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Chapter III. The Planets.
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*) And, moreover, "simplicity" of cele-
stial phenomena should not be judged accor-
ding to our standards, because even among
ns "simple" does not always mean the same
to everyvone.

The use of solar and lunar eclipses for obtaining fixed points
of ancien! chronology c Ju;iy be called the classical method of chronology.
As we have seen in the preceding chapter this method reaches its limit with
ths eighth century B.C. because of lack of older records. Fortunatdy enough,
h .wever, in both Egyrt and babylonia have been preserved some records of a
different type which open certain possibilities of pushing back absolute
chronology about one millenium: these are observations of Venus during the
First Babylonian Dynasty and recordings of the rise of Sirius during the

XIIth Dynasty in Egypt. This and the next chapter will be devoted to the

discussion of these data and other problems of methodically related cha-
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The main difficulty in dealing with planetary phenomeny consists

in the fact that for planetary movements the earth is no longer so conve- |
nient a center of reference as in the case of the moon. Thes movement of a

planet appears from the earth the way an cobserver on the sun would see a

moon rotating swiftly around the earth: sometimes in front of the earth
and sometimes behind, thus sometime moving in the same direction as the

earth, sometime becoming "retrograde“.541) This analogy in principle is,

341) Our moon rotetes so slowly around the earth that an observer from
the sun wonld only see acceleratiors and retardations but no retrograde

parts.

howmever, subject to essential modifications, first, because the planets are
by nc means close éat elites to the sun as the mceon is to the earth; second-
ly, the luminosity of the sun is so great that the planets become invisible
as soon as they eppear (when seen from the earth) to be near to the sun.
Tk= understanding of the planetary phenomena therefore requires the combi-
na*ion of heliocentric and geocentric considerations. The following para-

graph is devoted to this problem.

§ 1. Astronomical concepts.

38. Notationms.
In the following, the customary planetary s?mbols will be used:

o} Mercury o’ |Mars 'ﬁ Saturn

Q Venus e Jupiter

The origin of these symbols is unknown, altheugh it is very probable that

they were created by the late-Egyptian-Hellenistitoradie-eilggesmpebauer papers
Courtesy of The Shelby White and Leon Levy Archives Center

Institute for Advanced Study
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The above-given arrangement follows the distance from the sun. 1
ercurr aul thus
Because the earth would be placed between Venus and Mars;\uhsse4m'muf&4nata

are called interior or inner planets, while Mars, Jupiter and Saturn are l

exterior or outer planets. For most of omr discussions it will be sufficient
to consider all the orbits of these planets as circular with the sun as
center and belonging to the same plane. This common plane is of course the
rlane of the ecliptic because the movement of the sun with respect to the
earth defines the same plane as the movement of the earth with respect to
trhe sun.

So far as the description of the orbits of the sun and moan is
concerned, as scen from the earth, the use of the center of the earth as the
center of reference is very convenient; for the description of the plane-
tary movement, however, the heliocentric system is much more sonvenient.
Correspondimgly, heliocentric coordinates must be introduced. The plane of
referance is again the ecliptic, in which heliocentric longitudes are
measnred with the direction from the sun to the vernal point (which is to
be considered as a known point on the fixed-star sky). Analogously, helio-
centric latitudes are measured by the angles subtended at the sun, whose
plane is at right angle to the ecliptic and which are counted from the
eclirtic as plane of latitude zero.

As Kepler found from investigation of the orbit of Mars, the
rlanets move in elliptic orbits (fig.36) with the sun at ome of the two
foci. The velocity of a planet reaches a maximum in the perihelium P of its
orbit and a minimum in the aphelium A. The excentricity of an orbit there-
fors measures not only the deviation from a circular form but is also an

expression of the irregularity of ths movement during each revolution. The

9]

N
D

4L £3

of an elliptic orbit is determined by givinr_g tht?] s(,)et?liﬁmajog' axis ‘gT
rom the Otto Neugebauer papers

(nsually measured by the semiemdciyrofabtisSiodtbit Héhiesarth'eoorditAmbivehde amdrt )
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and by the excentricity e Which indicates the fraction of a by which
the focus is distant from the center. The accompanying table gives the

values for & in round numbers in order to indicate the order of magni-

342)

tude. The excentricities, however, are given much more accurately

342) Moreover, the three greater planets discovered in modern times:
Tranus 20, Neptun 30, Pluto 40. - It might be mentioned that the distance
of the moon, measured in this unit, is only 0.0026. The distance of the
negarest fixed star is 270000.

hecause the deviations from the circular form are so small. Only Merecury

has & high degr=e of ellipticity, while the orbit of Venus is almost ecir-

J—— - —

- axis 8 }c;tyig'%: - fore distinguished by great regularity
s s - 20‘g§ in contrast both to Mercury and Mars.
3
. ) : 0.007 : 39. The synodic movement.
earth a =1 0.016 )
) _ = A We now proceed to the description
L o 1 % ' 0.093 | . X
"y of the eonfigurations as defined by
4 B 0.048 - : :
- : g I earth, sun and planets durimg their
e ST . @056 i

: - movement. We disregard in this discus-
sion the problem of the actual visibility from the earth.of the positions

ir question, just as we did in the case of the new moons where the syzygies

‘hemselves cannot be observed (except in the case of an eclipse). We shall,
a
however, return in*following section to the gquestion of visibility of a

rlanet during its movement around the sun.

-

The analbgon of the synodic month or of the lumation is the "sy-
nodic period" of the planetary movement. If an outer planat stands in a

straight line with sun and earth (fig.37), this is called "conjunction" if
From the Otto Neugebauer papers
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the planet is seen opposite to the sun. An inmer planet, on the contrary,
never comes into oppositior to the sun but has two kimds of conjunctioms:
an exterior conjunction when standimg beyond the sun, an interier conjunc-
tion when standing between sun and earth. The angular deviatien of a planet
from the sun as seen from the earth is called its "elongation". The elonga-
tion of an inner planet is obviously limited (fig.37); the maximal elonga-
tion of Venus is about 460; the maximal elongation reached by Mercury in

the course of one revélution depends on the direction of the great axis of

its orbit with respect to the earth. Accordingly, the maximal elongation of |

Mercury varies between about 18° and 28°.

The length of the synodic periecd is clearly the result of the
combined movement of planet and earth, as the length of the synodic month
depends both on solar and lunar movement. In order to describe this com-
tined interaction, we must decide with respect to which system we measure
all movements. We assume therefore that we are able to locate points on the
fixed-star sky and call "siderial pefiod“ the time which elapses between
two succesive moments when & planet is projected on the same fixed star as
seen from the sun.

Let us now suppose that the sidereal peried of a plamet is very
great, i.e., that its movememt around the sun is very slow. It then follows
immediately (ef. fig.38, a) that the synodic period will be only a little
longer than one year, the time required for the earth to.complete one re-
volution and the additional little angle of the movement of the planet in
the meantime. If, however, the sideréal period of the planet deviates only
a little from the sidereal period of the earth (i.e. the year), a long time

will elapse between two succesive conjunctioms (fig. 38, b). Finally, we

consider an inner planet moving very swiftly arOPRﬁﬂHh?CﬁB#dﬁEﬁSauéq rﬁﬁs

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
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Only a fraction of the year will pass before a new conjunction is reached.

|
s

343) This can easily be formulated in exact terms. Let p denote the |
sidereal, q the synodic period of a planet, both measured in years (i.e., |
sidereal period of the earth = 1). Then E

= =ty (p >1) |
holds for an outer planet and
ke P
¥ =3 (p < 1)
for an inner planet (and conversely
P= 3 E : exterior plant
P = T'%_f interior plawet)

These general considerations evan be seen confirmed by the ad-

joining list of sidereal and synodic 'i
periods. The sidereal revolution
sid. per. synod.per.

of Mercury only requires three (trop.years)| days (days)
months; and one month later con-

_ ) 0.24 88 116
Junction is again reached. Saturn, o 0.62 225 584
on the contrary, requires almost L'o',," i "{ _Bé— e 6-8?_ S %8_0_ o
30 years to return to the same % 11.86 4332 399
fixed staer; and the sun therefore Ll 29.46 10760 318

again comes to conjunction with

Saturn only slightly later than with a fixed star. Jupiter with a sidereal
period of 12 years has a synodical period of 13 months in consequence of
its movement by one zodiacal sign each year. Mars and Venus, however, rare-
ly come in conjunction with the sun because the duration of their revolu-

tion around the sun is fairly close to the duratief i8¢ (Jie\geagbauer papers
Courtesy of The Shelby White and Leon Levy Archives Center
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For ancient times, only the synodic periods are of importance

because no sidersal periods were known before the adoption of a heliocentricE

system.
40. Apparent velocities.
The reason for the complexity of the planetary movement lies in
d
the fact that in the final anglysis we need the planetary positons as viewed
e

from the earth. We have two equivalent ways of expression at our disposal:
we either consider earth and planets as rotating around the sun; the problem
then consists in the description of a movement as seen from a moving body.
Or we speak about the sun as rotating around the earth, and of the planets
as rotating around the rotating sun - which again requires the compositia;-
of two different movements. Such considerations of combined movements are
greatly facilitated by consistently using the consept "vector" in speaking
atout velocities. ‘

Let us suppose that a point P moves along a sufficiently smooxh‘
plane curve such that this path might be cénsidered at any moment as a part r
of a circular orbit with center S (fig.39). The momentaneous direction of
the moving point at P is given By the tangent at P , i.e., the momenta-
neous movement progresses iﬁ a direction at right angle te PS . The
amount of this momentaneous velocity can be expressed as a certain distance
covered per time unit. Any such number can be represented graphically as a r
certain length by choosing a unit of length as the equivalent of a unit of
velocity. We now combine these two characteristic elements of the movement,
direction and quantity, into one picture. The direction is given by the
tangent to the curve, and its amount shall be indicated by the length of an!
i

arrow starting at P and pointing in the direction of the momentaneous

movement. Such a directed line segment of given Jengtheisichileéaveeten".
Courtesy of The Shelby White and Leon Levy Archives Center ¥
: Institute for Advanced Study
Princeton, NJ USA
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Let the movement of a point now be observed from another point E
which lies in the plane of the orbit. If the point moves strictly in a
direction pointing towards E , no change at all in the position of the

point can be seen from E . If, however, the point moves at right angle

to the line joining E and the point, the full amount of the movement will
then be observed from E . Hence, for an observer in E there is no distinc—l
tion possible between the movement of P as represented by the ¥ector _E.
(fig.39) and by the vector N , where N_ is the projectiom of T into
the direction at right angle to EP . The real movememt of P can there-
fore be produced by combining a movement as represented by N with a move-
ment represented by the veetor R , directed towards E . N and R are
called "components”™ of T in the given directioms normel to, and coinciding
with, EP .

Conversely, if a point P is subject to two simultaneous move-
ments, one represented by a vector A , the second by the vector B , the
velocity of the resulting is given them by the vector C , which is the
diagonal in the parallelogram of sidea A amd B (fig.40).

We are now ready to discuss one of the most conspicuous facts

in the apparent movement of a planet, ifts "retrogation". We begim our con-

siderations witha limiting case which represents an idealization of circum-
stances as presented by a very slowly moving outer planet like Saturn. This
idealization consists in the assumption that the planet has no mmmsidereal
movement at all with respect to the smn, i.e., that sach a "planet™ T
(fig.2*) does not rotate around the sun but stands at a fixed distance from
‘he sun. Seen from an observer on the sun, T does not move at all, i.e.,
the straight line ST~ always points towards the same fixed star. If we

now comsider the movement of this couple ST™ wiih H¥sPULLGPREC PR &
Courtesy of The Shelby White and Leon Levy Archives Center
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circle ( S, T~ =8, T,” and S, M,” parallel to S,T.” ). An observer in E
therefore gets the impression that the planet T~ oscillates between two
limits 5 and 2, . The direction of its movement coincides with the part
, T Z"_ with the movement of the sun (called "direct” movemm@it) but is re-
trograde on the remaining part from Z to £, 344) The apparent velocity

344) The synodic peried q of this "planet"™ is obviously equal to one
rotation of S around E i.e. =1 . This is in agreement with the formulese
given on p.¥!1 note ¥IQ! according to which q = pf1 . We obtain our
ideal outer planet by increasing the length p of its sidereal period
beyond any given value and this brings the quotient q = p/(p-1) as close

to 1 as we wish,

is very slow near Z: and Z:L, where the planet changes its direction. cf:
and S are therefore called "statiomary points®.

Actually no such plamet J| exists, but the movement of a real
outer planet || can be considered as the result of the combination of a
movement such as we have just considered with a slow rotation of 1 &around
S. DSecavse this latter movemsnt proceeds with a much lower velocity than the
- movamnt of the sun around the earth, the main feature remains the fact that
the direct parts of the apparent movement are interrupted by an arc of re-
trograde movement limited by twe stationary points. These stationmary points
cannot be determined so simply as in the case of T (fig.41). But they are
characterized by the same quality, namely, thet the vector of the muwmwmmk
momentaneons velocity points towards E. This velocity vector is composed
of two compenents (fig.42): the velocity E tangential to the sun's orbit
around E which effects S and | by the same amount; and secondly, the
vector S of the sidereal movement of | around S , tangential to the

at? - rom the Otto Ne i]auerpa Apers
planet’s erbit arempd 9 , blg'ourtesym?:"%ejéheﬁ) Ee an hlteeon ng\}ygg Ives CeRter

pears to be stationary if the dirsction of the resultda¥iiuR foofdvacedndudp
Princetomn, NJ USA~
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rasses through thexX point E . It follows from figs. 41 and 42 that the
stationary points belong to the semi-circle which contains the point of
oprosition of ]| and that the oppositions lie in the middle between the
two stationary points, assuming, as usual, constant velocity of S around
E and of I around S .

The same kind of considerations applies for an inmer planet P
(fig.43). The only difference lies in the fact that now the movement of P
aronnd S 1is faster than the movement of S8 around E . These two move-
ments are added at the moment of exterior conjunetion, but counteract each
other at inferior conjunction. Because of the superiority of §, over _g_,
this results in a retrograde movement of P in the neighborhood of the
inferior conjunction. Fig.44 shows the combined velocity in a stationary
point., It is obvious that these stationary points do not coincide with the
points of maximal elongation (fig.45), because at these points only the
direction of S passes through E while the component E of the sun's
movement around E still remains visible from E . The é;c of retrograde
movement is therefore shorter than the arc between the points of maximal
elongation; this arc is subdivided into twe egual parts by the point of
inferior conjunctioﬁ.

The previouns considerations are based ém the assumption of coin-
gidence of the plane of the planetary orbit with the ecliptic. This sim-
plification is perfectly justified for many historical problems, e.g., the
dating of horoscopes. For the appearance of the retrograde part of the
planets' orbits, however, the existende of small deviations from the plane
of the ecliptic is very essential. Just as the plane of the moon's orbit is
inclined towards the ecliptie, 8o also the planes of the planetary orbits
do not exactly coincide with the ecliptic. The valthrgosm ?hf;; Bﬁg?\leeu% g.gesr paniis
between the orbital plane and fhmwmeibpfmeShm&wdwpmazmﬁhteateuaAﬁﬁwkﬁwamﬂer

Institute for Advanced Study
Princeton, NJ USA
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g 70 (J’ 20
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5 24

With the sole exception of Mercury, all planetary orbits are thus less in-
clined than the moon's orbit. There is, however, a very essential difference
batween moon and planets. The nodal line of the moom's orbit always passes
through the center of the earth (ef. fig.27 p.11l1); the nodal line of a
planstary orbit, however, paéses through the center of the sun. The lines
of vision from the earth to the moon therefore always lieff in the plane

of the moon's orbit and the latitude of the moon can never appear greater
than the angle between lunar orbit and eeliptic, i.e., 5°. The same holds
for an observer on the sun who will never see, e.g., Venus, morz than 3 £° y
above or below the ecliptic. Seen from the earth, however, Venus can appear
much higher above or below the ecliptic. Suppose, Venus is near to its
maximal deviation from the ecliptic and, moreover, near to the earth, i.e.,
near to inferior conjunction (fig.46). In this situation Venus is only

345)

about % of the semidiameter of the earth's orbit distant from the earth-

-
345) Cf. p.iie,

———— ——

and therefore appears much highér above the ecliptic from the earth than
from “he sun. But from the assumed fact that Venus is near inferior conjunc-
tion, it follows that its geocentric movement appears to be retrograde.
Analogéously, it follows from the nearness of Mars that this outer planet

is near oprosition and therefore also retrograde. In other words, the de-

viation of the planetary orbits from the ecliptic is especially clearly
e 2 From the Otto Neugebauer papers
visible from the earth near ¥hg Ee}TPERASRRYRNNAL o e BRPETFRICHARSBERL,
Institute for Advanced Study
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The consequence of these facts is that the retrograde movement is not seen
as a simple oscillation between two limits on a straight line but as some
kind of loop which varies considerably in size and shape owing to the spe-
cial situation of the conjunction or opposition with respect to the nodal
lines. Examples are shown in fig. 47. The magnitude of these loops varies
greatly with the different planets. Jupiter and Saturn reach only about 5°

of retrograde movement in the ecliptic and this takes 4 to 5 months. The

retrograde movement of Mars, however, happems with about fourfold speed
(abount 122 in about 2 4 months). Venus covers about 15° retrograde during
40 days and Mercury about 20° in 3 weeks. The retrograde movement of the
interior planets is, however, much less impressive than the loops of an ex-
terior planet (like Mars) because an inmer planet aty inferior conjunction
disaprears in the rays of the sun. This means that only the beginring and =
end of the retrdgrade orbit of Venus and Mercury are visible and never the

complete loop.

4T. Visibility.

The last mentioned fact, the invisibility of a planet near its
conjunction with the sun calls for a more detailed discussion. It is obwvious
that this problem is very analogous to the problem of invisibility of the
moon near its conjunction with the sun, the only difference being that more
configurations must now be cénsidered.

#He start by assuming an exterior planet in conjunction with the
sun, i.e., at the moment when both sun and planet have the same geocentric
longitude. In the following days, the longitudes of both bodies as seen f
from the s2arth increase but the sun's longitude increases faster than the
longitnde of the planet. The planet therefore ob ai%%e%ﬁu}ﬁcreasi ly west-

rom eugebauer papers

ern elongation from the sun.CAftesy oke Jbglhy YHils wekitermnl edohwht/tor ciser

Institute for Advanced Study
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horizon while the sun is still below the horizon (cf. fig. 48). This first
appearance of an outer planet after conjunction is called its "heliacal
rising™. The following days the elongation becomes still greater; the plane
consequently rises considerably earlier than the sun, and therefore becomes
visibtle for an increasingly longer part of the night. Near opposition the
planet rises when the sun sets and is therefore fully visible 211 night; at
the same time its brilliance is maximal, just as in the case of the full
moon. From now on, the opposite proceaé sets in. The planet stamds higher
and higher above the horizon when the sun sets in the west. Shortly before
reaching conjunction again, the planet will be so mear to the sun that it
will set only a few minates after‘the sun, just enough still to be seen in
the falling darkness. This last visibility on the western horizom is called
"acronychical setting" (cf. fig.49). From now on until after conjunction,
i.e., until heliacal rising, the planet remains invisible.546) This con-

cludes the synodic cycle of the planet.

.

346) Jupiter remains from 25 to 35 days invisible at Babylon Saturn
30 to :‘C\ days !"er ﬂu m;‘u%‘; 4cc:.qr~ch ofﬂ-« B‘JJ/'“"“ t“ﬂﬂrn/';mg { J‘:y.a 1A Ate 7{'(”)

[33}"51:‘;}' 3 Sl

e

Combining these results with the previous ones regarding the geo
centric movement, we obtain the following sequemce of phenomema seen during

opne synodic revolution of an omter planet:

invisible conjunction direct
I_heliacal rising in the east
stationary 3
opposition, highest brilliiance b retrograde
stationary
acronychical setting in the we’t

invisible Iconjunctlon + direct
From the Otto Neugebauer papers
Each pert of this cycle moves siqwky,thraughald \partsdefotheealimbdecenter
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The only new element in the case of an inmer planet consists in
its limited elongation. We beginm again with the exterior conjunction where
the planet is invisible. Now the plamet separates itself more rapidly from
the line of the syzygy than the sun, i.e., the planet gains an eastern
elongation from the sun., If we therefore consider the western horiszon,
there will be an evening when the eastern elongation of the plamet is for
the first time sufficiently great to make the planet visible shortly after
sun-set. This is the western rising of the planet as evening star (ef. fig.
50a). In the following days, the eastern elongation of the planet increases
more and more, and results in longer v¥isibilities of the planet after sun-
set. This holds, however, only until the moment when the planet reaches
meximim elongation (fig. 50 b); from then on, the interval between sunset
and the setting of the bplanet becomes shorter and shorter until the planet
is visible for the last time above the western horizon shortly after sunset
(western setting; fig. 50 e). This cincludes the planet's career as evening
star. There now follows a short peried of invisibility near inferior con-—
junctiecn until the planet again reaches so much elongation from the sun to
rise heliacally in the east as "morning star" (fig. 51 a). The further
history as mornigg star is analogous to the appearances as evening star
(fig. 51 b and ¢) and is concluded by the eastern setting before exterior
conjunction.

We accordingly obtain the following complete sucecession of phe-

nomena during one synodic period of an inmer planet:

From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
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invisible exterior conjunction direct
western rising
maximal elongation
stationary
western setting
invisible inferior conjunction retrograd
easterm rising
stationary
maximal elongation
(eastern setting ' ,

evening star

morning star

invisible exterior conjunction direct

Because the invisibility of:a planet is mainly determined by its eléngation
from the sun, it is obvious (ef. fig.52) that the period of invisibility
around inferior conjunction is much shorter than aroumnd exterior conjunc-
tion. Venus, e.g., is invisible about 60 or 70 days at exterior conjunction

but only a few days at infercir conjunction.547)

347) Cf. below p.t?%r,

If the inferior conjunction ocecurs near the nodal line of Mercury
cr Venus, a phenomenon takes places which correéponds to a solar eclipse,
i.e., the disc of the planet is projected on the solar dise, at least as
seen from certain regions of the earth. Such a transit of Venus or Mercury,
however, cannot be observed by the naked eye; it was not before the 17th
century that such transits were seen through teleseoPS.}Aa) They are, mors-
over, much more rare than solar eclipses.349) Venus and Mercury transits

are therefore of no importance for historical chronoclogy.

348) Cysat and others observed the first Mereury transit in 1631 XII 6;
Horrox the first Venus transit in 1639 XII 4. Cf. Wolf, Hdb.II p.162 f£f.

349) About 13 transits of Mercury oceur during o8 EértisysUeRe? VEms8tran—
sits have a period of 243 ye&rsicandf dreSspagedhikthincohisypariodsdteinter-!
vals of 8§ years, 121 % years, 8 years and 105 % yearsnstitute for Advanced Study '

Frincetorn, Nd USA
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For the sake of sémplicity, the preceding description of typieal
rhenomena of the synodic revolution of a planet disregarded all secondary
influences which cause more or less visible variations of the general schem
For chronological problems in which only the positions of the planets with
respect to the ecliptic play a rdle (as, e.g., in the dating of horoscops),
more details about the planetary movement are scarcely needed. As soan,
however, as the question of visibility is involved, e.g., when dates for

prearance or disappaerance ‘are glven, such idealizations as, e.g., the
jAentification of the plane of the planetary orbit and the plane of the
ecliptic, are no longer justified. We shall need more details about the
visibility of Venus, which we noﬁ proceed to explain.

According to our simple schematic considerations, the conjunc-
tion would subdivide the intervals of invisibility into exactly equal parts.

This conclusion no longer holds if we also take the influence of the lati-

tude into consideration. Venus becomes invisible if its angular distance
from the sun as seen from the earth is less than about 10°. In other words,
Venus is invisible as long as it is inside a come of axis ES (cf. fig.53),
corner E and angle of 20° subtended at E . If the conjunction occurs
near the nodal line, Venus has to cross this come at its maximal width. If,
however, the conjunction coincides with the moment when Venus reaches maxi-
mal heliocentric latitude, only a smaller sector of this come has to be
passed by the planet. This becomes especially significant at the inferior
conjunction. Venus at about }o of heliocentric latitude is at inferior con-
junction sc near the earth that its geocentric latitude amounts to about

8 % © (cf. fig. 46 p.vi1). In this case, Venus again emerges almost imme-
diately from the cone of invisibility; i.e., the time from the last setting

as evening star to the first rising as morning Bt?$b%%ﬁé?ﬁkﬁ&&ﬁ%%auerpapem

days only. Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
Princeton, NJ USA
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4
This shows that the furation of invisibility at inferior conjunc-
tion depends very much on the latitude of Venus at this moment.jso) The
positbn of the nodal line can be considered as practically invariable in the

eclip?ic.351) We can therefore also say that the length of the period of

350) At exterior conjunction, however, a heliocentric latitude of 3 de-
grees appears only as 1 %0 geccentric latitude.

3%1) The nodal line moves only about g per century. (The longitude of
the node is given by 0 = 75%46'46™.73 + 3239%.46 T + 11476 T where T
is measured ir Julian centuries (= 36525 days) and T = 0 corresponds to
1900 A.D. Jan. O Greenwich mean noon.) '

invisibility of Venus at inferior coﬁjunction depends upon the longitude
of the sun, i.e., uron the season in which the conjunction ocecurs.

The variable length of the path of Venms across the come of in-
visitility is not the only cause.which makes the appearance and disappear-—

ance of the planet depending upon the seasons. As in the case of the moan?5

3°2) Cf. above p.tt1,

the changing inclination of the ecliptic with respect to the horizonm alsc
shows its influence. Moreover, appeararnces and disappearances are not sym-
metrical phenomena; in the case of disappearance, the planet has been visib
all the previous days and the place of the horizon where the star should be
seen(if fstill visible) is known. In the case of reappearance after days or
even weeks of invisibility, the faint first gleam is difficult to fimd if
the place on the horizon is not exactly knewn. All these surerposed effects
create a rather irrégular relationship between the date of the conjunction
and the dates of appearance and disappearance. How irregular the resulting
time intervals are is shown by fig.54; The abscissa gives the longitude of
the sun (and of Venus) at the moment of conjunctiloRr]) Del0 tieeo8RREIPP P Tth
Courtesy of The Shelby White and Leon Levy Archives Center

year. The ordinate indicates how many days before conjmniehidon Abherpiaseddy
Princeton, NJ USA
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disappears ( E.S. and W.S. ) and how many days after conjunction it againfr”
becomes vivible ( E.R, and W.R. ). This shows clearly that the moment of

conjunction does not, in general, divide the period of invisibility into

equal parts. The total length of invisibility is represented on fig.55.
The irregularity in the vi%ibility of Mercury is still greater

owing to the obvious reason of the great inclination of the orbit of Mer-

353)

cury. The difficulty of observinmg Mercury mekes this planet of very

353) Cf. above p.PEi.

little use for chronological problems and we therefore do net need to go
into details. The outer planets, on the contrary, show much more regularity,|§
with the exception of Mars, where the influence of the inclination of the
orbit is equally clearly expressed as in the case of Venus (ef. fig.46 and
56). While Mars remains invisible for a period between three and almost
seven months, Jupiter's invisibility wvaries only around ome month; Saturn
is invisible about 10 days longer becamse of its lesser brightmess (fig.56).

The brightness of the planets is, of course, subject to change

during their synodic period. The general type of this variation is indicated
in fig.57; the value 3 of the ordinate meams brightness of a star of third
magnitade, 2 of second, 1 of first magnitude, and this principle is con-
tinued to stellar magnitudes O, -1, etc. The exterior planets reach their
maximum brightness at opposition, especielly pronounced in the case of
Yars. Mercury appears brightest near exterior conjunction (i.e., after W.R.
and before E.S.), while Venus reaches her highest brilliamce near inferior
conjunction (i.e., before W.S. and after E.R.). The nearness of the planet
to the sarth compensates the fact that Venus is only of crescent shape near
354)

inferior conjunction. From the Otto Neugebauer papers

/(‘mlr_te.m/ of The thlh\/ \White and Leon /| evy Archives Center

354) It might be remarked that the phases of Venn@smwﬁiﬁmfkbﬁawﬁlsﬂﬁWth

the naked eye and that all statements of a Babylonian dlscov£¥§0%:” le %éct
are totally unfounded.
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i § 2. The Venus Tablets of Ammizaduga.

42, The texts and their history.

a, The development of the problem.

The texts around which all attempts are concentrated to establish
a fixed point of Babylonian chronology in the second millenium ﬁ.C. have a
héastory of their own which now, more tham 70 years after their discovery,
might have come to & certain end. The followinmg short report will show

in chronological order the main steps in the development of the problem.sss)

3%%) Further details are given in Langdon -F.-S. p.28-44,

1870. 1In the third volume of the first great publicdation of
tablets from the Pritish Museum, the "Cuneiform Insciiptions of Western
Asia" by H.C.Rawlinson, G.Smith published among others the tablet K 160 ,

described as "a tablet on the mcvements of the planet Venus, end their in-

fluences“.jsé)

356) III R pl.63.

1874. A.H.Sayce, in a long paper on "The Astronony and Astrolo-
gy of the Babylonians™, gave & translation of this text,}57) today, of

357) Sayce [1] p.316-339. The astronomical discussion followed five
y=2ars later in Bosanquet - Sayce (11,

course, antiquated but correct in the main outlines. It became fully clear

that a list of dates for disappearance and reappearance of Venus were given

and omens drawn from the time of invisibility og%gﬁﬁthi&)Ngh&ﬁﬁggggg&gge.

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
Princeton, NJ USA
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During the following 30 years, different fragments of the same
text became known, all belonging to the Ashurbanipel library, like K 160 .
It was an important step forward when in

1906 G. Schiaparelli recognized358) that all these texts con-

3%8) Schiaparelli [1] and Seritti I,1 p.3-27.

stituts three "documents" (now called L, M and N) in different arrangement.
The si vation is illustrated by fig.58. The smaller fragments K 2331 ete.
constitute a tablet which contains two differemt texts, L and M. K 160
begins and ends with L but this text is interrupted by a third document,
K, which is inserted in the latter half of 1. . This shows that the texts

at our disposal had been subjected to an ancient editorial activity and
force us to face the problem of restorimg, if possible,lthe original form.
We shall return to this problem soon. Schiaparelli made an attempt to date
these texts astronowmically and came .to the result that they belong.to a
period either around 800 B.C. or 650 B.C. We know now that this is about
1000 years tooc late; the cause of SchiaparelXi's error lay in his assumptionm
of the historical background of the texts as belonging to the first mille-
nium B.C.

19125 EKugler announced359) the discovery that a sentence in

360)

K 160 , translated by Sayce as "for a year service continues; gold is

exchanged(?)", actually is a "year fOrmula"361) from the reign of Ammizadugea

359) Kugler SSB II p.255 ff.
360) Sayce [1] p.317,8.
361) Cf. above p.#%l.

8 king of the first Babylonian dynasty, and ahoulﬂohﬁhgqgﬁ)Rgu@ﬁﬂﬁ@rggp&he
" rtes ofT y White and Leqn Levy Archi Center

golden throne". This year form ula was rea Y known ag, gﬁ%?e %¥de%# ialgtu dy
Princeton, NJ USA
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eishth year of Armizaduga. Hence Schiaparelli had based his calculations
on false assumptions and astronomical elements valid in the second mille-
nium B.C. had to be used instcad. Kugler consequently investigated the re-
lation of the recorded dates to fhe movement of Venus around 2000 B.C. and
came to the result that the first year of Ammizaduga corresponded to -1976 ;
We shall refer to this result as "chronology I".

The following year brought & lively discussion of Kugler's re-
sult and the methods he used to solve the problem. We shall see that a
selection among the recorded dates is necessary in order to compare the
texts with modern calculation, and therefore other solutioms could be pro-
pesed ("chronologies II te V"). During these years a few additional frag-
ments of duplicates were discovered. This whole material was collected

1928 in the boock of Langdon, Fotheringham and Schoch "The Venus
tablets of Ammizaduga"™. The essential progress made here consists in the
astronomical part, which is due to.Schoch's efforts. He computed tables
with special reference to conditions in Babylonia, thus laying the founda-
tions for any systematic computzation of Venus and lunar phenomena in Meso-
potamia. This made possible a comparison of all proposed chronologies and
led the authors to the result that "c?ronology II", proposed already in

362)

1923 by Fotheringham, gave the best agreements between texts and cal-

culation,

362) Announced by Langdon in OECT 2, prefece.

1929 the present author showedséi) in a review of the above -

365)- ﬁeuéebauer (0.) [6] (ef. also [4]).

mentioned bock that none of the arguments by whiéhohdngdom \Fofbeninghsars
Courtesy of The Shelby White and Leon Levy Archives Center
and Schoch attempted to distinguish between the diffepemtidesaibiddddesmas

conclusive. The conclusion reached was that only historicalpggg ggngégﬁéd
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tring a decision. Such new outside evidence indeed came eight years later |

?
when an archive from the city of Mari on the middle Euphrates was excavated.‘
Th= corraspondencé of the local rulers showed clearly that Hammurabi was a ||

contemporary of the Assyrian king Shemshi-Adad 1.364)

364) Thureaun--Dangin [3].

UuJuaJ 36t
1938 and 1940 Albright3652\Y§EﬁngE;;y Smitn>F) independently

g??} Alh‘ight [1] and tz2].

367) Smith (S. ) Alalakh [Alalakh is a site én the bemd of the Orontes
which gave Sidney Smith the essential archeological support for his chrono-

_1cgy].

came to the result that the synchronism thus established between Babylonian
and Acsyrian history required substantiel lowering of the chronology of the
first Babylonzan dy asty Accordiq&qto Blbrifht Ammizaduga should be dated

raely oA, W vnu(ﬁ r"’?

atout =16%0; Sldney Smlth and his collaborator J. W";ﬁﬁ?ef},ﬁf?Pﬁiﬁ ’? .

precise date, again using the Venus tablets, namely -1648)("chronology 'VI™)
Since Kugler's discovery of the year formula of Ammizaduga 8, the

date of the first Babylonian dynasty has been reduéed by more tham 300

years. In order to understand how astronomicel records can allow so great

& variability in dating we will have to discuss in detail the character of

the documents involved. In referring to the various proposed chronologies,

7 “D\,/ oL,‘?.} /‘— --t ' rl"

e —— ; Wl amé e k //

7!\\ Mo nqu_f we ')‘n\j‘i{ l‘vn'/\_ : Amv--'z.alh a | = — "{4*’/‘“\‘4%://‘{1 /
ol 4 ) H e eAd J
r- /ytnr- Cﬂhcﬂ'[“j W ar ]“r- W

From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
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Ro. proposed or acecepted by Ammiz. 1
I Kugler 1912359) -197637£)
II Fotheringham 1925?62) Langdon-F.-S. 1928}68) -1920

III | Schoch 1925;3%9) Thuresu-Dangin 192737°) -1856

IV | Weidner 191537") -1808
Vv | Kugler 1924;372) 54 Meyer 1925373) -1800

VI Smith-Sews1l 194056F) ‘*3*44 W‘“xu} | -1645

368) Langdon-F.-S.

149)  Schoch [2].

3170)  Thureau-Dangin [4].

171)  Weidner [4].

272) EKugler SSB II p.569.

373) Meyer (Bd.) GAN p.3 ff.

374) The notation adopted hers =nd in the following is Amm. 1 = -1976/5.

The relative chronology of the first Babylonian dynasty is so
w2ll established that the dating of the reign of Ammizaduga is sufficient to
date the whole period. If we suppose that Ammizaduga 1 corresponds to the

year -n then we obtain:

Ammizaduga 1 = =-n Ammizaduga 21 = -(n - 20)
(45) Hammurabi 1 = ~(n+146) Hammurabi 43 = —(n+104)
First Babyl.Dvnasty from -—(p+248) to -(n-37)

Determining any year of the reign of Ammizaduge and the dating of the first

Berylonian dynasty are therefore equivalent Pf°b1¢!&nthe(Nk)Neugebauerpapem

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
Princeton, NJ USA
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b. Character and origin of the "documents".

The part most easily dispos=ed of is the "document N". It con-

tains twelve groups of omens conrected with the reappearance of Venus, all
built according to the same scheme. As an example, the first group may be
given:

If Venus aprears on I(b) 2 in the east, distress will be in the land.

Tntil IX(b) 6 she will be in the east and disappear on IX(b) 7.

She will be absehwt in the sky for 3 months.

She will rise on XII(b) 7575) in the west, k§mg will declare hostility

against king.

375) Sic aceording to the text; the scheme requires the 8th
day. The replacement of 8 by 7 is easily explained as a copyist's error.

What is given here are the dates of ER, ES and WR, including one periecd of
invisibility of three months.at exterior conjunction. The following group
is not the natural continmation but begins with a new date for WR which is
one month and one day later than the ERm which was the starting point of
the preceding group. The structure of this scheme is shown by the following
1484370) (omitting the omens)

rising setting invisitle rising
I 2 E IX 7 E 3m XIT 7 W
IT 3 W X 8 W 7 d X 15 E
IIT 4 E XI 9 E 3m IT 9 W
IV 5 W XII 10 W 7 4 X1I 17 E
}
XI 12 1
B VII 17 E Sm Fro%w th1e70tth bugebauer papers
XIT 13 W VIII 18 Burtes) of THe Shelby Whitelddd BSon Bewly Archives Center

I oL Al L4l (|
INTSUTULT TUT AUVAliLotUu otluyu

376) E = east, W = west, m = month, d = day. Princeton, NJ USA

-»
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Th2 pursly schematic character of this list is evidemt. Its value lies in
two facts: first, it shows us th= type of method by which Venus phenomena
were predicted at an earlyv period. These methods are certainly so crude that
they would never have sufficed to restore earlier observations. The assump-
tion, improbable in itself, that the dates given in the documents L and M
are calculated dates, is ruled out completely. These dates cannot be based
on any thing but observations. The second fact is the possibility of deter-
mining the value for the synodic periocd which was assumed by the author of
this scheme. From each pair of consecutive lines in the list given abofe, it

follows that the following time intervals have been used:

Venus as morning star: 8m+ 5d
invisible at exterior conj.: Im

Vennus as evening star: 8m+ 5a
invisible at inferior conj.: 7 &

which makes a total of 19 months and 17 days. Assuming months of 30 days'
length,577) this gives 587 days as the synodic period, i.e., 3 days to much
This error is certainly not very great, but shows again that we are dealing

here with a comparatively ea¥ly and primitive stage of development.

377) Cf. above p.Itv,

At the end of N appears a colophon which aays that the text is
a "copy from Babylon'.378) The same remark is alsomfound on a duplicate

of K 2321, excavated at Kish, which contains the documents I and M 379)

378) Langdon-F.-S. p.13. This passage has been omitted by Lang-
don in his copy of the text given on p.23 but is shown on the photograph of

K 160 on the title-page of Virolleaud . Fraggthe,Otto Neugebauer papeis
} Bos l:[C.Jourtesyllz of ?%Sﬁelby White and Leon Levy Archives Center

379) Langdon-F.-S. p.19. Institute for Advanced Study
Princeton NJ _LISA
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(ef. fig.58). This Kish tablet was written, according to the colophon, duri
the reign of Sargon, i.e. about 700 B.C. This is the oldest extant copy of
these texts, the others being neo-Babylounian copies. That these records of
Venus were preservad and copied for 1 # millenia is due to their having been
incorporated in the large series of astrological texts called "enuma Anu
Enlil". We shall again mest this relationship to astrology in the documents

T.and M .,

The document I contains Venus observations and omens, connect

wi‘h the eastsin or western rising. As an example we gquote the following
380)

passage, typical for the whole document:

380) Lanzdon -- F. - S. p.8.

If Venvs disappeared on VI(b) 26 in the west,
remained invisible for 11 days, and

was seen again on VII(b) 7 in the east, the heart of the land will
be hapry.

If Venus disappeared on I(b) 9 in the east,

remained invisible for 5 months and 1¢ days,

was seen agein on VI(b) 25 in the west, the heart of the land will

' be happy.

Unlike document N, here disappesrance and reappearance of Venus are rscorded
in their natural order year after year. The irragularity of the intervals,
the mention of intercalated months and the general agreement with the astron
omically expected facts make it certain that real observations are here re-
corded. The explicit date of the eighth year of Ammizaduga corresponds to

the year by year arrangement. From historical sources it is known that Ammi-

zaduga ruled for 21 years; here again we find agreemsmt @itk Ngugebangpggpe}g
Courtesy of The Shelby White and Leon Levy Archives Center

Institute for Advanced Study

Princeton, NJ USA



174

years arz recorded - with the sole exception of the 18th year. Bt the poin
where this yzar should be expected, document KN is inéerted, meking it stil
more evident that the document N ﬁriginally did not belong where we now
iwd It

The document M is only a rearranged form of the document L .

Thile L gives all phenom2na in their natural order, M enumerates the
same dates and omsns, arranged, however, according to their month of appear-
ance. The two passages quoted above from document 1L would therefore be
placed in M under the first and sixth month, respectively, regardleés of
the years. The intersest of document M therefore lies émly in its value as
a chack for the dates given in 1T . From the fact that the dates from year
18 are also missing in M ,381) it follows that M was abstracted from L

at a timz when L had already been disrupted by the insertion of N .

381) Cf. Langdon - F. - S. p.19 note 2.

That the original document L belongs to the reign of Ammizadu-
pa is further confirmed by the fact that intercalated months VI, ars men-
+ioned in the 11th and 19th year and that we know from contracts of this
period that these years were actually leap years. This does nét imﬁly, how-
ever, that the pressrved form of 1L 1is the original form. On the contrary,
clear signs which indicate later editorial activity are visible. For example,
some dates are astronomically impossible, e.g., in the 9th year WS = ITI(b)
14, ER = XII(b) 15 which wduld make Venus at inferior conjunction invi-
sible 9 months and 4 days, which is absurd. Therefore, at least one date must
be wrong, and it is easy to see that the first date is only a copyist's er-
ror caused by a preceding WS = III(b) 2. The extant text of L , However,

does not recognize the error but promptly gives 9 months emd 4. dpys.espihes
guration of invisibility. This(ﬁﬁﬁmﬁﬁéiEESé@egQQQQHSEEQLfﬁ&%‘%ﬁ 93¥§%i§ﬂmif

nshnnefor dvanced Study
invisibility was calculated afterwards and not from the actualriredondsl USA
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Also the omens hardly belong to the period of the periad of the
ohservation. Recading the omens in their arrangement as given in L , one
7il® recognize that they make groups of good and bad predictions separated
by a nentral remark like the year formula of the 8th year. This seems to in-
dicate that actual observaticns were later combined with historical records,
i.e., lists of year formulae, in order to discover the influence of the date
of the rising of Venus on the future. The final form of these texts as we
now have them could therefore stem from very considerably later times tham

the observations recorded during Ammizaduga's reign.

43, The attempts to date the Venus observationms.

It is not surpridimg that texts like the tablets discussed here
contain a number of errors due to copying and rearrangement. We have already
mzntioned the omission of year 13. Several other errors are easily corrected
because of such transparent canses as dittography. Some errors are less
simple to correct and the proposed corrections are still open for discussior
There exists, however, another difficulty which affects document L as a
whole, namely, the fact that the system of dates reéorded id in itself con-
tradictory. Herein lies the essential problem for all attempts to use these
dates for chronological purposes.

In order to explain this statement, we must deseribe a simple
relationship between Venus phenomena and lunar months: the synodic period

p of Venus amounts t0382)

382) We give here a more accurate value than the 584 days men-
tioned on p.¥UR,

P = 583%3.92 days
From the Otto Neugebauer papers
and the lunar month to Courtesy of The Shelby White and Leon Levy Archives Center
E Institute for Advanced Study
m = 29.53 days. Princeton, NJ USA
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(46) 9 m-5p = 2923.5 - 2919.6 = 4 days .

Cn the other hand, 8 Julian years are equal to 2922 days. We can therefore
express (46) as follows: After 8 years, the date of y Venus phenomemon in a
lunar calendar falls 4 days earlier than the preevious occurence. For example,
suprose the last visibility of Venus took place in the west on XI(b) 15

of the year 1; then one can expect that Venus will again be wvisible for the
last time as evening star on the 11th of a month in year 9 and on the 7th

of year '7: the names of the months depend, of course, on the intercalatioms.
But suptosing ths rule of intercalation to be kmown, the dates are then
known for all groups of eight years' interval if the dates of the beginning
sre known. Before applying this rule to our texts, w2 must remark, however,
that th=2 rslation (46) does not take into account the small change in the
longitude of the sun caused by the difference of 1 1 days between 99 months
an® 8 years. The actual date differences cam therefore deviate by ¥1 day fro
4 days, such that accurate calculation shows small deviations fiom our simpl
rule (46).

W= are now able to explain in what sense the dates givem in the

document L are a inconsistent system. We consider, for example, the WS's
during the 21 years of Ammizaduge arranged in groups of 8 years. [The first

number gives the year, the numbers in ( ) will be explained shortly. ]

1 XI 15 3 VI 23 (29)| 5 I1 2 (I 29)| 6 VIII 2
9 [X11] 11 (12) |11 VI 26 (25)| 13 IT 5 (I 25) |14 VII 1
17 XII 11 ( 8)|19 VI, 1 (20) |21 I (22) | '

Let us cénsider the first group: WS im 1 XI 15 &H@M YexIo Neuoahaws Perast
Courtesy of The Shelby White and Leon Levy Archives Center
ly the expected difference of 4 in the dateg, but it isldstihdesibis athat Study

Princeton, NJ USA
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9 XTI 11 and 17 ZXII 11 are both correct dates. In the second group,
“he first pair is impossible (increase from 23 to 26 instead of decrease
t7 4) but the second may be right, etc. Obviously, correctioms of recorded
numbers are necessary in order to eliminate such contradictions; but the
main difficulty consists in deciding which numbers can be considered more
trustworthy than the others ? The resulting chronologies finally depend on
the differesnce of this selection.

How difficult such a selection is can best te shown by assuming
"chronology II", i.e., assuming that Ammizaduga 1 = -1920. Calculating the
Venns phenomensa under this assumption, one obtains among the 13 recorded
WS's tbrese exact coincidences, namely, 1 XI 15 , 6 VIII 28 =and
16 IV 5 . All other numbers should be corrected as indicatzd in the
above list in ( ). Moreover, four of ths remaining dates should be later
than given in the text, six earlier. That the text giewes a date tooc early
for the disappearance of Venus can always be explained by bad weather or
bad observation. The six cases, however, where Venus was seen for more days
than according to calculation constitute a strict contradiction which cannot

be overicome except by arhitrdry corrections of the text. Exactly the same

difficulty appears in dealing with the dates of the three other phenomena
recorded (7R, ES, ER) and for all proposed chrohologies. And the common
reason is, as we have seen, that the dates of the text do not fulfill the
necessary rule of the relation between syncdic period and lunation but fluc-
tuate around every possible system of dates. It must be repeated, on the
other hand, that the deviations are only small in most of the cases and that

there can be no serious doubt that the origihal basis of the document L

was actual observations.

Langdon - Fotheringham and Schoch gave FeoredmpDitte cqeperssparas?

- Courtesy of The Shelby White and Leon Levy Archives Center
all recorded dates with all the datés which would follpgﬁgmgmgaémaﬁ&ﬁpg&@g-

gies proposed at the time. From this comparison they concludggn%ﬂgg’gﬂéﬁgé—
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logy II is the best because it would yield the greatest number of cases

where the deviation between text and calculation does not go beyond * 1
day. One can come, however, to totally different results if omne counts the
number of cases where a chronology strictly contradicts dates given by the

texts. Chronology IV then repres=nts WS with the least number of contra- I

diction, III is the best chronology for ER, II and IV are egually good
(or bad) for ES, and I and VI for WR. The total number of strict contra-

dictions are (among about 300 dates)

1 18 I1X 16 \'s 20
II 17 v 20 VI 16 .

¥t is obviously a purely arbitrary procedure to derive any kind of pre-
ference for any proposed chronology from such numbers.

Althongh never admitted, this fact was obviously felt more or
less clearly by all defenders of a definite chronology as derived from the
Venus tablets. Different attempts have therefore been made to obtain addi-
tional information from these texts. One consists in considering the rela-

tion of the Venus phenomena with respect to the seasons in order to evaluate

dates of contracts concerning¥ the harvest; the second is based on a study
of the comnseguences of a chronology with resrect to the lunaf calendar. We
shall discuss both arguments in the stated order.

The easiest way to explain how & reletion between the chronolo-
gies of the Venus tahblets and the seasons can be established comnsists in
considering a special group of dates contained in the text, e.g., the in-
ferior conjunction of year 5 limited by the dates W8 VIII(b) 28 and ER

IX(t) 1. Let us suppose that these dates give correctly recorded numbers,

which is at least perfectly possible. ‘Then we canrebtgirothecfigddamingpin- -

t f,The Shelby Wh L hi Cent
formation from this data. Flrsgur%ﬂgoln er?%ryco£§%§3 ﬁﬂhg on&gk#ﬁgg-ener
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nearly exactly with new moon. Secondly, because the conjunction falls at th&
end of the eighth month, the longitude of the sur must be sbout 240° or,
gay, 30 degress more if' Nisan of this year fell late because of e preceding
intercalatad XIIZ. Third, Venus is supposed to be only 2 or 3 degrees in-
visible at this conjunction (the number depends on whether VIII(b) had

77 or 30 days ') and a glance at fig. 54 tells us that so short a period
of invisibility requires a longitude of the sun of aboat 270° but is incomr!
patible with 240°, Hence, from the assumption of the coreectness of this |
pair of numbers it follows that Nisan of Ammizaduge 6 was late in the
sprinz season. The same holds in other cases, and in the same way each se-
lection of dates conmsidered to be correct, i.e., each chronology, leads to
a certain position of the months with respect to the seasons. Chronology V,
for example, requires all months éo be more than 30 days earlier with re-
spect to the Gragorian calendar (representing the seasons) than it should
be according to Chronology II. The total oscillation between all chronolo-
gies amounts to %4 days.

This fact - that each chronology places the lunar calendar
differently with respect to the seasons — has for a long time been the
main source of discussion. Some tried to prove from contracts and similar
documents that harvest dates or delivery of fruits (especially dates) could
or could not agree with the season required by the respective chronology.
It is evident that this kind of argument, which is opem to all types of
arbitrary assumption, cannot lead to really convincinmg proaf. If, moreover,
the calendar is regulated according to the actual agricultural situation

- and this is, as we have seen, very probably the 0333385) — then a

b e

383) See above p.tfE,

From the Otto Neugebauer papers

late Nisan means simply that %M@?o??ﬁ@@ﬁe%y]\ﬁﬁﬁegﬁﬂﬁﬁﬁ 1 SFPeEBEFdBenter

seems to be likely or not. And, finally, Thureau-DangiBSEH&w8E E¥at-Sfualudy
Princeton, NJ USA
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l
dates of contracts for future deliveries are couched in terms of a schematic
calsandar, by saying, e.g., that dates should be delivered inltha month of

Tishri, regardless of whether or not the actual harvest should fall in the

lunar month Tishri or not.384) This fact completely destroys the basis of

3824) Thureau-Dangin [4] p.188 ff. ,His examples not only belong |
to the First Dynasty of DBabylon (p.188), but also to the Persian (p.190 f.)
and neo-Babylonian periods (p.193).

all discussion of contract dates with respect to the seasons and IXEEXZEREEX
EEIEEY definitively eliminates speculations from chronology about the
weather 4000 years ago.

The situation up to this point in our discussion can be describe
as follows: each chronology accepts a certain group of recorded dates as
correct and is forced to reject another group as incorrect without being
a priori able to distinguish between these two classes (except in trivial
cas2s)* and each chronology has the equal right to adjvst the weather cor-

respondingly. It therefore meant rsal progress when Schoch introduced385)

385) Used in Langdon -F.-S.

a ne~ idea based on an astronomical principle, namely, the comparison of
the computed length of the lunar months as required by a given chronology
with the actual records.

¥e may suvppose that the movement of the moon and the visibility

386)

condi'ions at Babylon known with sufficient accuracy in order to de-

388) This latter part, the knowledge of the visibility condi-
tions, is by no means simple to ascertain. Actually, no modern measurements
from Babylon are available. Schoch was therefore foreed to dztermine the
elements in question in such a way that his calcula¥ilBa PixedI ST H8REF

' Cour es The Shel?y V%hlte and.L.eon Levy Archives Center
as possible Neo-Babylonian records ( ngdon— fit it for Advanced Stidy
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termine exactly the date of cach evening on which the new crescent was vi-
sible for the first time at Babylon. This mcans that we may assume that

for each month during the period in question it is known whether it had

29 or 30 days. If we now, supposing a straight line to represent the time -
axis, we mark all the new-mocns on this axis at their right distance and
write their lengths below the intervals, i.e., either the number 29 or 30
(ef. fig.%9). In order to simplify matters, we now replace each interval of.
30 by @ and cell it "black" and each interval of 29 by o0 arnd call it
"white". The assumption that we know the exact length of all months is then
equivalant with saying that we assume the complete sequence of black and
white points to bs given. We call this sequence T .

¥e now make a second assumption: say we have original texts
rraserved (which is csrtainly incorrect and will therefore bs later modi-
fied) which tell us for each month whether it had 29 or 30 days. We write
these numbers down in their calandarical order and again replace 29 by ©
and 30 by @ . The new sequsnce of black and white points may be called EH .
Su~posing that our calculations are correct and that the observations'which
produced H , were undisturbed, the two sequences T and H should be
identical. It would therefore be possible to place H below T in such a
way that belew each black point of T 1lies a black point of H , gnd below
each white point of T & white point of H .

This necessary relationship between H and T can be used for
dating the documents from which H comes if the sequence H 1is not toa
short. This latter condition is obviously very essential because if H
cénsists, e.g., of only three elements, say black-white-black, this H
could then be placed in many ways below T such that black-white-black of

H falls below black-white-black of T . If, homgveme OHo NEXBEBESOFER &
on .
lxxger period of conse‘cut ive Cspggtggy %REQP §H8'b¥e‘Q{E' ﬁd %%%Sté%ér R 32':568 d%r%er T
Princeton, NJ USA
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might determine uniquely the placs of T , i.e., the time, because of the

irregularity of the distribution of black and white on a longer section.387)

387) Actually, one should be sure that no periodicity in T
exists; this exclusion would be very difficult.

Unfortunately, safficient documents give a complete sequence H
doc not exist. The only docum:ntary evidence as to the lengths of months is
contracts which mention the 30th day of a month. What we can obtain from
texts is therefors only a svb-sequence h of H containing only black
roirts. The question arises whether h care be used for dating.

let us suppose that T is calculated, say, from -2000 to =15
and 1et h be given for 200 years. This means that we assume that we know
from each contract dated on the 30th day of a certain month of a certain
year when it shonld be placed with respect to any other contract of this
tyre. This assumption can be accepted as correct for the First Lynasty of
Rabylon hecanse w2 know the number of years which each king ruled end also
which years were leap years. Hence h consists of a series of black points
of given distances.

Let us now, as an example, assume that the month Kisan of the
fifth year of Ammizaduga is attested as having been 30 days long. According
to chronology I, the day Amiz. 5 I(b) 1 would correspond to -1972 IV(g)
27 , according to chronology II to -1916 IV(g) 9 , etc. In other words,
each chronology assigns to the sequence h a definite place with respect
to the time axis T , and it is obviously a necessary condition for a
chronolcgy to be correct that the corresponding position of h with respe
to T is such that the points of h always lie below black points of T .

This is the basic idea introduced by Sﬁhocﬁu§8ﬂ%%i§}%%%ﬁsh

rom g €r papers

tetween the accuracy of the dirfeesndl chesnelvgiess cHe Leompetsd cimveapgnter

Institute for Advanced Study
compared for each of the proposed chronologies the number ofpggreemenis)SA
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between h and T , where h was compiled from all available contracts of
the First Dynasty of Babylon dated on the 30th of a month. He found the

following number of agreements expressed in cases per hundred:

I 37 % III 56 vV 34
II 75 IV 62

which s2ems to indicate a clear superiority of chronology II. This has evi-
dently been the main reason for considering chronology II as the correct
one. '

This method of distinguishing between chronologies is, however,
open tc very serious objection. First of all, the correet chronology should
resnlt in 100 / egreement between h and the black points of T and not
only in 75 / . But even 100 /. agreement between h and T is only a
necessary, but by no means a sufficient, condition for the correct placing
of h . This can easily be shown by an artificial example. Let T in fig.
60 be the calculated sequence of black and white points and assume the the
correct placing of a given sequence h would be hy ; than, of course,

h, and T show 100 /. agreement. Someone else, however, might have reasons
to helieve that h should be dated 2 months later (hz) and a third person
might even date h © months later (h3)' Fig.60 shows that also h, and

h3 result in 100 /. agreement in spite of the irregularity of both T and
h . Hence, even a considerablp better degree of agreement than shown by
chronology II (100 / instead 6f 75 /) would not be a sufficient proof for

the correct chronology of a sub-sequence h.388)

388) .The inconclusiveness of this method has been pointed out

in Neugebauer (0.) [6] col. 919 f. From the Otto Neugebauer papers
Courtesy of The Shelby White and Leon Levy Archives Center
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The actual situation in the arguments used by Schoch is still
vorse. The number of contracts from tke First Dynasty of Babylon which de-

ter~ins a month as having been 30 days long amounts to only 2 out of a

runér2d This means that in the scale of fig.60 (which contains 42 points),
only one point of h would be recorded. It is self-evident that an agree-
mentof a8 single black point among 50 proves nothing because in the average,
every saecond place produces an agreement. Schoch's idea is therefore doomed
to failure until sub-sequences h of a larger order of magnifude of density
ar2s available. Cnly if we had the dates of a very complete and extemnsive
archive at our disposal would this methog offer a chance for chronological
results. It is therzfore not surprising that chronology II could later be
proved tc be wrong i~ spite of the apparently good agrzement ﬁith the cal-

cnlated sequence of lunar months.

44, The "short" chronology. Summary.

The inconclusiveness of all the arguments proposed in favor of
each of the chronologies I to V could not have been better underlined than
by the fact that new historical evidence has made it necessary to lower the
date of the First Dynasty of Babylon by about 2 %+ centuries. From archives

excavated at Mari, a site on the middle Euphrates, it became elearBag) that

389) Thureau-Dangin [3].

Harmurabi must have been a contemporary of the Assyrian king Shamshi-Adad
1.390) By this fact the chronology of the First Babylonian Dynasty came

e e = C——_

390) For a short report about the essential historical argumen

ef. Neugebauer (0.) [7].
From_the Otto Neugebauer papers
Courtesy of The Shelby White and Leon Levy Archives Center

in direct contact with Assyrian chronology, which does TRt/ 8daiAd\Geredms Y
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stretching. Hence, the First Babylonian Dynasty must be placed in the period
from about 1900 tc 1600 and Ammizadnga consequently around 1650. In other
words, chronclogies I to V tried to identify the records of Venus phenomena
with the Venus appearance of totally wrong periods, exactly in the same
sense that Schiaparelli was mislead by false historical assumptions 30 year
before. We are, therefore, facing for the third time the problem of deter-
minine the date of the Venus phenomena in a given century. An answer is
proposed by Smith and Sewell in "chronology VI®, which assnmes Ammizaduga 1 *
= -1624, We will now explain how this new solution cculd have been proposed.

This problem is connected with the more gzneral one of determin+
ing the periodicity of a group of Venus phenomena in their relationship to
& lunar calendar. We have already seen that five synodic periods are al-

most the same as 99 lunations, or, more precisely (cf. p.¥Pf equation (46)

8 yearé 2~ 5 p = -4 days modulo lunations .

Yultiplying this relation by 7 we obtain
35 p = -28 days mod. lun.

and, becaunse 28 days are almost & complete lunar month, we have approxi-

mately

(2a7) 35p = 0 mod.lun.

In other words, after 35 synodic periods, i.e., after about 56 years, the
Venus phenomena again fall approximately on the same date in a lunar ca-
lendar (of course only so far as the day number is concerned, the month
numbher depending upon the intercalations which had been inserted in the

meantime). This explains the time differences betwksnhPda £33V BE'¢o
Courtesy of The Shelby White and Leon Levy Archives Center

Institute for Advanced Study
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¥ (€. p.1%¥):

I <~ITI=56 1I - 111 = 64 = 56+8 III - IV = 48 = 56-8 IV -V =8

i.e., 56 or Félt 8 . Te now see that each chronology which gives a fairly
good agr2ement with ihe recorded dates also agrees not too badly with a
chronology 8 years earlier or later and a chromology 56 years earlier or
later. The 8-years' differences could be excluded if the system of recorded

5 " il ; i +
fatas war2 not in itself so inaccurats that emendations of datss by _ 4

¥]

days are at any rate.necessary. The 56-years' differénces, however, would
renuirz a still higher degree of r=2liability for the texts before we could
decide between solutions 56 years apart. On the other hand, these periods
ar2 not exact enough to be repeated more than once or twice. The situation
za~ therefore be represented by a scheme like fig.61: There must always be
zroups of solutioms which agree equally well (or equally badly) with the
recorded dates.

These periods of 8 and 56 years are not the only possible ones.
Exactly as we found series of succesive improved periodic repetitions in
the case of the mcvement of the moon, both in XK longitude and latitude,
also the comron periods of moocn and Venus can be better and better approxi-
mated. Disrazgarding fractions, we thus obtain the following common periods

of synodiec periods p and lunations m :

172 p = 100434
(482)
3401 m = 100434
to which we add
(48b) 275 trop.years = 100441

This shows that ater 275 ysars, not only are the dates in a lunar calendar
From the Otto Neugebauer papers

nnchangad but also the relatiGnumddhoTEsp8iedbyd/tikeastesonsciglonlyEsaltared

. : Institute for Advanced Study
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which depend upon the seasons are preserved. Consequently, sny system of
chronology which agrees with the texts for a certain date will also agree
with dates 27% years earlier or later. And, indeed, the time difference
hetwa2n chronologies II and VI amounts to 275 years.

Chronology VI is therefore simply the periodic repetition of
chronology 1I. There is, however, nd real reason for repeating only chro-
neclory II because, as we have seen, there is no real means.to establish a
clear superiority of this chronology over the whole group of chronologies
obtainable by adding t 56 t 8 years. Moreover, we have seen that the main
argumsnt for chronology II was the alledged best agresment between the
30 days' months as given by contracts and the calculated 30-days' months.
Let us suppose that this agreement actually existed (although the argument
is not conclusive in reality) and let us ask whether such an agresment
r=mains also unchanged by the addition of 275 years. To answer this questiox
we n=2ed only remark that the visibility of the new moom depends hot only

on the seasons and lunations (which are unchanged) but &lso on the moon's

1a‘itude.391) Hence we have simply to find a multiple of the lemngth of the

391) Cf. above p.%8%, '

nodical mounth n = 27.212 days which comes as closely as possible to the

length of the 100434 days of our period (48a). This is given by
3691 n = 100440 days

i.e., 6 days more than the Venus period. During 6 days, however, the moon's
latitude changes very considerably, e.g., almost completely from the node
to extremal letitude because 6 days are almost 1/4th of the nodical month.

The sequence T of numbers 29 and 30 will therefqﬁ%npﬁeﬁgﬁgk%ug%&iﬁgﬁ&%eggr

the periods of chronology IICandeWIQf Trevediord\hifcravhbebeleevbshtivat-aHte’
Institute for Advanced Study
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agreement of chronology II with the lunatioms speaks in faver of chronology
II, then one must at the same time consider it as unfavorable for chronolo-,

gy V1. If one, howsver, considers the lunations as absolutely undecisive

(and this is the conclusion to which we came above), then again no reason

o

xists for preferring chronology II above all other chronologies with a
idifference of *5618 years.

Te can now summarize our results. The Venus tablets alone are
certainly rot sufficient to establish the absolute chronology of the First
Bebylonian Tynasty. If, however, the century of Hammurabi or Ammizaduga can
be detz2rminad by other considerations, the Venus tablets can then be used
to rick out special dates which are the only possible dates and whose
distance amounts to 56 years (perhaps +8 years). The present situatiom is
therefore as follows. The Venus tablets alone are compatible with the fol-

392)

loxing dates

392) In order to avoid mistakes, it is explicitly stated that
‘he astronomical dating is restricted to the reign of Ammizadvga and that
the other dates ares obtaines by adding the usually accepted figures for the
dnration of the First Dynasty of Babylon end the reign of Hammurabi (ef.
formula (25) on p.%2?),

Ammizaduga 1 -1701
-1847
-1843
-1949
-1664

Bammurabi

First Bab.Dyn.

and perhaps dates which are greater or smaller b¥ & VEETHy DEtsS PREBESDs
these years, however, are astyUHbmYCAITY Ud1adEHS AW Hroyp '£8 VAT SEAIH -
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rical means. The two middle columns apparently contain the solutions which

are historically most likely.

§ 3. Horoscopes.

45, Character of the texts.

Horoscopes are ceratinly not classified as a very respectable
type of ancient literature; they definitely belong to the underpriviledged

class of "sub-literary" texts.sgs) Here is not the place to discuss the

393) Powell RHP p.34 ff.

rdle of astrology in the frame of ancient thought and science, although I
mnet confess that I have difficulties in distinguishing between the spiri-
tnal level and background of astrological writers and the works of church
fathers or ancient philosophical doctrines which contain many more basic
errors and légicel inconsistencies than the hypothesis of the direct in-
fluence of celespial phenomeﬁ; on the life on earth. For purely chronologi-
cal probtlems, however, the value of hofoscopes cannot be denied. A horoscom
establishes a relationship between planetary constellations and a certain
date, frequently expressed in regnal years or years of a certain era, thus
yielding us information of high great siénificance for chronology. It is
therefore necessary to discuss here briefly the character of these document
and the methods of evaluating them astronomically.

The chronological value of horoscopes is somewhat reduced by the
fact that the constellations recorded are in all probability not observed
constel’ations but ths result af calculations, whose accuracy is, of course
sntjsct to discussion. This is not only evident FibmithelipdirePavemnziEssa—

Courtesy of The Shelby White and Leon Levy Archives Center
tion that horoscopes were fregquently computed many yaarsukabe rdfergromnyup
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people but can also bs directly seen from the fact that invisible constella-
8
tions are mentioned, e.g., planetary positions during daytime or conjunction

with the sun. Additional difficulties occur from the use of unknown points
of departure for measuring longitndes (e.g., of precession combined with
the assumption of the vernal point inside the sign arie5394)) or the use of

395)

different calendars, as, e.g., Egyptian or Alexandriam counting of months.

394) Cf. above p.lPil,
395) Cf. above p.ftfl,

No rules can bz given to overcome such difficulties in all cases. The only
soln*ion is the careful discussion of all possibilities in each individual
cas2 based on experience with the slready known material.

It is usnally considered "well known" that the idea of casting
noroscopes originated in Babylonia. Actually, the problem is by ne means so
simple. All the older Babylonian emens referring to celestial phenomena
have an impersonal character of the same type as we have seen in the Venus
tar’ets: some astronomical facts are considered as revealing certain in-
formation as to the future of the éodntry or its kimg but we never find
enything like a horoscope in periods before the fourth century B.C. And

even during Seleucid times, the total number of horoscopes preserved in

cuneiform literature is only three, the oldest text being a horoscope both

for conception and birth dated im -257 III 17 amnd XII 20.396) This

396) This and another horoscope are discussed by Kugler SSB 1II
p.58-762. The third horoscope is published in Thompson (B.C.) [1] p.34
(AB 251) and pl.2.

can, of course, be purely accidental, but we havéOBd98rd NAWIRRAYST BFOYSre 1yl
Courtesy of The Shelby White and Leon Levy Archives Center
astronomical texts from the seme XXM period which shpmiime traeeanfehsregco—
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pic interest and are simply devoted to the systematic calculation of cele-
stial thenomena (lunar calendar, eclipses and planetary phenomensa).
In the first century B.C., the interest in astrology becomes very

evident in Syria; monuments and coins reveal this clearly.397) It is, how-

397) E.g., the famous tomb-relief of Antiochus I of Commaggene
(fr-equently discussed and reproduced e.g. Cumont [1] p.148). A lion is there
ropresanted, surrounded by stars indicating that Antiochus was born when
Jupiter, Mars and Mercury were in Lec (-96).

aver, not befors the first years of our era that Greek horoscopes are pre-—
served, and all these were found in Egypt with the only exception of a few

horoscopes written on walls of houses in Dura—Europos,BgB) the famous out—;

o R :
398) DuraW&I p.161 £f. and pl.51)J&V p.105 ff end p.115 ff.,RT-
VI p.246 £,

rost of Hellenism on the upper Ruphrates. The total number of these horos-
copes in the Greek language amounts to 54, almost uniformly distributed over
‘he firs' five centuries A.D. In addition to these, we have 8 horoscopes
written in Egyptian, all of which are from the first century A.D., twa on
the ceiling of a tombégg) one on a coffin 1id and 5 Demotic ostraca.400)
The Gresk horoscopes are all written en papyrus, except for the few wall-
401)

ecrafitti and one ostracon. Not a single horoscope in latin is preserved

399) Petrie, Athribis p.12 f., p.23 f. and plates 36-38.
407) FNeugshauer (0.) [8].

401) Wilcken, Ostraca II p.422 No.1602.

When we consider thess facts and think how HORLEESpbs NaH e HEF PPEER
Courtesy of The Shelby White and Leon Levy Archives Center

L
cast<}/Egypt and Rome, we get a goed impression of whaditgcvenishkinegdSiomall

fraction has actﬁally besn preserved. FrinaEshi- N4 S



192

In spite of their comparatively small nvmber, the horescopes

furnish us much valuable chronological information. The natural tendency to

nse eras in astronomical calculations has preserved for us, =.g., early exam-—

402)

nles of the use of the era Diocletianus.

i
Problems of local eras were :

clarified by horoscopes ar Dura; 403) they were also valusable archaeologically

because of the dating of the houses on the walls of which these horoscopes

404)

wer2 written. Questions of Roman chronology in the difficult later

402) E.g. P.Soc.Itsl.VII p.53 No.765 dated era Diocletianus 31.
203) Dur“JEv p.108 ff.
402) Durgw&I p 164.

|
|
The same holdﬁ

reriod have been solved by the same source of information.4o5)

40%) B.g: P.0x. XIT p.251 £,

for problems of the use of the different forms of calendar employed in De-
motic documents. One can therefore say that the study of horoscopes has amply
rervayed the modest amount of work invested.

The general pattern of the known horoscopes exhibits little wa-
riation. Th2 most cormon type gives the date of the birth (year, month and
day, frequently also the hour) and indicates simply the zodiacal signs in
wvhich ‘he sun and the five plancts were at the given time. The position of
the meoon is f equently more accurately indicated; the higher exactitude in
this case is necessary because of the moon's rapid movement (between 11° and
12% per day). Some horcscopes, however, give the positions of all bodies with

406) obviously the re-
From the Otto Neugebauer papers
406) This seems 96’“‘6t§3%8’}>£%i§5?ﬂpy1§4¥9't%&§% LR LRYY éé%‘i%%cg}?ﬁp

In |LneforAdva ced
of horoscopes, 2.g-., P Lond. No.93,110,130 (= Kenyon GP i ﬁnc NJ USA

very high accuracy, even to fractiomns of degrees
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salt of calculation. These more elaborate horoscopes also contain introductory

remarks and astrological comments to the different signs, but the explicit
i

resnlt as to the final conclusion is never given. The astrologers apparently

avoided the formglation of their conclusioms in writing; moreover, if the

T N et Y T

constellations ars known, all conclisions could he gathered from the astrole-—

gical handbocks and treatises which have come down to us in great number and

variety.do7) It is difficult to understand why some papyri contain collec-

tions of several horoscopes with no apparent interrelation, sesvemn duplicates

4 _
with small variants. 08) Here a more detailed study is obviounsly necessary

407) Cf. e.g. Vettius Valens o the texts cdlleeted in the CGAG%
408) E.g. P.Soc.Ital. I p.48 ff.

which, among other things, should attempt to discover the astronomical method

ard rnl=s according to which the constellations were calculated. This latter
oin* might be of considerable chronological interest because in order to

determine more precisely the reliability of horoscopic date, we must know the

ac'uracy of the ancient tables which were used.

46, Arproximate calculation of planetary positioms.

It has already been mentioned that horoscopes usually contain only
planetary pcositions of verykestricted aceuracy. It is therefore meaningsless
tec investigate horoscopic dates by calculating with high accuracy. For such
purposes, it is fully sufficient to gnarantee the calculated position with an
accuracy of abont 1% in longitude and to disregard latitudes completely. The
same kind of approximative determination of planetary positions will also be
ngefnl for checking ancient observations in most cases because the accuracy

of eancient instruments or tables will hardly have ﬁ%ﬁ?ﬁﬁﬂoﬁbkéﬁﬁgga&ﬁ§£%%%

With these simplifPedt¢ivas)theckaléuiatithce? planstamr GVHRE -
?/ Institute for Advanced Study
tudes for a given date become/very easy affair. Tables have beerceomputed by
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F.V.Neugebauerdog) which, by a few additions, make it possible to find pla-
b 2

410)

netary positions with an accuracy of + 1° for the period between -2500

409) FKeugebauer (P.V.) GT.

410) The longitude of the sun (which must be known before the
Jongitude of the planet can be determined) is given with an accuraey of 0.5,

an® +1092, These tables are reproduced in the appendix of the present bock in
a slightly modified form, in the sense that -1000 and +499 are adopted as

time limits.

Before giving the simple rules according to which prlanetary po-
eitions should be calculated from these tables, I wish to explain their basiec

principle, although these calculations can be carried ont mechanically without
*he slightest understanding. Let us suppose that we know exactly the shape of
the orbits of the earth and the relevant planet around the sun (fig.62). Let
us further assume that also the "age"™ a of the palnet is known, i.e., t

number of days elapsed since the last preceding (superior) conjunction, to-
gether with the place of this conjunction. Then obviously the place [I of the
vlan2t is determined; but by the given date for which we wish to calculate
the geocentric longitude of the planest, the place E of the earth is also
¢et2rmin24. Therefors the angle & = SETN is given; but &« is nothing but
the 2longation 0 the planet from the snn or & = A- ©, where A\ denotes the
loneitude of the planet, @ the longitude of the sun. Ts need therefore only
2dd & *o the longitude of the sun in order to obtain the longitude of the
planet.

Hom this idea works out in detail can best be explained by cal-

eulatine an example. Suppose we wish to check the positioms of the planets
a1{yom the Otto Neugebauer papers
as indicated in a horosecore dﬂt@@urte‘s‘kﬂﬁf TheIShelBy White and Leon Levy Archives Center

]TTmele IUI 7'\UVdI ILBU OLUUY

411) ThlS is the tklrd Babylonian horoscope ment&mug@ngmgvggg 3




© X o B

¢ teginning of X Q IS
5 A é < [not indicated]
4 - ¢  beginning of I

I+ is convenient to arrange all calculation according to & clesr
schema in order to avoid errors and to save time and labor. Such & scheme is
siven on p.*'"?, which we are to consider as being gradmally filled as the
caienlation progresses.

The first step consists ia determining the position of the sun.

Calceulate by using plate T38:

intar:olate between -200 III 1 337.8

: -141 @ = 338.2
and -100 III 1  338.5 ?

split =141 into =200+ 59 and find for 59
O = -'Oo}

2

Then the longitude of the sun is
. o
©=0 +0,=17338
2)

A
and hence 1 its distance from the earth

R = 512.

Rotk R an? @ must b2 entered at their places in the scheme for all planet:

2412) It is sufficient to use © = 340 gand year O instead of
@@= 338 and ysar -141 because decimal fractions can be disregarded in R.

Th= next step comsists in calculating the age a of the planet
(we nss Mercury as an example) and, at the same, time, the distance m from

'h2 preeading perihelivrm P (ef.62). Calcnlate byromithe Qileteudddbuer papers
Courtesy of The Shelby White and Leon Levy Archives Center
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-200 8y = 6a.ad m = 17.9d

59 8y = 111.7 m, = 84.5

IIT 1 a; = 60.0% my = 60.0

added 236.1 162.4

redvee mod.pariod - 115.9 413) - 88.0
a' = 120.2 m = 74.4

413) Here only p instead of 2p is substracted because this
wonld lead to negeative values of a in the following step.

The value a' is obtained by assuming uniform movement. There-
fore, a correction mast be added which depends on the deviation of the orbit
from the circular form, i.e., on the value of m . At the same time, the
value r of thz planets heliocentric distance gan b2 nocted down. We obtain

from pl.*®? ard “%f

m= 74,4:

-7.0 r = 62

84
0 III 1: ac = =0.6

#

hence a=a'+a,+ ag = 112.6
and R .= = 450 .

414)

Frnowing the age a and the heliocentric distances R and r pl. ftl

414) Actually neither R nor r eare the heliocentric distances
indicat2d by these letters in fig.62 but the logarithme of these magnitudes
(minns 2 constant number). Therefore R - r represents not the diffsrence
betwesn thes heliocentric distances but their pgagzgaﬂtn - which is the only

magnitude needed to determine the shape of the triangle EST .
L . From the Otto Neugebauer papers.___
Courtesy of The Shelby White and Leon Levy Archives Center
gives by interpolation Institute for Advanced Study
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A-o = 357.2
and because of e = 337.5
A = 695 = 335 mod. 360

i.e. in the zodiac N 5 . Mercury was therefore only 3° before exterior
conjunction.

The calculation of the longitudes of the other planets follows
axactly the same scheme with the only exception of Jupiter and Saturn where
‘the pr=liminary valve a' contains an additional small correction a, liste
on pl.*"*, This shows that all plana2tary positioms listed in the horoscope
agr22 with our calculations.

The determination of the position of the moon follows the same
method if we are satisfied with an accuracy permitting (in umfortunate cases)
an error of as high as +2°, This accuracy is certainly sufficient for horos-
copes There no precise moment is given because the moon anyhow moves about
0.5% per honr; moreover, ancient lunar calculation scarcely reached a higher
accnracy. For horoscopic calculations, therefore, tahles like pl.fif ff. are

415)

fully sufficient. The scheme of the calculation is as follows:

415) These tahles are composed from Neugebauer (P.V.) TAChr.II
wi*h slight modifications. For higher accuracy, however, the original tables
rust be used (TAChr.II p.68 ff. and p.XXIV ff.).

-200 a, = 96.0° m, = 250°
59 8, = 258.2 m, = 18
1 = - = 4
. I1I e, 70.6 my 6

5% (Babyl.) a, = -5.4 my, = =6

__ a, = 1.4 E, = J

sum 420.8 m = 331
reduce mod.360° -360 From the Otto Neugebauer papers
Couresy-ofThe Shelby White and Leon Levy Archives Center
a, = 60.8 _ Institute for Advanced Study
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g 2 J 4 R J[ < J
a m a m a ™ a m a m a m
- 200 64. 4 17.9 | 363.2| 25| 4l4.9 | ees| ¥8.3| 262| wo4 |25 I 16.0 | 280 || = 200
54 (el 7 4.5 | 527.9| 202| 470.7 252 9.2 | 422) 3¢ | o 25%.2 g 59
)] 6o.0| 600 éo0| éo| 60.0| bo| go.0 6| soof 1 || 0.6 é4 || E 1
a, — - - - - — | =0.4)i— 0.8| —|| =s4| =-¢| st
2361 | léz. 4 150, 1 | 287 | 9656|597 | 1571 90| s¥7.0} 26 0 0 ’3357(,.,
med. p || =115, 9| ~88. 0|=5¥3.9 |~225|~T77. o 0 |-433]-378.1| o b4 sl a,
a’ 120.2 79.4| 367.2| 62| 1§57 |57 I1S7. 1] 287| ¢2od.§| 2¢ 420.8 | 331
a, -7.0 1.4 17. 8 3o ~ 79 - 360 wmod. 360°
a; ~0.6 ~3.2 4.3 . &2 st Bord 6o. 8 ‘H
a 112.6 365.4 z07. ¢ 1623 203 | -32 as
S7. 6 ’l A
R si2 §i2 S22 Sita
r &2 372 £70 1244
|R =~ 450 140 158 _ 732 <
A~Q || 3577 314 301 221 A s
o || 338 t.= X8| 338 - 338" 3334 %
618. 652 639 $59
wmed. 360°|[— 360 - 360 -3é0 ~ 360
Al 338 =x§ | 290 =32 279 =89| 11§ ==4 Se RV | A

From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
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Now ccmes the correction which is necessary because of the excentricity of the
orbit. With m = 5310 as distance from perigee, it follows from pl.f%! that

ag = -3.2 and there®ore

A = a'+35 = 57.6° = ¥ 28 .

According to the text, we should get the beginning of X , but this discre-- |
rancy disaprears when ®e assume the position of T 8° for the vernal-point,
which is the usual position within a large group of Babylonian astronomical
416) A

focrments; = 58 than corresponds to J 6. Hence all positions are

co~rect as given in the horoscope.

416) Cf. above p.t'0P®,

47. Dating of horoscopes.

Much more important than the checking of the positions given in

a horoscop=2 of known date is, of course, the problem of determining the date

of a horoscope by means oi the given positions. As a rule, the attsmpt to
solve such a problem must start with the most significant elements, namely,
the positions of Saturn and Jupiter. Since the sideréal period of Saturn as

ahon* 30 years, of Jupiter about 12 years,417) it is clear that these two

2417) Cf. above p.?98,

planets repeat their relative position woth respect to each other and with
respect to the zodiac only after a period of abeomnt 60 years. The sun, on the
contrary, passes through all the.zodiacal signs each year and practically the

same holds for the two inner planets Mercury amd Venus. If, therefore, the

nosi*ions of Saturn and Jupiter arz not given (or PRﬁnHﬁ?@ﬁS*&Q&eBEu&fﬁﬂﬁﬁ?‘
cope, thers will be many possiﬂ%&@f§&8fIB6§T§E¥\@ﬂgePQ&&?§$$§V$@E¥EQ%%8%Q§§

Insti or Advanced Stu
factorily; if, however, positions of Jupiter and Saturn are gfimmejorthéy WEAL
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immediat=ly eliminate all dates between solutions which are 60 years apart.
By historical or philélogical considerations, only one or two centuries are
asnally admissible and hence the number of EEENENNKEXEN possible years is
actnally very small if the two onter planets are placed correctly. Once the
v~ar is known, the ronth can be guessed from the sun's position. Calculation
c¥ the rosition of Venus or lMsreury with this aprroximate date easily shows
ho— many days approximately should be added or substracted in order to place
also these planets correctly. The moan. finally, gives the exact date beceuse
of its rapid movement.

The first stepr in this general program comsists therefore in
developing a simple method to find the right year for Saturn and Jupiter. We
do this in the following way. W= construct on graph paper a rectangle, 60
units long and 12 units high, representing 60 yeyrs and the 12 zodiacal signs
respectively. Then on two sheets of transparent paper we draw on the same
scals a diagram of the mean movement of Saturn and of Jupiter, i.e., straight
lines which cross the strip of 12 vnits width in 11.85 and 29.45 units of
418)

lengths, corresponding to the sidereal period of Saturn and Jupiter
(fig.63). Finally we use the table (given below on p..[0) containing the po-

sitions of Saturn and Jupiter in the zod130419) with 60 years interval; we

- ——

418) This accuracy can easily be reached on paper with milli-
meter sqnaring, if 1 em = 1 year and 1 zodiacal sign.

419) The zodiacal signs are here, of course, only abbreviations
for longitudes measured from the truw vernal point. The historical bonndaries
of the signs must be investigated in each case.

consider the left hand side of our rectangle e.g. as the zodiasc at -600 and

place th2 Baturn-diagram so that it intersects this line a
®From the 6ttc;5Ne3u’geBauer P pie%e X

—diagram at © 17, then ws have Grhstcapvémbatdecy Whisentdweoplens Lecivephenel 1y
Institute for Advanced Study
Princeton, NJ USA
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represented for the 60 years from -600 to
—540.420) If we are given the positions of

.
1' - : o5 420) As a check of the accuracy one 1;]
< 2 can vse the fact that the lines of thes diasr |

,,T' grams should cross the righthand end of the
< g - rectangle at ® 16 and == 7 as required for
w =21
&4 -:',730 o b ‘{ll' _5d0.
o720l Al 4|3 0
=660l f 22\ L 27| 2 5 .
~ 4005 3|5 17[m 10 these two planets in a horoscope, we can now
_bf,'_"z " L e immediately see whether or not there exists
~¥%0| 5 2gf=2s ny I8 : ‘
—420|=12|X 20|@ 128 a year in this interval where both graphs
—36o|=24|r (3|0 3
~300|x 3l¥ €ln 25 cross in the same year the required signs
—d40()N 23|1 2f=¢s¢ - :
~1z0|r ¢|x ogl= 1 (o, rrl end X in fig.63). By repeating
—l20|r 2s|@ 27|18 7 this process for every 60 years, we can with-

= 60|¥ 1| 7|4 13

o|¥ 27\mp §|m 18 out calculation find all possibilities where

6O0|X 16]|= 2|23 "
120[0 2 |2y |uy s there is any chance that the two outer pla-
18018 20/m 1] (@ 2¢ nets are in the sign indicated by the ho-
“240({8 7im 24|57
Joo|d 2204 18ty 4 roscope.
360 o gdz 7t
*‘E ] Here again, the btest way to illu-
P
) strate this method consists in working out

a concrate problem. e want to determine the date of a papyrus fragment

putlished in "Papyrus Fouad I™ as No.6. The first lines, which, according to
the nsual scheme, contained the name of the client and the date of his birth,
are destroyed. Only the name of th2s month and the hour is preserved: FPhar-
monthi (/] Bh at night. Pharmouthi is the eighth Egyptian month, but it

rarains to be determined whether it is to be @nderstood in the Egyptisn or in

‘he Alexandrian calendar.AZT) The rsmaining part is completely preserved and |
Erom the Otta Neugebauer papers |
421) Cf. above p.®eyrtesy of The Shelby White and Leon Levy Archives Center
S _ Institute for Advanced Study
Princeton, NJ USA
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gives thz foll'owing constellation

Saturn is horoscopos in Virgin
Sun and Jupiter in Fishes
Mars in Aries

Venus in Aquarius

Moon In Leo

¥ercury in Fishes .

Palasograrhical arguments place the text in the late first or early second

422)

century A.D., most likely the latter. We shall see that this date is

422) P.Fouad I p.13.

fully confirmed by our results, which are, of course, obtainsd without taking
advantage of this palaeographical information. The application of the above
-described graphical meﬁﬁod shows first of all that for centuries before

120 A.D. Jupiter did not enter the Fishes while Saturn was in the Virgin.

Th= first possibility occurs around the bteginnimg of the year 125 A.D. (cf.
£ig.f2), the naxt is 183/4 and then several later possibilities with about
60 y=ars' difference. Although the actual movement of Mars is oﬁly very ap-
proximately represented by the average movement, the éraph is sufficient to
eliminate these later possibilities, thus leaving only the first mentioned

cese for closer investigation.425)

423) In order to avoid all possible errors, the position of
Mars has also been calculated for 184 III 11 , showing that Mars was then
in Iibra, i.e., roughly opposite to its required position.

The next bit of information is given|q5nﬁgg(yﬂgmggégbéygrgggegpn
in Fishes and of the moon in ngurtis.yeoj ,T hoen%thWIgge- Ile\g hlvg é%ﬁd

ns itute for A vance
contains tabtlzs of New-moon dates during our period showing FhEciose Mdobid'
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424) "Ginzel does not contain tables of full-moens for this

were 125 II 21 and III 22 , to which we must add about 12 days in order
to obtain the proper relative position of XEE sun and moon. Calculation of
the longitude of the sun for 125 III 5 giees )( 14; dates one month later
or earlier are now ruled out because the sun would be far from the Fishes.
Calculating the longitude of the moon for 125 III 5 , one obtains & 18 in
agrz2amsnt with tlie text - but one day earlier or later would also be pos-
sible. Finally, Venus is found in Fishes 16, Mercury in Aquarius 29 — po-
sitions which are reversed in the horoscope. This can hardly be due to any-

a
fing els=2 bnt the inaccuracy of the ancient calculation or an error.‘25) The

42%) Aquarius 29 could, of course, actually be already in Fishes
bn* Fishes 16 remains contradictory to the given position of Venus.

Julian date III 5 corresponds to the eighth month only if we use the Egyp-
t+ian and not th2 Alexandrian calendar. Our final result is therefore +125
VIII(e) 16X1 = TIII(j) 5t1 as the date of birth: the palaecographical ar-
gnrents, mentioned above, seem to indicate that the horoscope was actually
written not much later.

This example shows the typical procedure which leads to a result
with very little calculation. It might be added that in cases where regnal
¥ears are involved, it is wise to consider not only the given regnal year but
also th2 preceding and following number because of possible differences in lo
cal eras of an imperfectly known epoch. The hour of birth, which is frequentl;
given, is usually valueless for the dating (cf. our example) because it would
at any rate only affsct the position of the moon wWHPBhIRdA!GHCHICRALRIRAPES,

Courtesy of The Shelby White and Leon Levy Archives Center
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accurately in order to determine the hour. For the ancient astrologer the
honr was of course the most important element because it determined the rising

sizn, tke "horoscopos"®.

§ 4, The week and related problems.

48, The planstary week.

Although the week will only rarely occur in connection with pro-
F'ams of a’sclute chronology, at least a short discussion of this concept is
ne=zdsd bacanse it plays a great rdle in late antiquity end medieval times.
In principle, we could have dealt with this subject in the first chapter but
"wesk", in the sense that we use it here, ﬁeans the "pisnetary"” week and
therefors bzsars a direct relationship to the problems of the present chapter.

The plan=ztary character of the week is obviéﬁs from the names of
th2 days, althoursh in English and other Gsrmanic languages only after partial

ratranslating into Zo9man week-names:

Saturday 'H

Sunday [0}
Monday C

(29) Tuesday d7 Ital. Martedi
Wednesday @ Mercoledi
Thursday b Giovedi
Friday Q Venerdi

That Snn and Moon ar» hars considered as "planets™ may be accepted for the

moment, although we shall have to return to this point. Much more distressi
From the Otto Neugebauer papers

at “irst hand is the principle Cofirssyshges&hbloyilbie spaninglyvhdschcesedater
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+ion to the astronormiecal order which would be
) K ¥ & © ¢ 8§ «

i* w> arrange the planets according to their distance from the earth. There
, hovever, a direct bridge from (50) to (49) which comsists in the fcllowin
astrological construction. Let us assume that each hour of the day is ruled
{or dominantly influence2d) by a planet, and let us start with the first hour
of Satnrday ruled by 'ﬁ . Now we proceed from hour to hour by following (50),
and, beginning after the 7-th hour (ruled by the moon), again with Saturn and
s0 on. Becausz 24 = 3 mod.7, the result of going through 24 hours must be
that ths first hour of the next day is ruled by the plamet which in (50) is
threa places farther =dvanced than the day before (ef. fig. 65). The order of
the subseguent first heurs thus obtained is precissly the order (49). The
nam=s of the weekdays are therefore the names of the rulers of their first
hours beginning with Saturn on Saturday.

It is highly probable that this explanation, already given in
426)

antiquity, represents the real history of the coordination between

426) Dio Cassims (3rd cent.A.D.) XXXVII 18. The text is given
e Colﬁ%n, W=ek, p.123 £. and translated on p.243 f. The same principle is

applied by Vettius Valens (I,10 ed.Kroll p.26), an astrological author writi
abtout *F0 A.D.

vlanets and week-days. It presupposes zhe combination of two different ele-

ments: the existence of a cycle of seven days and its astrological interpre-
tation. A short discussion of both components is therefore necessary.

Ysneral agreement seems to be reached in assuming that the eycle
of saven days is based on the Jew;sh Sabtath, czlebrated at least since the

4
eighth century B.C. 27) Much divergency of opinion, however, exists atout

From the Otto Neugebaﬂgrj papers

4 5 . :
27) Colsan, WEmk@oﬁr'téély of The Shelby White and Leon Levy Archives Center
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the origin of this Jewish instituticon. The most favored theory seems to be

that the Cabbath originated from a full moan festival falling on the 14th of
the Babylonian lunar calendar. It seems to me, howsver, that this theory feails
to explain the most characteristic and most essential pecnBarity of the Jewish
Sabbath, nam:ly, its regular repetition after 7 days. No lunar festival ean
ever have a pa3riod of 28 days whiéch would show a difference of 3 days with
respect to the lunar calendar after only two months, and nobody using a lunar
calendar could have come to the assumption that the lunar phases are 7 days
apart. As to the alledged relation to “abylonia, it is true that there are
t=xts which lay emphasis on the seventh day of the month both for festivals
or for hemerological purposes.'But here again the rsgularity of repetitions

428
is lacking becavs2 in th2 same context, e.g., also the 19th day is mentioned;

428) Cf,, 2.g., Landsberger KK p.108, p.119 f.

nor mms  wea forget that these days are dates in a lunar calender and therefo
never rapeated after four 7-day weeks but only after 29 or 30 days. The only
conclusion I am able to come to is therefore that the explanation of the
Jemwish Satbath can only be expected from Jewish religioms sources independent
0¥ batylonian or other lunar calendars. There is certainly no trace of any-
thing like the Jewish week in Babylonia.

Much the same is the situation so far as the astrological part
of the week days is concerned. There can be no doubt that the astrological
interpretation of the Jewish cycle of 7 days is a very late affair, probably
not earlisr than the first century B.C. The details of this process, how-
aver, and the history of its spread all over the ancient world still lie in
429)

nmeh darkness. The first step very probably consisted in explaining the

429) It might be of 1nter??_ﬁ f‘c;1 Efgpé%%@ﬁtg%e%qeb@ijﬁgpgqﬁs
Courtesy of The S |te and L eon Levy Archives Center
s2ace of origin of the planetary week to mention the oyﬁgmﬁ&gbpg59;$§;j§&@§s

Princeton, NJ USA
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In apocalyptic writings attributod to Hystaspes, the doctrine is given that
each 1lanet (of seaven ') rules one millenium of the existing world. These &
=ritings can be date’ within narrow limits because from it follows the content
‘rat ‘hex ar= later than the conguest of Syria by Pompsy (-63) and, on the
o‘rer hand, w2 know that they were prohibited by Augustus under penalty of
death. This shows the origin and rapid spread of these ideas during the first
cert.B.C. from Syvria over the Roman empirz. Uf. Bidez-Cumont MH I p.217 ff.

strange habi: of the Jews in abstaining from work on a certain day by assuming
430)

that this day stood under the inflnence of Saturn, the most malevolent
of +he plansts. The initial step towards the plenstary week hence scems to be

*he explanation of the Sahtath as Saturn's-day, and therefore taboo.

430) Tacitus, Hist. V,4. Cf. also Colson, Week, p.16 f.

The next step is usually assumed to be a natural consequence of
the first, namely, cocrdinating the remaining six days with the remaining six

tlanets. This explanation, however, meets with very serious difficulties. The

h

: azq :
irst, as we hava, seen, “ ) is the arrangement of the planets based on their

.,é}llu Above p.PEE,

p— - — - . e e e b e s e i e i b AN e e are. R i

rmlz>stip ovar the hours, not over the days. Secondly, the original number of
‘h2 "rlansts" iz five and not seven. This is evident from Pabylon, Egypt end
Greek as well. There is only vefy little evidence from Babylonian sources
that sun and moon were conceived as constituting a heéi%ad together with the

s a .
five plancts. 32) Sun and moon play such an important role in Egyptian re-

432) Cf. Boll [1]. Only one text from Ashurbanipal's library
calls moon, sun and the plansts "the seven planets™ (CT 26, 45, 21) but there
is no trace of this use in the astrbnomical texts.

From the Otto Neugebauer papers
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on ‘re same lavel with the ohscurc planets; the Graek astronomer3435) almost

R ——— —— e — e e g e — LN Rt LR e I TP Vet f—————

433) E.g., Ptolemy passim in the Almagest (less outspoken in
the Tstrabiblos). 1

consistently speak atout the "five stars"™ when referring to the "planets”, a

word which refars to irregular wandering and therefore certainly does not

originally include the sun and moon. On the contrary, it sesems to me that the
ecnivalence of sun, moon and planets in their rulership over the seven days
of th2 week contributed essentially to the concept of the "seven planets".

I think on2 must frankly admit that the exact circumstances which 1led to the
construction of the planetary wsek ars unknown. Only the general background
can be dssceribed with fair certainty: the increasing interest in astrology
and magical arts combined with the spread of Judaism must have lead to an
astrolozical - number - mystical interﬁratation of the Jewish sabtath. The
idea of a dcmination of each of the 24 hours might have been an Egvptian con-
tritution because in Egypt there already existed the concept of 12 deities

ruling over the hours of the day and 12 others over the hours of the night.4}ﬂ

434) (Cf. above p. I4.

Equally unknown in detail is the history of the obviously rapid
spread of this naw institution. Hars again we see only the outlines of the
rrocess. The main point is the fact that the planetary week must have been

astatlished as a pagan institution, as is evident from the appearance of pagan

435)

ot
(i

ities in the names of the days of the week in northern Europe (e.ge,

43%) Cf. Colson, Wieek, § 7. This is also shown by the use of
the planetary week by Pagan Vettius Valems, quoted above p. note 2424,

From the Otto Neugeba_ugr papers

Thorsday, Fricay). It is only aCeHUenAgiry asvebyisietaihheotheV uaiibkssatiatn
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i7 of *he Tord ("doménica"™). The official acknowledgement of the holiness of

sndsy is as lat: as the fourth century, when Constantine in 321 decreed that

—— > . 4
11 work should csase on the "venerabili die solis™. 36)

-

£26) Cod. Just. III, 12, 2 (ed. Krueger p.127).

49, The calculation of week days.

A i
The "Julian days”™ 37) are constructed in such a way that it i

237) Cf. above p.%?°.

is aespecially simple to deatermine the week day of any given date becauss Ju-

lian day O is a Monday. One therefor=s only need reduce the Julian day number
modulo 7 in order to know the week day, calling the remainder O Monday, 1 ;
|

38)

a
Tnesfay, 2 Wednesday s=te.

The "Domincal Letters" consist in nothing but rerlacing

438)
., f by letters A, B, ..., G and complicating the

th» roemainders 0, 1,
c2lenlation by additional rules (ef., e.g., Ginzel III p.125 ff.).

Examrle: Determine the w2ek day of -29 I(a) 1 . We find in

Sehram p.109:
-117 + 88 Thoth O Julian day: 1710706
Thoth 1 n= 1710707 .

y2ar:

hence

Koo
n =5 mod.?7

have the result that the first of Thoth, Alexandrian calen-

a Saturday. The equivalent in the Ju#&ﬁﬁﬂﬁ?éﬁ&@&%@%ﬁau&%ﬁ%

30 , as fo'lows from Schram p.33 ngrtﬁs.” 957'I:he Shelby White and Le_on Levy Archives Cente
Institute for Advanced Stud

Princeton, NJ US
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Our result
-29 1I(a) 1= 29 VIII(j) 30 Saturday o
hes an interesting relation tgg passage in Vettius Valens. This anthor gives
a rule how to comgute the week day in the Augustan era and explains his rule
ty dst:rmining the week-day of Hadriam 4 VI(a) 13. He says that Hadrien 4
= Augnstus 1d8.dd0) WagusbaaAVi~20Y2W. Because 365 = 1 mod.7, each or-

#inarv year corresponds to 1 day mors in the week. To 148 days we must add

4
36 hacause 148 Julian years contain 36 leap years.4'1) Finally, VI(a) 13

439) Vettius Valens 1,10 ed. Kroll p.26.
420) Hence lwoerrema Augustus 1 = -29/28.

441) The 148th year was not yet completed, hence 36 and not 37
l22p yezrs ' Leap years are all years of the Augustan era which are = 0
a

(mod, 2). /&f our era) fhexleap days fall in the years -29, -25, ..., -1, 43,
etc.f, i.e., years = -1 (mod.4) (cf. Wilcken, Ostraca I p.789).

corrssponds to the 530 + 13 = 163rd day of the yeer. Hence we have a2 total
of '48 + 36 + 163 = 347 days, which is = 4 mo@. 7. Now we are told that the
first day of the Augustan era was a Sunday and therefore the 347th and the
“th day will be Wednesday. This is the answer to the problem given by Vettius
Valens.

We are here only interested in the statement that the Avgustan
era begzan with a Sunday - which would correspond, according to our above
celecvlation, to -29 VIII(j) 31. There exists, indeed, some controversy
as to whether VIII 31 or VIII 30 was considered as the epoch of the
Augusten era, and the statement of Vettius Valens seems to give the decision

442)

in favor of VIII 31 Here, however, it is disregarded that Vettius

442) This is the point of view of Col5&H) INeEKO NEBEDaperDapRise—
over, Ginzel I p.2I4 ff, Courtesy of The Shelby White and Leon Levy Archives Eenter

Institute for Advanced Study
Princeton, NJ USA
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Val ns defines the week day according to the planet ruling the first hour of
the night - obvionsly a remnant from the “Yewish evening epoch, which is
of course also thz epoch for the Sabbath. What Vettius Valens does is there-
fcre simply that he begins the counting of the week days in the evening (cf.
fiz.66), at sunset, and therefere calls the first of the Alexandrian Thoth
of the first year of Aungustus a Sunday because the week-day which begins on
‘he I(a) 1 1is inieed a Sunday. Adopting, however, the present notation of
eprochs, we should say that
(51) Angustus 1 I(a) 1 = =29 VIII(j) 30 Saturday .

S5ecause this epoch &ctually was zccepted 1&ter443) than its formal date, the

443) Cf. Wilckens, Ostraca I p.789 and note 3 there.

actnal coincidence between the new "Alexandrian® (fixed) first of Thoth and

tha 0ld "Egyptian" (wandering) first of Thoth happenned only four years later.

Ther=fore we have

(52) Auvgustus 5 I(a) 1 = Augvstus 5 I(e) 1 -25 VIII(j) 30 Thursday .

Starting from (51) or (52), week days can easily be computed by using the rule
givan by Vettius Valens for the Alexandrian calendar and by omitting leap days

for the Egyptian calendar.

From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
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§ 5. Flanetary constellations.

50. Common conjunctions and ocecultations.

In the medisval and hellenistic world, fully convincsd of the sig-
ificance of astrological concepts, every unusual constellation of the planets:
.ttrected special attention. If records of such constellations escaped de-—
itruction, they may contain information of high chronological value. It is
hers“ore necessary to discuss here briefly a few cases of this type.

The most sxtrems constellation one can think of would be the
coincidence c¢f all plsnets at the same place of the zodiac or at least in the
same sien. Such a coincidence actually took place in 1186 A.D. when at IX 16
‘he five planets, sun and moon had an almost complete common conjunction in
Libra: all seven celestial bodies stoad in the interval from === 0 to ==15.
The idza that such a constellation indicated beginning and ond of the world

can be followad down to Platonic dialogues.445) The doctrine that the world |

444) It is no wonder that this constellation created much ex-
c¢i'emant., Cf. Horn-d'Arturo [1] p.194-202. (The conclusions of this article
~ith respect to the history of the zodiacal and planetary symbols can be 3
proved to be wrong because of earlier occursnce; cf. Neugebauer (0.) [8] p.llx

445) The literatare can be found, e.g., in Boll-Bezold-Gundel
SS p.91 ff. and p.200 ff.

will go up in flames when all ﬁlanets meet is usually assumed to be Babylo-

446)

nian. The only proof, however, seems to be a passage from Berossos, quoted

dd?)

by Seneca, according to which the future conflagration of the world will

446) Cf. about him above p.rFiE.

447) Beginning of our era. Semeca, NatiroQuiws®UINNpUB9haues papers
Ber, p.266 f Courtesy of The Shelby White and Ledn Levy Archives Center

Institute for Advanced Study
Princeton, NJ USA
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hapren when all planets meet in the sign of Cancer (the summer solstice bein;
the +*im> of greatest heat) corresponding to the past general deluge, caused
by the cowwon conjunction in the sign of Cepricornus (i.e. winter - solstice
I+ seems to me, however, by no means excluded that this doctrine is a produc
of Hellenistic speculation, since there are no corresponding theories known
fro~ cunsiform sources. Planetary periods are, of course, mentioned in Baby-
lonian texts but they are well-founded empirical periods (simple combination:
of sidersal periods) with the only exception of an alledged period of Venus

of 4/00C years where no astronomical background is visible.448)

748) EKugler SSB I p.48-50.

In the rich material of the astronomical reports of the seventh
century B.C. from Assyrian archives, numsrous observations of common conjunc:

tions are rreservad. One of these reports,449) written by Balasi, describes

449) Thompson, Rer. No.88, discussed by Schaumberger - Schott["

Mars appreaching Saturn but returning after having reached a distance of onl;
¢ fingers (= 20'). Because Mars was just then describing & loap, the dangeror
omen “if Mars gozs around Saturn" (both planets are very unlucky !) was almo:
realized. These circumstances are unique enough to permit exaet deting. The
result, =668 III(j) 14/15 , determines the time of Balasi and can be use:
to date other observations reported by him.450)

450) Schaumbergeg§chott [1].-

The observation of an occultatiom of Mars by the moon is report:

From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
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8 B A
by ‘%ivfotle.f‘1’ Its date was established by Kepler 52) as =356 V 4453)
a54)

"after very long investigations”. Such mutual occultation yield very

4%1) ' Aristotle, De co=lo 292 a, 9. It must, however, be re-
mark=d that an ancisnt scholion quotes Alexander of Aphrodisias (the famous
cov-entator o° Aristotle, ea. 200 A.D.) as saying that not Mars but Mercury
was oeccultad; cf. Arist. opera IV (Scholia ed. Brendis) p.497 b 13 f. —
Aricototles alas cobserved occultetions of stars in Gemini by Jupiter, but detail
narsssary for dating are lacking (Meteorol.I 343 b 30 f.).

A52) EKepler, Werke 3 p.408 f. (transl. by Baspar in Kepler,
Nee Astron. p.383) and again Werke 2 p.265.

4%3) Kepler erroneously writes in both places April instead of
¥av (the sun's position is given correctly as ¢ 10), as remarked by Schoch
PT p.¥XX rhere also the modern cealculation is given.

4%54) General statements abtout the possibility of mutual occul- .
tations of planets are given by Theon Smyrnaecus (2nd.cent.A.D.), ed. Biller !
7.192 f., ed. Martin p.310 ff., transl. Dupuis p.313. !

¥EX accurate chronological elements.for analogouvs reasons which make total
solar eclipses so valuable. Much less accuracy can be attributed to ancient
r=2rorts of planetary vositions with respect to fixed stars because instrumen-
tal errors ars involved.455) This does not hold, of ecourse, in cases of
direct occultations like the occultation of Spica by the moon observed in

Rome by Msnelsos (98 A.D. I M1 6h15).456)

A%5) A series of such observations for Mercury, Mars and Jupiter
batwsen =271 and -240 are quoted in the Almagest and discussed by Bdckh
(Sonnenkreise p.286 ff.) in connection with the era Diomysios. The Mars ob-
servation is also used by Kepler (Werke 3 p.409 = Neue Astram. p.383) because
*he irregularity of Mars'orbit was the main object of his investigation in

*he course of his attempt to determine the laws of planetary movements.
) From the Otto Neugebauer papers
456) Almagest VEbupeleds THeEDERS \Fnde Bed0cn ] cTha @odernefie-
cussion is given in Neugebamer (P.V.) AChr.I p.88 f. Institute for Advanced Study
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The method of determining the date of such oceultations ix, of |
course, does not differ essentially from methods used in dating horoscopes,

a* least so “ar as rzaching a first rough approximation is concerned. In the

final discussion, however, a higher accuracy is required which guaranties po-
sitions within 0.01°. At this point the tables discuss=d in the previous pa-
ragraph ar2 no longer sufficient and tables as given in P.V.Reugebauer's

TAChr. II must be used.457)

457) “f, the discussion of these problems in Neugebausr (P.V.)
AChr. I p.90 ff.

51. Secular acceleration.

In connection with solar eclipses, we discussed the problem of
determining the "secular acceleration" of the moon's movement, or rather of

the slow deciease in the rotational velocity of the earth.458) The relation-

4%8) Above p.*%%,

ship of this probiem with solar eclipses lies only in the precision of ele-
mants furnished by so sensitive & phenomenon as a total solar eclipse. Under
favoratle circumstances, an equal accuracy can also be obtained from occul-
tations. One of the most important observations was discovered by P.V.Reuge-
bayer and E.F. Weidner in a cuneiform tablet459) which states that in the
year Darius %, night of III(b) 2% in the morning, Venus entered the south-

ern horn of the moon.d60) The corresponding Julian date is 418 VI 19 be-

4%9) The text is not yet published in full (invantory Berlin: I

VAT £924). From the Otto Neugebauer papers

460) MNevgebauer ppwt%y Pfl'ljh%ﬁge[bz]/\_/hite and Lepn Levy Archives Center
_Institute for Advanced Study
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for- sunriss. The situation is best illustrated by fig.67. The sun must still
be below th2 eastern horizon in order to make Venus visible. The elongation
of the moon from the sun will be smaller the greater the assumed secular acce
1-ra*ion of the moon. Snrpose that fig.67 represents the configuration at the
moment of occultation as calculated according to the elements of Schoch. If
we now assume that the acceleration is slightly smaller, the moon would be at
‘he same momsnt at a greater distance from the sun and from Venus, or, in
othar words, the mcon would reach Venus at a later time than according to the
rra2vious calcvlation. The sun, however, would already be sbove the horizon if
the occunltation is too much delayed and it would thus be impossible to see
the horn of the moon's crescent reach Venus. This specific constellation at
the eastern horizon is therefore fitted to give a limit for the secular aces-
leration which must be reached in order to account for the observed facts.
Calenlation shows that this condition is fulfilled by Schoch's elements but

461)

not by the elements used in the lunar tables of Brown, based on a slight-

ly smaller amcunt of acceleration.462) Moreover, the displacement of the moo

461) FKeugsbawer (P.V.) [2].

462) Brown assumss 6.05" per century, Schoch 9.62" EEEAIXES
IXﬁEXXEKKEEEEEIi for the elongation. This gives as time of the occultation
Eh aceording to Prown, ah according to Schoch. Sunrise at 4h45 excludes
Srown's elaments.

in longitude has the consequence that the subsequent positions are also dis-
rnlaced and that therefore no occultation at all occurs under otherwise un-
changed conditions. Change in the geographical position of the observer, how
ever, can compensate this effect: thus the smaller aceceleration requires as
+he place of obsérvation localities outside Mesopotamia, ‘while Schoch's ele-

ments fit excellsntly for Babylon. The moon approached VeAdE WR¥IOYEHHAPaRa
Courtesy of The Shelby White and Leon Levy Archives Center

Institute for Advanced Study
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tecause Venns is almost at highest brilliancya6}) she will be seen as coin-

ciding with the horn of the moon, as indicated by the ancient report.

463) Cf. above p.21fW,

This example shows that the careful investigation of the rich
material of observations from Mesopotamia can be used for determining astro-
nemical constants for which the material of modern observations alone would

464)

not be sufficient.

464) It might be mentioned that another cuneiform tablet (Sp.I,
20% -~uotad in Kugler MF p.319) is alsc in best sgreement with Schoch's ele-
m=ants &and only with these elements. The text says that the moon was at SE 58
VIII(b) 6 begi-ring of the night 2 cubits (= 4%) behind & Capricorni. The
ernivalent date is -253 X(j) 30 . Because we ars dealing here with sunset,
we obtain now an upper limit for the secular acceleration. The combination of

both texts results in the interval from 7.5" to 10" per century.
—

§ 6. Bibliography of chapter III.

52. Astronomical.

By far the best tables for the calculation of planstary pheno-
mena are those in the second volume of P.V. Neugebauer TAChr. (1914) which
gnarantee an accuracy sufficisnt for all historical problems. For approximate
calculation, sufficient in most cases, the "Gen#herte Tafeln" of the same

a
anthor ars very convenient; 65) risings and settings of planets should be

celenlatasd according to P.V.Neugebauer's TAT and not according to the tables

iven by Schock in his "Oxford tables“,d66) except for Venus, becavse their
_ ) rom the Otto Nehgegauer papers
aceuracy is not sufficient toaveidy deTgeSertbgnehimacsrtaihcepdeashives Center

;l lbt;tUtU fUl IA‘\dV-d”DUd Study
46%) These tables are reproduced in slightly mddied
the end of thef,gook. it ¥ Form/at
“%6) I'rinted in far “on-R-S,
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A book which has nc direct relation whatsoever with chronological
prohlams bot which might be useful for a reader who wants to obtain more in-
formation abont the purely astronomical theory of the planetary movements is
Airy, Gravitation; here a very successfnul attempt is made to explain the basic

ideas of celestial dynamics by elementary means,

53. Historical.

The litsrature concerning the determination of Babylonian chrono-
logy bty means of the Verus observations has already been quoted in § 2 of
this charter. For the chronology of the previcus periods Jacobsen, The Sume-—.
rian Fing List is now fundamental, although his absolute numbers must be re-
Aneed by ahont 2%0 years according to the mew "short chronokogy™ for the
Hammrabi age.

Extansive material for the chronology of the latest periods of
Mescpotamian and Hellenistic history is scattered throughout the bocks of
Kngler SSB and "Zrginzungshefte™ and "Von Moses bis Paulus", the latter con-
taining especially much for Seleucid and Ptolemaic history.

No attempt will be made here to list the vast literature on Hel-
lenistic astrology. Suffice it to mention here the artiele "Zodiacus”" in Da-

467)

remb=rg -~ Saglio and Cumont's "L'Egypte des astrologues®™ for the genersal

467) Cumont [1].

background. Even problems of so special character as the origin of the week
have given birth to a large literature. By far the best discussion of the
existing souress and the results obtain2d is given in Colson, The Week (1926)

A surmary of the older literature is given in the article "Hebdomas"™ of the
From the Otto Neugebauer papers
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2E by Bo11768)

For the calculation of the week-days in Coptic and Fthiopie
documents, see Chaine ChrEE p.97 ff‘.469)

468) Boll [2].

469) Curiously enough, Wednesdey is here considersd to be the
first day.

For a survey of the general history of the astronomical theory
of the planstary movement, the boaok of Dreyer, "History of the planetary sy-

stems", can be consulted, to be suprplemented by Kugler SSB I for the Baby-
lcnian theory.

From the Otto Neugebauer papers
Courtesy of The Shelby White and Leon Levy Archives Center
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Chapter 1IV. Fixed Stars.

Ky E Koy’ nst’w\rns f]'n,w\-'ﬂ'lv qu:’ov‘d"t'

}x/-ns of-m-raj Liv 8 X, Zerl Kakby dr Tt
67”/-4 TeTukTAL
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I1iad XXII 29 pe. %)

*¥) The star to which they give
the epithet Orion's Dog. Although the
brightest, he is an evil sign, and he
brings much fever upon miserable mortals.

§ 1. Astronomical concepts.

54, Stellar coordinates.

e have already mentioned two syst=ms of spherical coordinates
which are used to determine the place of an object on the celestial sphere
as seen from the earth: the ecliptical system of geocentric longitude (A)

and latitude (p) and the eguatorial system of right ascension (a) and

declination (§) : in both systems, the vernal point (ef. fig.68) is the

point of dsparture in counting. The angles A , and § are cou_nted in de-
Fro the Ott bauer ers

grecs (A from O to 3 60, /l alzflouf{esy o?"f’h IUS?\R/%fte e?/?/ Eﬁ’uvgé‘

lnstltute for Advanced Study
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ars "sually expressed in hours from O tc 24. Obviously, one hour corresponds
‘o a anrcle of 1r degrees, or one degree to 4 minutes. The J"ﬁf cireles ‘k;ﬂyl
m ',6_ {MA [f& MS fo Fl 1&’) art ¢ A{ Ln—.r C.rrﬁa/!

r Today stellar coordlnatﬂs are usually given ig rectascension and
deciination, while ancient and medieval astronomers preferred ecliptic coor-
finates. It is therefore necessary to know how to transform coordinates of
a star given in one system into the ccordinates of the other.470) In the
following tables are mentioned which are prepared for the practical use of

historians.

470) The basic formulae can be derived from fig.68 by applying
ths formulae of spherical trigonometry tc the triangle SNP.

Transformation of a , d into A : /J . In almost all cases an
accoracy of 0.2° is more than sufficient; the tables in Neugebauer (P.V.)

TAChr.IITI can be used for this.471) A list of bright stars near the ecliptic

471) Flates 24 to 26 and corresponding rules of procedure on
p.¥XXI f£f. For higher acecuracy (0.01°) see Neugebauer (P.V.) AChr.I § 20.

ie civen in Schoch PT p.13(M), which shows directly the ecliptic coordinates.
Thic swall 1ist will in many practical cases be very useful because only the
stars near the ecliptic will appear in texts concerning the movement of the
m>.n or the planets. High accuracy will be required only in connection with
prohl=zms of actual occultations, while all other cases will at any event be
af“ected bg the inaccuracy of ancient measurements.
Transformation of X ,/5 into & , J . For the reason just

mentioned, only restriected valnes ofiﬁ can be expected to be of importance

in investigating ancient sources. Tables for latitudes not exceeding +10
From the Otto Neugebauer papers
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a
Kevgsraner (TAChr.II; fS not excseding fgo ).72)

472) Tables 92-117 and ».XVII f. For transformations valid for
all valuess of (3 (accuracy 0.03°) sce “eugebauer (P.V.) AChr.I § 20.

——— — - ———— = o = —_————— —_— - e —— et

The names of the most important fixed stars are given in P.V.
ssngebaner TAChr.I p.83 f. in alphabetical order; the corresponding coor-
dinates can b2 found in Tebles I and III. The first table also contains the
values for the proper motion of these stars per century. These changes are,
however, so minute that one can consider the relative configurations of the
fix24 stars as unchanged during historical periods.4?3) The influence of
precession,d7d) on the contrary, is of course very visible in the coordinates
of tha fixed stars and one must therefore not overlook the dates given in the

Aiffarent tables.

473) There ars only about 50 fixed stars whose displacement
amsants to about 1° during 4000 years.

474) Cf. above p.?91,

55. TFurther characterisation of fixed stars.

Following ancient custum, stars are usually not only characteris-
ed by their spherical coordinates but are also referred to certain "constel-
lations™. The ancient method is based on the knowledge of certain delinea-
tions and contours of pictures such that expressions like "on the left knee"
or "south of the shoulder" etc. give some meaning. This kind of description
can easily b2 converted into modern notation in a case like Ptolemy's star
catalogue where longitudes and latitudes are listed in addition to the names.
Fo- Egyrtian constellations, however, such additional ﬁgﬁgﬁgifion is missing,

From the eugebauer papers
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475)

o
(4]
r4
o

ore be identifies within narrow limits.

475) See below p.!l!

The modern notation goes back to Joh.Bayer's "Uranometria",476)
in which he listed atout 1600 stars and intraduced the Greek letters « ,/4 ’
ee.., 2tc. for the individual stars inside the singls configuration (e.g.
"Sirius" = & canis majoris). The limits of the constellations, however, are
s+ill mors or less arbitrary lines which leave the exact limits between the
constellations undetermined. Only since 1928 have precise definitions been !

sctab Iansa 1! %y divi?i:§ the celestial sphere into fields limited exelu-
hour eircdes

L
sively by ares of andycircles of constant declination, corrn/w/f»}

‘l[b ﬂ.‘ fyn-")'.n.. -,{& u&:,)_-/{ y.‘; 4 1875.0 .
7 ]

476) Augsburg 1603.

477) Cf. Transactions of the international astronomical union
vol. 4 (Cambridge 1933) p.19s e« Dx/’..,z% AC.

Also the concept of "stellar magnitudes” is of ancient origin.
¥hile Hip:iarchus sceems to have had no other distinction than "clear", "small"

and "obscure®, Ptolemy in his catatogue gave six different classes, nvumbered

from * These six classes survived in the six magnitudes of stars

478) Cccasionally subdivided by the remark "larger™ or "smaller'

(ef. Ftolemy, Almagest, transl. Manitius vol.II p.400). Also five nchbulae are
montiogned,

visitle withont the use of instruments until replaced by classification by

Mﬁ Le, dives abaoidd (),

/
mofern astrophysical methods. [he color ‘!( f""{ i "“'(/' e $780)

3.,[7/::.. G ol k lrrmmmns «d i o b, ]Cr womy aalndeped Lical
Trhe only Eova known to us from antiquity was observed by Hipper-
From the Otto Neugebauer papers
chns according to a brief remaghydys\Fdiime. Sr?gby White and Leon Levy Archives Center
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nenal v considered to he the Nove Scorpii of -133, following Herschel, Astr.
p.763 (= 4th ed. p.477) based on Biot [1] p.61, who used Chinese reports whichl
I am not able to chﬂnk.

FZ. Heliacal rising.

Cn several pravious occasions we have had the opportunity of re-
markinz that the so-cali2d "natural”™ concepts, introduced naively and supposed
to ba simple, are actually of a very complex nature and cause great difficul-‘
ties nntil thay are replaced by mors rational definitions. A very typical cass
of this kind is the rdle of the horizon in ancient astronomy. To the primi-
tive obgoerver the point of the horizon where a star rises or sets appears to
re a convaenisnt means: of characterisation. He is not aware that the use of
*h2 herizon introdoces two groups of disadvantages: the dependency on the
rapgraphical ccorfinates and loceal circomstances of the place of observation
and especial’y serious optical influences of the lowest layers of the atmo-
cshhere. These difficulties are clearly reflected in the chromological pro-
t'ams vith which we are occupied here. Modern astronomy, of course, avoids
cheervations near the horigon and is therefore not interested in collecting
an” tatula-ing systematically the empirical elements, variable from place to
rlace, which would be necessary to calculate accurately the phenomena connec-—
ted with ths rising and setting of different stars at different seasons and
under different climatic conditionms. It is, moreover, by no means obvious
that visibility conditions at sites like the ruins of Mesopotamian cities
are the same today as in ancient times. It might, e.g., be possible that the
advance of the desert into regions cultivated in ancient times has affected

the visibility of stars observed perhaps from the top temple towers now re-

duced to the height of a few layers of bricks. ca*?&%%ﬁé?ﬂﬂ)ﬂE&&&E&@$pQH&E
alaments cennot be compared 1ﬁx§55ﬁ¥ég§h§ﬁﬁm¥QQWQWffi*?L deR1YES S nea

stitute for Advanced Study
iy from reports on eclipsps. On the other hand, the changéribneistella#Sphe-
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nomena caused by precession or the variability of the inclination of the

ecli tic is so slow that only highly accurate obssrvations could result in
rrecise chronological results. Dates obtaimed by historical and archaeologi-
cal considerations will usually guarantee much narrower limits than so-called
astronomically obtained results from observations of fixed stars. This gene-
ral situation, lLowever, by no means makes it unnecessary to discuss here

some fundamental concepts of ancient stellar astronomy because only the know-
ledge of the acutal character of certain ancient astronomical documents makes
it nossible to avoid errors and to use these sources in an adaquate way.

The fixed stars can be classified, with respect to a given ho-
rizon, into thres groups: the always visible stars which never cross the
borizon, i.e., stars near the north pole (cf. fig.69), the stars which rise
and set and the never visible stars around the south pole. The discovery that
mor< stars become visible as one travelled in a southward direction was one

of the main arguments for the sphericity of the earth.480)

—— i PP e P e SRS

480) Cf., e.g., Almagest I,4. As pointed out correctly by Pto-
lemy, this only proves the curvature in a north-south direction. The east -
mest curvature is concluded from the difference of local time in the obser-
vation of ecliypses (cf. above p.f%0).

The visibility of a star, however, not only depends on its rela-
tion to ths horizon but also on its distance from the sun as well. In order
to explain the typical phenomena in a simple qualitative way, we consider a
star on the 2cliptic and disregard the inclination of the ecliptic, thus eli-
minating the influence of the varlabillty of the angle between ecliptic and

horizon. 481) We start our consideratlons with the moment of total invisibi-

481) ThlS is also il general scheﬂ@bﬁbwféawa“@ﬂggg?#ﬁE%ﬁ@?%no-
mical treatises tike »mtolycos rtesyﬁ,'% o % ﬁhajlby]yghlte %nd?l's%ﬁrﬁ ?c(\éy A N%egsg de

Hultsch p.49 ff.). Princeton, NJ USA
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1ity of the star, i.e., with the conjunction of the sun and the star. A few

Aavs later (ahbout 15 days, roughly), the sun will be so far from the star that}

tha sta- will be visiblas for the first time above the eastern horizon before
482)

sun ris=2. Exactly as in the case of the planets, this moment is ecalled

the "helical rising" of the star (cf. fig.70 a). “rom now on the star is vi-
gsible dnring the night for an increasingly longer time until the moment when

ite rising coincides with night-fall (®acromychal rising®'83) of. £12.70 B).

483) From Greek &povuxes "at night—fall". Jlis firm swew lo 4., honen,
:f -..“tmq. -n:rin ™ TL. &w(ﬂ ﬁ\mad’., r;. j‘ﬂ.‘,' -:.6‘::1‘; ;s wry h{ao/\a_ I O Af-n IZ.. ui-./& /-n&c;/'l/( f{s/‘
.‘“L'll‘v{‘. "{Cﬂ f' nn-ne | 'lt‘roh’c(..?' [ !unrtlh.

The further progress of ths sun will make it impossible to see the star rise
in the evening; ir the morning, however, the star will be already below the
wes 2rn horizon before the sun rises. But here comes a moment when the.setting
of the star is for the first time visible before sun-rise ("heliacal setting";
fig. 70 e¢), and the star will be seen setting earlier and earlier before
sun-rise during the following days because the distance between sun and star
from now on diminishes. Finally a stage is reached (fig. 70 d) where the star
ie only so close behind the sun that it is visible only when setting at night
~fall ("achronychal setting®). After that, s new period of invisibility
{about one month) begins and lasts until the next heliacal rising.

The preceding consiéderations dnly give a rough idea of the actual
facts. The complic‘tioné'involveﬁ are of exactly the same nature as we have
already discussed in connection with the visibility of the new lunar crescent
an? of the planets. The distance of the star from ths ecliptic plays a réle,
as docos the changing ipelination of the ecliptic duFimgtthettsdésorssuendatthe

Courtesy of The Shelby White and Leon Levy Archives Center
brizhtness of the star is, of course, also of importancqngﬂaéﬁgpgﬂ$amﬁéﬁgﬁdy

Princeton, NJ USA
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of ths depression of the sun below the horizon (called "arcus visionis") are

‘herefore necessary for different stars and also for different pkhenomena,
becanse it is evident that & smaller arcus visionis is necessary if sun and
star are on oppositzs parts of the horizon than if they are near one another.
For historical purposes the heliacal risings constitute the most
important phenomenon connscted with the fixed stars. Tables fdr some of the
brightest stars under conditions likely to be correct for Babylon are given

ARA
in Schoch PT col.XIV,%8%)

485)

for Athens in 430 B.C. and for Rome in 45 B.C. by

Hofmann, It follows from the preceding remarks that these tables cannot

484) (Corrections are given in Neugebauer (P.V.) [3] p.16 f.

485) THofmann [1)] p.22-25, r-ern'-.f'ef i~ BA [S'], 2427- 2430,

be used for other places. Tables for the heliacal rising of Sirius for the

horizon of Memphis are given in Neugebauer (P.V.) TAChr. col.377 ff. These
486)

tarles ars based on ﬂ = 90, a value obtained from modern observations.

1°f
Ancient observations, however, scem to show a higher value foriﬁ ; namely\!ﬂ‘,

487)

i.e., 2 later date of the cbservation for the heliacal rising each

486) Cf. Bordhardt [3] p.13. Details are given in Borchardt -
Nengebaver [1] .

487) This has been shown by Vogt [2] p.37 ff. from an investi-
gation of Ptolemy's "Phases" (opera II p.3-67).

degree of increase in.]@ corresponds roughly to one day's delay in the date
of heliacal rising. This is supprorted by the relativ high values for the

arcns visionis obtained from babylonian observations of Jupiter, resulting

488) 1t FEXXEWEXXFENXYREYEFEXNATHE

From the QOtto Neugebauer papers

Ltrtesy of The Shelby White and Leon Levy Archives Center

21 p.39. Institute for Advanced Study
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herz tco in a delay of one or two days.

Co
488) Cf. Vogt (H.)
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seems therefors preferable in chronological caleulations to use the more in-
acenrate valves assumed by the ancients than the modern values, i.e., to ad-

@it akont two days' vncertainty in results cbtained from modern tables.

§.2. Stellar Calendars.

57. Babyloniarn stellar coordinates and stellar calendars.

The earliest known systematic use of spherical coordinates is to
t2 found in Batylonian astronomical texts of the Seleucid period. During these]
last threes centuries B.C. systematic ephemerids._ for the moon and the planets
wers computed.dsg) Here ecliptic coordinates are used by giving longitudes
expressad in degrses with respect to zcdiacal signs, latitudes(in luner ephe-

4
merids only 90)) in degrezs north and south of the ecliptic. This system is

489) The oldest text of this kind known is a lunar tablet dated
in -207, the most recent text of the same type from the year -45, Our source
waterial shortly to be edited by the present writer as "Astronomical Cunei-
form Texts"™ within these limits is so complete that it seems very improbable
that such ephemerids were computed earlier than the middle of the third cen-
tury B.C.

490) This is, of course, essential for the calculation of
eclipses, whereas the geocentric latitude of the planets is of little inte-
rest and very difficult to compute (cf. above p.?7E).

nndouttedly the predecessor to the predominant use of ecliptic coordinates
fror Hellenistic times through the Middle Ages.
Befors the Seleucid period, however, no spherical coordinates

in the modern sense of the word, existed to our piasentbelGitorlledgebalBr@apsisro—

. N . Courtesy of The Shelby White and Leon Levy Archives Center
nomical texts of the period from the 8th century B.C. Rﬂﬁﬁﬁgﬁx@ﬁﬁﬁﬁégﬁsﬁkﬁ

sosition of the moon or the plansts by their distance from nédPEFioprigntSA
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stars or configurations (among which also the zodiacal configuratioms ocecur);
‘I.2s2 distances, however, are not measured on precisely definasd great circles
bat deseribed in terms like "in front of", "behind", "north", "east", ect.

Zusler mads up£91) a list of 33 such stars of reference, but a rigid rule to

‘s2 =2xclusively these stars hardly existzd.

491) Yugler SSB I p.29.

“rom a still earlier period (perhaps the end of the second mille-
nium B.C.), w2 know of devices for locating stars which can be considered as
—— L3 A
& <ind of =2.uaiorial systzsm. 7= have already mentioned 92) the tablets of the

o

seriz2s cal 2d "iul-Apin" (i.c._“?low—ﬁt&r"dgj)) of which we have two tablets
in leo-"atylonian copggéf The first tablet begins with the enumerztion of 71
cons*ellationsd95) assigning them to one of thres "roads" : the "road of
Enlil"™ (around the northpole), the "road of Anu" (a belt of about }}o breadth
with the equator as the line of symmetry)496) and the "road of Ea" (south of

a
tha "road" of Arn) 97). This listd of sters is our most complete source of

492) Cf. above p.¥#77,
493) Frobably our "Triangulum®.

494) Yublishz2d in CT 33, 1-8, discussed in Bezold [1], Kugler
335 Srg. pL.14t £ and frequently =lsewher2.

Th2 first being Mul-Apin, which therefore rnames th= whole
- star calendars are discussed in Kugler SSB I 228 ff. and ®rg.

#96) Tere the planets are also mentioned, except Jupiter, which
sentioned among the stars of Enlil (reason unknown).

497) This does not neczssarily imply the assumption of a spheri-
cal nniverse. 72 know nothing about the Babylonian bwne8iptO8e Nshisekogniaen plEs
fact not always evident from mo&:é’i‘ﬁteiﬁeg¥|&%§{’8|b¥)vyh'te and Lepn Levy Archives Center

Institute for Advanced Study
Princeton, NJ USA
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information atou- the Pabylonian constellations and constitutes the main
basis for all modern attempts to identify the Babylonian st:llar names and
the lirits of the configurations.

The next section of this text contains what we may call a "stel-
lar calendar”, because relations are set up between the rising and setting

el

of fixed stars and calendaric dates. These calendaric dates, of course, can

only bs given in the schematic calsndar498)

and not in the variable lunar
calendar. The solstices and equinoxes are assumed to fall on the 15th of
their respective months such that the summer solstice is dated IV(b) 15

and chracterizod by the arpearance of Sirius.499)

498) See above p:f!!.

299) The additional remark "4 mana is one watch of the day, 2
mana is one watch of the night"™ has caused much difficulty in the literatur
bacanse nowhere in Mesopotamia is the longest day twice as long as the shor
test night. The solution of this problem lies in the fact that these weight
(mana) are understood as the outflow of a waterclock which is greater at th
begi-ning than at the end. The ratio of the weights is therefore not the
samz as ‘*hs ratio of time (which is 3%:2 at the solstices).

This stellar calendar now gives us a clear insight into the use
of the schematic calendar side by side with the real lunar calendar. No de-
finite relationship between these two calendars is established beforehand.
Bn* the information given by the schematic stellar calendar can always be
used for the real calendar by observing a stellar phenomenon and identifyi
*he date in ths real calendar with the date which is coordinated to this F#

phenomenon in the formal cagendar. Let us, e.g., consider the case where

the stellar calendar says that the Hyades appear on the II(b) 20, Orion on
From the Otto Neugebauer papers

the ITI(b) 10. Observation meyp sksyothiad Sthe EyaleaneLpeaT copAtdievdelCblteb

b 4 . z Lot Instjtute for Advanced Stydy
of the real calendar; one will then be able to expect the appRArance, ofsa
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O

rion on the 26th. In other words, the combination of real and formel ca-

lendar will make possible predictions which could not have been made withi:

gt
ey

2 lunar calendar alone. It is, moreover, clear that the essential rdle
is here played by the fixed stars, not by the place of the sun in the ecli
tiec. It is easy *to nrderstand that ths rising and setting of stars precede
the definition of the time in the ysar by the sun because it is by no mean
simple to determine cexactly the place of the sun on the sky. This type of

stellar calendar carn therefore be considered as predecessor of the charac-

terization of the seasons by the position of the sun in the zodizec.

58. The "Parapegmata”.

Like cother people. thec Gr:zks also noted that the disappearance

and reappearance of compiciuous constellations like the Pleiades, Orion,

500)

etec. were invariahly related to certain perts of the year. Thus the

500) Cf. e.g. Nilsson FTR chapter IV (p.109 ff.).

stars can be considered as a means of determining the seasons and hence pr
décting th= weather. This primitive belief in the relationship betwesn sta
and seasons has been freguently interpreted as evidence for certain stella
y2ars, "Sirius year", "Pleiades year", etc., parallel with "solar" or "lu-
nar years". This is, however, a much too preciss interpretation of vague
and primitive concepts, and all chronclogical calculations based on such

501)

ideas lack any real basis,

£01) Here can be mentiones also an alleged "Sirius-year"™ in Ba
bylonia which Kugler SSB II p.513 thought he discovered combined with an
27 yesrs' intercalation cycle of lunar monthsf*@ﬂéh%QEEEQ%P%%ﬁﬁﬁéE%@%ﬁ, ho
: .C%thesy of The Shel%W}}l;te and Leon Lev Archlv%ﬁCen er
ever, is very obscure, and does 'not mentl the moQn.. Or %r%‘d[\?gr?cedSSﬁJ yall,.

Heither the "Sirius-year" nor a 27-years' intercalatory pule.drenztliggted



231

2lsswhere in cueneiform sources. The most plausible interpretation of this
passage is the one given by Nilsson PTR p.264, assuming that the text refers
orly to "the fact that the new moon and Sirius come back after 27 years into
the same mutual relationship©.

The "Parapegrata™ constitute a real "stellar calendar"™ in the

same senss as described in th2 preceding section from "Mul-Apin". The lite-

ral meaning of "Iarapegmata"™ is "to affix", "to fix something beside®, etc.,I

tnt not until real "parapegmata" were excavated at Miletus did it become
clear hox this expression could have acquired the meaning of "astronomical
end meteorolcgical calendar”. One of these excavated inscriptions contains

tha following section:

30

o The sun ir Aquarius
o The Lion begins to set in the evening,
and Lyra is setting

e o

o Cygnus begins its acronychal setting
o ° <] o o L] o o <©

o sndromzda begins to rise irn the morning
o o

o Aquarius is half rising

ete.

Counting the number of holes, indicated here by o , one finds that their
number is 30, as expressly indicated at the top of this section. This numbex

is snyposed to give the number of days during “h¥$8nﬁ%8cﬂ&?Néﬁaﬁﬁi%r%%pem

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
Princeton, NJ USA
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Aquac-ius, anié each hole corresponds to one day. The complete parapegma is
th2r=z‘ore a list of stellar phenomena coordinated to the days of the solar ;
year. Exactly as in Liasopotamia, however, this stellar calendar has no de- i
finite r=lation to the current shifting lunar calendar. Such a relationship
mus: b2 asta'’ished from time tc time by watching the moon for the civil |
calendar and bty sticking pegs or small labels into the holes of the "para-
preema” sthereafter. Cbserving, e.g., Andromeda appearing again in the mor-
ning of the 1Cth of a lunar month, the number 10 would be stuck in the
corrasponding hole, i1 and 12 in the two following ones, and the rise of
Aguarius would then fall on the 13th, etc. In other words, a parapegma is
a public calendar erected for the coordination of the schemﬁtic and inva-
riatrl> stellar calendar with the fluctuating civil calendar.

502)

Directly related to these monuments intended for practical

502) One of the two Milesian parapegmata is datsd by coordinat-
in- a day of the Atheniar calendar with one of the Alexandrian. The result
is -109/108.

use are written stellar calendars preserved from various zxuxzes
pariods of Creek literature, e.g., the calendar attached to Geminus' "Intro-
duction *o Astronomy" or ftolemy's "Phases" (i.e. the phenomena of heliacal

aneé acronychal rising and setting).Boj) The calendars not only list the

“03) Geminus EA and :tolemaeus opera II, p.1-63.

stel”ar phenomena but thex give additional information ("episemasiai”, i.e.

5
inﬁications'od) about the weather tc be expected at this time of the year.

504) This terminology is, however, not so simple as.one would
sxpect; of. Hehm [3]. From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
Princeton, NJ USA
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tolemy's calender is in so far separated from the other texts of this kind

in that k2 foundsd his stelilar phenom=ra on independent observations, ar- |

rarcs’ azeerlinzg to different geoographical latitudes, and by selecting
R - 5a%) : ; :
exactly defined bright stars,” Another progressive aspect of his woérk

505) €f. Yeet (H.) [2].

is *v2 dsfiriizs cocirdination of the stellar phases with the Al:sxandrian ca-
landar, & natural step after the Greek lunar calendar was abandoned. At this
s+age of development the original purpose of the stellar calendars was al-
r:asy forgctten. The Geminus-calender, however, is still based on the num—
b2r of days which the sun was assumed to travel aciross the different con-
cst21lations of the zodiac, analogously as in the example given atove from

en2 o thre lilesian parapogma. Ti

h2 second lMilesian parapegma, however, does

no* show ary arrangement with respect to the zodiac and is therefore still

W
)
wd
)
(]
v
I_l

morz closely relatsd to tk= schamatic calendar in Hul-Apin.

The arelogy tetween the Greek and the “abylonian calendars can
be carried still further. 7e have mentioned the fact that the solstices and
enuinoxes in Yul-Apin are callzd the 15th of their respective months. This
has its parallel in the wellkn.wn fact that also Eudoxos (ca. 350 B.C.) is

credited with having assumed the vernal point at the 15th degrse of Aries?oe

506) Eipparchus, in Aratus ed. Manitius p.48, 7 ff. p.56, 15 ¢
, 95 £P._ p. 132, 10 €L,

‘o3
‘-L

)
(0 4]

Tris brings us & new source of difficulties in dealing with early Greek no-
tie s coneerning zodiacal positions. It is perfectly possible that these
rositions too are only meant to be "schematic® (1like the dates in the Mul -

Arin) and subject to individual coordination with actual observation from
From the Otto Neugebauer papers
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tim= to time. This might explain why in the very case of Eudocos, there
exist different versions in ancisnt literature concerning his assumption

507)

cf th=2 equinoxes and solstices.

507) Geminus EA p.224,1 winter solstice 4th day of Capricorn,
0.228, 19 vernal equinox 6 th day of Aries. On the other hand, ths 8th
degree is given by Columells, Ce re rustica IX,14 (the passage in gquestion
is suoted by Bdckh, Sonnenkreise, p.185 and in Lydus, De ost. p.303 § 12).

59. Greek stellar catalogues.

The last mentioned difficulty is closely related to the two pro-
blems of determining the exact boundariss of constellations and of identi-
fying special stars. Te know that Hipparchus composed a star catalogue,

w®ritten about -127508) and including about 900 stara.509) This catalogu:

508) This date is plausible according to a remark in the Alma-
gest VII,2 (ed. seiberg p.15, 11 ff.).

502) Boll [3].

is lost, btut much information can be won from Hipparchus' cormentaries on

Aratus and Euduxos. This work of Hipparchus contains elements for the sett

510)

ing and rising of 42 constellations at Rhodes and a list of culminati

511)

stars for each of the 2¢ hours. H.Vogt succeeded in restoring from ti

512)

material the coordinat=s attributzd by Hipparchus to 122 stars.

510) Hipparchus in Aratus p.182-270.
511) Hipparchus in Aratus p.270-280.

512) Vogt [1]. it is worth mentioning that Hirparchus frequen
nses coordinates which are neither eclipticel dopretesdidarhielobbdi e pepetsin

tion of both. He gives the QBHQQ%WQT@ESQ‘HBX%@%%'fe%lae\é\b‘j‘.‘mvfé Qﬁﬁ?‘é&l

Institute for Advanced Stud
passes the meridian simultaneously with the star. This progedure ﬁﬁnugééh
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h2 explain~d as a consequence of constructions in a "planisphaerium®™ because
hzre these¢ very eleoments can be conveniently determined. Cf. also Ptolemy,
Almacast VIII,® (Heiterg p.194 ff.).

This restoration of at least an important part of Hipperchus'
catalogue of fixed stars has important consequences with respect to problems
which involva the boundaries of stellar configurations. It has become custo-
mary in modern literature to assume that Ptolemy's catalogue of the fixed

star5513) is directly derived from Hipparchus' list by adding 2%0" in

513) Almagest VII,5/VIII,1. A special edition of this part of
the almagest has been made by Feters-Knobel FCS, an improvement over Hei-
terg's =2dition.

lonsitude (+he amount of precession assumed by ftolemy). From Vogt's result:

#“511oms (1) that there is no reason to doubt rtolemy's statement that

514)

his catalogne is based on his own observations and (2) that one cannof

simply restore Hipparchus' list from Ptolemy's.515) If we add Ftolemy's
516)

further statzement thet he "did not maintain strictly the notation of

514) Almagest VII,4 (heiberg p.35).
515) Vog: [1] co1.22-26.
516) Almagest VII, 4 (Heiberg p.37).

our pradecessors, just as they did not follow their predecessors™ but that
gquently introdaced n2w denominations as refunired for better characte-
risation and niesr contacur lines®™, we then realize on what uncertain groun

% =
72 are standing in astrograprhic problsems before Ptolemy.)17) In this con-
From the Otto Neugebauer papers

i Courtesy of The Shelby White, and Lepn Lev ﬁ«r tgvesC ter
his { =Y =

517)This holds vsp401aXf§ or g conJlgqﬁgﬁg%ﬁoﬁ d%l%x% uﬁ?'
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nection, & systematic comparative study of Pabylonian and Greek constella- ¢

tions would be of great value.”'8)

— e L e

518) This is clearly shown by the results of Boll, Sphacra, a ||
work which will be basic for all studies in this direction.

- A
e = =

60. Egyptian stellar calendars.

Although & great number of problems in relation to Eabylonian
ar? Grezk constellations ar2 still unsolved it can be said that we are at
least well informed about the meaniﬁg of the majority of the main constel-
larions. This fact is not only due to the existence of a rich and, in gene-

ral, reliatle text material but also to the relationship between Babylonian

and Grezk constellations, which is especially obvious in the case of the
zodiac, Ne face an entirely different situdtion in the Egyptian stellar
configurations. We must here disregard the Egyptian zodiacs because they
were merely adopted from the Greeks; no zodiac has been found on Egyptian
monuments before the rFtolemaic period. The native Egyptian concepts, the
"Decans", are, however, not yet identified with any degree of accuracy ex-
cept that we know on one harnd the place of Sirius among the decans and on
the other hand their relation to the zodiac in astrological writings of the

lat~st phase of Egyptian history.519) The later division of the zodiac inte

519) See for this period the exhaustive work of Gundel, Dekane.

37 dscans is without much value because it is only the result of the genera

ten“ency of amalgamation of Egyptian and Hellenistic concepts cartied out
From the Otto Neugebauer papers
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|

and the relation to Sirims is, of course, not sufficient for the determina- 13
tion of the limits of pictures covering a large belt in the sky. ﬁ
The monuments at our disposal for the investigation cf Egyptian !

star maps and stellar calendars are certain ceilings in tombs of the New 1
¥incdom and inseripticns on coffin-lids from the Middle Kingdom. UnfortunateL
17. most of thes=z documents are not yet published in a satisfactory form i
an? o comparative edition and study of this material is lacking. It is |
therefore not surprising that scarcely more is identified than the Egyptian ;
nam:s for the Great Dipper, Orion, and Slrlus.szo) A tentative list of ;

further identifications is given by Challey [1].521)

520) EZven these identifications have been doubted. Borchardt AZ
n.%4 not> 2 replaces the Great Dipper by Ursa minor (without explanation),
Fess (ef. “sall.Vorg. vol.9 p.205 and vol.12 p.422) doubts Crion (without
explanation), and 2ven Sothis could represent more than the single star
Canis majoris in the list of decans because the decans are intervals, not
single stars. Corrspondingly, the name of the Sothis-Decan is ébd > 1:0a,
"rointed”, whereas the single star Sirius is called ébd't with the femi-
ine ending referring to the goddess Isis, related to Sirius (cf. Sethe,
Z2itr. p.293 note 2; Borchardt [1] col.506 even gives a definite constelle-
tion for the Sothis decan but does nct mention any proof for his selection,
except the triangular shape). The Greek name, 23%)\5 is the Greek transli-
teration of $pd or &pd.t while Zn’gus "the scorching" is the corres-
ronding translation. The original Greek constelletion is the Kuwv "the
dog" (cf. Gundel [1] c0l.995 ff.).

521) Cf. also Pogo | 3] and [4].

I:S

The decans are closely related with time measurement. This is

522)

especially evident from the Middle-Xingdom coffins which contain in

522) Ten such coffins are known, all Pekengingo bruBeblemampand
their wives of the IXth to XIOeuDgaestikeHhPibydiaiteronhicar Lawidtc)iwasiConer
2ach at Thebss, Gebelein, and Assuan (cf. fig. 72). InsnuneforAdvancedEHudy
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thsir top-line (D in fig.71) the 36 decades contained in the 12 months,each

decade covering 10 days. The main field is accordingly aqbdivided into 36
columns, cach of which contains 12 lines. These 12-times-36 small fislds
contain the names of decanal constellations, each diagonal series of fields
conte ining tha sarz decan (ef. fig.71). Fogo proposed the following expla—
nztion of this scheme: consider the last line of the last column before
N-3 (fig.71) as indicating the heliacal rising of the 29th decan (Sirius)
in *he last decade of VI(e). Ten days later Sirius will be 10° above the
horiz-n at sunrise and the next decan will be rising heliacally. These 10°
correstond to 20 minutes in time; because the rise of Sirius {alls near the
summer solstice, these /0 minutass correspond to about one seasonal "hour”.
In other words, when decan No.30 (fig.71) rises heliacally, Sirius (Ko.29)
is already onz hour above the horizon. This is indicated in the schome by

a

mriting decan 29 on2 line above Ho.30. Hence the first line represcnts sun-

set, the linos beside H correspond to midnight and the 12th line to sunrise.

“ur ‘iscussion hers for two columns near summer solstice is now schematical-
ly extended to cover the other fields by going from decan to decamn and by
moving simulteneously from hour to hour, thus obtaining a scheme where each

diagonal row contains the same decanal name. This procedure is, of course,

]

very rough extrapolation of the situation around eguinox because the 40

mirutes delay from one decan to the other corresponds to one seasonal hour

|

only = 2 the sumrer solstice whereas it is only about onz half of such

I-1

Ju

a1 hour six months later, i.e2., at the first and last column of the scheme.
This theory of Togo at least gives th2 cutlines of the concepts

mnderlying th2 Egyptian stellar calendars. There can be no doubt that these

‘exts are based on a strongly idealized representation of the facts, and

this makes it already evident that these coffin- nﬁ%?hgfﬁﬁfﬁé&géd%ﬁggp§&§s

Courtesy of The Shelby White and Leon Levy Archives Center
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cthronolorical purposes as has been done on different occasions.522;) Beyond 4

5?23} This in spite of Pogo's clear statement of the chronologi-
cal unreliability of thasse calerdars (e.g., Pogo [6] p.23).

frat, howover, various jroblems remain unsolved even if on= accepts Fogo's
explanation in principle. It is, e.g., unexplained why only 34, not 36, d4if
ferant d=cans occur in such a calendar, Nos. 1 and 2 being repeated after
3/ instead of after 36 decans. Moreover, beginning with the diagonal follow
ing No.2 (ef. fig.71), where w2 would expect the repetition of Nos.1, 2,
etc., we do not find decans at all but a list of other constellations, usua
1y celled Meta-decans (M in fig.71), again arranged in a disgonel pattern
but with no evident connection with the preceding decans.523) All this
shows that we are still far from a real understanding of the Egyptian stel-

524)

lar ecalendars.

523) These lieta-decans occur twice more in the standard scheme
of theses coffins, once in the list L at the end, following the decans, and
again in the horizontal inseription H which contains an astronomical variant
to the wsll known "offering formulag" of Egyptian funeral texts (cf., e.g.,
Gardiner Gr. p.170 ff.). Instead of invoking the king to grant the offering
tc the deceased, the sun and the meta-decans are here invoked.

524) Pogo's assumption ([5] p.14) that there existed a "24-co-
lumn type" in addition to the 36-column type is due to the carelessness of
the 0ld artists who did not have enough space left for all 36 scheme.

The coffin-texts find their continuation in the astronomical
ceilings of royal tombs of the lew Kingdom. Here again lists of decans can
be found, elthough with a number of variations within themselves and com-

pared with the coffin texts. The calendaric relat%g&nﬁﬁaEﬁgﬁﬁﬂkﬁ£gﬁepggﬁggs

lesz clear because there are $iilkslesshd Hrety \Wollathonsob vy fchives CEpiEl
Institute for Advanced Study
Princeton, NJ USA
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ealendar and the stellar phenomena indicated; in addition to it, new constel
lations are mentioned and it is very doubtful how to distribute them exact-
1y among the standard numbsr of 3€ decané.525) All attempts to use these

inscriptions for chronological purpose are doomed to failure so long as our

knowledge of the Egy tian constellations is not much better founded than it

is today.

525) The best available information are given by the inscriptio
in the cenotaph of 3Seti I at Abydos (Frankfort CSA) because we have a Demo—'
tic commentary to its texts, making at least the terminology intelligible
(Lanse - Neugebauer(0.) [1] ).

§ 2. BSothis and Egyptisn chronology.

61. Preliminary remarks.

The absolute chronology of Egypt is based on the following facts
an” conclusions which we shall aralyze in greater detail below. At the mo-
ment it is convenient to list them without comment.

(a) The Rgyptian pear is % day shorter than the Julian year;
hence a given coincidence between Egyptian and Julian dates will be repeated

only after 1460 Julien years = 1461 Egyptian vears ("Sothis period").’20)

526) Cf. sbove p. 1} .

(b) The relationship between the Egyptian and Julian calsndar

was perfectly known in Greco-Roman times; usually the following point of

coincidence is chosen: _ annthe(ﬁk)Neugebquerpapem
Courtesy of The Shelby White and Leon Levy Archives Center
(59) +139 VII(j) 20 = I(e)ngtitute for Advanced Study
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becans2 this day was assumed to be the date of the heliacal rising of Si-

rius.

(¢) The hsliacal rising of Sirius, seen from kemphis at an ar-

cus visionis of 9.5°, fell on I(e) 1 in the years527)

. i .
527) Ths years -277% and -1316 are Julisn leap years, a fact,
which must be taken into account in checking the fact that all the Julian

dates, given in 9?1) correspond to ,the sam Egyg ian date. ldaa ﬁﬁ%uwv JQL;

-4230 VII(§) 17

(51) -277@ VII(]) 17
. -1316 VII(j) 18

+ 139 VII(j) 20

. . = 3 / s .
Th=g: colncidences are celled AnNoKATAGTASIS ("restitution” or "return")

b the Greeks.igg)

It might be remarked that older litersture uses instead
o (1) the following dates529)

— - T . ———— e

£28) Clemens Alexandrinus uses the word "Scthis period” in the
a2 sense (PG 8, col.872, transl. Overbeck 227,11). For another expression
;22 Lepsius, Chron. p.171 note 1 and Censorinus XVIII,1Q'(ed. Hultsch p.38f)

m

o
o

529) &.g., Meyer (Ed.) Aeg.Chron. p.28.

-4240 VII(j) 19
-2780 VII(j) 19
-1320 VII(j) 19
+ 140 VII(Jj) 19

which are based oun the incorrect assumption that the heliacal rising of

“irins follows almost exactly the Julian year.

(4) From (51) it follows that the intUepvHE QHeplesgehauerqippees-
Courtesy of The Shelby White and Leon Levy Archives Center
sive coincidencus of I(e) 1 and the heliacal rise of|@tiitesorisdwelcedStddb0
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vears. The shifting differsance between Julian and Egyptian year is therefors
almost the same as between the heliacal rise of Sirius and the Egyrtian
year. 1T we are given the date of the reappearance of Sirius in the Egyp-—
tiarn calendar, i.e., if we know that the heliacal rising fell n days after
i(e) * (or m = 365 - n days before I(e) 1) then approximately 4n years will
ha~e elapsed since one of the coincidences given by (51) (or 4m years are
~+il]l missing vntil the next coircidence). This latter conclusion is the

basic for the absolute chronology of Lgyptiar history.

62. The oldest "Scthis-date™ and the origin of the

Fgyptian year.

The ﬁame of the first season of the Egyptian calendar is "inunda:
tion™ and it is clear that this nare must have originally coincided witﬁ
the inundation. On the other hand, every point of the Egyptian calendar ro-
tated through all parts of the solar year durgﬁg one Sothic period. Hence
two conclusions must be drawn: (a) The beginning of the season of the
inundation cannot have been controlled by any astronomical rhenomenon be-—
~ause the lack of % day each year would have been evident after a very
short while. If, on the other hand, the season "inundation"™ was only con-
nect2d with the inundation of the Nile, then the error of assuming a year
»f only 36" days could not be detected before the elapse of two or more cer
“nries because the inundation is very irregular in its beginning as well as
in its Drogression.E}o) In other words, the Egyptian year can only be ex-—

. : 1 .
riaein2d as a purely agricultural year,53 ) never as an astronomically

£30) Cf. the exam les given in Meugeka@mnhéQx&)madgébdugﬁpgp@g191

©31) That a simpleurasyeidindhetecyEsie firch conteryalishves €esierin.
nndations lsads fo_the length of 365 days for our yemstitutsiddenasben8iudy
Nsugebaner (0.) [9]. Princeton, NJ USA




“oun?s paar (l1i¥e o "Ciriusf-year determined by the heliacal risz of a
fixed star or by the solstices, stc.). (b) Admitting a margin of two or
thras cernturies, the introduction of the Egyptian year must coincide with
the reriod when the irundation ssason fell on the actual inrundation which
harppren2d around 4200 and the next time around 2800 B.C. A later coinci-
dence (th2 n2xt would be around 1300) is out of the guestion becauses the

calendar was in existence before then. Cf the two earlier dates all evi-

dence points to a date around 2800, i.e., the beginning of the 01d King-

(=4
ﬁom.’je) This fits very well with the proposed553) explanation of the

—_— e e

532) This has been shown by Scharff [1] and Winloeck [1].
533) Above p.¥YId.

30-days' months as schematic months which originated within the framework
of ‘he governmental administration of the country, because we know that the
Third Dynasty laid the ground for many institutions.

The preceding considerations are based on the fact that any
astronomical control of the Egyptian calendar must be excluded because it
wonld have shown in tooshort a while the incorredtness of the 365-days'
year. After centuries of the use of this calendar, the season of "inunda-
tion" must have preceded the reel inundation by so much that ths calendaric
date could no longer be considersd the true index of the coming flood. The
rising of Sothis, however, always fell close to the actual inundation, and
thus btecame the only reliable "bringer of the Nile". It must, however, be
emrhasized that there never existed an indepeﬁdent "Sothis-year”®™ beside the

civil calendar.534) All chronologicai conclusions based on the assumption

534) Neither was there ever anything like a 360-days' "rudimentary"

year as assumed by Seths (Zeitr. p.302 f£f.). The FRnstie=0tie Neugehaker napesy
constituted an independent unfpyriesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
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2 a coincidence betw=en a Sothis-year and the civil calendar are therefore

not valid, and all talk about an Early-Dynastic calendar reform connected

935)

with a Memphits unification of the whole country should be abondoned.

535) See for this alleged "calendar-reform™, e.g., Breasted
AR T p.30 (No.4%), Sethe, Urgesch. p.92 (No.110), Kees, Hdb. p.301 and 322.

The Egyptian calendar was never "reformed” but kept alive the independent

elements: the lunar calendar, mainly used in the temple service, the sche-
matic calendar for official purposes and thus the civil calendar, originated
from an agricultural calendar with three seasons and finally Sothis as an-

nouncer of the coming inundation but with no other calendaric rdle.

63. The historical Sothis-dates.

The non-existence of a "Sothis-ysar®™ does nat affect the chrono-

logical value of any document giving the date of the rise of Sothis in the
civil calendar. Unfortunately, however, only five instances of such dates
are known. Two of them belong to the Graeco-Roman time, gnd therefore give
us no information we do not already have. The three remaining dates are
found in

(1) Kahun papyri, time of Sesestris III (XIIth Dyn)

(2) Papyrus Ebers, time of Amenhotep I (XVIIIth Dyn.)

(3) Incomplste inscription of Thuthmosis III in Elephantine

(XVIIIth Byn.)

W= shall now discuss these three dates in theif chronological order.5}6)

536) Borchardit MZ mentions other evidence, but this is of so
donttful a character that it is hardly worth men;&ﬁﬁ%ﬁ;@nk)Neugebauerpapem

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
Princeton, NJ USA




a, The ¥ahun papyri.

In 1889 retrie discovered ths remains of a town founded by Seso-
st=is II east of tk2 same Tharaoh's brick pyrewic¢ at Yahun; here h: found

cr> paypyri, svidently from the sam: place, appear:d 1899

in 'k~ hands of .lealers, snd a rsnswed ss2srch led to the discovery in 1899
of u n3w gronp of texts which ircluded the fregments of 41 leaves of a

temple diary. This diary contains entries from a "year 5" to a "year 9" ané
mentions under "year 9" statues of the "late" Sesostris II and the "eternal

ly living" Sesostris III. Tke r=gnal years referred to are therefore years

5
of 3Sescstris III.’57)

537) Borchardt [2]. The temple diary is, however, not restricte
to the reign of Sescosiris III kut also contains entries from the rzign of

his suceessor Armenermmes III; cf. Scharff [2] ¢ Pel Fn
This te~; 1= diary contains under the "year 7" a letter, dated on

¥I1le) 2%, stating that Sothis will rise on VIII(e) 14, and a corresponding
racor? of +ha ravonuas of the Tcthis festival for year 7 VIII(e) 17.538)

Tre "S.uthis 3ats® VIII(e) 16 of year 7 of Sesostris III thus obtained is th
corrnarstonz of tﬁe pabsclute chronology of Egyptian history. Some additional

rerarizs about this document are therefore necessary.

5328%) Borchardt [2] p.101 and p.99.

Th2 first thing to be noteg is that the Kahun papyri (including
the temple diary) which came to Berlin in 1899 are not yet published, al-

thongh their high importance was immediately recognized.sjg) This is the

— -

529) Borchardt [2] is only a short prelimigﬁrﬁureport of the
tto,Ne %ebauer ers
3 e 1
Siecomeny. RELige B 1 3. 18C?our%%9t?ll'ﬁs S%efb iite and Leon Levy rEATEs enferfor_
turnately, also the passage about the rise o ulriUS| §mgm3ﬁwﬁﬁm%ﬁcédxmhayline
18-21). Scharff [2] is a study of the letters of the archi®snceton, NJ USA
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morz rsgraitable because the basis for this date is the ideantity of seript

f the year 7 and the notices belonging to the years 5 and 9
540)

of the letter

o

of C=zscstris II1I. Borchardt asserted that the entries in the digry are |

written in the same hand, and this statement has been repeated since, though

541)

probarly only on Borchardt's auvthority. This stateﬁent has been re-

542)

cently contradicted by Farina, who finds that the two small excerpts

A
pubtishad by Mﬁller5 3) do not show the same hand andé he therefore feels

l’u“O) Borchardt [2] p. 101

541) Only Scharff [2] p.22 seems to make a statement of his own;
he emphasizes, however, that the investigation of the diary is not yet com-
pleted (p.24).

542) Farina PR p.63.
. 543) Mdller HL 1 p.18, 19.

fr2e to assume that ths Sothis-date belongs to Amenemmes IV. Actually, an
unﬁgsed investization of the published fragments shows neither clear identi-
ty of the hands nor decisive differences; and Scharff's investigation of a
large group of letter: from this archive seems to show from the persons men-
tionzd that the temple diary belongé only to the reign of Sesostris III and
Amenemmes III, not IV. In short, the most plausible assumption still seems
to be to consider the rise of Sothis on VIII(e) 16 as belonging to the se-
venth year of Sesostris III, buf the fact remains that this statement is
Pased on avthority alons and not on facts open to everybody's judgement.
Anothar very essential point must be emphasized in connection
wmith this l2ttser, This is the fact that the rise of Sothis on the 16th of

VIII(e) is alr=ady announced in the letter dated on the 25th of the prece-

ding month, i.e., 21 days in advance. In other 1@@ﬁqhe§nkhqggﬁngggrpa@ggi—

CEE P » tes of he Shelb d eonLev rcmve 3
nite rroof of a Sothis fe stlv l{eb % r}/a a%[' InLgfgtﬁFevor}l\dnance%d éﬁvd%/ous
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ly only o= calaerndaric dates. This undeniabl=s fact renders futile all attem;
te investisat: Egyptian Sothis-dates with requirements of high accuracy,e.g
with regard to geographical latitunde or arcus visionis. Ed.Meyer has clearl

amrhasized this fact54d) but without result; actually he did not go far

544) Meyer (Ed.) Aeg. Chron. p.18.

enough in his criticism of an.alleged precision in the observation of Sothi
B~ assumed that the riss of Sothis was announced according to a definite
calendariec rule, namely, thé invariable addition of one day svery fourth
vear to the date of the preceding Sothis festival.545) But there is no
prcof available for such a strictly cycliic calculation. Meyer's argument
that this rule is steted in the decree of Canopus (237 B.C.) does not hold
because one canncot retroject rules given in Hellenistic times for two thou-

54 : ;
send years.- 6) Moreover, this rule cannot work invariably bacause it sup-

-

£45) Meyer cellzd this the "Normaltgg" assumed for the Sothis
festival all over the country.

546) The wording in the decree of Canopus is actually by no
means so clear a rnle as one would gather from Meyer's remark. The text
says only "if it heppen that the rising of the star changes to another day
in / years ...." (translation by Bevan HE p.210; Greek and Egyptian text:
Urk. II p.138/139).

poses an exact length of the Sothis peried of 1460 years, which is actuall
‘not *ho cass as is shown by the dates given above p.#8?. 1t is very possib
that was no rule but that the Sothis festival was kert on the same date as

lone as it appearaed to be in not too great disagreement with the facts. In

other wordés, on2 can assume the same kind of empirical intercsalation in th

case of the Sothis dates as one knows, mutatis mutandis, from empirically
- From the Otto Neugebauer papers

rasulat:d lunar calendars.ClortesyofeReElShelb&¥imteiancdbeqmlietwy Archivesu@eamer for
Institute for Advanced Study
Princeton, NJ USA
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rates of the ris> af Sothis an aceuraey of more than, say, two or three

eys af ¥ Tenjatad risine. For chronology, this means at lesast a va-

‘dntion of 70 yoars, wost likzly in ths direction toward our own time be-—
ot b ] ]

crune tha calendaric rise of 3othis will hardly be earlier than the real
first wvisibility.

#2 shall now determine the date which corresponds to a heliacal
risa of 3o0this on VIII(e) 1€6. Because this date belongs tc the sccond half
of ths yecar, we dztermine the differsnce from the following I(e) 1. The

11I{e) 16th is the 730 + 16 = 226tk day of the year, the I(e) 1 the 356tk
Lanez the differsnee is 140 days end the rise of Sothis on VIII(e) 16 hap-
pinéd approximataly 40.4 = 500 years befors tha following coincidence on
I(e) *. Th2 only coincidence in question is -=1320 (cf. p.#%) and therefore
-1320 - 60 = _1880 is the approximate day of the heliacal rise of Sirius

in tha 7th year of Sesostris III. Accurate calculation would give -1874/18
£5r the 7th year and hance -1880/1877 for th= first year. But as said
above, *his accuracy is of little interest, and we can hardly say more than
that Sa2sostris III began his reign between the years -1880 anad -1860.
There is, however, another document from the Xshun archive5d?)
which has been used to reach higher precision from lunar dates. /e have al-
r=ady mentioned this text as the earllest direct witness of an ngptlan
lunar calendar. 5¢8) This document is a fragment of a list of temple servict
dated in a "year 31" of an unknown ruler. The follcwing dates for the be-

549)

gi-rnings of' Auty arz given

547) Published only in preliminary form by Borchardt [2] p.92 :

548) Cf. above p. ¥ /.

549) Dr. Erichsen kindly collated the original in Berlin for me
From the Otto Neugebauer papers
~ Courtesy of The Shelby VWhite and Leon Levy Archives Céenter
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£
yanr 30 (e) 26 year 31 I 205’0) Iv 19551) VII 17
XI 25 . ITI 20 V 18 YIIT 1%

XIT 25 III 19 Vi 18 IX 16

550) According to Erichsen the reading 19 would be better but is
axelvdzd by the following date II 20 which allows only I 20 or I 21 s8s
the praceding date.

o

£%1) Text ha:

ar Bl 1 =
rraecading arnd subsegnent dates.

perhaeps 17 (Brichsen) but this is excluded by the

baih)

o intervals between thess dates are alternéting 29 and 30 days excerpt
ire se-uence 30, 30, 30 between XI 25 and II 20, in other words, follow-
iner 8 schoeme which reminds us very much of the scheme of Pap.Carlsberg 9,

=
. discussed in chapter II.“52) How two questions must be raised: doces this

\n

©2) The present scheme is not identical with the Carlsberg -
scheme becauss accerding to the latter the insertion of a 30-days' months
should not occur after XII 25 but the year before (after XII 5; ef.p.?9).

list of dates reflect actual observations or are they based on a schematic
rmle of the Carlsberg-typer and secondly, to which ruler do the regnal years
730" angd "31" refer. I do see no means to eliminate the possibility of sche— |
matic calevlation, i.e., to make the chronological use of these dates much

more doubtful. Also the second question is very difficult to answer. Bor-—

3

c‘"azr‘r“:5 and Tpver" ) assumed Sesostris III to be the king in question,
=44 4

hut The=ler’”- propecsed Amenermmes II, the second predecessor of Sesostris

1T

b=

553) Borchardt [2] p.95 and MZ p.31 f.

554) Meyer (Bd.) Aeg.Chron 'F . From the Otto Neugebauer papers

555) Wheeler (G C‘)ouftgeiy of The S%e by White and Leon Levy Archives Center

#ger Institute for Advanced Study
Princeton, NJ " USA
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Borchardt assum=sd that the dates in question refer to new moons
(or at least days close to new moons) and found good agreement between the
text and new moon dates in the year -1851/-1850. This seems to support the
year -1881/-1880 as the fist year of Sesostris III which would agree
nicely with the Sothis date obtaired before. This result, however, is mis-
l=2ading. Borchardt's dates lie about one day later than the dates given in
the text; if we admit the same deviation in the other direction, the years
-1848/-1847 would zive equally good results for "year 30". lMoreover, we ha‘vei

alrsady noted the high quality of the cycle of 25 Egyptian years,556) o

556) Cf. above p."! equation (34).

both sclutions mentioned must therefore be repeated equelly well after 25
years. In other words, the lunsr dates admit the same order of magnitude of
uncertainty as the Sothic dates.

This uncertainty is not EX all. Wheeler found good agreement be-—

A

wean the lunar dates and calculation in the year -1909/-1908 which could
be ‘he 20th year of imenemmes II. This is no miracle, because 58 years (the
dif“erance between Borchardt's.and Wheeler's solutions) are only 3 days less
than 716 lunations, and the dates of the texts furnish us no mesans to elimi-
nate deviations of this ovder cf magnitude. Here toa, of course, a 25-years
reraetition could be applied. Tie find here a problem which cannot bz solved

nnless we attribute to the elements given by our sources a higher degree of
accnracy than we can prove or can even assume for these texts. The astroném

cal dating orf the XIIth Dynasty cannot te narrowed to mors tLhan abotit 25

yaars.

From the Otto Neugebauer papers

Courtesy of The Shelby White and Leon Levy Archives Center
Institute for Advanced Study
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r)Y. Th=2 Tigkteenth: Dynasty.
£ 3 i-Tand ¢ Tlarlhiantins opposit: Aswen conld be seen until

&

? o iy

3

"ilemeater and a quay, tnilt in Roman times of reused blocks

arected by different rulers of the New Kingdom. A group of

n
such btlocks comes from a "calendaric®™ inscription of Tthmosis III, enumerat

irx gifts and stipends for various flestivals during the year. One of these
*lgeks, now in the Louviz, contains arn inscription which, if complete, would

icts the 18th dynasty just as thz Zah

N .
reging as

his inserirytion i

igins of Sothis. Offey>d for this dey on account of ..." What follows is a
izt of offerings cf meat, bread, beer, etec., but the year of the king is

rrobatly was given in the destroyed passage. That rsmains is

the information that a rising of Sothis took place in some

n of Thuthmosis III at XI(e) 28. This date is 2 + 35 deys
473? 5

-*214, That we know is therefcre that Thuthmosis III ruvled in the years £

(e} 1; i.8.; 148 years before the nearest coincidence in

around =1444, mfortunatzly, this king enjoyed & rzign of at least 54 years
so that the astronomical dating of one year out of his reign brings us no

558)

further then relative chronology is able to do.

557)

Text:

Urk. IV,

558) It is therefore
astronomically determined date is
tude deleys the rise of Sothis at

&27. Cf. also Porter-Moss V p.225.

of little value to emphasize that also the
not very accurate. The difference in lati-
Elephantine by 5 days compared with Memphi

(which is the basis of our tables). Not knowing the latitude actuelly em—
ploy=d4 hence involves a margin of 20 years, to be added to the inaccuracy re
sulting from lack of accurate observation.

We ars in an equally unfortunate situation in the case of the

second Sothis - date of the XVIIIth Dynasty, the "Calendar of the Papyrus

From the Otto Neugebauer papers

Sbers." This document is exceldgpidy) sroResNasy ik dntestinle AiAThreltater -
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mak= i oI very gnestionable ns: f'or exact chronology. The text in question
conzsists of & short hieratic inscription on the reverse of the medical papy-

rns tbers, the first two lines of which run as follows: :959) "Year 9 under

559) The photograph of this passage is given in Borchardt MZ
opr csite p.2C. Hieroglyphic transcription: Urk. IV, 44 and Meyer (E4.) Aeg.

¥ing Amsnhotep I. FTeast of tho Ner Year XI(e) day 9, rise of Sothis." So fa:
ma wonld have a very nice Sothie date leading to 4-(21 + 35) = 224 yéars be-

fore *h= coincidence of -1316, i.e., to —1540.560) This would give about

—-15%0 for the begirning of the reign of this king. Unfortunately, however,
the text continues by giving a list of monthly festivals all of which are
dated as "day 9 rise of Sothis™ beginring with XII(e) day 9 =nd ending with
X(e) day 3. Here not only is the remark "rise of Sothis" absclutely mecamings
l2ss but also the invarisble date "day 9" is very suspicious because of the

disregard of the five epagomenal days between XII(e) 9 and I(e) 9.561) It

561) Theories of Borchardt cannot be upheld because they are
based on invalid palacographicel assumptions (ef. Bdgerton [1] p.191) made b;

Grugsch and accepted by Sethe (Zeitr. p.314 note 3).

seers hardly possible to explain these things as anything but blunders made
hy the seribe; bt this cannot increase our confidence in the first two lines

It i?, therefore, more or less a matter of private taste whether one consi-

ders this "calendar"™ a serious document or not. If one assumesséz) that the

From the Otto Neugebauer papers

562) Meyer (Ed. ())o{}ﬁésy GBS BBe e Brd Bedir Levy Archives Center

A nstitute for Advanced Study.... ..
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iscicn of ¢t

he eragomeri2 is not dve to carelesness but is the resuvlt of

gt

om

=]

some schematic calandar, then I do not see why on= should accept the two
first days as e®actly meant, the remsining only as schematic. Five days' un-
c21ainty combin=ad with the necessary decade of uncertainty of any Sothic
date gives a2t least 30 years' margin. Here again the accuracy of the basie

Focumants is mnch lowsr thar wonld b2 requirsd for precise astroncmical re-

n
n

Bafora tnrrning to the rdle of the 3otkis dates in Hellenistic
times we must still mention an interesting fact abuut the "Ebers calendar?
ks mentionaa above, a certain festival is mentioned for sach month of the

year; the new year's festival on XI(e) 9, the day of the rise of Sothis,

Lo

heads the list and has been ths objz2ct of our preceding discussion. That fol-

i
Q

s thereafter are other festivals, always connected with the 9th day of the

corresponding month. The names of these festivals are directly related with

the =nawes used in the latest period of Egyptian history, Thoth, Phaophi ,
. 5 T
Athyr, etc.;éj) but unfortunately not in the vsual corcespondence Thoths= I(

"haothi =#II(e), ete., bt one place advanced: the Thoth-festivals stands in

‘h2 month XII{e), the Thaophi-festival in I(e), etc.564) It has been shown

- 56,5 : ; :
by Garﬁlncr"') that this formerd movement of ths narmes in question cannot

. shove p. 2.

The presentetion given here is simplified in so far as at
fiflerant places the name of the festival was not yet the same as in the
latest pericd. The esscntial noint remains: that &kl months' names ars moved

b7 on= step forward, compared with the canonical arrangement.

©65) Gardiner [1].

te explained as an error or as 2 peculiarity of REiom Ser@ie Nefigbbaugrqmpens

. . . Courtesy of The Shelby White and Leon LeV{ArchiveS Center
2b2rs but that various independent texts show the Saﬂ%ﬂﬁﬁéﬂ§rﬂ@&ﬁ%e8ﬁﬁ@@?

names of the festival¥. Gardiner therefore came to the condlUSeD NLLSA.
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"

that the festivels .... were transferred, as a body,

mist 2ither assunme
from thzir oricinal plece™ sdding "but the &iffienlty is to find a motive
for sich =z procesding™ or "that a certain number of days were at a2 given mo-—
mzn* intercalated in the civil calerdar®, and he remarked that this assump-
tion wonld upset the whole system of Egyptian chronology. A way out of this
dilemra was found by Sethe who shcwedséé) that various facts corrobate the
assumption thet the namss of months are taken from ths festivals to which
t+rh2y 124 and not from the festival which fell into tke month itself.567) At

tk2 rresent time, at least, no urgent reasons exist to dbubt the undisturbed

centinuity of the Egyrtian calendar,

5 ]

[ 9

\

-
()
0

4]

567) Sethe pointed cot that such a nctation, which seems strungs|
‘¢ =, has its parslel in the Roman calendar (s22 above p.117).

£4, The lellernis+tic theory of thz Sothic period.

It cennot be emphasized too much that many of the most common

statemsnts concerning ancient scicnce and their history to be found in mocdern

o

ooks are strongly influenced by theories created in late anticuity or by
Hellepistie scholars. Common to most of these theories, modern and Hellenis—i
tic as well, is the tendency to give definite evolutionary accounts of the
origin of known institutions or facts whose actual histery was no longer

known. The Grezks cannot be blamed too much in this connection; they simply
P

fcllomed the natural tendency to answer questions before knowing the real

complexity of the problem.

It was evident for the Cresks that “"yegph @HebHBNSUJBRLBTTISAE"
and therefore shou'd have the f:e%ét@fy 8%‘ ng§h§lbd/awg it? &r.\dé,g .OTFLGV\\f Ad;ghive%diigt%%y

Institute for Advarice
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sc). They recorniz:d that the Egyptian year was bound to rotate in 1460 years
throurh all seasons of the solar year whose length, they thought, was repre-
sent2d4 by the interval between th2 heliacal risings of Sirius. Comsequently,
*he ccincidencs between the lew-Year's-dsy of the wandering year arnd of the
TGothia-year befame a matter of interest to the Greseks -~ all the more so be-
cenc= suck a cocincidence was near at hand (139 A.D.). That such a contrast

o

7i4 not exist for the ®gyptians (because they had only one "year™) did not
orcur to the Alexandrian scholars living under the impressiong of the con-

* irvous divergence betwean their own calendaric concspts and the Egyrtian
cal3tiar, T2 aatural result of these facts was the creation of concepts like
JEpckatastasis” and "Sothice-periocd”™ and their interpretation &s & period of
¢ this tendency were addec the growing interest in the
astrols ical interpretation of 1life and the related interpretation of the
Joman 2mparors as saviors of a solar or astrsl character. This new interest

r *ha imrortaunces o astronocicel .henom:na and astronowical periovic rasXEXE

¢la2arly chomn when i "Cothlie-p2riod® reachsd its cnd in 139 A£.D. acd a new
e n IS « = - . - .t LT R e e s A s 3 7
"ag2® open ot _enkind. Coins ware stampced withk the inserivtion AIRN (alwy

= povicd o svistence, lifetime, epoch) accompanicd by & representation of

th= Theenix-bird, tha symbol of resurrection.sés)

568) Such coins are preserved from the second to ths sirth year
of Antoninvs Tius (139 to 143 A.D.). Zxamples are civen in Sorchardt, Ann. I

fiec.2, Tor the historical bhackcround see Vogt (J.) AW,

wes, It is, howaver, very gquestionable whether we mny extend

— - e L

) ) B _ ) From the Otto Npugebal]er papers
acivards intoCelvtedy 8FTHd Shely \Whita'and LEon 2&dyKechivee Bentbhe
JInstit eforAdvanqiﬁ

g : ; R . . i . t Stud
wo probalms Fraguently discnssed in connsction with mgjp%lqﬂﬂ%%ﬁﬁf .P%%EKt
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=senl’ 28 "datrae of Jansorinus® and the ."Era Menorhris" are of no value for th
~gypTian chronclogy at ali,
. Censorinus.

549)

Cansorinus’ in 238 4.L. wrote & little bock =ntitled "De die
rat0ii” deslin- with various calendaric subjects. In this conneetion he als
R n e e ) a0 4 ; £ aothi

2niions the 3othie reriod and reports that the rise of Bothis fel

sn ‘he I(2) 1 handrad years befoire his time on the 2ist of July.572) This

£(2) A Roman grammarian.
570) Censorinus XVIII, 10 ed. Hultsch p.39.
571) Censorinus XXI, 10 ed. Hultsch p.46.

572) "Idem dies fuerit ants ‘diem XII Kal.Aug. quo tempore solet

el

canienla in LAegypto facere exortum". Tbis passage is also reproduced in "Thee
12+ {G.) [1] p.1946 £. and freguently elsewhere, e.g., Meyer (Ed.), Aeg.Chr.

As+> huas heen replacod sinez Scalimger by 20th of July because 139 VII(]) 20
= I{e) * a=d not VII(j) 21. That Censorinus' equation is incorrect cannot be
donbted becanse the relation between Roman and Egyptian calendar is establis
ed by countless documents, but I cannot see why we must assum2 that he had
sctu2lly written the correct date and I see still léss reason to consider

this corrected text to be of basic importance for Egyptian chronology. Even

if tris document were sufficiently reliable to tell us in which of four pos-
sirle years the stzp of the rise of Sothis by oné day was &assumed, this know-
l2dge would not afrfset Sothic dates from ancient Egypt because the idea that
w2 ar2 able to calculate cyelically backwards in steps from four to four
y2ars is astronomically incorrect, as is shown by the little table (51) of

D- . In other wmords thé_assumption of an exac&r %ngnﬁﬁﬁlOd of" 1460

eugebauer pape

years is only a +ellsnistic adenuiesieh[heSiedned/ e andd:pond®yyr\rBhi¥es ceains,
Institute for Advanced Study
hut contradictory to the astronomical facts. Whatever Censorpprpgetwdghl bexe

*
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"1

said. 2 will n2ver obtain by cyclic calculation a higher accuracy than about
onz decade margin; it is therefore quite unimportant which year Censorinus

conceidered the beginning of such a cycle.

b. The era of Lenophris.

In discussions abouf Fgyptian chronology it is considersd a well-

g ©
knomn Tact that the astronomer Theon'ﬂlexandr1nus’73) computed the date of

£73) lie is known as commentator of the Almagest. His lifetime
is Astermined by his obsarvation of the total solar eclipse of 364 VI 16
(ef. Rome [3]1 p.21” note 2).

5]

th2 h2liaeal rising of Scthis for the year Diocletianus 100 and that he
calad this wear "the 170°th year of iLenophris®™. because Diocletianmms 100 =
i82 /7  +he year llerorbhris ! must correspond to - -1321/20; moreover, it fol-
low= frem Trecon's calenlation that Menophris T I(e) 1 is considered to be a
duv of +he haliacal rising of Sothis. That remsins for obtaining a new chro-
nolozical fixed point is therefore only the guestion which Egyrtian king is
hid?en bte2hind ths name ”Kénophriu“. This question has been fragusntly dis-—
cunsad and {ho naswer given has naturally depsnded on the chronology prevail-

ins at the time. According tc our present knowladge Sethos I could have been

-

ruling =round 1320 5.C., and XEER Struve and Sethe therefore trizd to explain

-

) i

how this king could be esli=4 Tlenophri:

L] s A o)
- R |

i

we accept thz resultis of these
aenwliars, obtzained by independent and to & large extent contradictory argu-—

B4
menrs,”? ) the X1IXth Dynasty would be dasted astronomically.

574) Struve [1] and Sethe [1] accepted by Borchardt MZ p.17 f.
For solntione rroposed earlier cf. Lepsims, Chron. p.172 ff.

Tnfortunatel h s i o O N b P APFES.

Ry T %Lfrte;cyegf 'Fﬁle §F\léllc’t3)y?‘7\‘/’!111tej?gr}\5 (I_%on evy h?iq\L/ées ei:?ttiar =N

all, w2 knov tha! there exists nothing like an inWptiuefer Adwered Siediod™
Princeton, NJ USA
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ractly 7470 years which is the basis of Theon's calcvuletion. In other
Theon's sonreces cannot have been exact but were modified to fit a cer-
tain scheme of computation. It is not the small deviation of the "Sothie pe-
ried" of 1470 years from the real facts which is here of importance but the
evifence that the whole calculation is built on & simple computation in a

Facl—ards direction

m, with no quaranty that the endpoint reached is histori-

~nlly vrecisely defined. It is just as plausible that Theon had found by add-
in~ rernal years given in some kinglist, that a king "Menophrie® ruled 1460
years before the .famons "Avokatastasis™ of 139 A.D. As long as this rossi-
bility cannot be exeluded, the date of lienorhris might be the result of the
Avznasty schme of a chronogragher like Manstho and thereforz with no astro-

R 575) : 576)

Lepsivs assumed”

JJ

nomical value, that "Menophris" corresgponds to

575) Tihen I mention2d this possibility to Prof. A.Rome, he kind-
1y inform2d me that Fotheringham had written him exactly the same. Cf. also
Scparf? [1] p.8 note 1.

576) Lepsius, Chronologie p.172.

“errneptah, which seems tc be the most plausible explanation given for this
name. Accerding to our present knowledge Merneptah rubed about one century
after =1320 and therefore Lepsius' assumption has heen discarded. But if we
ac-2pt *he arove mertioned possibility, Lepsims' proposal seems to be worthy
of furthar considerstion, _

Te tourn now to the method of ealculation itself. Here too, we
=tend on ver; unsafe ground. It is only of minor importance that Thecn's au-
*horship is donbtful and that the whole passage in question s=ems rather to

balong tc an obsenre astrological treat153577) (although this might be re-

577) This has been shown by Rome [28rpe@300R6MN:LebTbEr paRSECE
in fuastion seams not only té&dwiesy of hitempelyti/biie pAdTeeon EEY Adehivertesnieto

Ptolemy's "Handy Tables™ but the same rule for comluﬂaﬁﬁuwgréﬁjé@ct?\%%gﬁis
rinceton
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ap-2ars inderendent of Theon in an astrclogical codex (CCAG 6 p.79 f. in
Codex Jlnﬂob ;hll. gr. 115) and in Cod. Vat. gr. 1038 containing Euclid,
+olemy =te. bnt not Theon. :

stondible for some difficulties in the calculation). The procedure consists

578)

in the following steps:

578) The text (not clear in all detalls) is reproduced, e.g.,
ins Chron. p.169 note 5 and (less completely) in Meyer (Ed.) Aeg.Chr
7-29 nots 1. 4 critical edition is still lacking.

(1) Tioeletianus 100 Menophris 1705

(2) 1 .1705 =~ 426
(3 add 5, giving you 231,
(¢)  subtract 7+408 = 102, end youw get ¥ = 329 .

(%) Because N = 10-30 + 29, the date of the heliacal rise of

SJothis in Dioecletianus 100 is XI(a) 29 .

I- 2rder to exrlain this nrocsss, let us assume that Diocletianus 100 = ¥eno
rhris 170% and that both eras arz counted in Julian years (fig.73). FHow

. . B . 1 - 2 i :
1707 Julizn years ccentain oz - 1705 m 426 more days then 1705 Zeyptian

7228, Tat ns suiueosa that the first day of Yenorhris 1 was the date of a
k=ilacal rcisipg of Uothis. Under the assvmption that the Cothis-year has the

l2ngth ¢of & Julian year, the date of the rise of Sothis 170% Julian years
later weculd fall 425 days later than in the first year (step 1 amd 2). If we

now wish to calculate the date of the rise of Scthis in the 4lexardrian ce-—

D

mdar instead of in the Egyrtian calendar, we have ts take into account the

5 F)

iate ¢ the rise o Sothis remained stsble since Augnstus' re—

orm of the calendar (azain asstming that Sothis—-year = Julian year). The

‘rzt intacealztion of the Avanstian cel°ﬂ931 tooﬂ%oqh@9<3%P%@“gdmﬁf”papﬁg%ns
Courtesy of The Shelby White'and Leon Levy Afchives Cénter

Institute for Advanced Study
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i3 ; BT % . PR ;
f, Gt lemat aecording to the letsye gcheme. 7 Frowm Augustus 4 to Diocletis
579) <Cf. above p. 109 note “i}. From fig.73, it follows that

TI{a) 2% = VII{j) 18 must be eonsidered as a fixed Sothis date if the fol-—
orins ascurption hold: (a) Menophris 1 I(e) 1 is a date of the rise of
“othis (for ths first time in four years); (b) Menophris 1705 = Diocle-
tianus 100 (the years counted as Julisn years); (e) Avgustus 1 I(a) 1 =

ning 100 = Aupgnstnas €13, 400 yegrs elapsed witk no change in the date of the

— 409 days too manj

4

rise of Sothis in the Alexandrian.celsndar. Therefore,
have hean taken in our previous calculation and therefore should be substrac-

ted (step 4). Henee the total number of days which shonld be added to the

i

I{e) 1 1in tha2 year lenophris I must be 426 - 102 = 324 and the resulting

datz ir the Alexandrian calendar would be the 325th day, i.e., XI(a) 25 .

-

r e text, however; adds in step (2) 5 more days, thus obtaining 329, and con-

siders on the other hand only the 329th day instead of the 1 4+ 329th day.

-1

'3 resnlt is thersfore (step 5) XI(a) 29 as the date of heliacal rising
in the year Diocletianus 100.

It is a totasl mystery why the 5 days are added in step (2).580)_

bya =

Th2s2 same days occur in the later examples of the same calculation581) an

are ther> confirmed by the corresponding Julian date given, nsmely, XI(a) 29

= VII(j) 23. Nothing remains but to admit that a group of documents assumes

; =
the heliacal rise of Sothis on the 23rd of July’SE) a good illustration

580) Borchardt MZ p.17 makes the ad hoc assimption that the
taoxt refers to a geographical latitwde of 360, but there is no textual basis
for this hypothesis.

%81) CCAG 6 p.79, computing the rise of Sothis for the years
229 and 919,
- . From the Otto Neugebauer papers
562) Terhaps ong,gheuld MSSnMBRVHAR Atk EEdPL eOPRRGRARTOSRE, date
given by Censorinus: VII(j) 21 (ef. above p.28¥). Institute for Advanced Study
. - - [ Princeton, NJ USA
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for *he weakness of all modern attempts to interpret such dates as precise
astron mical observation. I have ro doubts that the date assumed for the rise
of = .this was sutjsect to irregularities of the same kind as Faster dates in

garly Ohristianity «nd that at no tims did Sothis dates give more than the

arnroximate date of th2 phsnomsnon, neither in Grasco-Roman nor in 0l4-Teyp-

wn

¢, Oriertant.ion.

Almost no mesthod of astronomical chronology has been applied and
discussed more frerquently and less successfully than the dating of btuildings
ty their crientation. Indeeq, the number of astronomical }henomenf‘is s0
graat that it is extremely H%probatle not to be able tc find a relation, say,
tetwaen the axis of a temple and the rising, setting, or culmination of a
bright star, or a date on which the sun does enter into a characteristic po-
sitiorn mith respeset to an architectnral structure. The first requirement

shonld tra2refors b2 tc ostablish in each s; :cific case that the building has

b2er arsetad accordings to weolldefinad rulas of orientation, and textual evi-

Anne2 mnst b2 found ©or these rulas and for tho specific relation batween
the t-ilding, *k2 date of i*s foundation and an estronomical ;henomenon. The
mathod usually a; pli=d, to take tha faect of orientation as granted and to 004

firet relativsrip diccesverad as the actual orientation is almost

arother point rust hbe taken into consideration. Conseciously ap-—

>1i27 orisntation; say towards esst, or towards Jarusalem or kekka, must by

no> means hab2 been meant to be more than a general direction. If we now mee-

irection of 100 temples directed towards the east, it would be j

Yichly improbatrles not to find a relatively high pdrosmtbegttoiflccgaizmnico Papersy 5
. " ) Courtesy of The Shelby White and Leon Levy Archives Center ’
accurate orisntation. This acecuracy, however, does not|saffe BRAREREHSH iy

Princeton, NJ USA
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ther z» accidental snegecs amone & greet number of zot very accurate original

s mantg, Tha lpation of crientations for astronomical chronclogy re-—
niriras) hevaver, a kirh acenracy of the directions considered, and it is by
n- means svident which maasurerents should b2 considered as accidentally

r, even if we assume idesl conditions, i.e., the knowl=adge
of *h2 kind of c¢rientation intended and a clear judggFment as to the accuracy
tc be =xpected, the chronological rasult would even then usvally permit a
marzin of apcertainty of at least one century because the stellar rhenomene
= their appearance %ery slowly. It cen, therefore, hardly be
expactad that this wethod leads to results which are not already known in ad
varee and gith mich higher accuracy from archaeolocical considerations. The

most favorable conditions will prevzil ir the case of gunset arnd sunris

ey
-

0
o

D

1

:ronnd the 2qvuinoxes bescauss at these xmimk periods the variation of the pla
v ‘%2 horizer There the sun arppears or disappears is comparatively great.

3teller —~hanowvizna, however, depend mainlyg on their rectascension and declina
tior, and thes= ccordinates change only at the rate of the precession of the
eqninoxes, i.e., by fractions of a degree per century. Only if the original

measu ement reaches at least the same accuracy, cen the astronomical date be

As will b2 clear from these remarks, the dating by orientation

must lead teo the discussion of individual cases, which is not the scope of

*
wde
1]
"T‘
[
(
w
i
)
0]
e
&
=t
sl
_+
-~
(W]
re
W

2fore restrict ourselves to a few special problams

intend=d tou supdloment the preceding general considerations.

65. Egvit and Mesopotamia.

The pyramids are the inexhaustible subject of astronomical and
B From the Otto Neugebauer pape
chrenclogical theoriss which heygdQtdying dReiSP PRIk Mé@ﬂwm.@s@é}:ﬂe,f
Institute for Advanced Study
Princeton, NJ USA




in s2er=- dastiny of these buildings and the disregard for all archzologi-

Also speculative minds can hardly be convinced

cal ard histeriecal facts

583) Only as an example of the results obtained by this kind of
astrorncmical chronology might be mentioned thatw%he popular boak "The Romance
of the Calendar" by P.W. Wilson (New York 1937) the pyramids are assumed to
telone to the period from 4700 to 4550 B.C., i.e., about two millenia to

t; mera facts, it migcht be usz2ful to quote the articles of N.F.%heeler in
~tinnity 9 (193%) devoted to a systemetic survey of our prescnt knowledge
aront the rurpose and construction of all Egyptian pyramids. No basis is
12f+ for any threory of +the astronomical purpose of these buildings. It is no

eontradiction te this statement to say that a north-sonth or east-west direc

tion ¢f rary Egy-tiaw buildings was intended. Te know this not only from the
~ras-pvad o peninsg but 4lso Trom texts desceribing the carewoniczs to be executed
: . 584) . . ; 3
e n= founda-icr of tamples. The king directs his syes towmards the
~ - :;:I'r\' * - - - b . - . -
Grent Dipoer’ Y siratching the rcpe in the intended axis. 3ut this shows
- i-e mora than & ganeral direction towards a northarn constelilations
hWirk-r acensaey irn dztarmining thae culmination of a star can hardly be ob-
= P - B (&l ~ . "
A4 =ith Doyt lar watast-clocks: 780) oy course, asc said befora, occasional

F&2) <f. torcnardt A% p.54 note 2 (also Nissen, Cr., p.32 f.

with sligktly ineorrect translations).
8%) As mention=d above (note 7:i) Borchardt assumes that urss
minc» is meant, tecaus2 this constzllation is nearsr to th2 northarn pols.

586) Th

ent from Borchardt's systematic investigation
of tha extant examples

high ascenraey ecanngot be aveided awong & great numbar of buildiags of roughly
ha same orisrtation, but this eannaot te a sufficient basis for astronomical
- From the Otto Neugebauer papers

Totins Tomoor 0F of ondnticonColUrtebyof-TheiShetbyVhite'ang Leondevy Arehives Ceater
Institute for Advanced Study
Princeton, NJ USA



thias the Bgystian avchitegts folt themgelves free to adapt their plans to lo-
oal ecoh "*;at:-?) - which makas it perfectly hopsless to consider the
srissiation of & buiiding as sstronomical gigniticant. An orientation with
régiott to differant fixsd stars, ss ansgumed by Nisgs ,588) seems not to be

aonTirmad by any textual evidence.

In r3gcent years, also lescpotamian temples have been investigated

for *hair orisnta: ion as & basis for chronological studies. G.Martiny has
oablishsd varioug articles on this JPGt589) but in such a form that the

hasie idea is hard to disccver. The astronomical background of this theory

A

= who considered Martiny's

3 iy 590

was brought teo a clear form by P.V.Neugebauer, 90)
. 81

sarpuments very sonvineing. Thers ars, however, Very serious obj ecwzlonv)9 )

a~=innt th2 bagic assumptions made by hiartiny which must bs discuszed brieflylg

569) Cf. the bibliography p.i%!.
590) Neugebauer (P.V.) [4] (1934) and Neugebauer (P.V.)-Schott
Cf. the carseful discussion of l'artiny's original theory

"

by Teissbach

Martiny originally distinguished between two types of temples,
th

W

"Assyrian" and "Babylonian" temples. but this distinction does not coin-

cife with rhe usval meaning of these words but only characterizes two dif-

feren® mathods of orisntation. In order to avoid this misleading terminology

distinguich betwsen two “classes“Fﬁoﬁqﬁeﬁnﬂpﬂggggxﬂ@pnggkp
nsnally assumed orientation wf%ﬂ”¥¥yﬁéJ@eéﬁ“%ﬁéWﬁmffﬂﬁkh?Q%kﬁyxf¥CQN8§§%§¥H
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fived star and 4 mearns a new type of orientation discovered by Martiny. He

assum=s that around 3000 B.C. one distinguished a certain hour cirele passing
1

throuch the stars « Virginis, « Draconis (at this time polar star) and « j

fassiopeise. Tha intorssection of the planz of this circle with the plane of |
*¥e horizon observad at sunrise 8 days after the vernal equinox gives the
axis . a temple of class A. Martiny assumes furthermore that this great

s> was definad by means of fix:d stars (as mentioned above) and not by

)
et
I
n
ot

5
%]
{0
3
0

of the actual celestial pole. Because of the precession of the equi-

3
&
e
0

, homever, this circle will not remain an hour circle but become more
ar? more displaced. On the other hand, the observation of its interssction

~

wi‘h ‘ho horizon is observsd on & date with fixed distance from the egqni-
noxss. Lance the line of intersection, i.e., the direction of orientation,
7i1l slowly chengs in propurtion to the precession by an angle of asbout 1 2°
per coentnry, measured on the horizon. The direction of a temple of this type
wonl? therefors be a direct index of its date of foundation.
This is not the place to repeat all the very serious objections

to b: raised against ths archealogical and historical e2lements assumed by
592) '

Martiny. It is snffici:nt to show that th2 fundamental astronomical as-

F92) Cf. Teissbach [3]. -

w

nwmrt ion o Vartiny's theory cannot be acceptad as correct. As is clear from

Wi

the rrz2eceding descriptior of th: orizntation of temples of class A, the es-

- 1y L1ite
= ial point consicts ic th= cbscrvation of the fundamental eircle through
Draconis at a date whick has a fixed relation with resrect to the vernal

coint, a date which Martiny assumss to be the Rew Yaar's festivsl. Such a
r, bacense the New Year is counpected wit
2 Fr6im the Otfo-Neugebauer ba&eriéhe
wontk Nissn, ehich is o nmonth GeurtesyphdheShednaWiniterandd eonlauy-Archives Lenigera
Institute for Advanced Study
gularly oround the vornal point during the whole period in gpeiatdton.NInUsihe
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=cr's, “he fixsd Jate on the sclar calender sslected by Martiny as date of
orie-tatign has no “ixsd ralaticnship at all to the actual Babylonian calen-
Aap. Lamez *h2 thel? theory of orientation of temples of class A collapses.

™,

itie orientation of type B acsumes another principle. Here a co-

oriination betwezn a deity worshipied in the temple and a certain fixed star
ie aseumad, This theory has bzzn built on such arbitrary assumptions that

o

Ver+tiny himsel” mors or less exrlicitly admitted the incorrectness in the
caze of 3 ont of 10 tamples.593) He therafor: replac2d this theory by an-

othar vhich as-nmes that temples arse oriented "geographically®, i.e., they

503) Martiny [2].

era dirsctad toward the "mother-templa" in arother city, whers the original
enl+ is svnrposed to have origineted. It did not occur to Kartiny that such
ar <riontation bstween points hundreds of miles apart wonld require methads
of ma-hematical geography which 4id not exist before Hellenistic times -
rot to mention the toutal lack of' cvidence for such ideas in Mesopotamian re-
1:-ion. That Kartiny himself knows only two(!) .-temples following this prin-
cirle is almost unnecessary to add. What remains is nothing but the postu-
late of the existence of some kind of "orientation"” no matter how it is to
be found.

A totally different theory of orientation has been proposed by
594)

Unger, who assumes the directions of the winds as the responsible ele-

594) TUnger BFS.

ments. Forituna‘ely, no chronological conclusicns have yet besn drawn from
this speenlation, sc we spare ours2lves the trouble of going into details

I+ is only surprising that Unger at the same time 2lso assumes an astrono-
From the Otto Neugebauer papers

mical orientation of streets epd nadisr rie SROK}IMitdENERN LBkpARMhALIO er
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E =4
witk the surmer solstice.59)) He connects this with the intercalations of 1
the 1nnar calarndar, not realizing that such a "Normal-Clock for Babylon"

P

—cul? 1ead to much more regnlar intercalatioms than are actvally attested?gs)

%3%) Unger BHS p.382 the solstice of 2500, lowered in Unger [1]
.317 f. to 2007, at that time assumed to be Hammurapi's date.

£e4) Cf. above p.7in.

T™at remains is, here too, the pcstulate of the existence of an orientation.
Tha' the same facts fit the most contradictory theories is not considered an

argumant against the valune of the basic assumption.

66. Greece.

The planning of Greek cities was influ=snced, at least in theory,
: . o : . . a : 597) :
by the consideration of the pravailing directiorn of winds, and in prac-

cé cortainiy still wmore by the frequently very difficult conditions of the

597) Vitruvius I,% requires that these directions be avédided for
the main streasts.

loecality and by assthotic reasons. Astronomical orientation of projects of |
thie siz2 is practically exeluded, and it can therefore not be reasonably

1

expacted tha* ‘amrlas ~hich are in perfact agreement with the nst of strests !

ar: ~nhiost +5 individnal orisntatizn. It is hard to undarstend why certain
“emrlas choeld not hava been snbjset to astronomical orientation, while the
plans of ot touri; 12s should have tean determined exclusively by orionta-

tion. I¥ a rolisious ceremony of this kind was considered essential, one
shonld expeet its general acceptance. Also the principle of orientation it-
s=21f should havz been of a very arbitrary character: whercas most of the

+amrles show wn sast-wost orvientstion (which mak Frorhtthe @t Neagdirauer pagershei
o ) e Courtesy of The Shelby White and Leon Levy Archives Center
axls into rolntion with the placs of sunrise orn o cerfadn e of hhey Shﬂ'ﬁ/
Princeton, NJ USA
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afq mans toem les shers this relationshiy is exeluded. The other prin
2d:1 =, 1like criontution of the minor exis (which is of no sigrificance for
298
+¥a tnilding) or oriantaticn with rzspect te fixed stars, have been adduced.
b & o hareso not serprising thet the hypothesis of astronomiczl orizsnta-

528) Nissen, Or. e.z. p.124 £,
599) Cf. e.g., the artiele "Tempelorientierung” in RE Suppl.
(1620), (Doxiedis [1]) and Gerkan GSt .74 ff.

In s ite of all these difficultises, W.bB. Dinsmoor undertcok to

)

=
-

i

nvestigatse the jroblem in = number of cases where the circumstances were

600) mo

u

nfricisntly favorable to judge the value of the results obtsined.

£07) Dinsmoor [1] and Archon list p.206.

tmo main regnirements are the dating of the building, or still better of the

Pourdations of the tnilding, within narrow limits by archaseological means,

a~4, moreover, the knowladge of the date of the festivals which might be con-
“siterad essential for the foundation of the temple. The greatest difficulties
liz in the nndstermined relation cf the lunar calendar with respect to the
year. It turne out, however, that it is possible to make assumptions such
that 10 tem;les can be dated within the given limits by the appearance of th
sun on the actu.l horizon (mourtains and even nearby buildings). I think one
must admit that these results spsak very much in favor of an astronomical
orisntation in these cases, although I would still not risk using observed
orizsntaticns for the restoration of the calendar. As lcng as the calendar is
not d2terminecd on independent grounds, the possibility of accidental coinci-
demces cannot be denied. For chronological puryposes, the dating by orienta-
From the Otto Neugebauer papers
tion cannot become mworzs than goufteziidinmy Smehofhwiicdcen bey ArahveyiCenity i
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¢ 5. Biblicgr.phy to chapter IV.

67. Astronomical and general nart.

h woderr star catalogue is given in Schlesinger CBS, to which

corresponds the star map of Deporte AC. A star atlas of smaller size but wi
the modern limits of the constellations is the 6-th edition of Schurig-Gstz,

Tabulss coelestes {‘?}3).601) For the traditional configurations the atlas

$01) Thz last wention2d atlas is mers conveniznt than the atlas
"37wgrt= ir 0 far as it prints the names of the stars on ths map while
the map o Dzlrorte only gives the nlaces and adds the names in a separeted

a~? tre catalogue o Heis NHA is very useful. Tor older star cataloguss, see
¥~chel [1]. The best available star map for “abylonian constellations is

civen i» Ileissper BEA II. This map is based on identifications accepted by
2.7, T2idner. It is imyossible to compose such a map'in the present state
o af ‘airs without makin~ arbitrary decisions which wmight eventually turn
out to bas false. One must therefore expect no more than an arrangement cof-

ey s

aQ

in gonercl but amznable to change in details. - No successful attempt
has bz:n made until now to compos2 an Egyptian star atlas.

Tehlzs for the ecalenlation of heliscal phenomena sr2 given in
Tangzbauar (¥.V.) TAChr.III with ccrrections in AChr.I p.155 ff. For the co-
eriinates of Graek star confignrationj; Psters-Krobsl FCS and Vogt [1} and
shonl7 he taker inte consideration. For the history of the configuration
in ganeral se22 Gundal, Dekane and Boll-Gundel [1], where further references

are ~iven. Th= ancievrt ohseirvations of stellar colors are discussed in Bell

From the Otto Neugebauer papers
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8. Special torics.

L;-l
u
3
3

eta. The only two preserved spacimens are the fragments

]

excavstad in 1902 at Miletus. These unique texts are, however, not yet in-
2d in the o®fiecial publicetion of liilesian inscriptions; only prelimina-
r: nstices and nnnaiie”&ctorf thotozraphs of two main fragments are publishe
iels — Rohm [ J, Dessau [1], Zshm [1] and Diels AT, p.7 and pl.I). The an-
rniant literary tradition about steliar calendars is collscted by Waechsmuth

in Tydns, D: ost. and in part ropublished in the editions of Geminus (EA
pr.).002)

b=

p.21* £f,) and Ptolemy (opera II, 1 + detailed investigation of

*

{02) cf. also Urent'2l1-Bunt, hibeh No.27.

rkis material can bs found in the studies on the Gresk calendars edited by

- v
o el e}

o1l ( ); cf., moreover, thz artivles "Episemasiai™ (Rehm [3]) 2nd "Septi

[*p}

zoninum" (Dombart [ 1]) in RE.

mevrtian "Diazonel-Calendars™. The ponblicetion of the stellar

-
0y
166 58

endars on cof'fin 1ids of the Ifiddls Kingdom is in = very vnsatisfactory

tate. Not a single on2 of these texts is scientifically published. The pu-

€1

blications of Lacau SANE II and Chassinat-Falanque, Assiout, reproduce the

t2xts in type-print only and ar>2 very unrelisbls for details;. The articles
603 . B!

¥z Tomo ([51T€1M71° ))3 contuin photographs, but they are diffiecnlt to read

- ; 3 04
inlock (2] is only a pr2liminary report.éb )

“03) The coffin of Hekat comes from Assuan, that of Aashait fr
>
Thzb2s (not from 3ynt, as Fogo says).

504) from this sxcavation, however, a scientific publication ¢
be expected; I had the opportunity of using Dr.Winlock's edition of the cof
fin of Aashait.

From the Otto Neugebauer papers
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Lricntation. The bibliography given by Doxiadis [1] does not co

v2r oriental material. Astronomigal orientation of Mesopotamien temples was

N
+

proyosed by Uartiny (FI apd [1}), was svpported by Neugebauer (F.V.) [4] and
Hetigabanar (T.V.)=Schott [1), but contredicted by Weissbach [3]. The new
treory of geographical orientation was thereafter proposed by Martiny [2]

ard [3], but contradicted by Heugebausr (0.) [10]. Martiny BAT is mainly

{2

evoted to the archasological part of his doetrine. Frevious literature con-

otentation of oriental buildings can be HXEXIKE disregarded (c.g.

b

Nissen, Or.) because of lack of archaeological materisl.

From the Otto Neugebauer papers
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ASPECT OF HEAVENS, MARCH, APRIL, 1946 45

after sunset during the first half of March. It reaches greatest
eastern elongation, 18°, on March 9. It is in conjunction with
Venus and_5° north of it on March 18. Mercury is at inferior
conjunction on March 26 and at greatest western elongation,
27°, on April 23. It should be visible low in the eastern sky
just before sunrise dtring the last half of April.

Venus is separating from the sun in the evening sky, setting
4 fittle less than two hours after the sun by the end of April,
At that time it is just south of the Pleiades.

Mars passes 3° north of Saturn on March 18; this is the
third conjunction of these planets in six months. Mars and
Saturn, which are just south of ‘Castor and Pollux, have been
a striking display all winter. (For a figure showing the ap-
parent paths and conjunctions of these planets, see Pub. A.S.P.,
57, 305, 1945,) On the evening of April 8 at 22" 39™ the moon
will be close to Mars. On April 18, Mars is in quadrature with
the sun.

Jupiter is in opposition on April 12, rising in the east at
sunset and remaining above the ‘horizon all night long. While
_in retrograde motion, it passes 4° north of Spica on April 19,

Saturn, which is in conjunction with Mars on March 13,
is stationary on March 19, then resumes its eastward motion
among the stars. It is in quadrature with the sun on April &

Jranus is in quadrature on March 4. It will move during
March and April from R:A. 4® 48= and Decl. 4 22° 27" to 4* 56F
and +-22° 417, -

Neptune is in opposition on March 28. It will move during
March and April from R.A, 12% 32" and Decl. —1° 47’ to 12°
26™ and —1% 9% :

The sun reaches the vernal equinox on March 20 at 21" 33™.
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