathematical astronomical texts,

L ANl the texts are in the British Museum, and we publish them through the courtesy
of its trustees, For a discussion of the circumstances of the acquisition of Rassam's “Baby-
lonian Collection™ and the |\.-|:.|'|i|-|'|*;x of establishing the provenance of thesze texts, see

Reade [1986].
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2 SAROS CYCLE DATES

although there is some overlap. The Saros Cycle texts include
dates from thirteen 18-year cycles, which extend from —490 to
—257. Of the texts with astronomical functions, Text S concerns
solar eclipse possibilities from —474 to —456; Text M gives calcu-
lated positions of Mercury at Q for the period from —423 to —401;
Text L lists lunar eclipse possibilities from —416 to —380; and Text
F gives approximate longitudes of full moons from —261 to —256.

It should be unnecessary, but unfortunately is not, to remark
that texts presenting dates correctly in several reigns before the
Seleucid Era cannot have been composed, at least not in their en-
tirety, in advance of the events they describe. Indeed, we do not
know of a single astronomical cuneiform text in which a regnal
year exceeds the natural reign of the king before the introduction
of a continuing year count in the Seleucid Era. Thus we cannot,
alas, be more precise about when our texts were composed or
written.

The present paper began with the collaboration of the late
A. Sachs* and A. Aaboe around 1970 on Saros texts in the British
Museum. The disjointed fragment from the corner of Text L raised
difficulties (not yet fully resolved) that brought the enterprise to
a prolonged halt. Though questions remain unanswered, we pub-
lish the texts so that others may try their hand.

Our paper has been referred to in the literature thrice: first, in
Aaboe [1972], n. 9; subsequently, in HAMA, p. 1106 as “Aaboe-
Henderson-Neugebauer-Sachs [1975],” and lastly in Britton [1989]
as “Aaboe, et al. [1988]."

A. Aaboe's visits to the British Museum in the 1960s and early
1970s, during which most of our texts were first transcribed, were
supported by grants from the National Science Foundation and
the John Simon Guggenheim Foundation, which support is grate-
fully acknowledged.

* Abraham Sachs died 22 April 1983. Otto Neugebauer died 19 February 1990, after the
present paper was submitted.
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Text A: B.M. 36910 (80-6-17,651) + B.M. 36998 (80-6-17,742)
+ B.M. 37036 (80-6-17,780)
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TEXT A

Contents: Regnal years and months of lunar eclipse possibilities
for (at least) year 31 of Darius I to year 30 of Artaxerses
[l (—490 to —37) arranged in 18-year groups.

Previous Publications: Mentioned as Nos, *1422, *1423, and *1424
in LBAT,

Transcription: Table 1; Translation: Table 2; Photograph: Plate 1

Description of Text:

Text A consists of three rejoined fragments and measures 3"
by 312". While no edges are preserved, traces of line 1 of the ob-
verse appear in columns IV' and V', showing that its vertical extent
is nearly l.‘i.]rl‘l[.‘.lluli*. Horizontally, the text could have contained
one or more columns on either side.

The text gives columns of dates in the form of a regnal year
number and a month. No instance of a first regnal year is pre-
served, so we do not know if the kings' names were given.’
Within each column, successive dates are either six or five months
apart, and each column begins after a five-month interval. Succes-
sive dates in the same line differ by 223 months between columns.
Each column has 38 dates which begin at line 1 of the obverse and
carry over the bottom edge to the reverse. There are 21 or 20 lines
on the obverse and 17 or 18 on the reverse.

Though Text A leads into, and partly overlaps, the Saros Canon
(Text C), it looks quite different: it is less carefully written; it has
no vertical rulings separating the columns of dates, nor horizontal
lines indicating five-month intervals; and “5 itu” (= five months) is
not written after a five-month interval. The dashed lines in Tables
| and 2 thus have no counterparts in the text. All in all Text A ap-
pears much less carefully prepared than Texts B or C.

The character of an intercalary year is indicated by “dir” if the
year contains a second Addaru (XIIz), and by 2-kdm (short for
“kin-2-kdm”) if it has a second Ululu (VIz).? This information is
mostly written i:l'lf‘l]'l‘lf_‘dic'ltl._']}" below the year number, except in
Obv. 9,11I' and when the intercalated month itself appears in the
text (Obv. &,1I' and Rev. 6',IV"). Month XII: is twice written “dir”
and once “dir-5¢” (Rev. 6,IV'). In the latter case it is the careful

2 Cf. Text C where they are given and Text [} where they are omitted.
' In tramslations such vears are indicated by ® and ** respectively.
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6 SAROS CYCLE DATES
TaeLE 1
Text A ; : ; .
Oberse | | I . M | v | ¥
o . 1 HN 1, ET
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B SAROS CYCLE DATES

alignment of the month name which distinguishes it from the sev-
eral instances of “dir 3e” (Obv. 9 1II'; 11°,IV’; 13'.V’; and 15" VI' and
Rev. 8.1I') where “dir” is written under the year and the meaning
is “XlI; year, month XII.”

The text contains three erasures, all of misplaced “dir”s. This,
together with the absence of rulings, suggests that the text was not
a copy of a finished text, and that the scribe had some difficulty
in designating intercalary years. Traces of a “dir” in year 38 of
Artaxerxes I, however, show that actual, rather than calculated,
intercalations are recorded.*

! During the reign of Artaxerses [ intercalations occur in the correct sequence required
by the nineteen-vear cycle, but only month XIl; is used and VI: does not appear. Thus
years 19 and 38 have intercalary Xll:'s, where we would otherwise expect Vs, See PD?
-4,







Text B: B.M. 37044 (80-6-17,788)
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TEXT B

Contents: Regnal years and months of lunar eclipse possibilities
for (at lcaal}l year 10 to year 30 of Artaxerses | (—454 to
—434).

Previous Publication: Mentioned as No *1425 in LBAT.
Transcription: Table 3; Photograph: Plate 2

Description of Text:

Text B is a small, well-written fragment with part of the upper
edge preserved. The surface of its reverse, where preserved, i
blank. A vertical line separates Columns I’ and II'. Text B dupli-
cates the first four or five lines of Columns III' and IV’ of the ob-
verse of Text A, but with two differences. First, its columns are
separated by a vertical ruling and, second, it has the annotation
“5 itu” (= five months) in Col. I', line 1. Thus when complete,
Text B probably appeared very much like the Saros Canon (Text C).

TABLE 3

Text B
Obverse. T g
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TEXT C

Contents: Regnal years and months of lunar eclipse possibilities
for (at least) year 4 of Artaxerxes Il to 5.E. 40° (—400 to
—271) arranged in columns of 18 years (223 months).

Previous Publications: Published in hand copy by Strassmaier [1895]
and (in Pinches's copy) as No. 1428 in LBAT;
and excerpted with revisions in Aaboe [1972].
It has been discussed in, i.a., Epping and
Strassmaier [1893], Pannekoek [1917], and
Neugebauer [1938].

Translation: Table 4; Photograph: Plate 3

Description of Text:

Text C is a handsome fragment 4%” wide by 4%" high. Vertical
rulings separate columns of dates, which include abbreviated king
names after year 1 of each reign.” Horizontal alignment is ob-
served throughout, so that dates in a given line increase by 223
months from one column to the next. Where the interval from one
line to the next increases by five months, the entries are separated
by a horizontal line, and the second entry carries the annotation
“5.itu’” as in Text B. These lines continue across the entire text,
dividing each column into groups of seven or eight dates sepa-
rated by six-month intervals.

As published by Strassmaier and in LBAT, Text C presents ele-
ments of seven columns of 38 lines each, beginning and ending
in the middle of a group of seven eclipse possibilities. In Strass-
maier’s copy the columns on obverse and reverse appear in good
alignment, whereas Pinches’s copy in LBAL shows columns which
do not connect cleanly across the tablet's edges, but are somewhat
offset. In LBAT the identification of “obverse” and “reverse” was
made to minimize this shift.

Subsequently Aaboe [1972] proposed that “obverse” and “re-
verse” be interchanged, based on the curvature of the tablet. With
this identification each column begins just after a five-month inter-
val. and the dates are consistent with those of Text A and Text B

& We use “S.E. N” to denote year N of the Seleuc id Era. Month I of 5.E. 1 began on
April 3, =310,
" 7 For the Achaemenid king names see Sachs [1977] [he abbreviations used in the text
are: i (Umasu) = Artaxerxes [ dr = Arses; da = Darius 1 @ = Alexander 111 {the Great)
] Philip 11 {Arrhidaeus); and an = Antigonus. The entry for 1 Seleucid Era is broken;

it PT._l':‘-.ll'll'k had si.
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14 SAROS CYCLE DATES

in the sense that all dates in a given line are separated by a mul-
tiple of 223 months. In this arrangement the text preserves traces
of eight rather than seven columns, which if complete would have
extended from —400 to —257. On the right side the narrowness of
the tablet makes it likely that the last preserved column was in fact
the last column of the original. To the left, however, at least a third
and possibly almost half the tablet appears missing. Thus the com-
plete text probably contained between 13 and 15 columns, ex-
tending at least as far back as Text A (-490) and possibly to —526.

As in Texts A and B intercalary years with a XII; are designated
by a “dir” beneath the year number unless the intercalary month
itself appears as an eclipse possibility in that year. An exception
is 12 5.E. where the designation is omitted, although it is clear
from the months that the year contains a XII;. Years with a VI
are designated by “kin-dir,” in contrast to Text A.

The text’s use of regnal years after Darius III is as follows:

;]
£

1 Alexander III (the Great) follows 5 Darius III;
1 Philip 1V (Arrhidaeus) follows 7 Alexander III;
1 Antigonus follows 6 Philip IV; and

| Seleucid Era follows 6 Antigonus.

As discussed more fully below, this rational, but unconventional
practice differs from that described in PD? and also from that
found in Text D. No colophon is preserved, but the text was ob-
viously written after the adoption of the Seleucid Era.?

Critical Apparatus:
For our identification of obverse and reverse, see above. All ref-
erences are to the translation given in Table 4.

Rev. 33, Cols. V' and VI' and Rev. 35, Col. VI': Pinches (LBAT) gives

su” (month IV) for “dus” (month VII); this implies that he
copied what he saw and not what he thought should be there.

Rev. 37 and 38, Col. I' : The text (and Pinches) has traces of “izi”
(month V) and “ziz"” (month XI). Strassmaier restores a “dir” (in-
dicating an intercalary XII) in year 20, in agreement with Sp. II
901 = B.M. 35328,” which forces the readings “3u” (month IV)

* While 1 Seleucid Era begins in -310, Seleucus did not become king until 7 S.E,
(= 304) (Sachs and Wiseman [1954], 205), and the earliest attested date is & S.E. (PD3, 20).
As late as 10 5.E., however, we find the date “wear 4" |:|,:-|: "_'-_~|_']s~|_1|_'1|_-'.:| ina [)i._]r:\.. for = 302301
(Sachs-Hunger [1988], 251). Thus the convention of counting years from 1 S.E. regardless
of who was king, must have become general practice between ~300 and —280 (31 5.E.),
when Antiochus [ became sole king

' Published as Mo, 1394 in LBAT. Translated and discussed by Kugler SSBI, 80-81. The
text is a Jupiter observation text, which is explicitly as well as astronomically dated. Obw,
26" has "dir-%e 30" in a section beginning “year 20 This appears to be confirmed by sub-.
sequent month names, although ]};'q'-r-t:l.- preserved,
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16 SAROS CYCLE DATES

and “ab” (month X). The text (with Pinches) implies that the
intercalation occurred in year 21% which agrees with Text L
(below). This removes the only meaningful anomaly in the nine-
teen-year intercalation cycle after —497, and moves the introduc-
tion of a consistent nineteen-year intercalation scheme back to
the beginning of the fifth century B.c."

Commentary:

Texts A, B and C—despite differences in orthography —all de-
rive from a single, consistent scheme. Each has columns of 38
dates (years and month names), which begin after a five-month
interval and run from obverse to reverse, Furthermore, two dates
in a given line (counting from 1 to 38) always differ by a multiple
of 223 months, whether in the same text or not. As a result the
five-month intervals always occur after the same lines, dividing
each column into groups of 8-8-7-8-7 dates, where five months
separate the groups, while consecutive dates within each group
are six months apart.

This arrangement of dates can be derived from the assum ptions
that: (1) sun, moon and node move uniformly; and (2) the sun re-
turns to its position relative to a node in 223 months.!! The
second assumption corresponds to an eclipse cycle, now generally
known as the “Saros,” in which 38 eclipse possibilities occur in 223
months.™ Our texts thus give the months of lunar eclipse possi-
bilities based on this cycle.

By “eclipse possibility” we mean a syzygy at which the sun is
within half a month's progress in elongation from a lunar node.
At such times solar eclipse possibilities occur at conjunctions and
lunar eclipse possibilities at oppositions. By this definition, as-
suming uniform motion, there will be exactly one solar and one
lunar eclipse possibility associated with each passage of the sun
by a node.” This agrees with the observational fact that for a
given location solar eclipses rarely, if ever, occur only one month
apart, and lunar eclipses never do.

" The only divergence from the standard nineteen vear intercalation scheme after
497 is the previously noted (Note 3) replacement of Vizs with Xlls during the reign of
Artaxerxes |. This obwviously has no effect on the distribution of intercalary years.

! For this derivation from simple arithmetical considerations see Aaboe [1972] and
Britton [1989].

12 S Neugebauer [1957], 141-143, and HAMA, 497 0.2 for the hi\l:-;lr:u of the modern
use of “Saros” for the 223-month eclipse cycle, beginning with Halley in 1691. In Babylonian
texts this cvcle was called “18 yvears” We have used “Saros cvele” to mean 223 months, and
“Saros Cycle” to mean 223 months which are also consistent with the arrangement in Texts
A-C (i.e., the fiirst month is a multiple of 223 months distant from those in line 1 of Texts
A=),

H For a full discussion of the theory presented in System A, where the motion of the
sun and moon at sYEVEY is not uniform, see Aaboe and Henderson [ 1975]




SAROS CYCLE TEXTS 7

Solar =i
: Months
Lunar I & =11
2 1 V s
| EP DATE 3 ¥ X1
1] 2wv | 4 21V S=L
2 X 5 X ¢
3 3V G | 3 IV
4 X 7 X
5 a1v [ 8| &4m | s=L-
| 8| * x 9| *x
T 5 1 10 51
g X 11 VI
9 6 11 12 6 11 S=L
| 10 VIl 13 VIII
11 T 1 14 7 1 =
. 12 * Vil 15 | * VI
3] e 16 xuz [ s=L
(SC 24}
FIGURE 1

There is a simple relationship between lunar and solar eclipse
possibilities which, for the Saros cycle, is shown in Figure 1. If
lunar eclipse possibilities are associated with a distribution of
dates into groups of 8-8-7-8-7 EP," then solar eclipse possibili-
ties will be distributed into groups of 7-8-7-8-8 EP, and the cycle
will begin 3 EP earlier than the corresponding lunar cycle.”

For solar eclipse possibilities, therefore, the five-month inter-
vals fall in the middle of the (six-month) groups for lunar eclipse
possibilities (and vice versa). Consequently, half of all solar
eclipse possibilities occur in (i.e., at the end of) the same month
as the corresponding lunar eclipse possibility, while the other half
occur in the preceding month. This fact, together with the location
of the five-month intervals allows us to establish with certainty

4 For convenience we use the abbreviation "EF” for “eclipse possibility” when refer-
ring to some number of them or to a specific one, and use the written-out expression w hen
referring to the general phenomenon

5 Gee Britton [1969], 21-24, for the derivation of these relationships,




18 SAROS CYCLE DATES

that Texts A, B, and C concern lunar, rather than solar, eclipse
possibilities.

It is natural to ask how well this simple scheme agrees with the
actual record of historical eclipses. Table 5 shows the Julian years
of all lunar eclipses visible in Babylon from the beginning of
Nabonassar’s reign in — 746 through —238. The dates are arranged
to be consistent with our texts where they overlap, and the Cycles
are numbered so that Saros Cycle 1 (5C 1) is the first complete
Cycle after the beginning of Nabonassar’s reign. Horizontal lines
indicate the boundaries between groups of eclipses separated by
a multiple of six months, and thus correspond to five-month inter-
vals in our texts.

For 16 complete Saros Cycles, beginning with SC 13 in -526
and extending through SC 27 (-257), the scheme works perfectly
in the sense that all lunar eclipses visible in Babylon occurred
in the given months." In SC 12 and earlier Cycles, however,
eclipses at EP 16 occur one month earlier than in our scheme,
which shifts the boundary between Groups Il and IIl one EP
earlier. Similar shifts occur in the boundaries between Groups I
and Il and Groups IV and V in SC7 and between Groups 11l and
IV in SC 4. Thus betore SC 5, which began in — 670, only the boun-
dary of the Cycles themselves—i.e., the five-month interval be-
tween Group V of one Cycle and Group I of the next—is consistent
with our scheme. This boundary persists from sometime before
Nabonassar (—-746) through SC 27 In SC 28 the eclipse of
—238:0ct 23 extends Group V, so that subsequent cycles begin 1
EP later.

The last preserved column in the Saros Canon corresponds to
the last cycle (SC 27) which is fully consistent with preceding
cycles. As we shall see below, a similar list of solar eclipse possi-
bilities also ends with 5C 27, although in this case an additional
column was ruled off but not filled in. Whether the scheme was
continued past the discontinuity at SC 28 remains unknown. Nor
is it clear how far the scheme in our texts was extended to earlier
periods, especially before —526 (SC 13) when the five-month inter-
vals between groups of actual eclipses are no longer consistent
with those in our texts. That some such scheme was used for
earlier dates is suggested by the use of the term “5-itu” in several
early eclipse reports, since the term can only refer to the interval

¥ Lunar eclipses did in fact occur in —2M and -256 (EP 1; SC 27 and SC 28), one
month after the indicated date, but neither was visible at Babylon. In the following cycle
the corresponding eclipse (—238:0¢t 23) was visible at Babylon, thus violating the scheme.
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20 SAROS CYCLE DATES

between eclipse possibilities."” The term is found in the following
list of eclipse reports, where “EP-1" indicates that the five-month
interval occurred 1 EP earlier than in our texts. In each case it cor-
rectly denotes the boundary between groups as evidenced in
Table 5, whether an eclipse was visible or not. This suggests the
existence of some scheme similar to that of our texts, but I’f_‘j]l-_‘f_[iﬂ;{_‘;
the actual distribution of eclipses in the earlier period.

Lunar Eclipse Reports with “'5-itu”

Date SC:EP Visible? “5-itu” Reference
746:Feb f 0:31 Yes EP-1 LBAT 1413
685: Apr 22 4: 8 Yes EP-1 LBAT 1416
6h7:May 2 5 8 No EP-1 LBAT 1416
649:May 13 6: 8 Yes? EP-1  LBAT 1416
631:Jun 4 7: 8 Yes EP-1 LBAT 1416
598:Feb 19 2| Yes EP LBAT 1420*

—291:Apr 2 9:16 Yes EP-1 LEAT 1420*
588:Jul - 9:23 Mo EP-1 LBAT 1420*

—577:Jun 10: 8 No EP-1 LBAT 1420*
526: Apr - e No EFP B.M. 37276*
422:Aug 18:31 Mo EP-1 LBAT 1426

= unpublished ]

The (unpublished) text B.M. 37276 contains brief observational
reports at consecutive eclipse possibilities, beginning with EP 1;
SC 13 (3" Cambyses = —526). Only the top of the first column
1s preserved, so it is impossible to tell the structure and full extent
of the text. Nevertheless, it begins with the earliest Saros Cycle for
which the five-month intervals in our texts agree with the eclipse
record.

The earliest use of the term “5-itu” to designate the beginning
of a new group of eclipse possibilities occurs in the report of the
eclipse of —746:Feb 6. This eclipse was the first in Nabonassar’s
reign and is the earliest detailed eclipse report which we have
from Babylon.™

The.scheme underlying our texts is consistent with the histor-

While theoretically possible, eclipses separated by five months are seldom, if ever,
observed and {'LllF'!"'-"-" H|'|‘.'|r'.1ll.'i5 by eleven months are rare. In the 500 oxdd VEArs cov ered
by Table 5 there is only one instance of two eclipses separated by five months which might
have been visible in Babylon (EP 16 & 17: SC 21). The frst of these had a magnitude of
only (.14, while the second was only marginally visible, if at all, before sunrise.

'® The eclipse occurred in month XI1 of the accession year of Nabonassar (i.e., at EP 31:
=L ) and begins a series of consecutive eclipse reports covering at least Group V of SC O,
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22 SAROS CYCLE DATES

ical eclipse record for fifteen Saros Cycles beginning with SC 13
and extending through SC 27. Table 6 gives the dates of all lunar
eclipse possibilities for this period, arranged as in our texts. Rather
tidily, the table begins with an eclipse possibility in month I of 3**
Cambyses (—526) and ends with one in month XII: of 54 S.E.
(-256). It is not impossible that the Saros Canon originally cov-
ered this same period.







Text D (“Solar Saros”): B.M. 36754 (80-6-17, 488 + 564)

PLATE 4.

24




TEXT D

Contents: Regnal years and months of solar eclipse possibilities
for, at least, year 11 Artaxerxes III to S.E. 53 (-347 to
—258), arranged in eighteen-year groups.

Previous Publication: mentioned as LBAT *1430.

Transcription: Table 7; Translation: Table 8; Photograph: Plate 4

Colophon: ki-sa-ri 5 [. . .| which means “the knots (i.e., nodes) for

[solar eclipses?].”"

Description of Text:
Text D is a single fragment 54" wide by 3%" high. Parts of the

top, right and left edges are preserved, although the surface itself

is destroyed near the edges. The surface is divided into six col-
umns of 38 lines which continue from obverse to reverse and are
marked by vertical rulings. The columns are of uneven widths,
ranging from 3" (Cols. I and IV obv.) to " (Col. IV rev.), and
the text is generally less well finished than the Saros Canon.
Column VI is blank where preserved, and the vertical ruling sep-
arating Columns V and VI is not continued on the reverse. It
seems likely that Column VI was left blank throughout.

The format of the text is similar to that of the Saros Canon (Text
C). The obverse begins at the beginning of a group (i.e., after a five-
month interval) and contains 20 lines, the reverse containing 18
lines. Horizontal alignment is observed throughout, so that dates
in a given line increase by 223 months from one column to the
next. Five-month intervals are designated by “5 itu” and by hori-
zontal lines which extend across the tablet from edge to edge, so
the distribution of eclipse possibilities is the same within each
Saros.

The text’s use of regnal years is as follows: it begins with years
10-21 of Artaxerxes II followed by years 1-2 of Arses and years 1-3
of Darius III. Beginning with C ‘olumn II we have years 1-7 of Alex-
ander 1II (the Great), followed by years 1-8 of Philip III (Arrhi-
daeus). So far no king’s name has been preserved, but following
year 8 of Philip we have years 3-6 of Antigonus, year-number “3"
being followed by a small “an”; then years 6-11 of Alexander IV,
but without his name; and finally year 7 of the Seleucid Era, the

¥ See Aaboe [1972), note 22,
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28 SAROS CYCLE DATES

“7" being followed by “se.” The Seleucid Fra is then used to the
end of the text.

Commentary:

Our text, which we call the “Solar Saros,” gives the months of
solar eclipse possibilities for 5 (solar) Saros Cycles beginning with
SC 23 and extending through SC 27. That it concerns solar rather
than lunar eclipse possibilities can be seen from Table 9, which
compares the dates from column VI of the Saros Canon (SC 25)
with those from column III of the Solar Saros. The column from
the Solar Saros begins correctly 3 EP earlier than that from the
Saros Canon. Indeed, the five-month intervals in the Solar Saros
are half a group out of phase with those of the Saros Canon while
the relationship between the months is just what we would expect
for solar eclipse possibilities (Figure 1, p. 17). Finally, in Table 9
we show dates of lunar and solar eclipses, taken from Oppolzer
[1887]. In every case but one, dates from the Solar Saros corre-
spond to dates of actual solar eclipses (not necessarily visible at
Babylon), just as dates of lunar eclipses correspond to dates from
the Saros Canon.

The one exception to the agreement between the Saros Canon
and the Solar Saros is that the latter contains groups of 8-6-8-8-8
EP. whereas we would expect groups of 7-8-7-8-8 EP. This anom-
aly also accounts for the sole inconsistency between the dates in
our text and those of actual solar eclipses, wherein all of the dates
in line (EP) 15 are one month too early. The simplest explanation
is that both boundaries of Group Il are (consistently) in error by
1 EP—i.e., EP 8 should occur 1 month earlier and EP 15 one month
later, This would restore the expected distribution of 7-8-7-8-8 EP
and leave all dates in our (emended) text in agreement with dates
of actual solar eclipses—the first eclipse possibility in each group
corresponding in each instance to the earlier of the two “one-
month” eclipses listed by Oppolzer.

The purpose of texts such as the Lunar or Solar Saros is not
clear to us. They are obviously not observational records, since at
a given location eclipses materialize at only a fraction of the eclipse
possibilities. Nor are they forecasts containing eclipse warnings
for the future for the trivial reason that texts which give dates in
several reigns cannot have been written in advance of the events
they describe, at least not in their entirety.

One possibility is that the texts served as a guide to observa-
tional data on eclipses in the corpus of Astronomical Diaries, al-
though the use of different dates than those used in the Diaries
is difficult to understand in this context. Another is that such texts
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served to identify eclipse possibilities which were similarly
affected by lunar anomaly. This arises from the fact that 223 (syn-
odic) months very nearly equal 239 anomalistic months, so that
each line in our texts—comprised of syzygies separated by 223
months —designates eclipse possibilities with roughly the same
lunar anomaly. Finally, texts like these may have served as either
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TasLe 10. Babylonian Years According to:
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Julisn SOLAR SARDS CAMNOMN
Yen PDx-3 SARDS CANON { Alexandrin) NOTES
334 | 1 DARIX I DARD 1 DARIS I | DARIS
L
3 3 ) =372 3 DARIL
331 1 1 1
330 5 L1 5 1 ALEX3 D -3 VI = Alexsnder entors Babylon
7y ] 7 ALEX3 1 - ALEX3 1 ALEX3 | 2 v -320; LBAT 1397 and BA 37043 T ALEX]
1] . 2 2 | 3 [ -328: 8 ALEX3
| 327 | 1 | 4
-3 ] 4 4 5 |
=338 i1 5 5 (-] |
T4 | 12 [ & 7 D =324 12 ALEXS
323 13 1 7 [ 1
3 | b4 I PHILS | PHIL® | PHIL3 D =322 1 PHILS | II72% Abcuander dies
3zl T PHILR T 2 ! D =321 2 PHIL3
ﬁ-i' 320 3 L] 3 3
L E 4 & i 4
!". 118 | 5 5 5 - 5 FHIES
Iﬂ 317 | 7 & fi | f
| e 7 I I ANTHS 7
o 115 & 8 2 I ALEX4 D B PHILE
- 314 F ALEX4 1 ANTES X z ET: 3 ANTIG
| 513 ] 'l 4 | ]
1 312 4 5 5 4
3 311 5 b & 5
310 1 S.E 6 ALEX4 1 5 &
W 2 7 3 T DC: 7 ALEXA
3 | : £ " 3 TRl D =30k & ALEX4; Seleucus = Qeneral
L 307 4 g = rl g 0 8 ALEXS
Wty 5 G = 5 | I *
oL n 11 = & iL *® SKL: Laat yeat (7) of ALEXS
L1 ' 1 RE [ SKL: TS E = I yr. Selouce = King
» 03 Y i ] 1 PTOLI CT 1V; 8 5.E. (carlicst dated tot)
M L) o 9 - D-%2 95 E
i} | 10 10 1 | ! [ -3020%00; “Year 47 (ol Scloacus)
W0 1 1 1 4
2o 12 12 1z 5 | D-r#118E
=r= — = . = ——— — RS _ = -
Ahbrewialsong & Poatharmoas
€1 IV: Cunciform Texts frony Babylonian Tablas etc. in the British Museum, vol. IV
D XXX Diary for the year XXXz Sachs - Hunger [1958]

D Disdachi Chiromich

Grayson [1573]

SKL: Seleweid King List; Sachs and Wiscnun [1954].

ET: Saros Tabler: BM 34576

aids or exercises in establishing fairly long stretches of local chro-
nology in antiquity, as they have in modern times.

Excursus— Post Achaemenid Dates:

Before Alexander, Babylonian dates reflected a simple and con-
sistent practice with respect to regnal years: namely that a regnal
year, once begun, continued even when a new king acceded to the
throne in that year. Thus a king's accession year was counted as
his predecessor’s last, so that his first year was his first full year
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as king. The practice avoided ambiguity with respect to regnal
years,

Macedonian usage, in contrast, was that a king’s first year began
with his accession. Thus when a king died or was overthrown, an
event could be assigned to either the last year of the departed king
or the first year of the new king.

Compounding the confusion in the period from the end of the
reign of Darius III (—330) until ca. S.E. 11 (=300) was the absence
of a single convention on when reigns began, or even on who was
king. This is reflected in Table 10, which describes three different
methods of dating from Babylon, together with that preserved in
Ptolemy’s “King List.”

The first column of dates are those used in PD?, which agree
with those found in Diaries and the Diadochi Chronicle (Grayson
[1975]) at least through the reign of Philip III (Arrhidaeus). By this
convention year 7 of Alexander Il (the Great) follows year 5 of
Darius III,* and the reign of Philip III extends through year 8
(—315). For at least the first six years of the Seleucid Era, however,
the Diaries and the Diadochi Chronicle date in years of Alexander
IV, in contrast to the convention used in PD?. Indeed, even as
late as S.E. 10 (=301) we find a Diary reference to “Year 4" of
Seleucus, suggesting that the inception of the reign of Seleucus
had not been firmly settled.

In our texts the dates from the Solar Saros are the least con-
sistent, the reigns of Antigonus, Alexander IV, and Seleucus be-
ginning in years 3, 6, and 7 respectively. Such confusion seems un-
likely to have been wholly invented, suggesting that this
convention reflected some contemporary practice. In contrast, the
Saros Canon begins each reign including the Seleucid Era with
year 1. This rational approach seems likely to be the farthest re-
moved from contemporary practice, and may simply reflect a later
attempt to establish a coherent chronology.

# This implies that Alexander’s reign began with his Macedonian accession in —335
and thus avoids the problem that by Macedonian convention Alexander’s accession (and
thus first year) in Babylon occurred in year 5 of Darius [II. See PD?, 19-21.
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Text E ("Text M” and “Text L")

Text E1: B.M. 36651 (80-6-17,383) + B.M. 36719 (80-6-17452) +
B.M. 37032 (80-6-17,776) + B.M. 37053 (80-6-17,797)




TEXT E

Contents:

Obverse (“Text M”): Regnal years and longitudes of 69 consecutive
synodic phenomena for Mercury (most likely its last ap-
pearances as an evening star, 1), beginning in year 41 of
Artaxerxes [ and continuing through year 2 of Artaxerxes II
(—423 to —401).

Reverse (“Text L"): Regnal years, months, longitudes, and eclipse
magnitudes of lunar eclipses for 36 years, from year 7
of Darius II to year 24 of Artaxerxes II (- 416 to -380)).

Transcriptions: Text M, Table 7; Text L, Tables 13, 14 and 15.
Photograph: Plates 5 and 6.

Description of Text:

An extraordinary feature of our text is that the writing on the
obverse is at right angles to that on the reverse. In the astronomical
cuneiform literature this has been met twice before.?! In all three
cases the contents of obverse and reverse are diverse: in our text,
the obverse concerns Mercury while the reverse has to do with
eclipses.

There are several indications that the text is a copy of older orig-
inals. In Reverse lla, 28, we see what is most likely hi-pi, hi-pi
(broken, broken), very small and shallow, written through a very
faint horizontal line. In Reverse Ib, 31, 32, and possibly in Obverse
I, 13, we find “UR,” the older form of Leo, while Reverse IIb, 31
and 33 have the later “A” In the material related to ACT this usage
has been encountered only once before, viz. in B.M. 37024, a pro-
cedure text for Mars, System A (Aaboe [1987], 3), where both are
also attested. Further, the dates of both the Mercury and the lunar-
eclipse data are in the neighborhood of —400. On the obverse, the
writing of 9 in the older nine-wedge form or the more recent three-
diagonal form is unstable. The reverse employs AB for ABSIN
(Virgo), a usage without precedent. Finally, the procedure text
ACT No. 816, which is intimately related to the Mercury side of
this text, is clearly a copy, as is indicated by the presence of
[Ri-p]i es-31 (“recent break”) in Section 5, and contains features
which seem to be non-standard.

1 Text ] (B.M. 36244) in Neugebauer and Sachs [1969] and Texts G and H in Aaboe and
Sachs [1966). In addition, the so-called “Saros Tablet” (B.M. 34576) has what may be an
eclipse report written at right angles to the main text at the bottom of the reverse (private
communication, C.B.E. Walker),
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Text Ea: B.M. 37162 (80-6-17,912)
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All joins were executed by us; though too much clay is missing
for a physical join there is no doubt that the fragment B.M. 37162
(Text E) derives from the same tablet as Text E;. Since Text E; pre-
serves the upper right-hand corner of the obverse (as well as of
the reverse) and since both obverse and reverse are preserved al-
most to their bottom edges, we can estimate the original extent of
the text with confidence. Its dimensions, when unbroken, were
5% by 6% inches.

On the obverse horizontal and vertical alignments are strictly
obeyed, even by sexagesimal digits in their proper places.

Critical Apparatus:

The digit 9 is written in the older nine-wedge form in obverse
17, 11,10, and I1,15 while the cursive three-wedge form is used in
[,19 and II1,12. As noted, the 9 in 1,17 is an error for 8.

For Leo we find the older UR in Reverse Ib, 31, 33, and possibly
in Obverse II,13, while the later A is used in reverse Ilb, 31, 33.

Obv. [,17: 13,19,2,48,45: the nine-wedge 9 should be 8, an isolated
error without consequence.

Obv. I1,14-18: 24,51,48.4845 in I1,15: 8 should be 7 and this error
is repeated in the next four lines, that is, as far as Column II
is preserved in this sexagesimal place. If this is not merely a
copyist’s error, it would show clearly that each column is com-
puted independently from its initial value, for the values in
the same lines of Column III are correct. Where Column II
is not preserved we have restored the correct 7, though it is
likely that the text had &.

Rev. Ia,14: 16,30: should be 15,30, an isolated error without con-
sequence.
Rev. [1a,20: 15 Taurus (Taurus very damaged) should be 24 Taurus.

Rev. 1a,20 and Ib,19: The traces of Month VIII (APIN) of year 16
Darius Il should read Month VII (DUg). Alternatively year 16
of Darius Il would have to have a month XII;, whereas Text A
explicitly gives VI; (Rev. VI', 5') as noted in PD?,

Rev, 11a,32,34 and IIb,31,23: Year 20 of Artaxerxes Il must here be
normal, while year 21 must have a month XIl;. As noted
above, this agrees with the evidence of the Saros Canon and
conflicts with B.M. 35328. PD° makes year 20 an intercalary
year, based partly on Strassmaier’s misreading of the Saros
Canon.

Rev. Ib,33: 35 should be 36.
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Commentary—Text M (Obuverse):

The obverse of our text concerns Mercury, and we shall treat it
here as though it were a separate text. The fragmentary state of
the preserved surface and the unprecedented arrangement and
structure of the table would have been insurmountable obstacles
to our penetration into the contents, were it not for the procedure
text ACT No. 816,

In this procedure text are set forth several schemes of the
System A variety concerning Mercury. The first, which we shall
call Model 1, is given in Section 1; it serves to determine the lon-
gitude of Mercury at moments three synodic periods apart, or
year by year, as the text apparently has it, for three synodic
periods of Mercury fall only little short of one year. The para-
meters of the generating function of this scheme are:

Aries 30° to Leo 30° . wy = =16;52,30°
Leo 307 to Cancer 20:37.30° : w; = —16°
Cancer 20;37.30° to Aries 30° : w; = —10°
IT 63743 S
= P e e L T T
P = Z 19,12 20:42 51,52,30.

Since the w's are negative, the zodiacal signs are here, as in the
text, to be taken in the sense opposite to their usual order.

The scheme is based upon a distribution of intervals in the three
zones of length

[, = 0;0,52,44,345 I = 0;0,50° I; = 0:1,2,30°

and, as characteristic of System A, one step corresponds to Z =
19,12 intervals, of whatever length.*
Since

21.Z =11 + 5,29,

21 steps, each corresponding to three synodic periods, lead to
a total lag of 529 intervals, which, in their respective zones
amount to

5291y = 4;49,9,36,3345°
529-1, = 4:3410°
529-1; = 5;42,42 30°,

These are convenient checking parameters and, indeed, 21
triple synodic periods are very nearly 20 years. Section 4 of ACT

2 Gee Aaboe [1964], 219,
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MNo. 816 is, as a matter of fact, concerned with precisely these cor-
rections for 20 years, but gives them as

4:49,17" 4;34,15° 5;32,51,30°

though the zones are explicitly described and identical with those
of Model I. This is not the only instance of internal inconsistency
in this text. i

In Section 3, which is only partly preserved, are found elements
of a scheme, called System A, for ].‘-ITUdLIL'iTIg lungitudc}; of char-
acteristic phenomena of Mercury one synodic period apart. Be-
cause the preserved parameters are incomplete, we have no indi-
cation of the extent of the zones. As we shall see, however, the
parameters of this scheme —we call it Model [—must have been:

Leo 30° to Aries 30° : w; = 1,50:56,15°
Aries 30° to Cancer 20°: ws = 2.11:28 53.20°
Cancer 20° to Leo 30° : wy = 145:11,640"
18 3G
Paaa 899 Jiagogeon
Zz 3,55

This model is based on a distribution of 18239 intervals of
length, in the respective zones,

[ = 0;1845° L = 0;1746,40° [; = 0;22,13,20°

to be taken 5,55 at a time.

Since for Model 11
3Z = =54 (mod IT),

the application of three consecutive synodic arcs leads to a lag of
54 intervals. Indeed, the intervals of Model Il multiplied by 54 are
precisely the w's of Model I, but the period of this derived model:

Il 1839 _ 613

- = 20,43,
Il-3Z 54 18 20

is different from that of Model I because of the displacement of
one endpoint of a zone from Cancer 20° of Model II to Cancer
20:37.30° of Model 1. Models I and II are thus not strictly com-
patible. Neugebauer [ACT, 428] resolved this diFﬁr:u]t}r-b}r as-
suming that Cancer 20,37 30° was probably an error for Cancer 20°
which, indeed, seemed a very plausible assumption until the
present text was understood.

For quite surprisingly, the structure of Text M turns out to be
such that each column, by itself, is computed strictly in accor-
dance with Model I, while the first line obeys the rules of Model

I
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40 SAROS CYCLE DATES

II. Specifically, the entries of the first line of the text- ie., I(1),
[1(1), II(1), where I(1) means Column I, line 1, etc.—give longi-
tudes of consecutive synodic phenomena of Mercury computed
according to Model II, while each of the columnar sequences

M K, 1(2), 13), I(4), . . .
(ii) 1I(1), 11(2), 1(3), TI(4), . . .
(iii) 1I(1), 1(2), I1(3), TI(4), . . .

denotes longitudes of synodic phenomena of Mercu ry three syn-
odic periods apart computed strictly according to Model I.
Thus it is clear that the 69 entries, read in the order

(iv) 1(1), I(1), HI(D), 1(2), 11(2), TTI(2), 1(3), . . .,

give longitudes of synodic phenomena of Mercury one synodic
period apart, and that they would represent them systematically,
obeying a rather simple period relation, if Model I and Model 11
were truly compatible. Indeed, the sequence (iv) above conforms
precisely to the rules of Model II until we reach the transition from
I1I(3) to 1(4) which is the first place where the disparity between
the two models, viz., whether a discontinuity of the generating
functions is at Cancer 20° or 20;37.30°, becomes relevant. Model
II, hitherto having employed the discontinuity at Cancer 20° sev-
eral times, would yield Cancer 2;35,12,30° as a successor to IT1(3)
while our text has Cancer 2;25,50° as the entry in I(4).

Similar discrepancies occur at I1(10) and ITI(17). This last entry
yields explicit and complete evidence for the discontinuity at
Cancer 20;37,30°, while the situation at II(10) is only partially,
though sufficiently, preserved. (See Table 11.)

It is clear, then, that the procedure text ACT No. 816 must not
be tampered with despite internal inconsistencies, for it is pre-
cisely followed in the present text, where relevant. We have failed
to discover any justification, astronomical or otherwise, for em-
ploying incompatible schemes in a single text when consistent
and simple alternatives were so close at hand.

It remains to explain the integers preceding the longitudes in
Text M. At first they presented quite an obstacle for, wherever pre-
served, they are written so close to the following number that we
initially read them as first digits. When this proved wrong we
thought they might be line numbers, since a continuous run from
L to 17 is preserved in Columns IT and III. This assumption, how-
ever, was contradicted by the corner piece (E,), which shows that
one line precedes the line numbered 1 in Column II, as well as

iF
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by the numbers 1 and 2 in Column III, lines 22 and 23, for there
is no very good reason to use a numbering modulo 20.

Qur investigation of the only remaining possibility, namely, that
these numbers indicate regnal years from three consecutive
reigns, enabled us to date the contents of Text M with high plausi-
bility. Between —750 and 0 there are only two situations that
would fit the regnal years for a Mercury phenomenon. The earlier
solution would have the first line begin in year 13 of Esarhaddon
(—645), and here the phenomenon must be the first visibility of
Mercury as a morning star (I'). The later possibility would assign
the first line to year 41 of Artaxerxes I (—423) and identify the phe-
nomenon as the last visibility of Mercury as an evening star ().
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A comparison of the longitudes in the text with modern com-
putations™ shows that only the later possibility need be consid-
ered. Specifically, for the earlier dating we find

_3:: -5.:_ h‘ll'\.t . }":n-.u,i "'{":w +-|-E‘-"

which is not acceptable, though a systematic difference between
Babylonian and modern longitudes of some 5°-10° is to be ex-
pected. For the later dating the relevant data are displayed in Table
12, and the differences now vary smoothly, and all lie in the
interval

+4° € Mot — Amoa S +13°.

Text L (Reverse):

Text L contains two double-columns, each of which presents
data for 38 lunar eclipse possibilities or one Saros. For each eclipse
possibility we are given the regnal year and month, longitude of
the corresponding full moon, and a number closely related to the
“magnitude” of that eclipse possibility.

Within each Saros the data for successive eclipse possibilities at
the same node are presented in separate sub-columns. (We call the
double-columns I and Il and their parts Ia, Ib, Ila and IIb.) Col-
umns [a and Ila concern eclipse possibilities at the descending
node, while Columns Ib and IIb concern eclipse possibilities at the
ascending node. Five-month intervals between successive eclipse
possibilities are marked in the text by a horizontal line that runs
across both columns where preserved. For the sub-columns (i.e.,
eclipse possibilities at the same node) such a line indicates an
eleven-month interval.

The regnal year numbers alone allow us to date the contents of
the text to the 36 years from year 7 ot Darius Il (-416) to year 24
of Artaxerxes Il (—380). Thus Text L begins with EP 6 of Saros
Cycle 19 (see Table 6, page 21), in contrast to Text 5, which be-
gins with EP 1 of (solar) Saros Cycle 16. No king name is preserved
in text L;, but text L, (which was identified as part of Text L only
after we had dated L;) has a small dr-5ii following year 7 of
Artaxerxes II, whose name also appears elsewhere as Ariu.®

1 ||'.|_~ ‘IPPE"“:HME"' L‘l.LI-."- af !|‘:\_-' 3-.1-:-:':".“\ p':'l*._"fn:-r:'w:'lﬁ Wene -.'ul'l".]‘-l.:]ll_'d I":'|,||1| :u_h:hl"h
tables in Langdon, Fotheringham, and Schoch [1928), 103-105 and X, with the cormections
proposed by van der Waerden [1942].

M Text S gives computed and observational data for the 38 solar eclipse possibilities
COMPTISING |.:~'n.||<|r| Saros Cvele 15 — 43 o —456). It was i:-l‘:'!_;if‘l.'l”\. rllll‘lli:.'ihed bv Aaboe and
Sachs [1969], and is augmented by Text G here. It is discussed in HAMA, 525-528; Moes-
gaard [1980], 78-79; and most recently Britton [1989].

= See Sachs [1977)
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This chronological support was, of course, welcome. However,
the corner piece L, raised problems which we have failed to re-
solve to our satisfaction. To set these problems in relief we present
first our reconstruction of the text from the evidence provided in
L,, ignoring the added evidence from L, except for the suggested
position of the uppermost eleven-month line. Table 13 gives our
transcription of L;, while in Table 14 we have separated the col-
umns more clearly and reconstructed the longitudes and magni-
tudes from the data preserved in L.

Longitudes:

Within each sub-column the longitudes are computed accord-
ing to the rules that to a twelve-month interval corresponds an
effective decrease in longitude of 10;30° and to an eleven-month
interval a decrease of 10:30° and an additional full sign.

The solar travel according to this scheme corresponding to
these time intervals is, therefore:

(in 12 months) di2A = 1 rotation — 10:30°; and
(in 11 months) dyA = 1 rotation — 10;30° — 1 sign

Furthermore, since a Saros contains 14 twelve-month intervals
and 5 of the other kind, we get for the total solar progress during
one Saros:

(in 223 months) dash = 14-diph + 5-dph
19 rotations — 5,49;30°
18 rotations + 10;30°.

This leads to a solar progress in 19 years of

d:.h'..:}'; = d|_‘-}'\ e dEﬁF\-h
= 19 rotations + 0;0°,

which is a precise statement of the nineteen-year cycle.

This relation, we are sure, is the basis of the scheme, which rep-
resents a simple, but clever, device to avoid using mean motion
which, incidentally, would lead to non-terminating sexagesimal
fractions. It can be summarized thus:

dish = — dizh = 10;30° (mod. 360°) and (A)
dzl}k -5 d-,:.}'n -1 5igﬂ I[T'I‘lﬂd. 3ﬁU] I:B]

One consequence of the scheme is that for each line the longi-
tudes in our text should increase by 10;30° from Column I to
Column I1. This is true for Columns Ib and IIb. In Columns la and
[la, however, the difference is 10;0°, which suggests an error in at
least one of these columns.
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So far these rules are identical with those encountered in Text S
for computing the longitude of conjunction at solar eclipse possi-
bilities. To test the connectibility of the texts we first transform the
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longitudes of conjunction in Text S into lunar longitudes at the
corresponding lunar eclipse possibilities by adding or subtracting
(depending on the eclipse possibility) the solar progress in half a
month to or from the longitude of conjunction, plus 180°. If we
assume that the semi-monthly solar motion is 14;40°,% and allow
for an advance of 10;30° per Saros as required by the scheme, we
can connect the longitudes in Columns Ib and IIb of Text L pre-
cisely to their counterparts in Text 5. In contrast, the longitudes
in Columns Ia and IIa are 1;0° and 0;30° higher than the values
which agree with Text 5.

In Text S the lunar longitude at conjunction increases in six
months by 175° from ascending to descending node and by 174;30°
from descending to ascending node. In Text L the corresponding

2 A more accurate value of the semi-monthly solar motion implicit in the 12, 223, or
235 month relationships reflected in the longitude scheme is 14;33, . . .°, Since the value
14:40° results in longitudes at lunar eclipse possibilities which end in whole or half
degrees, its use may simply reflect a desire to distinguish easily longitudes of lunar and
solar eclipse possibilities, while retaining simple fractions.
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motions are 176° and 173;30° in Column I and 175;30° and 174"
in Column II. The latter values are consistent with six months’
progress at 29;15° per month and six months at 29° per month.
These motions are also found in Text F (below), where several
values are connectible with Column II of Text L. Thus it seems
likely that the difference between Text S and Column II of Text L
was intended, and also that the longitudes in Column la of Text
L are in error and 0;30° too high.
The relation

223 months
18 revolutions of the sun + 10;30°

Il

1 Saros

I

implies a value of the year of

223360 months = 12;22,751, . . . months,

| Veap = e
Year = 318360 + 10,30

which is fairly close to the standard value in System A of 12;22,8.
[t is even closer to one of the year lengths implied by Lunar System
B, viz.

6,0
Ha

= 12:22.751, . . . months

where p, is the mean value of Column A, the monthly solar prog-
ress. To put the comparison another way, we have

s = 29:6,19.20p™

whereas our present scheme implies a mean monthly progress of

201 4 LA = 29:61092 e
223

We may here have a justification of u,.

E"If JJ:

There can be no doubt that the fragment E; (of which L; is the
reverse) was once the upper right-hand corner of Text M, and thus
also of Text L. The ductus is much the same in E; and E;, except
for the somewhat cramped writing on the reverse of Es the
writing on the obverse is athwart that of the reverse; and indeed,
the obverse of E; fits precisely in our reconstruction of Text M as
indicated in Table 11, page 41. The reverse of E;, however, pre-
sents problems which we have been unable to reconcile with our
reconstruction of Text L (Table 14).

In Table 15 we show a transcription (A) and translation (B) of
the cornerpiece L;, together with what we would expect from our

-
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reconstruction (C). In the last we have included restored magni-
tudes and have let 1', 2, . . . denote the line numbers of our re-
constructed text as they appear in Table 14, though it clearly does
not represent the top of the actual text correctly.

The top edge of the fragment is preserved, leaving no room for
additional lines before line 1, which reads “(year) 7 Artaxerxes IL.”
The difficulties begin immediately with line 2, where we find
traces of month VIII followed by 22,30 Taurus followed in turn by
a number which begins with 30. This is precisely the entry we find
in the reconstructed text, but in line 3' instead of line 2. In line 3
(of the fragment) we find 2,40, the magnitude we would expect to
find at the end of line 4, Col. Ila. Thus tar the fragment appears
simply to be missing the first two lines of our reconstructed
text, although we would also expect a horizontal line denoting a
five-month interval between lines 2 and 3.

More severe difficulties occur in line 4 where we find traces of
month Il followed by 28 Scorpio, followed in turn by an illegible
sign. The longitude, 28 Scorpio, is close to that found in line 2
(Col. Ila) of the reconstructed text (28,30 Scorpio). It is also con-
nectible with the longitudes in Text S, unlike the other longitudes
in Column Ila.

TABLE 15
B .
Text L., A B C
III?I:{?'_EI'J:. ¥ \ ?Afﬁﬁrsf;-caﬁ-'j' £ v 30 2y
2 !r 22 3o m( 3 u'r_l]f 22 30 & 3osx ¥ 7K Zedom [33]
3 g : 2 He a 7 ¥ 22 de¥ LR
¥ (8 28 gir 27 I 28 m L ¢ 7@ g [2,%]
& |irmaf zgx&l 3 Y 23.C4e] 5! W 2T C 3
1 -
!.fﬂa,n}:,} ' ( blank ) ¢ YL 73 L= [13,20]

i 9¥ L3eT L J

=
N
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Finally, in line 5 we find traces of 3 Gemini followed by 23 and
what could be 40. This longitude is found in line 1’ of our recon-
structed text, where we would expect, however, 24 for the mag-
nitude. Following line 5 the fragment is blank for at least two and
possibly three lines.

Our fragment thus gives jumbled data for the first four dates in
Column II corresponding to lines 3, 4, 2, and 1’ of our recon-
structed text. Furthermore, the blank lines in the fragment show
that the entries were not continued and imply that at least some
of the entries in Table 14 were omitted. Finally, two data disagree
by small amounts with our reconstructed text.

We have no satisfactory explanation for this anomalous frag-
ment, apart from speculating that all or most of the top of the orig-
inal was broken away somewhere above line 11'. If so, then the
corner fragment could simply reflect calculations of some of the
missing entries for the top of Column Il set down in wrong order.

Eclipse Magnitudes:

Following each longitude in Text L is a number which expresses
the distance of the moon at conjunction from the inferior eclipse
limit—i.e., the extreme negative nodal elongation at which a lunar
eclipse is possible. The units of this function, which we shall call
¥(L), are equal to 1/46th of the monthly progress in nodal elon-
gation (dyn), and derive from a function where dyy = 30;40°
making 1 unit of ¥(L) equal to 0;40° of nodal elongation.” For
convenience (and to be consistent with the terminology of ACT)
we shall use the term “eclipse magnitude” to describe ¥(L) and
its values, although strictly speaking the function describes nodal
elongations rather than magnitudes in the modern sense.

Underlying ¥(L) is a function, ¥(6), which reflects uniform
motion and is based on an eclipse cycle comprising 46 EPP over 270
months arranged in six groups separated by hve-month intervals.
The period of this cycle,

FFDI

P{6) = 5:;52,10.26, . . . (months/EP),
46

is poorer than that of the Saros,

P(5) = 2'333 = 5:52.6,18 ... (months/EP).

page 49

¥ Britton [1989], 14 f.. discusses ¥(6), ¥(5), and related functions. A demonstration of
e o espondence between units of magr de and units « odal elongation is given on
the correspondence between units of magnitude and units of nodal elongation is g

page 25,

|
|
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However, unlike the Saros, it leads to units which convert conve-
niently into degrees of nodal elongation, n, by the relation

g = 0:40°(% — 18); ¥ = %n + 18, ®

For this reason (at least we can think of no other) ¥(6), rather than
the corresponding function based on the Saros, was used as the
basis for both ¥(L) and ¥(S), a related magnitude function found
in Column III of Text S.

The principal parameters of ¥(6) are:

Units MNodal
Parameter Description of ¥ Elongation
d¥(6) Monthly change 46 30;40°
di2¥(6) 12-month change 12 8:0°
dy ¥ (6) 11-month change -34 —22:40°
daaa ¥ (6) 223-month change 2 —1;20°
Eclipse limits 0 and 36 +12:0°

In Text L we find that di;¥(L) is always 12 at one node and
10;40 at the other for an entire group. These motions switch nodes
at between lines 25 and 26 which is the boundary between Groups
IV and V (Table 16). The preserved values of d¥(L) range from

29;20 to —34;20. Thus ¥(L), though related, is clearly different
from ¥(6).

Because its period is poor, ¥(6) requires some adjustment to be
used as the basis of a more accurate theory. Thus fitting it to a
Saros cycle (dys = 0) requires a cumulative adjustment of +2
units of magnitude to offset the fact that d»:¥(6) = —2. This is
very nearly what we find in ¥(S), where the cumulative adjust-
ment is +2;40 units and the fraction seems to have resulted from
a desire to preserve integral values in a related function.

If we examine the changes in ¥(L) from one column to the next—
ie., in 223 months—we find that when

di:¥(L) = 12; das¥(L) = =1 I::GTUT.IP V).
but that when

diz¥(L) = 10;40: daxn¥(L) = —0;20 (Groups IV, V) or
—0;40 (Group I).

If we assume that dz3¥(L) = —0;20 whenever d;;¥(L) = 10;40 ex-
cept in Group I (see Table 16), and that dx3¥(L) = —1 whenever
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d;¥(L) = 12, the resulting sum of all such dxs¥(L) over 38 EP is
—26;40, so that the average value of

dya¥(L) = —26;40+38 —426, .. ., Or
Ao W(L) = doa¥(6) = +1:1753, . . .

Since dy3¥(5) = 0 and dy¥(6) = -2, this implies an underlying
eclipse period of
26;40 : i 1 20
P(L) = ——{P(h) — PI(F P(5) = —[223
(L) 2-28{ (6) (5)} + P(5) 33( + ﬁg-lg)
= 5:52,745, . . .

which corresponds to a monthly progress in nodal elongation of
dm = 30;40,1358, . . .°.

As shown in the following table these parameters are virtually
identical with those found in System B (and indeed also with
modern values). Furthermore, if we subtract the monthly progress
in nodal elongation found above from the average monthly solar
progress implicit in Text L (29;6,19,22, . . .°), we find for the
monthly motion of the node

diN = -1;3354.36, . . .°,

which also agrees much better with Systemn B than with System A.

P dny d,N
System A 5;52,7,39, . .. 30;40,14,30° —-1;33,55,30°
System B 5;52,7.44, . .. 30:;40,14.4, . . .° 1:33:54 44 .
Text L 5;52,7,45, . .. 30;40,13,58, ...° -1;33,54,36, ...°
Modern a2 rass poen 30l 4, s 0 =1;33,53.49, . . .7

For ¥(L) to agree precisely with (the period of) System B, the
sum of all 38 values of dx;¥(L) would have to equal —26;18 in-
stead of —26;40. While better agreement ( —26;20) could have been
obtained by assigning —0;40 as the sarosly difference to Group III
rather than Group I, P(L) is nearly as close to the period of Sys-
tem B as can be arranged with units of (;20 and the requirement
that all differences within a group be the same. In contrast, equiva-
lence with the period of System A would require that the total of
the sarosly differences be —24;48, or that the average sarosly differ-
ence for 10;40 velocities be —0;18, which is inconsistent with any
combination of —0;20 and —0;40. This suggests that the intended
period of ¥(L) was the same as that of System B, and that the
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sarosly difference —0;40 in Group I was introduced to accomplish
this.

Using the twelve-month and 223-month differences described
above, we can reconstruct all of ¥(L) except for Group II, Cols. Ib
and IIb. The result is shown in Table 16, where (+) and (- indi-

340

TaBLE 16
Text e ] | I [ Saros
L Grp la 1+] 1la 1] d(223) | Cycle
EP#| 4 B + | O (+) () | EP#
1 [ 24:40 | 24:0 [ -0:40 | 5
2| 1 [ ] (1 ] [-10 ] 7
3 [ 35:20 | 34,40 [ -0;40 ] 8
4 [ 30 | 2:40 | 0201 ]
’, 5 [ | [ [-1:0 ] 10
- i 6 [ 13;40 ] 13:20 [ -0:20 ] 1
e v A I (-0 3| 12
| 8 [ 24:20 | 24:0 [ -0:20 ] 13
] 9 [ [ (-10 )| 14
s 10 [ 350 | 34:40 [ -0:30 ] i5
- 1 3 — -6 [-1:0 | 16




TEXTS CONTAINING ASTRONOMICAL FUNCTIONS 53

cate ascending and descending nodes. Values which have been re-
constructed assuming only that values of dp¥(L) are constant
within a group are shown without [ ], while those derived from
the postulated values of dy;¥(L) are shown in [ ]. The groups are
numbered after our Saros scheme for lunar eclipses described
above. Only the boundaries between Groups I/l and Groups V/I
agree with that scheme; the rest are shifted upwards by 1 EP, thus
distributing the eclipse possibilities into groups of 8-7-7-8-8 EF.
To reconstruct the remaining values of Group Il + (Cols. Ib and
[Ib) we need to understand the structure of the discontinuities at
the boundaries between groups, or, more precisely, how d;¥(L)
varies. Table 17a shows the known wvalues of d;;%(L), while 17b
shows the difference between these values and the corresponding
value for uniform motion, dy¥(6) = —-34.
We begin by noting that over 223 months the sum of the differ-
ences between the twelve-month and eleven-month changes in
¥(L) and the corresponding values for the uniform motion func-
tion, ¥(6), must cumulatively equal the difference between the )
223-month changes in the two functions—i.e., i
{

}_:i;d!_:-‘;rl:].-} = d:_'_:;‘lrl:l.r'})} + E{d..‘-l"{[.‘] — 'd.|_l1'I"{[:|]'} = d:'_:l-.":l"(]_} = {']D‘:.‘IF[('J},

where both sums are taken over 223 months. Substituting the ap- il
propriate values of d¥(6) yields !
T{di¥(L) + 34} = dam¥(L) + 2 — S{dp¥(L) - 12}, (D) il |
where
dys¥(L) + 2 = +1, when d;¥%(L) = 12 and
= +1:40 or +1:20. when d;%(L) = 10;40.

In columns Ia and Ila of Table 17 there are, excluding the bound-
aries between groups, eight intervals where d;x¥(L) = 10;40, or
where d»¥(L) — 12 = —1:20. In these intervals ¥(L) will fall 8 x
(—1;20) = —10;40 behind where it would be if d;;¥(L) = d;;¥(6)
= 12. To compensate for this slower progress, the boundary
jumps must reflect a cumulative correction of +10;40 relative to
d 1 ¥(6). Furthermore, to this must be added an amount corre-
sponding to dy¥(L) — das¥(6), which here equals +1, since
d2¥(L) = 12 in Group I, Column Ia. Thus over 223 months the
five boundaries must include a total correction of +11;40 relative
to the eleven-month change of ¥(6), if the function is to return to
its initial value p]u.ﬂ, das%(L) = —1. As shown in Table 17b, this
is exactly what we find in columns la and Ila.

At the ascending node, columns Ib and IIb, there are six inter-
vals, excluding the boundaries, where di2¥%(L) = 10;40. Further-

:
|
|
|

o
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TaBLE 17a. du¥(L)

Bmm{hrt_ .Ea (=) LS Ib (+) a ( ] [Ib (+)
Groups IfII -31 ’-L[‘J,Ef]
Groups II/111 31:20 =31:20
Groups HI/IV -32;20 —33 -32;20 -33
Groups VIV -33:40 =30 —34:20 =29:20
Groups V/I —30 -33:20 - 30 —33:40
Total —158;20 —158;20

TasLE 178, dn¥(L) +34

%li‘ld:‘ﬂ‘w la (=) Ib (+) la {-) b (+)
Groups /11 +3 [ +1;40] +3;40 [+1:20]
Groups [I/111 +2;40 [+2 ] +2;40 [+2 ]
Groups 1INV +1;40 +1 +1;40 +1
Groups [VIV +00;20 +4 - ;20 +4:40
Groups Vil +4 —(0:40 +4 +0:20
'lt_‘:t':!l +11:40 [+‘-J_;2.l:\.].]. +11:40 [+9:20]

more, in Group I, Column Ib dx¥(L) = —0;40, which 15 +1:20
greater than the corresponding difference of ¥(6). Thus in columns
Ib and IIb the total correction at the boundaries relative to d;¥(6)
is +1:20 — (6 ¥ —1:20) = 9;20. This means that the combined cor-
rection from the two unknown boundaries must equal +3;40 in
column Ib and +3:20 in column IIb. Since d;;¥(L) must be an in-
teger at the boundary between Groups II and IlI, there are four
pairs of corrections which might serve. For column Ib these are:

Groups /11 -0;20 +0;40 +1;40 +2;40
Groups II/II  +4 +3 +2 +1.

If we now consider the combined boundary corrections at both
nodes, we find that these are most nearly uniform and symmetri-
cal if we choose +1;40 and +2 from the above pairs. Table 18
shows the resulting corrections. Any other choice yields a com-
bined correction of at least +5;40 at either the first or second
boundary of column I, which is higher than any attested value and
not symmetrical. These therefore seem the most probable correc-
tions, and we have used them to reconstruct the missing values
of ¥(L) in Group II+, although tentatively, since we still do not
understand how the individual boundary jumps were derived.

The wvalues of ¥(L), as reconstructed, are presented in column

aef
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# TasLe 18. di¥(L) +34
Boundary Column | Column [I
Groups /I +4;40 +5;0
Groups [I/111 + 440 +4:40
Groups IV +2;40 +2:40
Groups IVIV +4:20 +4:20
Groups V/I +4:40 +4:20)

Total +21:0 +21:0

(1) of Table 19 with the longitudes from Text L in column (2). The
velocities, represented by the twelve-month changes in ¥, are
fixed relative to eclipse groups as follows: dix¥(L) = 12 at the as-
cending node (Cols. Ib and IlIb) in Groups II, IIl, and IV and at
the descending node (Cols. Ia and Ila) in Groups I, and V. Con-
versely dx¥(L) = 10;40 at the descending node of Groups 11, 11,
and IV and at the ascending node of Groups I and V.

For a given velocity (progress in nodal elongation) the longi-
tudes in Groups I and V fall within those in Groups II-1V, so the
latter groups determine the range of the two velocities. These
ranges are as follows:

dp¥(L) = 12:
Col. I: 196:30° to 3;30° (Libra 16;30° to Aries 1;30°)
Col. II: 207:0° to 12;0° (Libra 27° to Aries 127).
du\'}'“,\] - ]{',"—10
Col. I:% 23;0° to 188;0° (Aries 23° to Libra 8°)
Col. II: 33;0° to 198;0° (Taurus 3° to Libra 18°).

Interzone midpoints:*
Col. I: 12;[0]° and 192;[0]° (Aries, Libra 12°)
Col. II: 22;30° and 202;30° (Aries, Libra 22;30%).

Ignoring the small error in Col. Ia, each zone of constant veloc-
ity extends for 165°, and the two are separated by a gap of 15° at
each end.* The midpoints of these gaps are separated by 1807,
so there can be no doubt that the scheme assumes two equal
zones of constant velocity, each covering half the zodiac, but fixed
relative to the Saros Cycle rather than to the ecliptic, and thus ad-

B Ac BIVER 10 the text ('L'l!'rl.\ilzﬂ_!’. the |1:-:“|:.!|:|‘.l.]\!l.'~i in Col, la as discussed abhove would
reduce these values by 0;30

# Aszsuming corrected values for the longitudes in Column Ia.

* This may explain the anomalous distribution of eclipse possibilities into groups of
}-7-7-8-8 EP. The standard distribution would add 1 EP to Groups [I-IV in Text L and

By
thereby cause the velocity zones to overlap.
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vancing by 10;30° each Saros. This effectively (if erroneously) im-
plies that the variation in velocity is associated with either lunar
anomaly or nodal elongation, rather than with longitude, since
both of the former return very nearly to their starting points in one
Saros.

To see the full effect of the variation in velocity we look at the
change in ¥(L) at successive eclipse possibilities, where it is large,
rather than at twelve and eleven month intervals where it is not.
Column (3) of Table 19 shows this change, while column (4) shows
it net of the mean motion in nodal elongation, represented by
d¥(6). Column (4) thus presents the inequality in nodal elonga-
tion implicit in ¥(L), expressed in units of ¥.

Table 20 rearranges the data from column (4) of Table 19 in order
of increasing longitude. Data marked by an * occur at boundaries
which have beeen shifted 1 EP from the pattern characteristic of
¥(6), and thus are likely to be distorted.

The remaining data are graphed in Figure 2, where they are com-
pared with the theoretical inequality resulting from the sun’s zodi-
acal anomaly,® expressed in units of ¥. For —400 this inequality
can amount to as much as +4.07°, equivalent to +6.1 units of mag-
nitude. The theoretical inequality is zero at Babylonian longi-
tudes™ of roughly 74° and 254° and reaches its minimum and
maximum at longitudes of 164° and 344° respectively. An addi-
tional inequality of +1.5 units arises from the lunar anomaly.
While individual values fall outside this band by up to 1.5 units
(1), the inequality in ¥(L) clearly parallels the zodiacal inequal-
ity very closely. In particular, the extreme values derived from
the text occur at very nearly the same longitudes as those of the
theoretical inequality, while the zero values—although more dis-
persed—almost precisely bracket their counterparts in the the-
oretical function. Finally, it is noteworthy that the maximum
inequality in ¥(L), +7;40 units = +5.1°, agrees very clnsel:,-'
with the theoretical amplitude, +5.07° = +76 units, obtained by
combining the maximal inequalities due to zodiacal and lunar
anomalies.

¥(L) thus describes an inequality in nodal elongation which is
very nearly in phase with the zodiacal inequality for the two
Cycles covered by our text, but whose amplitude appears to reflect

W As remarked by Aaboe and Henderson [1975], 194, the nodal elongation of the moon
at syzygy is mainly determined by the sun's position. Consequently, its principal inequality
is due to the sun's zodiacal anomaly.

2 We have assumed the System A norm in which the vernal point occurs at Aries 10
Thus by “Babylonian longitudes” we mean modern longitudes less 10°,

f
%




SAROS CYCLE DATES
TasLE 20
INEQUALITY IN W (L)
(units of %)
Col 1 —--- e Col Il -----
d¥(L) d¥(L)
E‘.l!". mnus ]ti'.ll r||i|:||,|\.
[.l.'ll]::':_ d¥(6) 1 OME. d¥iH)
15 4.7 1.5 4.0
23.0 3.3 12.0 5.3
33.5 2.0 13.0 27
42.0 1.7 a5 1.3
44.0 0.7 52.5 2.0
52.5 13 54.0 0.0
54.5 0.7 £3.0 3.0
735 1.7 64.5 -1.3
84.0 0.3 M0 1.3
85.0 0.0 94.5 0.0
106.5 -1.3 105.0 0.7
1160 -2.7 115.5 -2.0
124.5 5.0 126.0 -3.3
135.0 -4.3 135.0 -5.7
145.5 -5.7 145.5 -5.0
156.0 7.0 156.0 -6.3
156.5 -6.0 166.5 -7.7
167.0 -33 1665 ¢ 67 *
177.5 =4.7 177.0 =4.0
188.0 =6.0 187.5 -5.3
196.5 9.0 198.0 -5.3
207.0 3.3 070 * 9.0 ¢
217.5 -2.0 217.5 2.7
228.0 -0.7 228.0 -1.3
Z28.5 -4.7 2385 0.0
M9 5 -31.0 23185 =4.3
60.0 -1.7 259.5 =27
268.5 -4.3 2100 =13
2005 =0.3 20 ¥ =§. ] =
279.0 0.0 2805 0.0
1855 1.3 2895 0.7
00,0 2.7 3000 2.0
3.0 30 3105 33
321.5 43 321.0 3.1
3132.0 5.7 3318 5.0
340.5 20 342.0 6.3
342.5 7.0 351.0 2.7
351.0 33 352.5 7.7
the combined effects of the zodiacal and lunar anomalies. The re-
lationship of the inequality to lunar anomaly is also evident in the
basic structure of the text and especially in the constancy of the
twelve- and 223-month changes within eclipse groups. ¥(L) thus
appears to antedate the clear separation of the two anomalies,
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FIGURE 2. Inequality in ¥(L)

while representing an improvement over the more elementary
function, ¥(5).

Table 21 shows (1) ¥(L) as reconstructed; (2) the nodal elonga-
tion (in degrees) at syzygy, computed from PV. Neugebauer
[1929]; and (3) the resulting error in (correction to) ¥(L). These
errors are evenly distributed and relatively small, indicating that
¥(L) is generally quite good.

The average error for each group is shown in Table 22. In every
instance the errors at opposite nodes cancel, so the errors for the
entire group are small. Only Group III has an average error greater
than +0.5 units; it is also the group with the distinctive correction
to dy;¥(6) shown in Table 18.

The mean error for all 76 values of ¥(L) is negligible and less
than the uncertainty of modern calculations. The probable error
of a single value is +93 units (0;37°). This shows that ¥(L) is ex-
tremely well centered and better than ¥(S), whose mean and prob-
able errors are +0.65 + 2.0 units (Britton [1988], 67). Finally, the
accuracy of ¥(L) is also remarkably consistent from group to
group, which suggests that empirical adjustments—rather than
purely theoretical considerations—may have influenced the
choice of values at the group boundaries.

¥(L) differs from later functions in appearing to have been spe-
cifically fitted to the period covered by the text. We infer this from
the general accuracy of the function, which depends on its close
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TasLe 22. Average Errors in ¥(L) by Group (units of magnitude)

Group Group Group Group Group

Column I I I 1V V Average
la (+) -1.0 +1.4 £0.2 0.2 0.6 -().047
Ib{—) +1.2 - 1.4 -1.2 +1.1 +0.6 +0.137

Average | +0.1 +0.2 0.6 +0.5 0.0 +0.045
la (+) -1.5 +0.7 +0.4 —0.5 .5 0.321
b (=) +1.6 1.2 1.5 +0.9 +0.7 +0.168

Average Il 0.1 0.1 0.7 0.2 F10.1 —-0.074
Average (4] +1.4 1.3 1.4 +1.0 +0.7 +0.155
Average (—) -1.3 +1.1 +0.3 0.3 0.6 —().183

Average ALL +0.06 +0.04 (.65 +0.33 +0.06 -0.014

Groups I, III, and IV 0.095
Groups V and | +0). 064
Positive Errors 35

Megative Errors 41

Standard Deviation <+ 1.38 units

Probable Error + .93 units

correlation with the zodiacal inequality, and which gets worse as
one moves forwards or backwards in time. This apparent speci-
ficity is further emphasized by the fact that in the entire period
from the beginning of the reign of Nabonassar to the beginning
of the Seleucid Era, there were only two triplets of eclipses visible
at Babylon, which exhibit the maximal inequality in nodal elon-
gation due to the combined effects of both the zodiacal and lunar
anomalies.

Both sets of eclipses occur in Column I of our text. The first com-
prises EP’s 7, 8, and 9 in Group Il and begins with the eclipse of

-413:Sep 8. The second comprises EP’s 26, 27, and 28 in Group V
and begins with the eclipse of —403:Feb 23. The longitudes and
(modern) magnitudes for these eclipses are:

Date I{mf,. Mag. Det.t:-l;-' 5 Long. Mag.

—413:5ep 8 339 .89 14.7 403:Feb 23 150.41° 3.9

—412:Mar 4 159.51° 10.5 —403: Aug 18 319.93 1.0
412:Aug 28 329.03 13.1 —402:Feb 13 139.59> 19.1

LI L

T e

-

I
1
+
i
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In both cases the inequality in elongation is +5.06°, equivalent to
+7.6 units of magnitude. In the first case, however, the inequality
acts to minimize the variation in magnitude, while in the second
case the variation in magnitude is maximized. The second group
of eclipses is also that for which we find the maximal inequality
in ¥(L), namely +7;0 units in Column I and +7;40 units in Col-
umn II.

In sum, we find in ¥(L) a function which describes the variation
in nodal elongation with a relatively high degree of accuracy but
in a manner which does not separate the independent compo-
nents due to the lunar and zodiacal anomalies. ¥(L) thus appears
to antedate both System A and System B, while possessing attri-
butes which appear related to each. In particular, the period rela-
tion which underlies ¥(L) appears identical with that of System B,
as does the implicit magnitude for a central eclipse, ¥(L) = 18. In
contrast the two zones of constant twelve-month progress in nodal
elongation point towards System A's treatment of the zodiacal
anomaly. Finally, the excellence of ¥(L) as reflected in the accuracy
of its amplitude, phase (in relation to the zodiacal inequality), and
above all the mean position of its implicit node, points to a serious
and painstaking effort in its construction and appears to exclude
the possibility that it was merely a pedagogical excercise.




Text F: B.M. 36400 (80-6-17,176)

Contents: Full-moon longitudes monthly for S.E. 46-51 (—264 to
—~258).

Transcription: Table 23.
Description of Text:

B.M. 36400 lists lunar longitudes of full moons monthly for five
years beginning with 5.E. 46V], and ending with 5.E. 51,VI. Ob-
verse and reverse contain two columns each. Contrary to normal
practice, the order of the columns on the reverse is from left to
right. Years are separated by horizontal rulings except in obverse [;
the only preserved year number is a “50” on the left edge corre-
sponding to reverse 1,13, as indicated in the transcription in
Table 23.

In the last line the “9” is written with nine wedges (although
as three diagonals everywhere else), and the zodiacal sign Taurus
as “guy” (an abbreviation of the earlier notation “gus-an”) in ob-
verse [, 15 and reverse 1,8 and 11,4, in contrast to the normal Seleucid
convention of rendering Taurus as “muil-mal” or “mul.” In astro-
nomical diaries, “guy-an” virtually disappears as the designation
of the zodiacal sign by the beginning of the Seleucid Era. One of
the latest occurrences is from S.E. 56 in a statement of Mercury £
(A. Sachs), but it may well have been an anachronism by then;
the event had to be predicted from the corresponding phenome-
non that the scribe would have had to find in a diary dating 46
years before, in this way introducing the likelihood of contamina-
tion by the older terminology.

In the absence of an explicit year number in the text, these in-
stances might well have been taken as formal indications of a prob-
able pre-Seleucid date. On the lower edge are what appear to be
something like the numbers 24 and 2 written in a wettish, shallow
fashion, possibly even erased.

About half of the surface of the obverse is destroyed. The two
groups that remain in the first column, amounting to seven lines
in all, present problems which we shall discuss later. From the first
preserved line of obverse Il to the very end of the text, however,
the longitudes follow a clear and consistent pattern.

Commentary:
The longitude scheme is very primitive: six months with a
monthly lunar progress of 29°, followed by a six-month increase
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of 29;15° per month, without regard to the region of the ecliptic.

These two parameters imply an increase in lunar longitude for

twelve months of

6-29° + 6-29;15°
d]j}'ﬁ.

174° + 175;30° = 549;30° or
6,0° - 10;30°.

We have encountered this same relationship in Text S and Text L,
and there can be no doubt that the present scheme is simply an
extension to monthly motion of the scheme found in those texts
for depicting uniform motion between eclipse possibilities. In so
doing the scheme in Text F takes no account of the effective cor-
rection in velocity introduced every time there is an eleven-month
interval. Instead, it simply reflects an average monthly progress in
lunar (and solar) longitude of 29;7,30°, so that the year is

= e = 12:21,3751, . . . synodic months,

29;7.30°/m =
which compares poorly with 12;22,751, . . .—the value im plicit in
texts S and L. Nevertheless, it is noteworthy that the extreme six-
month velocities under this crude scheme, 175:30° and 1747, are
precisely those found in Column II of Text L for the motion from
ascending to descending node and conversely.

Our text begins with month VI of 46 S.E., which is also a lunar
eclipse possibility (Table 6). No longitude is preserved, but the
next three lines imply a progress of 29° per month, which leads
to Aries 3° as the first entry. As noted above, there are difficulties
with all the data preserved in Column I of the obverse. If we ex:
tend the scheme preserved in obverse Il and the reverse back to
obverse I, we also arrive at Aries 3° for the first line, but fiind the
progress in lines 2-4 to be 29;15° per month rather than 29% as in
the text. In lines 14-17, on the other hand, the progresses are con-
sistent with the rest of the text, but the longitudes are 10;30° less
than expected, suggesting that they may have been originally com-
puted for months one Saros earlier.* Thus the errors in obverse I
arise from (at least) two different and independent sources.

All the errors (or inconsistencies) occur prior to the five-month
interval between eclipse possibilities in S.E. 475, XII and 5.E. 48,
IV, while all PI’L"?&E]’\-‘E_"[,"{ data after that interval are consistent. Also,
the reconstructed longitudes for the four eclipse possibilities prior
to that interval (46:VI, 46:XII, 47*:V1, and 47*:XIl) are all con-

3 These four longitudes are also identical with those in obverse 11, 9-12
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TEXTS CONTAINING ASTROMNOMICAL FUNCTIONS 67

nectible with Column I1 of Text L, whereas those after the interval
are not.*

In Table 24 are listed, for reasons of comparison, first, the pre-
served longitudes from the text; next, the longitudes B; con-
forming to the consistent corpus of System A texts; and last, the
longitudes of the full moon computed by modern methods, with
modern parameters, and obeying the modern convention of mea-
suring longitudes from the vernal equinox.

There is excellent agreement between B: and the text near the
years' ends, and the maximal deviation of nearly 5°—the text’s
longitudes are almost everywhere larger than B;—is then a mea-
sure of the quality of the primitive scheme.

Though it has nothing to do with our text we have included in
the last column the differences between B; and the modern longi-
tudes; they all lie in the interval 5;30° + 1°. This is remarkable,
for B; takes into account only solar anomaly, while the modern
values depend on lunar anomaly as well.®

" This follows from the fact that in the underlying scheme the omitted month in a Ave-

month interval has an implicit lunar velecity of 30, whereas in Text F the omitted month
has a velocity of 29° or 29:15° (here 29%). Thus every five-month interval the scheme
reflected in Text F advances 1° or 0;45° relative to the underlying sheme.

¥ See Aaboe and Henderson [1975], 194§




Text G: B.M. 36580 (=80-6-17,590)




TEXT G

Contents: Parts of Columns II and IIT of Text 5* concerning solar
eclipse possibilities from 11 Xerxes, VIII to 8 Artaxerxes |,
IV (—474 to —456)

Transcription: Table 25; Photograph: Plate 7

Description of Text:

Text G comprises part of the upper left corner (obverse) of the
tablet called Text C [B.M. 36737 (80-6-17470)] in Aaboe and Sachs
[1969], to which it is now physically joined. All edges are badly
rubbed, as are the edges of Text C, so the surfaces do not join
closely. However, there is no doubt at all about the join as may be
seen in Plate 7.

Yart of the upper edge is preserved.¥ The obverse contains Col-
umns II and III of Text S for the first five eclipse possibilities of
(solar) Saros Cycle 16. Column II contains values of ®; which are
consistent with the reconstruction in Aaboe and Sachs [1969], 17.
Beneath the first four ® values are numbers which we still do not
understand. These are followed alternately by the terms “me” and
“zaldg” which are otherwise unattested in Text 5, but which sug-
gest intervals, probably measured in time degrees.

Just enough of Column Il is preserved in the obverse to confirm
the structure of the function ¥(S) for the first group of eclipse pos-
sibilities and to show that the values agree with the traces pre-
served in Text B (Aaboe and Sachs [1969], 12).

The reverse is very poorly preserved. Only three values of Col-
umn [II can be clearly read along with the ending of one ¢ value
in Column II and the term “Sa zalag” under what would be Col-
umn IV, which agrees with the (partially preserved) heading for
the same column in Text B. Of greatest importance, however, are
the preserved values of Column III, which permit the secure re-
construction of the function ¥(5) for the sole group of eclipse pos-
sibilities where its structure was uncertain.

The edge of the text contains traces of the tollowing four num-
bers written across the edge from obverse to reverse.

% See note 24 above,

¥ We are indebted to Christopher Walker of the British Museum for his careful colla-
tion of this fragment, in which he furnished several of the readings presented here.

% Flsewhere in Texts S the terms &0 and gin alternately follow similar numbers.

a9
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TEXTS CONTAINING ASTRONMOMICAL FUNCTIONS 7|
Column II obv (III rev): 2,1]3,20
1540
Column III obv (IV rev): 3,22
" 30

The first of these is probably 2,13,20 used simply as the name of
Column @ or as a truncated value of $.%° The rest is obscure.

Commentary:

For a detailed discussion of Text S, including a description of the
consolidated text which incorporates the evidence of Text G here,
see Britton [1989].

W Cf. Aaboe [1968], 8 and ACT [, 212 for this use of 2,13,20.
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