PART ONE

ASTRONOMY
IN
THE ANCIENT WORLD
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1

LIFE AND THE STARS

T

origin of astronomy goes back to prehistorie times from which
no records have survived. At the dawn ofbistory we find indications
in the oldest written records that astronomical phenomena had already
captured man's attention, just as we find today among the primitive
peoples a certain knowledge of stars and ofheavenly phenomena.
Wh at caused primitive man to raise bis eyes from the earth toward the
sky above him? Was it the beauty ofthe starry heavens, ofthe countless
radiating points in a wonderful variety ofbrightness, colour and pattern,
that caught bis eye? Did the stately regularity of their motion across the
vault, with irregularities superimposed, provoke his curiosity as to the
eau se? In later times these may have been driving and inspiring forces,
but primitive man had so hard astrugglesimplyto make bis lifesecurethat
there was no room for luxury incentives. To maintain bimselfhe had to
fight for bis existence incessantly against the hostile powers of nature.
The struggle for life occupied bis thoughts and feelings entirely, and in
tbis struggle he had to acquire such knowledge of the natural phenomena
as influenced bis life and determined his work; the better he knew them,
the more secure bis life became. It was in tbis way, therefore, that
astronomical phenomena entered bis life as part of his environment and
as an element in bis activities, capturing his attention. Science originated not from an abstract urge for truth and knowledge but as a part of
living, as a spontaneous practice born of social needs.
The astronomical phenomenon of alternating day and night regulates
the life of man and beast. Primitive tribes often re ad the time of day
from the height of the sun with great precision; they need it to regulate
their day's work. Missionaries relate how on de ar days the aborigines
turned up at morning assemblies at the exact hour, whereas on doudy
days they might be hours wrong. European peasants were also able to
do this until church docks and pocket watches made it superfluous.
When meanwbile a more precise method was needed, the length of a
shadow was paced off,
The other main phenomenon determining human activity is the
alternation ofthe seasons. At high latitudes it is the alternation between
HE
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a dead winter and an abundant summer; nearer the equator, between a
dry and a rainy season. Primitive hunters and fishermen were dependent
on the life cycles and migrations of the animaIs. Peasants and herdsmen
regulated their work, their sowing and harvesting and their wanderings
with the flocks, according to the seasons of the year. They were guided
by their own experience of the changing aspects of nature.
Attention to the heavenly phenomena themselves became necessary
when labour developed more complicated forms and new needs were
felt. When the nomads or fishermen became travelling merchants they
needed orientation, using for this purpose the heavenly bodies=-in
the daytime the sun, at nightthe stars. Thus eye and mind were directed to
the stars. The stars had names in the earliest literature of the Arabs. In
the Pacific the Polynesians and Micronesians, who were experienced
sailors, used the stars to determine the hour ofthe night; their rising and
setting points served as a celestial compass, and they steered their
vessels by them at night. In their schools young people were instructed
in the art of astronomy by means of globes. Through contact with the
Europeans, which ruined them physically and morally, this au tochthonous science was lost.
The need to measure time intervals was a second incentive that led to
a close observation of celestial phenomena. Time-reckoning was, apart
from navigation, the oldest astronomical practice, out of which science
later developed. The periods of the sun and moon are the natural units
of time-reckoning, but sometimes, as curious products of a higher state
ofknowledge, other periods appeared, such as a Venus-period with the
Mexicans and a ]upiter-period
with the Indians. The sun imposes its
yearly period by the seasons, but the period of the lunar phases is more
striking and, because of its shortness, more practica!. Hence the
calendar was generally dominated by the moon, except where the
climatic and agricultural seasons imposed themselves irresistibly.
Nomadie peoples regulate their calendar entirely by the synodic
period of 29t days in which the phases of the moon return. Every time
the new moon-called
a 'crescent' because of its growth-appears
as a
slender are in the western evening sky, a new month of 29 or 30 days
begins; hence the hours ofthe day begin at the evening hour. Thus the
moon became one of the most important objects of man's natural
environment. The ]ewish Midrash says: 'The moon has been created
for the counting of the days.' Ancient books from different peoples teIl
that the moon serves for measuring the time. This was the basis of the
moon-cult, the worship of the moon as a living being, which by its
waxing and waning regulated the time. lts first appearance and still
more its fullness, when it dispelled the darkness of night, were celebrated
with ceremonies and offerings.
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Not only did worship result, but also closer observation, as is shown
in a curious division of the zodiac into 27 or 28 'moon-stations'. They
are small groups of stars ca. 13° distant from one another, so that the
moon, in its course around the celestial sphere, every successive night
occupies the following one. They were known to the Arabs under the
name menazll or manzil; to the Indians as nakshatra (i.e. 'star'); and to
the Chinese as hsiu ('night-inn'). Since the moon-stations in these three
cases are mostly identical, it has been supposed that these peoples
borrowed them from one another. Opinions have differed as to which
of the three was the original inventor or whether each had received
them from the Mesopotamian centre of culture. But an independent
origin in each case does not seem impossible, since many of these moonstations constitute natural groups of stars, more naturaloften
than the
twelve larger constellations of the zodiac. The head of the Ram, the
hind-quarters of the Ram, the Pleiades, the Hyades with Aldebaran,
the horns of the Bull, the feet of the Twins, the Twins Castor and
Pollux themselves, Cancer, the he ad ofthe Lion with Regulus, the hind
part of the Lion with Denebola, are all conspicuous groups. However,
th ere is also an identity of less natural and less obvious groups, which
would suggest mutual borrowing. It is weIl known that many cultural
interchanges took place between China and India, and tablets with old
Sumerian texts have been excavated in Sindh.
So the lunar period is the oldest calendar unit. But even with pure
moon-reckoning, the year-the
powerful period of nature=-appears in
the fact that there are twelve months, i.e. twelve different consecutive
names ofthe months, names indicating a seasonal aspect: the month of
rains, of young animals, of sowing or harvesting. Usually a tendency
develops towards a closer co-ordination oflunar and solar reckoning.
Agricultural peoples, through the nature of their work, are strongly
tied to the solar year. Nature itselfimposes it on peoples living in high
latitudes. The Eskimos of Labrador have no period names for the dark
winter time, when outdoor work is at a standstill, but they have fourteen
names for the remainder of tbe year. Many peoples leave nameless the
months when agriculture is suspended; thus the Romans are reported
to have had originally only ten months (the names from September to
December mean the seventh to tenth months) and to have added
]anuary
and February later. Our modern calendar, without any
relation to the lunar phases, still embodies in its twelve months the
tradition of ancient moon-reckoning.
In their calendars most agricultural peoples use both the month and
the year, especially in southern countries, where the seasons of the year
are less extreme. Thus the Polynesians and the African Negroes have
their regular ceremonies at fuIl moon, but their harvest festivities dep end
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on the season. They know how many moons have to pass between
harvesting and sowing and what are the right months for gathering
wild fruits and for hunting.
Here, however, a difficulty arises because the solar-year dates ofnew
and full moon move up and down, so that the phases of the moon
cannot indicate a determinate seasonal date.
Then the nightly stars, already known through movement and
orientation, offer a better solution. Attentive observation reveals that
the position of the stars at the same hour of the night regularly changes
with the season. Gradually the same position comes earlier in the night;
the most westerly stars disappear in the evening twilight, and at dawn
new stars emerge on the eastern horizon, appearing ever earlier in each
following month. This morning appearance and evening disappearance,
the so-called 'heliacal rising and setting', determined by the yearly
course of the sun through the ecliptic, repeats itself every year at the
same date. The same happens with the moment at which a star rises in
the evening twilight (the end of the observable risings) or sets just
before dawn, the so-called 'acronychian' rising or setting. The aborigines of Australia know that spring begins when the Pleiades rise in the
evening. In the Torres Straits, to find the time for sowing, a close watch
is kept at dawn for the appearance of a bright star called Kek, probably
Canopus or Achernar. On the island of Java the ten mangsas (months)
are determined by the position of Orion's belt; when it is invisible work
in the fields ceases, and its morning rise indicates the beginning of the
agricultural year.
Stellar phenomena are not the only means of fixing the dates of the
solar year; the sun itself can also be used. The Kindji-Dayaks, living in
Borneo at 2!0 northern latitude, make use of the length of the shadow
of a vertical stick at noon; the first month begins with a shadow of
zero length, the second and third months with a length equal to! and i
times the upper arm. At the Mahakam River the festivities for the beginning of sowing are determined by the sun setting at a point on the
horizon marked by two big stones. The Zuni Indian priests fix the
longest and the shortest day, celebrated by many ceremonies, by careful
observation ofthe northernmost or southernmost points ofsunrise, and it
is the same with the Eskimosin their country, where, because ofthe high
latitude, the method is more accurate than elsewhere.
The necessity to divide and regulate time has in various ways led
different primitive peoples and tribes to observe the celestial bodies, and
hence to a beginning of astronomical knowiedge. We may be sure, confirmed by historical tradition, that such knowledge had also developed
in prehistorie times. From these origins, science, at the rise of civilization,
emerged first among the peoples of most ancient culture, in the Orient.
22
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ROM the multitude of tribes living in a condition of barbarism,
large states arose between 4000 and 1000 Be in the fertile plains of
China, India, Mesopotamia and Egypt. They represented a higher
stage of culture, of which written documents have been transmitted to
posterity. The formerly independent peasant communities and townships, with their own chieftains and urban kings, their local gods and
forms of worship, merged into larger political units. The extraordinary
fertility of the alluvial silt, which yielded a surplus product, provided a
living for a separate class of rulers and officials.This organization first
arose from the need for the centralized regulation of the water. The
large rivers irrigating these plains-the Nile, the Euphrates, the
Hwang Ho-filled their beds with silt, overflowed in certain months
and fiooded the fields, devastating or fertilizing them, or at times
excavating a new bed. The water had to be directed continuously and
checked by dykes, by a deepening of the rivers, or by the digging of
canals. Such control could not be left to the individu al districts with
their often confiicting interests. Centralized regulation was necessary,
and only astrong central authority could guarantee that local interests
would not prevail over general interests. Only then were fertility and
prosperity assured. But when the country fell asunder into petty warring
principalities and the dykes and canals were neglected, the soil dried up
or was fiooded, and the people starved: the wrath of the gods then lay
on the land.
Astrong central power was needed, secondly, for the defence of the
fertile plains against the war-like inhabitants of the adjacent mountains
or deserts. These people could find only a meagre living on their own
land, so they made it their business to plunder and to force tribute from
their prosperous neighbours. A division oftasks was necessary; a caste of
warriors developed who, with their chief as king, became a ruling class
controlling the surplus product of the farmers. Or the roving neighbours turned from marauders into conquerors and settled as a ruling
aristocracy in the midst of the farmers, protecting them from other
aggressors.In either case the result was astrong centralized state power.
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This story, repeated from time to time, represents in brief outline the
history of these lands. Over and over again barbarian peoples invaded
and subjected them, sometimes remaining as a thin upper layer, like the
Manchus in China, the Mongols in India, the H yksos in Egypt, and
sometimes as an entire people mixing with or replacing the former
inhabitants, like the Aryans in India and the Semites in Mesopotamia.
Though much culture was destroyed in the conquest, the invaders
afterwards adopted and assimilated the existing higher state of civilization, and often imparted fresh vigour to it. After some generations,
having lost their savage strength, the conquerors themselves became an
object of attack by new aggressors.
In such empires the prince was the legislator, the chiefjustice and the
head of a government of officials, who as leaders of the civil departments
constituted a second ruling class alongside the military. Vsually it consisted of the priests, who had been the local intellectualleaders, and now
were organized into an official hierarchy. The priesthood held the
spiritualleadership
of state and society in its hands. It held the theoretical and general knowledge needed in the process of production; this
was the souree of its prestige and its social power. Where agriculture
was the main occupation, knowledge of the calendar and of the seasons
was their domain. Religion too--in those times one with state and
society-was
centralized; the local deities of the chief townships were
conjoined into a pantheon under an upper god, whereas the local gods
of smaller or conquered sites were degraded to a lower order of spirits
or were incorporated into other gods. Thus in ancient Babylonia the
goddesses Innina, Nisaba and Nana were united with the later Ishtar.
The fact th at Borsippa became a suburb of the rapidly growing city of
Babylon found its theological expression in its city god Nabo becoming
the son ofMarduk. Whereas the deities ofthe oldest eentres of cultureEridu, Vruk and Nippur-always
remained the most highly venerated
gods Ea, Anu and Enlil (mostly called Bel, i.e. 'Lord'), after 2000 BC
the political hegemony of Babylon made its local god Marduk the
senior god of the pantheon. When in later centuries Assyria acquired the
overlordship of the Mesopotamian world, Ashur took this place. When
combined into a hierarchy, the gods lost some of their local character,
and their character as personifications of natural powers became more
prominent. The deities Sin ofVr and Shamash ofSippara in later times
were always venerated as the moon god and the sun god.
The rise of a group which, as ruling class, no longer needed to secure
its life by heavy toil, led to new conditions of existence. The social
structure became more complicated, spiritualleadership
demanded
higher qualifications and advanced wider claims. Trade and commerce
engendered new material and spiritual needs, and with the wealth and
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luxury ofthe monarchs and lords came a zest for art and science. Thus,
for the first time on earth, along with the new social structures, higher
forms of culture arose, exceeding those of the most developed prehistorie
barbarism. The era of civilization began.
This involved a higher development of astronomy. It proceeded
directly from the demands of time-reckoning, and more especially from
the problem of adapting the moon calendar to the solar year.
One period of the moon is, on the average, 29.53059 days; asolar
year is 365.24220 days, i.e. II days more than 12 lunar periods, which
amount to 354.3671 days. After three years the moon cal end ar is
33 days behind the sun's progress. In order to remain in accordance
with the sun, every third year, sometimes oftener, an extra month had
to be added, so that the year had 13 instead of 12 months. The calendar
problem consists in finding a larger period which is a common multiple
of the month and the year; then after this period sun and moon will
return to the same mutual position. An exact common multiple, of
course, does not exist, but more or less satisfactory approximations may
be found. With our precise modern knowledge of the solar and the
lunar period, we are able to deduce such approximate calendar periods
theoretically. We do so by converting their ratio into a continuous
fraction and writing down its consecutive approximations. Thus we
find Is and ib, indicating first that 8 years are nearly equal to 99 months
(viz. 2921.94 and 2923.53 days), so that, of these 8 years, 3 must have
a 13th month and 5 have 12 months. Vet this approximation is not very
good; after only 24 years the moon-date will already be 5 days late
relative to the solar season. Far more precise is a period of 19 years
which contains 235 months (6939.60 and 6939.69 days); a 13th month
must be intercalated here seven times. Of course, in earliest times
peoples did not have this exact knowledge of periods; the finding of a
good cal end ar period for them was a difficult practical problem, only to
be solved by a laborious process of adapting solar and lunar reckonings. So this problem acted as a driving force toward more careful
observation of the celestial phenomena.
The question may be posed as to why such precision was necessary,
since it was far beyond the needs of agriculture, which owing to the
weather fluctuations, is rather irregular in its activities. We should bear
in mind, however, that in those times agricultural activities were accompanied by religious ceremonies and festivities. The agricultural festivities, like all great and important social happenings, were at the same
time religious ceremonies. The gods, as representatives of the dominant
natural and social forces, took their part in the life of man; what was
necessary or adequate socially became a commandment of the gods,
strictly fixed in the rites. What by nature took place at a determinate
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season, e.g. a harvest-home, as a religious celebration was fixed at a
certain date, e.g. an aspect of the moon. The service of the gods did not
allow of any carelessness; it demanded an exact observanee of the
ritual. The calendar was essentially the chronological order of the
ritual. This made the calendar an object of continual care on the part of
the acting officials, especially the priests, but at the same time, because
oftheir monopoly ofknowledge ofthe favourable times, a souree oftheir
social power.
Some striking examples have come down to us ofhow such religiousagricultural practices led to the establishment of a luni-solar calendar.
The Jewish calendar, because it had its origin in the desert, was based
upon the moon; but when the Jews arrived in the land of Canaan
agriculture became the chief occupation, and the calendar had to
adapt itself to the sun. In spring the massêth. was a harvest festival; the
first sheaves of barley were offered and unleavened bread was made
from the first grain. This celebration coalesced with the nomadie
passah-festival, the offering of new-born lambs to J ehovah at full moon
in the spring time. Thus it was located at the full moon in the first
month, Nisan. How this was brought about we read in Ginzel's great
textbook of chronology. 'Towards the end of the last month the priests
inspected the state of the crops in the fields to see if the barley could be
expected to ripen in the next two weeks. Ifthey saw that this would be
so, the Masséth-Passah was fixed at the month beginning with the next
new moon; but if ripening could not be expected, the festival month
was postponed one lunar period. This determined the other festival
days.'!

This empirical method could serve the Israelites so long as they lived
together in Palestine. When later they were dispersed, it could no longer
be used; but by that time astronomy had progressed so far that they
could adopt from their neighbours the knowledge of calendar periods.
The period of 19 years, with a fixed alternation of 12 years of 12 months
and 7 years of 13 months, then became the basis of the J ewish calendar.
Another instanee is given by developments in Arabia before Mohammed. In the holy months blood vengeance was postponed and caravans
could travel without danger, because this was necessary for economie
life. The endless strife between the tribes was quite natural, and blood
vengeance, as a primitive juridical form of solidarity between tribal
members, was necessary, but its unlimited sway wouid have made the
marketing and the provision of food impossibie. Masudi says: 'The
month Safar takes its name from the market in Yemen ... here the
Arabs bought their grain, and whoever omitted to do so wouid die of
hunger.ts The holy month was the month ofmarkets; from all sides the
caravans travelled to the great market towns, especially to Mecca,
26
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famous for its incomparable cool well, called Zemzem, the souree of its
importance as a pilgrimage centre in Arabia. Here the tribes met and
talked, and the gathering place became the political and religious
centre and capital. So it was essential that the holy month should
always fall at the same time of the year, when the produets were
harvested and available. A later Moslem scholar, Albiruni, writes: 'In
pagan times the Arabs dealt with their months as the Moslems do now,
and their pilgrimage moved through all the four seasons of the year.
Then, however, they resolved to fix their pilgrimage at a time when their
wares, hides and fruits, were ready for marketing; so they tried to make
it immovable, to have it always in the most abundant season. So they
learned from the J ews the system of intercalation, 200 years before the
Hegira. And they applied it in the same way as did the J ews, by adding
the- difference between their year and the solar year, when it had
increased to a month, to the months of the year. Then the Kalammas
(the Sheiks of a certain tribe, in charge of this task) at the end of the
pilgrimage ceremonies came forward, spoke to the people, and intercalated a month by giving to the next month the name of the present
one. People expressed their approbation of the Kalammas' decision by
their applause. This procedure they called Nasi, i.e. shifting, because
every second or third year the beginning of the year was shifted. . . .
They could judge it after the risings and settings of the menoril. Thus it
remained up to the flight of the Prophet from Mecca to Medina."
In the gth year after the Hegira Mohammed forbade the shiftings,
perhaps to break the spiritual power of the Kalammas by taking away
their function, and, in addition, to separate himself more sharply from
theJews. So now the Mohammedan calendar is based upon lunar years
of 354 days, each consisting of 12 lunar months, which in 33 years run
through all the seasons. Here we have a calendar which, divorced from
social practice by formal prescript, has turned into a petrified religious
tradition of a primitive Bedouin way of life.
This may offer an example ofhow calendar and astronomy developed
in different ways among different peoples, in consequence of different
economie conditions and political history.
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Nthe earliest times from which data have reached us, the land of
Shinar, comprising the plains between the Euphrates and the Tigris,
was inhabited by two distinct peoples: the northern part, Akkad, by a
Semitic race, and the southern part by the Sumerians, two peoples with
widely differing languages, appearances and customs. The Sumerians
were the original inhabitants or the first immigrants, whereas the
Semites later immigrated in increasing numbers from the western
deserts. The Sumerian language shows no relationship to Semitic or
Indo-European languages, but rather to Turanian; anyhow the racial
character of this people of most ancient culture is unknown. In the
centuries foIlowing 3000 BC the Sumerian cities in the south (Eridu on
the sea, Ur at the desert border, Vruk, Lagash, Nippur, Larsa) showed
the highest culture; one of them usuaIly had the hegemony. The
Semites in the northern towns (Agade, Sippar, Borsippa, Babylon)
adopted this culture, and after further immigration became increasingly
the dominant race. When about 2500 BC Sargon of Agade, and afterwards his son Naram-Sin, reigned over the whole of Mesopotamia, the
military element consisted of Semites, while the scribes and civil
officials were Sumerians. In the foIlowing centuries the overlordship
returned to the south, where the rulers of Lagash and of Ur caIled
themselves 'Kings of Su mer and Akkad'. After 2000 BC the Semites,
through the immigration of Amoritic tribes from the west, gained
definite preponderance. Then, under a dynasty ofwhich Hammurabi is
best known, the city of Babylon became the capital of a large empire and
a centre of commerce and culture.
The Sumerians were the inventors of the cuneiform script, in which
each sound consisting of avowel and one or two consonants was represented by a special character. These characters were produced by
impressions, at one side broad, at the other narrow, made by a stylus-a
metal wedge-in a soft clay tablet which was then hardened by baking
in a fire. This rendering of syIlables by characters was entirely suited to
an agglutinating language such as the Sumerian, where the separate
words and roots were simply linked together. The Semites adopted this

cuneiform script, though it was rather cumbersome for their language,
with its inflection of the roots. When Babylon became the cultural
centre for the entire Near East, its language and cuneiform script were
used for international intercourse as far as Egypt and Asia Minor.
The deciphering of the cuneiform script and the languages written
therein was one of the great achievements of the nineteenth century; it
brought to light an entirely lost period of history and culture. Previous
knowiedge, mostly from Greek sources, mutilated and anecdotal, did
not go back beyond about 700 B.C. When Henry Layard in 1846,
influenced by the first excavations of the French consul Botta, went
digging at the site of ancient Nineveh, he disinterred magnificent
sculptures, bas-reliefs of hunting scenes, winged buIls and dragons. He
was struck by the multitude of sherds with cuneiform inscriptions lying
around, and, suspecting their value, he sent cases of these sherds,
together with the works of art, to the British Museum. Many years
later their importance was realized when George Smith deciphered
some of the texts containing a narrative of the Flood, and special
expeditions were sent out to collect as many of them as possible. They
proved to be remnants ofKing Ashurbanipal's 'library' and consisted of
new inscriptions as weIl as copies of texts from earlier centuries, dietionaries and lexicographic materials. They gave astrong impulse to the
study of ancient Mesopotamian culture (since caIled 'Assyriology').
At first, the Assyriologists were embarrassed by the intermixture of two
entirely different languages; usuaIly every character was used as a
sound, borrowed as a syIlable from the Sumerian for the Semitic
language; but often it was used as a so-caIled 'ideogram', a sign for a
thing, a concept, after its meaning in Sumerian. In this way two
languages were graduaIly unraveIled at the same time; thus these
literary fragments, completed by texts excavated from the ruins of
other ancient towns, brought out ever more clearly the history and
culture of ancient times.
An unknown and ancient history of astronomy also came to light
thereby. In this rediscovered ancient world the heavenly bodies had
assumed a greater importance than in any other country or era. The
reconstruction of this old knowledge from the smaIl and sparse fragments was certainly difficult. Only through vague suppositions,
hazardous conjectures, false interpretations and untenable theories
could the truth be graduaIly approximated. For many years Hugo
Winckler's theory-so-called
'Pan-Babylonism'-had
a great reputation; it proclaimed th at in the earliest times, between 3000 and 2000 BC,
a highly developed astronomical science already existed there, based on
a thorough knowledge of the celestial periods and of the shifting of the
aspect of the consteIlations through the precession of the equinoxes. It
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set forth how this primeval world concept, bearing the character of an
'astral-mythology',
by asserting close correlation between earthly and
celestial phenomena, was the origin of all later Oriental and Greek
systems of thought and determined legends, lore and customs even until
modern times and in distant parts of Europe. This alluring but highly
fantastic theory proved untenable when the texts were later subjected
to careful study. Our present real knowledge ofBabylonian astronomical
science is based chiefly on the work of three J esuit scholars, the Assyriologist ]. N. Strassmaier and the astronomersJ. Epping and F. X. Kugler.
The era of the fust Babylonian kingdom was a culmination of
economie and political power and of cultural life. Commerce and
industry prospered; Babylon, a most important commercial city, was
not only the metropolis of a large Mesopotamian empire but a culture
centre radiating over the whole of Near-Asia. Here the results of the
preceding centuries of Sumerian culture were consummated, and the
system of theology assumed the form valid for later times. The structure
of civil life is well known to us by the famous 'code of Hammurabi',
engraved in a stone which was excavated at Susa in the nineteenth
century. Among the many clay tablets dug up we find numerous civil
contracts on the buying and selling of land, money-Iending, rent and
service, which were deposited and preserved in the temples as if they
were notarial offices. Through them we have made certain of the
calendar, and ofthe sequence ofthe names and dates ofthe kings, which
serves as a framework of history.
Among the Sumerian names for the twelve months in use under
King Dungi of Ur-they
were different in different places-we
find
the name for the 4th month composed of the characters for seed and
hand, that for the I r th month of the characters for corn and cutting,
and that for the r sth month of the characters for corn and house: thus
the season is clearly indicated. So we can understand why the I r th
month was duplicated there for intercalation. After the rise of Babylon
the Semitic names came into use: Nisannu, Airu, Simannu, Duzu,
Abu, Ululu, Tishritu, Arach-samma, Kislimu, Tebitu, Sabatu, Adaru.
In the astronomical texts they are indicated by single characters, the
first syllables of their former Sumerian names.
In the old Babylonian kingdom the intercalated month was a second
Adaru, at the end of the year. The lack of regularity in these intercalations, as exhibited by the civil contract dates, shows that they took place
empirically, according to the ripeness ofthe crops, or when it otherwise
appeared
necessary; even two consecutive years occurred with
13 months, when the calendar was tqo far out. A few times, when
apparentlya deviation had to be corrected rapidly, the 6th month was
duplicated. There exists a document of such a case, reading: 'Thus
30

OLD BABYLONIAN

SKY-LORE

Ilammurabi speaks: "Since the year is not good, the next month must
be noted as a second Ululu. Instead of delivering the tithes to Babylon
on the 2Sth ofTishritu, have them delivered on the 2sth ofUlulu 11." '4
The delivery of food for the court could not, of course, be postponed a
month.
Observation of some celestial phenomena was necessary for the
calendar. To fix the exact first day ofthe month, the new moon had to
be caught at its first appearance. This was not so very difficu1t; in that
marvellously radiant elimate (some winter months and occasional
sand-storms excepted) with its clear visibility across the wide plains
from horizon to horizon, the priest-astronomers, from their terraeed
towers, could easily detect the fust slender lunar are in the evening sky.
They had to give attention to the full moon, too, for ceremonial
purposes, and to ob serve, for the sake of prediction, the last appearance
of the morning crescent toward the end of the month. Can one imagine
that in so doing they would not have noticed the stars silently tracing
their courses, progressing onward every successive month? Or that they
were not struck by the brilliant planets appearing occasionally among
them, and most of all by the peerless evening star? There are few texts
dealing with them; even with those clear skies the mind of the early
Babylonians was not so entirely occupied with the stars as has often
been supposed. But it is higWy probable-and
this is supported by some
texts-that
this regular observation of the moon must gradually have
led to an increasing practical concern with the stars.
The first phenomenon manifesting itself in the observation of the
young moon is the regular progression and shifting of the constellations
in the course of a year. The stars visible in the western evening sky are
characteristic of the season; hence they can verify the calendar and the
intercalations. This also applies to the first appearance ofthe stars in the
eastern morning sky. Intercalation by means of the regular heliacal
rising and setting of stars must therefore have gradually superseded the
irregular empirical method of observing the crops. A positive indication
may be found in a list (an Assyrian copy of an earlier original from an
unknown century) of 36 names of stars or constellations, three for each
month, of which every first one is clearly related to the heliacal rising
in that month. For the month Nisannu we find Dilgan (i.e. the Ram and
the Whale); for Airu the first name is Mulmul (the Pleiades; mul means
'star'); for Simannu it is Sibriannu (Orion); and so on. Then there is
another text, much damaged, which records: 'Star Dilgan appears in
the month Nisannu; when the star stays away the month must ...
star Mulmul appears in the month Airu .. .''' The appearance or the
delay in the appearance ofthe star clearly indicates directions for certain
actions.
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A great Creation epic from the time of the first Babylonian empire tells
how Marduk, the local god of Babylon, won supremacy over the gods
by beating down the monster Tiamat (Chaos), and how out ofthe parts
of its body he built heaven and earth.
He made the stations for the great gods,
The stars, their images, the constellations he fixed;
He ordained the year and into sections he divided it.
For the twelve months he fixed three stars.
The Moon god he caused to shine forth, the night he entrusted to him.
He appointed him, a heing of the night, to determine the days."
So we see that many stars and constellations were already known and
named. It does not appear that the twelve constellations of the zodiac
were the first known or occupied a special place. Some evidence could
perhaps be found in the fact th at the Gilgamesh Epic, with many
characteristics of a solar myth, is divided into twelve songs, each corresponding to a zodiacal sign. But this divisionmaybe thatofalaterversion.
The planets do not seem to play a role; the calendar deals only with
fixed stars.
This knowledge ofthe stars persisted through the succeeding centuries
ofpolitical decay, when Babylon was dorninated by eastern conquerors,
the Cassites, and the western countries were a battIefield of Egyptian
and Hittite expansion. From this time data are known from field
boundary stones (kudurrus), which were made secure from being moved
by placing them under the proteetion of the gods whose pictures were
engraved on them. We find there, besides figures representing the sun,
moon, and perhaps Venus, others supposed to represent constellations:
a bull, an ear of corn, a dog, a serpent, a scorpion, and a fish-tailed
goat, as the constellation Capricorn was later drawn. Excavations in
Bogazköy in Asia Minor, once the site of the Hittite capital, produced
bricks with inscriptions invoking Babylonian deities; in this enumeration
many names of stars and constellations appear, e.g. of the Pleiades,
Aldebaran, Orion, Sirius, Fomalhaut, the Eagle, the Fishes, the
Scorpion. The character of the Scorpion-gir-tab-consists
of two
characters meaning sting and pincer, with the sting represented by the
pair ofbright stars À and v Scorpii,just as it was afterwards drawn by the
Greeks, who borrowed this constellation from the Babylonians. A
much discussed text from Nippur-which
states th at the distance from
the Scorpion's sting and from its head to the star Arcturus, given in
many sexagesimaIs, are 9 and 7 times a çertain amount-seemed
to
imply that at th at time celestial distances were measured with some
accuracy. When from other tables it was completed by analogous
ratios 9 to I I, to 14, to 17, to 19 for other stars, it appeared to be a
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simple mathematical text, in which stars had been inserted as readymade examples. The supposition of sorne Assyriologists that linear
distances in space were meant is certainly not in accord with what we
know about the Babylonian world concept.
There exists another, a truly astronomical document, which we can
say with certainty derives from the first Babylonian dynasty. It is a text
from Ashurbanipal's library and now preserved in the British Museum,
with data concerning the planet Venus, and is a copy of earlier texts.
In 191 I Kugler succeeded in deciphering its contents. One part consists
of many groups of lines describing the phenomena of the planet (here
called Nin-dar-anna, 'mistress of the heavens') as astrological omens,
followed by corresponding predictions. They cannot be observations or
astronornical computations because the same time-intervals always
recur and the imaginary dates of beginning, regularly alternating
between morning and evening phenomena, are always of one month
and one day. For example the fifth group reads:
In the month Ahu on the sixth day Nin-dar-anna appears in the east;
rains will he in the heavens, there will he devastations. Until the tenth day
of Nisannu she stands in the east; at the eleventh day she disappears.
Three months she stays away from heavens; on the eleventh day of Duzu
Nin-dar-anna flares up in the west. Hostility will he in the land; the crops
will prosper.
In the month Ululu on the seventh day Nin-dar-anna appears in the
west ... 7
The intervals between eastern appearance and disappearance are
always 8 months and 5 days; then come 3 months until the western
appearance; again 8 months and 5 days until disappearance, then 7
days until appearance in the east. The total is 19 months and 17 days,
the correct Venus period. These intervals and dates of appearance and
disappearance have been deduced from observational data contained in
the remaining part of the text, but among the dates there are many
erroneous figures wrongly copied, or incorrect phenomena. 1t is a curious
fact that intervals from erroneously copied values have been used to
deduce the mean values applied in the schematic predictions. A fault
in copying put the long period of invisibility (after the eastern disappearance, which is normally about 2 months) as 5 months and 16 days
and the average became 3 months. This shows th at the man who later
handled the materials to insert the omens had so little astronornical
knowledge-or
paid so littIe attention-that
he included the grossly
deviating value in the average. Sin ce we know the meaning of the
numbers, some of the errors in these observational data-which
cornprise 2 I years-can
be corrected.

33

A HISTORY

OF ASTRONOMY

OLD BABYLONIAN

SKY-LORE

Among the misplaced phenomena of Venus is found, in the eighth
year, a line reading 'year of the golden throne'. The same designation is
found in the texts of civil contracts of the eighth year of King Ammizaduga, the penultimate king ofthe dynasty, who reigned for 21 years.
So the obvious conclusion was that the 21 years of the Venus text
corresponded exactly to this king's 21 years' reign. This was confirmed
by the fact that the years of 13 months in the Venus text corresponded
to the civil texts. Since the Venus phenomena for that time can be
accurately computed from modern data, this afforded a means of
ascertaining the precise dates for that king's reign, and the entire
chronology of about 2000 BC was put on a firm basis. The method
followed by Kugler was to use the statement that in the 6th year, on
the 26th day of the month Arachsamma, Venus had disappeared in the
west and, on the 3rd day of the next month, Kislimu had reappeared in
the east. Hence its conjunction with the sun nearly coincided with
the conjunction of the moon with the sun, in a season roughly corresponding to December or January. He found th at these conditions were
best fulfilled by January 23rd in 1971 BC. From this it would follow
that the first Babylonian dynasty reigned from 2225 to 1926 Be and
that Hammurabi reigned from 2123 to 2081 BC. The mean date of
Nisannu rst thus corresponded to April zfith of our calendar.
Such precise identification of such ancient dates was generally
recognized as an admirable example of astronomical-chronological
research, but it is interesting that the first.result was entirely erroneous.
There are several dates in accordance with the data. The conjunctions of
Venus with the sun return every 8 years, but 2.4 days earlier; those of
the moon with the sun return after 8 years, but 1.6 days late. Hence
two dates 8 years apart may sufficiently conform to the phenomena,
after which the conjunctions move increasingly apart, the Venus
conjunctions coming earlier, the moon conjunctions later. After
7 periods of 8 years, the Venus conjunctions corne 17 days earlier, and
the moon conjunctions 11 days later, so that a coincidence of the conjunctions again occurs, but now 29t days earlier. Hence we find a series
of dates (or pairs of dates 8 years apart) following one another at intervals of 56 or 64 years, and the astronomer depends entirely on the
historian to indicate the right century. When Kugler made his investigations, historians agreed to fix the first Babylonian dynasty at about
2000 BC; other investigators who tried to correct Kugler's work did not
dare to put the events more than 120 years later. But there existed an
old chronicle of kings by Berossus, a ~abylonian priest teaching in
Greece, which placed the dynasty four centuries later. This had always
been rejected by historians, but recently they reversed their opinion. So
now it is deemed most probable that the date of coinciding conjunctions

was December 25, 1641 BC, th at Hammurabi reigned from 1792 to
1750 BC, and that the entire dynasty ruled from 1894 to 1595 Bc-or
perhaps 64 years later, for there are still uncertainties in the historical
documents.
However this may be, it appears that the planet Venus was already
being observed with special attention during the first centuries of
Babylonian power, perhaps even earlier. Had other planets been observed with the same care, references to such observations would
certainly have been preserved in Assyrian copies, but Venus alone is
mentioned. It is quite clear th at the priests, watching for the moon's
crescent, were struck by this most brilliant of stars and that it must have
appeared to them as an exceptionalluminary.
In later texts sun, moon
and Venus are often named together as a triad of related dei ties,
distinguished from the other four planets. Can it be that the Babylonians
knew about the crescent of Venus in her great brilliancy before and
after lower conjunction? There is a text, the meaning of which is a
point of controversy and which is read by some Assyriologists as follows:
'When Ishtar at her right-hand hom approaches a star, there will be
abundance in the country. When Ishtar at her left-hand hom approaches
a star, it will be bad for the country.î" It does not seem impossible th at
in the clear atmosphere of these lands the horns of the Venus crescent
were perceived; modern observers, too, have mentioned such instances.
An American missionary, D. T. Stoddaert, in a letter to John Herschel
from Oroomisha in Persia in 1852, wrote that at twilight Jupiter's
satellites and the elongated shape ofSaturn could be seen with the naked
eye and that through a dark glass the half-moon shape of Venus
immediately struck the eye." Thus it can be still better understood that
in these ancient times the Babylonian priest-astronomers
devoted
special attention to Ishtar as a sister-star ofthe moon. Not only did they
watch its appearances and disappearances with religious zest, but they
were struck by its regularities and tried, though in a primitive manner,
to find the periods and use them for prediction. But this may have been
the work oflater centuries ofpolitical depression, e.g. between 1500 and
1000 BC.
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ARLYin the first millennium Be a new Semitic power arose in the
north on the upper course ofthe Tigris; Ashur was the name ofthe
capital ofthe supreme god. In continuous struggles against surrounding
states, Babylon among them, Ashur expanded and became the ruling
power in the Mesopotamian plains. About 800 Be Assyria became the
most powerful state of Near-Asia. Vnder the kings Tiglath-phileser
(745-727 Be), Shalmaneser (726-722), Sargon (722-705), Sennacherib
(705-682), Asarheddon (682-668), and Ashurbanipal (668-626 Be),
Syria, Palestine, Phoenicia, and at times even Egypt, were conquered
in a series of great and often cruel wars, and the boundaries were
extended towards Asia Minor, Armenia and Media. According to the
American Assyriologist Olmstead, the use of iron for weapons was the
chief material factor in the Assyrian conquests. The new capital
Nineveh was the political centre of a large military empire and as such
was adorned with magnificent buildings. But Babylon, as a great and
rich commercial centre whose wealthy citizens largely governed themselves, retained its rank as a venerabie seat of ancient culture. The
Assyrian kings recognized its importance by going themselves to
Babylon 'to seize the hands of Marduk', i.e. solemnly to take over the
government, or to nominate a relative as dependent king.
The Assyrians, as rough and warlike conquerors often do, adopted
the culture of the conquered and carried on its forms and traditions.
The Assyrian pantheon was identical with that of Babylon, except that
now Ashur was the new god of gods. The same priesthood thought,
worked and wrote in the old sanctified forms in the service of the new
rulers, fulfilling the same social functions as before. The plastic arts
ftourished anew, not only because the workers were a new people with
_fresh energy and the new ruIers were rich through conquest and plunder,
but also becausc, instead of the bricks of tlie lowlands, stone from the
surrounding mountains served as building material, excellent stuff for
the beautiful reliefs which today adorn the western museums. This
development reached its peak when, with the increase of wealth and
culture, the first hardy warriors were succeeded by princes who loved
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and protected the arts and sciences. It was then that Ashurbanipal
installed a library in his palace and ordered the old texts from all the
ancient sites and templ es of Babylonia to be assembied and copied. The
thousands of clay tablets were deposited in orderly rows, with their
titles at the sides, supplemented and explained by catalogues, dictionaries and commentaries, continuously augmented by new archive items,
the reports to the king and his correspondence with officials. The
more than 13,000 fragments dug up from this site alone and preserved
in the British Museum, and the many thousands from other sites, give
us a good picture of the customs and ideas, business life and culture,
religion and economy ofthat society, and ofits astronomy also.
The calendar of former times is still found in the numerous texts:
the lu nar month, beginning on the evening ofthe firstappearance ofthe
crescent, and the 12 months, now and th en completed with a thirteenth.
Though it is not expressly mentioned, it is almost certain that the
intercalation was regulated by means of stellar phenomena, generally
by their morning rising. The list of 3 XI 2 month-stars mentioned above,
in a copy in Ashurbanipal's library, may be an indication. Another
method is indicated in a text published by George Smith: 'When at the
first day of Nisannu the moon and star Mulmul [the Pleiades] stand
together the year is common; when at the third day of Nisannu the
moon and star Mulmul stand together the year is full.'!" The last part
of the sentence means that the Pleiades are visible long after sunset, and
as this is so early in spring, it is necessary to add a thirteenth month.
The stars and constellations are grouped into three divisions, the
northern, the middle and the southern constellations, known respectively as the domains of Enlil, Anu and Ea.
The calendar, however, was no long er the principal motive for
observing the stars. In Assyrian times it was astrology, the idea that the
course of the stars has a significanee for events on earth, that most
strongly determined the thoughts and practice of man. The heavenly
phenomena we re now studied with far deeper interest for omens con- - .
cerning the fate of men, but especially kings and empires.
This faith in omens existed in primitive man as the natural consequence ofhis belief th at he was surrounded by invisible spiritual powers
which inftuenced his life and work. It was a vital question for him to
win their favour and aid, to appease or avert their hostility and to
discover their intentions. Exorcism, offerings, incantations, charms and
magic connected with his work occupied his daily life. Most of these
spirits had their abocle in the heavens. Thus in early times the conception of a close conneetion between the stars and rnan's destiny had
already arisen in the minds of the Mesopotamian priests. Heaven was
not so far off; the earthly rulers and their people were near to the gods
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above. King Gudea of Lagash (about 2500 Be), in an inscription on a
stone cylinder, describes the building of a temple and tells how in a
dream the goddess Nisaba, the daughter of Ea, appeared to him:
'She held the shining stylus in her hand; she carried a tablet with
favourable celestial signs and was thinking.' And further on: 'She
announced the favourable star for building the temple;"! An omen is
found after each of the planetary phenomena in the Nin-dar-anna text
from the first Babylonian empire and there can be no doubt th at the
astronomical data were obtained in order to supply these predictions.
Such beliefs were a living force among the priests of the temples in
Babylon and other cities and spread to all the regions influenced by
Babylonian culture, including Assyria. In the courts of powerful
monarchs, intent on expanding their empires by conquest, the need to
foresee the future was especially great and astrology found a fertile
field. The court astroiogers had to find omens for every large enterprise; and from all important temple sites the king received regular
reports of what was happening in the sky and its interpretation. These
reports were preserved in the archives of what we call Ashurbanipal's library, and copies of all the old data were assembied there for the
sake of their interpretation. Of course, not all the omens were derived
from the stars. Omens were to be found everywhere: in the livers ofthe
sacrificial victims, a variabie and thus prolific object; in the flight of
birds; in miscarriages, earthquakes, clouds, rainbows and haloes. There
were manuals which rccorded every phenomenon and what action or
experience of the legendary king Sargon of Agade was in any way
related to it.
Astronomical phenomena, of course, occupied a large place among
them. Celestial bodies most suitable for presages were those th at presented great diversity and irregularity in their phenomena. The most
important, therefore, were not the sun and the fixed stars but the moon
and the planets, the fixed stars forming the constant background for the
phenomena. The sun-god Shamash, the all-seeing guardian of justice,
day after day performs his constant course across the sky; at most he
could be duller or redder than usual or invisible because of clouds or an
eclipse. The moori-god Sin, on the contrary, shows an abundance of
different ever-recurring phenomena. The same holds true for the planets
which wand er among the stars in the most unexpected ways, sometimes
standing still or reversing their courses, sometimes combining among
themselves or with the bright stars into ever-changing configurations.
They seemed like living beings spontaneously roaming through the
starry landscape, and they increasingly became the chief object of the
Babylonian priests' attention. They were the stars ofthe great gods who
ruled the world and manifested themselves in these brilliant luminaries.
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The determinative character preceding the names of the planets,
usually the character for star, was now often the character for god.
Venus (called Dil-bat) was the star ofIshtar; Jupiter (Umanpa-udda,
later mostly Sagmegar) was the star of Marduk; Saturn was the star of
Ninib, asolar deity too, and Mars was the star of Nergal the god of
pestilence. Red Mars was deemed an evil star,Jupiter a lucky star. But
luck or evil for whom? That depended on time and place.
Different months, different compass directions and different constellations were attributed to each of the four countries: Akkad (Babylonia), Elam (the eastern mountains), Amurru (the western desert,
afterwards Syria), and Subartu (the north). 'We are Subartu,' said an
Assyrian astrologer. The appearance of the planets in different constellations, the duration oftheir stay or their rapid course, their meeting
with one another or with the moon, offered an absolutely endless
variety of phenomena, leaving the astroiogers a wide area for tradition
and ingenuity, for combining power and fantasy as well as for prudent
flattery in their personal deductions.
As an instanee, an assortment of texts is given here, taken from the
collection published by R. C. Thompson for the use of students of
Assyriology. *
When the star of Marduk appears at the beginning of the year, in that
year corn will be prosperous. Mercury has appeared in Nisannu. When a
planet [Mercury] approaches star Li [Aldebaran] the king of Elam will
die....
Mercury appeared in Taurus; it had come down [?] as far as
Shugi [the Pleiades, Perseus].']'
Venus disappears in the West. When Venus grows dim and disappears
in Abu there will be slaughter in Elam. When Venus appears in Abu
from the first to the thirtieth day, there will be rain, and the crops of the
land will prosper. In the middle ofthe month Venus appeared in Leo in
the East. From Nirgal-itir.f
When Venus fixes its position, the days of the king will be long, there
will be justice in the land. When Venus is in the way of Ea ... §
Mars is visible in Duzu; it is dim .... When Mars culminates indistinctly
[?] and becomes brilliant, the king of Elam will die. When god Nergal
in its disappearing grows smaller, like the stars ofheaven is very indistinct,
he will have mercy on Akkad....
When Mars is dim, it is lucky; when
bright, unlucky. When Mars follows Jupiter that year will be lucky.
From Bullutu.![
• The Reports of ths Magielans and Astrologers qf Nineveh and Babylon,
184.
:t Thompson, 208.
§ Thompson, 206.

t Thompson,
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Mars has entered the preeinets of AIlul [Cancer]. This is not counted as
an omen. It did not stay, it did not wait, it did not rest; speedily it went
forth. From Bil-na-sir. *

The fiery star mentioned here was probably a meteor. Just as. in the
next text:

When Jupiter passes to the west there will be a dwelling in security,
kindly peace wiIl deseend on the land. lt appeared in front of Allul.
When Jupiter assumes a brilliance in the way of Bel and (becomes?)
Nibiru, Akkad wiIl overflow with plenty, the king of Akkad wiIl grow

After one kas-bu [two hours] of the night had passed, a great star
shone from north to south. lts omens are propitious for the king's desire.
The king of Akkad wiIl accomplish his mission. From Asharidu the greater,
the king's servant. *
In a letter of Mar-ishtar
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Ana mulDil-bat musba irJi(Si) la dami~ti
ia ûmipl ia la á-èal-li-mu-ma
ir-bu-u
Ana mulDil-bat ina arIJuNisanni
ultw ûmi jkam adi ûmi XXXkam
ina iluSamsi ~ît it-bal
u-ru-ba-a-ti
ina màt! ibassupI
Fig.

I.

Text of Tablet K725 (BlM.). See plate 1

powerful. ... Wh en a great star like fire rises from the East and disappears
in the west, the troops ofthe enemy in battle wiIl be slain. At the beginning
ofthe reignJupiter was seen the right position; may the lord of gods make
thee happy and lengthen thy days. From Asharidu, the son of Damka.j'
• Thompson,

236.

t Thompson,

187.

to King Asarheddon

(668 Be) we read:

... in the first month ... on the 2gth Jupiter was taken away ... now
he has stayed away one month and five days in the heaven [i.e. was
invisible]: on the sixth of the third month Jupiter became visible in the
region of Orion; five days over his time he had been passing. This fits to
the omen: when Jupiter appears in the third month the land will be
devastated and the corn will be dear ... when Jupiter enters Orion the
gods will devour the land.P
In these and analogous texts-where
the meaning of some expressions
is still uncertain-we
find astronomical observation far more varied and
detailed than was formerly required for calendar purposes or orientation. Astrology connected the life of man so closely with the heavens
th at the stars and their wanderings began to occupy an important place
in his thoughts and activities; it was his destiny that the luminous gods
wove in those wonderful orbits. Now th at his eyes had been opened and
his interest awakened, man grew more and more conversant with the
course of the planets, as we saw in the reports: Ju pi ter goes to the west,
Mars stood in Scorpio, turns and goes forth with diminished brilliance;
Venus stays at its place, and Saturn has appeared in Leo. Though there
is no theory of periodicities (year and date are missing from all these
statements) a notion of familiar and expected regularity must have
arisen in the minds of the observers, expressed in the statement that the
planet stood at the right place or that it was past its time.
Next to the planets, the moon was the principal celestial body for the
astrologer. lts chronological significanee had now to give way to its
astrological interest. The shortcomings of chronology even became an
element of prediction for the astrologers; that the moon was not on
time was mostly a bad omen. Because of the invisibility of the moon
through clouds or perhaps because ofnegligence in times oftrouble, it is
conceivable that the new crescent could appear on the 28th or 2gth of a
month; in the same way, the full moon, which normally should appear
on the 14th, could occur on the 13th, the r yth, or the rfith,
• Thompson,

201.
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When the Moon appears on the first day there will be silence, the land
will be satisfied.... *
When the Moon appears on the thirtieth of Nisannu, Subartu will
devour Achlamu; a foreign tongue will gain the ascendancy in Amurru.
We are Subartu. When the Moon appears on the 30th day there wil! be
cold in the land. The Moon appeared without the Sun on the 14th of
Tebitu; the Moon completes the day in Sabatu .... t
When the Moon and Sun are seen with one another on the thirteenth
day, there will not be silence; there win be unsuccessfultraffic in the land,
the enemy will seize on the land. From Apla.f;
When the Moon reaches the Sun and with it fades out of sight ...
there will be truth in the land and the son win speak the truth with the
father. On the 14th the god was seen with the god.... When the Moon
and Sun are seen with one another on the 14th, there will be silence, the
land win be satisfied; the gods intend Akkad for happiness.... §
When the Moon does not wait for the Sun and disappears, there will be
araging oflions and wolves....
On the 15th it was seen with the Sun;
afterwards in Tishritu the Moon will complete the day .... From Balasi.!1
On the first day I sent to the king thus: On the 14th the Moon will be
seen with the Sun.... On the 14th the Moon was seen with the Sun.1I
When the Moon and Sun are seen with one another on the rfith day
king to king wiJl send hostility. The king will be besieged in his palace for
the space of a month. The feet of the enemy win be against the land; the
enemy will march triumphantly in his land. Wh en the Moon on the
14th or 15th ofDuzu is not seen with the Sun the king will be besieged in
his palace. When it is seen on the rfith day, it is lucky for Subartu, evil for
Akkad and Amurru. From Akellanu. * *
In order to understand such observations and conclusions, we have to
consider what phenomena are seen at about fuIl moon. If the month
begins normally, i.e. if at evening when the crescent is visible for the
first time (normaIly 1.4 days after conjunction), the first day begins,
fuIl moon wiIl faIl in the night ofthe 14.th, since it comes 14.7 days after
cOfjunction (on the average; through the irregularities of its motion it
may be ! day less or more). On the night <tfthe 13th the moon is not yet
full; at sunset the moon is already visible in the east, and she sets before
sunrise; she does not wait for the sun. On the night of the 14th she is
also already visible at sunset, but she has not yet set when the sun rises,
and has become dim and faint in the west. The Assyrian astrologers
• Thompson, I, 2, 4, etc.
t Thompson, 62. t Thompson, 120.
'11 Thompson, 140.
11 Thompson, 154.
•• Thompson, 166.

§ Thompson,
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expressed dus by saying: 'the Moon was seen with the Sun'; or 'the
god [Sin] appeared with the god [Shamash]'; or, 'the moon reaches the
sun'. Such normality was connected with all kinds of favourable
omens. But if'the Moon did not wait for the Sun' but set before sunrise,
fuIl moon had to come later, and not until the next night, the 15th,
could the moon be seen in the morning with the sun.
In these observations astrology had merged with chronology. The
priest-astronomers noted that aIl was in order in the sky; hence there
would be peace on earth. Or they noticed a disorder in the calendar,
which, besides the bad omens, indicated that something had to be
corrected. From the day of first appearance, fuIl moon was to be
expected on the 14th; but through irregularities this might fail. IffuIl
moon came on the r gth, they inferred that the month might have only
29 days. When the moon was seen with the sun after the 14th, the month
had to have 30 days; th en she 'completed the day'. When they were seen
together on the 14th and the preceding month had 30 days, the next
one would have only 29.
The Moon completed the day in Adaru; on the 14th the Moon will be
seen with the Sun; the Moon will draw back the day in Nisannu .... *
Thus the astrological motive, by demanding greater attention in
observing the moon, provided for better foundations in chronology.
Order and regularity were perceived and used for predicting the future.
Many more phenomena could, of course, be observed on the moon:
its colour and brightness, the shape of its horns, the earth-shine ('the
moon carries an "agu", a tiara or royal cap'), a nebulous corona or a
ring (halo). Such a ring was often regarded as a fence enclosing a
sheep-meadow with the moon as shepherd in the centre; the Babylonian
character for planet, lubat, means 'stray sheep'. Or it was seen as a
river; or it meant a siege, with the planets or stars within the ring
indicating who was besieged. When the ring was not closed, it meant, of
course, escape.
When a halo surrounds the Moon and Jupiter stands within it, the
king will be besieged. The halo was interrupted; it does not point to evil.
... From Nabu-shuma-ishkun.j'
When a halo surrounds the Moon and Sudun stands within it, a king
will die and his land be diminished; the king of Elam will die. Sudun is
Mars, Mars is the star of Amurru; it is evil for Amurru and Elam. Saturn
is the star of Akkad, it is lucky for the king, my lord. From Irasshi-ilu, the
king's servant.:j:
• Thompson, 53.
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Eclipses also were regarded as highly important omens. At all times
their unexpected occurrence impressed people deeply, the more so
because the regular phenomena were given such great significance.
They afforded a multitude of prognostications. For asolar eclipse, the
month was noted and the place in the sky, the aspect and direction of
the horns when the sun 'assumed the figure of the moon'. Besides
astronomical eclipses, dust storms mayalso
have darkened the sun
when eclipses are reported on dates ofthe month other than the 27th or
28th.
Omens from lu nar eclipses were far more abundant. When the moon
was eclipsed it was a sign for all countries; when it was partially obscured,
each ofits four sides related to a separate country, and the significanee
was different as to month, day and hour (night-watch). Hence the
instruction given in the great collection of ancient omens called
Enuma Anu Enlil:
When the Moon is eclipsed you shall observe exactly month, day,
night-watch, wind, course, and position of the stars in whose realm the
eclipse takes place. The omens relative to its month, its day, its nightwatch, its wind, its course, and its star you shall indicate.tê
Thus we find in the reports on a certain eclipse in the month Simannu
at the end of the night:
An eclipse in the morning-watch means disease....
The morningwatch is Elam, the I4th day is Elam, Simannu is Amurru, the second side
is Akkad ....
When an eclipse happens in the morning-watch and it
completes the watch, a north wind blowing, the sick in Akkad will recover.
When an eclipse begins on the first side and stands on the second side there
will be a slaughter of Elam; Guti will not approach Akkad .... When an
eclipse happens and stands on the second side, the gods will have mercy on
the land. When the moon is dark in Simannu, after a year Ramanu [the
st?rm-godJ will inundate. When the Moon is eclipsed in Simannu, there
will be Rood and the produce of the waters of the land will be
abundant .... *
A rich enumeration of omens; every detail had significanee. With
such detail as this we may speak of a fairly accurate observation of the
eclipse. No wonder, therefore, that the first ob~erved eclipses used many
centuries afterwards by Ptolemy for the derivation of the moon's
period, proceeded from this time: March 19, 721 Be, March 8, 720 Be,
and September I I, 720 Be. All that was wanted here was an exact
knowledge ofthe nu mb er ofyears and days elapsed since these dates. It
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is possible that the lack of this item prevente~ th: use of.earlier eclips~s
and that for this reason Ptolemy began his hst of kings and their
consecutive years ofgovernment with the Babylonian king Nabonassar,

747 Be.

..
d
The Babylonian wateh-keepers themselves will surely.have perceive
regularity in such carefully observed phenomena. Their reports show
that they expected eclipses and announced the events:
On the I4th an eclipse will take place; it is evil for Elam and Am:rrru,
lucky for the king, my lord; let the king, my lord, rest h~ppy. It wI~1be
seen without Venus. To the king, my lord, I say: there will be an eclipse.
From Irasshi-ilu, the king's servant. *
To the king of countries, my lord thy servant Bil-usu.r. May Bel, Nebo,
and Shamash be gracious to the king, my lord. An eclipse has happened
but it was not visible in the capital. As that eclipse approached, at the
capital where the king dweIls, be~old, the clouds were e;,erywhere, and
whether the eclipse took place or did not take place we do~ t know. Let the
lord of kings send to Ashur, to all cities, to B.a?ylon, N~ppur,. Uruk and
Borsippa· whatever has been seen in those cities the king .wIlI hear for
certain . .' .. The great gods who dweIl in the city ?f the kmg, my lo.rd,
overcast the sky and did not permit to see the eclipse. So let the km?
know that this eclipse is not directed against the king, my lord, nor his
land. Let the king rejoice.... t
Is it not a brilliant idea that, while the eclipse took place, the tutela:r
gods of Ashur, knowing that no evil threatened the country an~ lts
king should draw a curtain of cloud over the city, so that the king might
not be frightened? The greater part of these reports, according to the
Leiden Assyriologist, ~ Liagre B§!;!, falls ~etween the ye~rs 6? 5 and
665 Be, a critical time for the Assynan empIre, when the king, 111 ~nd
full of apprehension, returned from a more or less unsucc.essful Egyptian
campaign. Here we have a fairl~ accurate date fo~ whic? the state ?f
astronomical knowledge can be glven. Knowledge it was indeed, f~r in
these reports predictions regarding eclips es were made and venfied
with great clarity.
To the king, my lord, I sent: 'An eclipse will tak~ pla?e.' ~ow it has
not passed, it has taken place. In the happening of this eclipse it portends
peace for the king, my lord .... :j:
There is no indication in these texts of the bases on which the priests
made their predictions. There is, however, such a simple regulari.tyfirst pointed out by Schiaparelli-in
the occurrence of lunar echpses

• Thompson, 271.
• Thompson, 273.
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that it must soon have caught their attention. They could see that a
second eclipse never followed at an interval of less than six months,
and that it was often followed by a third after another six months.
Sometimes even four or five foIlowed one another, always at intervals
of six months. Of ten there was a gap in the continuous series; this
happened when the eclipse occurred in daytime, so that the full moon
, was below the horizon. Once the observers understood that this was the
cause of the gap, they could fill it by adding an invisible eclipse at the
right moment; thus a regular and continuo us series of five or six visible
or invisible eclipses was formed. Then the series finished; but after a
year or two a new series began, at a time one month earlier than what
would have been a continuation ofthe former series. So ifthey observed
an eclipse not preceded by another 6, 12, or 18 months earlier, they
could infer that a new series had started, and could thus foreteIl new
eclips es 6 or 12 months later.
From modern knowledge it is easy to see the basis for this regularity.
After six lunar periods (177.18 days) the sun, and hence also the position
of the full moon, has progressed on the average 174.64° in longitude.
Because of the variabie velocity of sun and moon the real progress can
be some few degrees more or less. Simultaneously the nodes of the lunar
orbit have receded 9.g8°; hence the opposite node is situated at a
longitude 170.62 ° longer. Relative to the node, the full moon has then
progressed 4.02go. Had it been near a node, then sixmonthslateritwould
again be near a node. The full moon can pass through the earth's
shadow when its distance from the node is not more than 10° to 12°;
for a total eclipse the distance should be not larger than 5° or 6°,
otherwise the eclipse is only partial. We can make these conditions
clear by computing the distances for a number of consecutive fuIl
moons at intervals of 6 months, starting from an arbitrary first value
and increasing it each time by 4.02° or 4.ogo:

l
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In Mesopotamia, where the elimate is favourable except in a few
winter months, the priest astronomers could al most always see what
was happening and must have perceived this regularity, although
difficulties arose wh en part of the eclipses remained invisible, so that
the series was broken. In the century between 750 and 650 Be, however,
a series of five consecutively visible eclips es occurred four times, and a
series of four eclipses four times also. Moreover, by their observations of
the phenomena about full moon, they could detect the cause of a gap:
when the moon in the morning did not 'wait' for the sun, the moment
of exact opposition would be later, in daytime, and the eclipse would not
be visible.
The eclipse passes; it does not take place. If the king should ask:
'What omens hast thou seen?'-the gods have not been seen with one
another .... From Munnabitu.*
Thus, already in Assyrian times astronomical phenomena were not
only predicted and checked, but their unexpected absences we re
explained by natural causes.
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The accompanying figure (2), in which the large circles represent the
shadow and the small circles represent the moqn, shows these aspects. -
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ONDITIONS from which a science of astronomy could arise were
present fo.rthe first time during the centuries of Assyrian supremacy.
Astrology, which strongly associated man's life with the stars directed
his close attention towards the celestial luminaries and their motions.
Detailed knowledge of the heavenly phenomena thus obtained could
n~t hav~ been the result of o?servations for mere time-reekoning and
orientanon, but there was still no trace of scientific purpose. So the
early forerunners should not be compared with modern scientists who
are animated by the spirit of research and explanation. Throughout
antiq~ity man's attit~de to natural phenomena was marked not by
- causality but by finality. The conneetion between the phenomena was
seen not as cause and effect but as sign and meaning.
. Hence no regularity or law was sought. Nevertheless, regularities
imposed themselves. These caused no surprise; for the regularities in
the sun's course and the moon's aspects we re known of old. Regularities
were now gradually perceived in the motion of the planets and the
occurrence of eclipses, at first as an instinctive expectation, or an unconscious kno.wledg~ such as acco~panies the experience oflife in general,
a~d ~hen lllcre~slllgly a~ c.onsclOus knowledge accompanied by greater
skill in attempting prediction. Thus the beginnings of science arose as a
systematization of experience, chiefly in the form of periods, after which
the phenomena recurred in the same succession.
External conditions favoured this development. The energy of action
manifest in the Assyrian conquests also asserted itself in other realms.
The town of Babylon, wealthy by its trade, felt sufficiently powerful to
revolt time and again against its Assyrian rrlasters, eventually with
success: W~en Assyrian power was weakened by heavy wars against
barbanc tnbes from Europe, the Cimmarions, the empire collapsed
under the combined assault of the Babylonians and the Medes and
Nineveh (606 BC) became a heap of ruins. Babylon again became the
undisputed capitalof
a new empire which under Nebuchadnezzar
(604-561 BC) extended its power widely over Near Asia. AU ancient
Babylonian traditions were restored, the town was embellished with
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numerous templ es and the priesthood felt itself the spiritual power of a
large empire. This was still so when the Persian King Cyrus, probably
called in by the priests of Marduk against rulers favouring other
dei ties, conquered the town in 539 BC. He and his successor Cambyses
acted as the elects of Marduk, as Kings of Babylon, continuing the traditions of the ancient capital. A revolt of the Persian nobles under Darius
was needed to overthrow the Babylonized rulers, after a difficult war to
reduce the proud city to the rank of the other Persian capitals, After
Alexander's conquest of the Persian Empire, Babylon was once more
the metropolis, and with its old cultural splendour strongly influenced
Greek science. Throughout
these centuries, from Ashurbanipal
to
Alexander, while the dynasties themselves changed, Babylon remained
the great commercial city, capitalof a flourishing empire and centre of
Near Eastern culture.
Under such conditions it is not to be wondered th at astrong development took place in astronomical activities, which led to the first rise of
science. Wh en those little warring countries had been absorbed into the
peace of the large Persian Empire, the old omens of luck or evil had
become senseless. The ·Persian monarchs, worshippers of Auramazda,
had no use for omens from Marduk and Ishtar. This did not imply th at
the priestly observers could cease their work; but their attitude towards
celestial phenomena changed. They were no long er ignorant earthlings,
anxiously reading in the sky the messages inscribed there by the gods.
They knew, partly at least, and with increasing sureness, what would be
found there; they began to predict it. They knew the ways of the gods
and could prove their knowledge; and this higher standing inspired
them to greater zeal and persistenee in their work of observation,
regarding it as a ritual duty, a service to the gods. Thus it grew more
detailed and precise, more complete and conscious. The distances of
the planets from bright stars were noted numerically, and were perhaps
measured, although nothing about instruments is mentioned in the texts.
We do not know along what lines this development took place; only
some results have been preserved and not the researches. These results
are scanty and fragmentary, and the discovery and deciphering of new
texts may change many of our present views; yet it seems possible to
deduce a probable picture of the development of astronomical knowledge in those centuries.
Let us first take the fixed stars. From the fifth century BC lists have
been preserved which give a systematic survey of the relative positions
of the constellations. They can be identified almost completely; a
number of them date back to earlier times, as we have seen. Most of
them have the names we use today, evidently borrowed by the Greeks
49
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from the Babylonians: the Bull, the Twins, the King (Regulus), the
Ear of Corn, the Scorpion, the Archer (Sagittarius), the Fish-goat
(Capricorn), the Eagle, the Lion, the Hydra, the Fish of Ea (southern
fish) , the Wolf, the Raven. But same are different: they had the Panther,
the Gaat and the Bowl, where we have the Swan, the Lyre and Auriga;
and their Arrow-Star is our Sirius. The extent of the constellations is of
course often different; in their Panther the northern part of our
Cepheus was ineluded; and the stars of our Great Dog are divided
between the Arrowand the Bow. Same names still await identification.
Then there are lists of about thirty stars connected with days of the
year, the days of their heliacal rising. Because of the intercalations, the
dates in the Babylonian calendar relative to the stars may jump by
la or 20 days; hence the dates ofthe lists, mostly rounded to multiples
of five, must show a certain average or norm al value. Indeed, we find
(replacing the month-names by I to XII); Auriga I 20 (computed for
Cap ella I 16), Pleiades II 1 (computed II 6), Aldebaran II 20 (computed II 18), Orion III la (Betelgeuse computed III 13), Twins III la
(Castor computed III 13), Sirius IV 15 (computed IV 10), Regulus
V 5 (computed IV 26), and so on. There is gene rally a fair measure of
agreement; a large deviation, as for the last-named star, may be due to
an error in copying.
Another kind of list connects the morning rise of one star with the
culmination of another one, as follows: 'When you put the pole of your
observation in the month Airu on the first day in the morning, befare
sunrise, west at your right hand and east at your left hand, and your
eye southwards, then the "Breast of the Panther" [E CygniJ stands in the
midst of the sky before you and the Pleiades will appear.t-! Something
analogous is indicated in a fragmentary Assyrian text of a lunar eclipse,
where a pole is mentioned and 'the star Kumaru [y Cygni] right above
you'. For every successive month there is such a sentence. Ta the
Babylonians an astrological conneetion between such stars was probably
implied. Another relation, a kind of antagonism, exists between pairs of
stars: when one rises as the other sets. We read, for example, that the
Pleiades rise, the Scorpion sets; Aldebaran rises, Arcturus sets; Orion
rises, Sagittarius sets.l5 Thus we understand the importance in Babylonian observations of the horizon as a great circle dividing the celestial
sphere into two halves. From their terraeed towers the observers could
see it in its entire circumference, and the elear sky must have permitted
them to see the stars in fulllustre only a few degrees above it.
We find na measurements in these lists; but th ere exists a list of stars
all around the sky, with numbers added, which evidently stand for the
consecutive distances.w These are given in three columns of proportional numbers, elearly denoting the same quantity expressed in dif50
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ferent units. First in the sexagesimal units of weight (biltu, mana,
shikulu, corresponding to the Greek and the biblical talent, mine, shekel);
next in units of time-beru
(2 hours) divided into 30 ush of 4 minutes.
From Greek sourees we know that the Babylonians used water elocks, in
which the passage of time was measured by the outflow afwater. Hence
it seems safe to consider the numbers as differences in time of transit
through the meridian; and they are indeed more or less concordant
with the differences in right ascension between these stars. They may
have been used to re ad in the sky the progress of the hours of the night.
For this kind ofmeasurement no graduated cireles were necessary.
The connection, in these lists, between stars and dates of heliacal
risings indicates that the calendar had now acquired a certain regularity. The empirical regularity in the return of these risings at certain
dates must have led to the use of a fixed rule for the intercalations,
especially the 8-year and the Ig-year rule. With the 8-year period, the
13-month years come at intervals of 3, 3 and 2 years; they all had a
second Adaru, except th at after the second 3-year interval, when the
calendar dates had reached farthest into the seasons, the sixth month,
Ululu, was repeated, probably so that the autumn festivals fell at an
appropriate time. With the Ig-year period the intervals are 3, 3, 2, 3, 3,
3 and 2; and here, for the same reason, after the third of the three consecutive 3-year intervals a second Ululu was inserted. We remember that
in olden times a second Ululu was an emergency measure, to use when
the calendar dates had progressed toa far into the year. It was possible-though
not for all times-ta
re construct from civil documents
and astronomical tables which years had an additional month. It was
found that in the time of Cambyses and Darius an 8-year cyele was in
use; this is shown by the fact that the year numbers divided by eight
always leave the same group ofremainders. Below is a list ofintercalary
years, the first line giving the year of the king's reign, the next giving
the equivalent in our calendar, and the third giving the remainder: an
asterisk indicates that the year had a second Ululu.
King
Year
BC
Remainder

King
Year
BC
Remainder

Cambyses

Cyrus

8
3*
3* 5
2* 3
9*
7
4
537* 536 535 532 530* 527* 525 522 519*
2
2
7
I
5
7
4
7
°
Darius

11* 13 16 19 22
8
5
517 514 511* 5°9 506 5°3 5°0
2
2
7
4
7
5
5
SJ
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At first we see na regularity; then from 530 BG th ere is a regular
8-year period; but af ter three such periods it appears that the calculations did not come right, and in 503 BGintercalation had to wait until
the month Adaru. A century later we again have a series of consecutive
data, and here the 19-year period is strikingly revealed:
King

Artaxerxes

Year

18 20 24 26 29 32 34* 37 40 43 45
387 385 381 379 376 373 370* 368 365 362 360
7
5
I
18 15 12 9
7
4
I
18

BG
Remainder

King

Ochus

Year

Alexander

2
8* 10 13
16 18 21
5
I
I
4*
4
7
357 354 351* 349 346 343 341 338 335 332* 33° 327 324
15 12 9
I
18
7
4
15 12
I
9
7
4

BG
Remainder

--

Darius

I

King

PhiliPpus

Antigonus

Year

2
5
322 319
18 15

2
I
5*
12 15 18*
4
7
9
316 313* 311 308 3°5 3°3 3°0 297 294*
12 9
I
18 15 12 9
7
4

BG
Remainder

Seleucus

between sunset and moonset for the days af ter the first, and sirnilarly the
interval between sunset and moonrise for the days af ter t~e fifteenth ~f
the month. Other tables, perhaps from before 1000 B~, give schernatically the increase and decrease, with the seasons, ofthe lllt:rval between
sunset and the first crescent (or between sunset and moo~lI·~seon the day
af ter full moon). Between a maximum of 16 ush and a rrurumum of 8 ush
the values change uniformly, It ush per month. .
.
The form that theoretical knowledge took "'. the. ~en.tunes. that
followed, entirelydifferent
from ours, cl:a~ly shows lts ongm m ordinary
observing practice for purposes of predietien. The oldest document of
such scientific astronomy is the later copy of a text dated year 7 of
Cambyses (523 BG). It contains data on the first and t~e last crescent
and on the phenomena around full moon, all expre~sed III terms of the
unit ush (4 minutes), computed for all the consecutive months. It contains only numbers and short characters; the data. for the second mo~th
with the meaning of the ideograms are shown III the accompanymg
table.
Airu

As the remainders show af ter division by 19, a 19-year period was in
use af ter 380 BG. The use of the name of the reigning king for numbering the years was abandoned wh en the successors of Seleucus continued
to count the years from the rise of the dynasty. These year numbers
form the so-called 'Seleucid Era' (SE), the first year of which began in
spring 3 I I BG; in the years of this era those with remainders I, 4, 7, 9,
12, 15, 18* have a thirteenth month intercalated.
The question rnight here be posed as to whether perhaps in the
number of days in a month, 29 or 30, some cycle could have replaced
the empirical fixation by the first crescent. The texts, when consulted,
show no regularity of cycles; this is due to the great irregularities in the
moon's course and to the changing inclination of the ecliptic to the
horizon, which in spring makes the crescent visible at a shorter distance
frorn the sun than in autumn. In the Babylonian elimate the empirical
way was certainly the best and the simplest. In a later century, as will be
shown, science had advanced to such an extent that these irregularities
could be computed beforehand.
So many observations had been made of the moon that it naturally
became an object of theoretical computation.
This had begun even in
Assyrian times: texts from Ashurbanipal's
library have been found with
regular series of numbers which give scliematically the time interval
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night

3°
13

23
8

14
14

20

shu

(set)

40

lal
na

(opposite)
(shining)
(night)

night

15
27

14
21

30

mi

Simannu

3°

18

30

shu

The table reads as follows: the preceding month had 29 days, so
th at Airu I is called 30; the moon sets 23 ush (92 minutes) af~er the sun.
On Airu 13 the moon sets 8t ush (33t minutes) before sunnse. On the
evening ofthe fourteenth the moon rises I ush (4 minutes) before s~ns~t;
hence they are seen to be opposite. On the fourteenth the moon IS still
shining at sunrise and sets It ush (6i rni~utes) later. On the fifteen.th the
moon rises in the night, 14t ush (58 minutes) a~ter sunset. At Airu. 27
the last visible moon sickie rises 2 I ush (84 minutes) before s~nnse.
Airu has 29 days; at Simannu I the moon sets 18t ush (74 minutes)
af ter sunset.!?
I· . I .
These are the same phenomena
as those observed q~a. itative y III
Assyrian times to describe the conjunction and the opposition of moon
and sun now given in numerical form. If we ask whence the knowledge
of these 'numbers has come, we have an indication in later texts (from
378 BG,for the years SE 33 and 79, i.e. 273 and 232 B~). wher.e the san:e
kind of data are given, but pere as observed quantltles~ disper~ed III
chronologicallists
of data about planets, eclipses, haloes, pnces of victuals
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and political events. They may be seen as a more refined continuation
of the old qualitative Assyrian observations. Besides these texts, there
were in later times computed tab les similar to the text from 523 BC.
The deciphering
and explanation
of such tablets, from the years
SE 188, 189, and 20 I, carried out by Epping in 1889, was the first step in
the scientific study ofBabylonian astronomy. In some way the computed
tab les have certainly been derived from the observed data, probably by
making use of schematic tables, as mentioned above.
Knowledge of the periods in which the same phenomena
repeat
themsclves is the first form of scientific astronomy. The periodicity ofthe
celestial phenomena, which forces itself upon the mind with careful and
regular observing, was the bridge from empirical practice to predicting
theory. In periodic repetition the abstract rule evolves from concrete
facts. The period was the foundation and the essence of the first science
of the stars. By discovering and fixing the periods, knowledge became
science. This is the short summary of the development of Babylonian
astronomy from the seventh to the third century BC, not only for the
moon but also for the planets.
The period in which the oppositions and conjunctions of the planets,
i.e. the same positions relative to thc sun, return is called in full the
'synodic period of aplanet'. Since Saturn, Jupiter and Mars take nearly
30, 12, and ij- years for one revolution along the ecliptic, their synodic
periods are nearly I 19' In, and 1,f-years. Venus and Mercury, which
oscillate about the sun, take one year for their average revolution along
the ecliptic, and their synodic periods are nearly i and t year. This is
also the period of alternation of direct and retrograde motion along the
ecliptic. It is not an exact repetition, because the velocity of progress
and the length of the retrograde are vary with the longitude. So the
time ofrevolution along the ecliptic is a second, generally long er period.
Since the revolution does not take an exact number of years, a still
longer duration, a common multiple of synodic period and time of
revolution, is necessary to have the motions and positions relative to the
sun and to the stars return to the same values. And since there is no
precise common multiple, these large periods are approximate also, and
the phenomena,
e.g. the oppositions in the same c~nstellation, return
some days and some degrees different. Such large periods are given in
the following table:
(s.p.=synodic period; rev. =revolutions; y. =years; d. =the
Saturn
57 s.p.= 2 rev.=59 y.+2 d.
Jupiter
65 s.p.= 6 rev.=71 Y.-5 d.
Jupiter
76 s.p.= 7 rev.=83 y.+o d.
Mars
22 s·P·=25 rev.=47 Y.-7 d.
Mars
37 s·P·=42 rev·=79 y'+4 d.
Venus
5S.P.= 8rev.= 8y.-2d.
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number of days to be added):
(-6 d.)
(-0 d.)
(-13 d. or+17 d.)
(+2 d.)
(+7 d.)
(-4d.)

NEW-BABYLON1AN
Mercury
Mercury
Mercury
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19s·P·= 6 rev.= 6 y.+8 d. (+14 d. or-16
4Is.p.=13rev.=13Y·+2d.
(-4d.)
145 S·P·=46 rev·=46 y.+o.3 d. (-I d.)

d.)

These years are common solar years; since the sun proceeds every.day
1 in longitude, the excess in degrees over the number of revolutions
is equal to the excess in days over the right number of years. If, ho wever,
we reekon with Babylonian lunar years of 12 or 13 lunar months, the
excesses in days are those added in parenthesis.
.
That the Babylonians knew and used part of these penods appears
from a text, sevcrely damaged, from the Persian time, in which the
following is read.!"
0

... Dilbat [Venus] 8 years behind thee come back ... 4 days th ou shalt
subtract . . . Gudud [Mercury] 6 years behind thee come back
the
phenomena of Zalbatanu [Mars] 47 years ...
12 days more
shalt
thou observe ... the phenomena of Sag-ush [Saturn] 59 years
cor:n~
back day for day shalt th ou observe . . . the phenomena of Kaksidi
[Sirius] 27 years ... come back day for day shalt thou observe ...
Here the planetary periods are expressly named. Kugler supposed
that the 27 years named with the fixed star Sirius represents a calendar
period of8 +19 years. It does not however clearly occur in the series of
known intercalary years.
How was it possible for the ancient astronomers to use these large
periods for prediction? To know the phenomena for aplanet, they only
needed to go back the number of years of the large period and copy the
phenomena of that year, corrected, if necessary, by some few days and
degrees. If they had to construct an ephemeris, say for the year SE 140,
they had to take for Jupiter the data of the year SE 57 (140 -83), for
Venus the data SE 132 (140-8),
for Saturn the data SE ~1 (140-59),
etc. Texts exhibiting the successive steps in this computatlOn.show
that
they actually did this. First the observatio~s were put down m chronologicalorder
in a kind of diary, ~s the b~SISfo.r further treatment. The
oldest specimen of such a diary IS contained m the other parts of the
text of Cambyses' year 7 (523 BC) mentione? abo~e. Here the constellations are given in which the planets stand (in their western, eastern, or
middle parts), as weIl as th~ir distances from the moon or fr~m one
another, in ammat (of 24 ubam); lammat appears to be nearly 2t .
Year 7, V 22 Jupiter in W. ofVirgin hel. setting; VI 22 .in E. of'Yirgin
hel. rising; X 27 in W. of Balance, station; ~ear 8, Il 25 m the midst ?f
Virgin station; VI 4 in E. ofBalance hel. settmg. Yea~ 7, I.I! IQ Venus ~n
head of Lion evening-setting; III 27 in Cancer mormng-nsmg; ~II 7 m
the midst of Fishes morning-setting; year 8, I 13 in the Chariot [the
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Bull's horns] evening-rising. Year 7, VI 3 Saturn in midst of Virgin hel.
setting; VII 13 in E. of Virgin hel. rising; year 8, V 29 setting. Year 7,
II 28 Mars in W. of Twins hel. setting; VI 13 in feet of Lion hel. rising;
year 8, V 12 station; year 9, II 9 in E. of Lion hel. setting ... Year 7,
VI 24 Venus greatest elongation; VII 23 at dawnJupiter
3 ammat E. of
Moon; VII 29 at dawn Venus 2 ub. N. of Jupiter; VII 12 Saturn lammat
W .. of Jupiter ... Year 7, IV 14 If beru after beginning of night lunar
eclipse, extended over N. half; X 14 21 beru toward morning Moon
eclipsed, entirely visible, extended over N. and S. part ... 19
Another text with such a consecutive list of observational data from
the year 379 BC carries the title (partly braken offbut restored in accordance with similar texts): 'Observations for the festivals from the month
Tishritu until the end of Adaru of the year 26 of Arses who is called
Artaxerxes.' Such titles show how this purely astronomical work is still
permeated by priestly ideas about religious ceremonies; in the consciousness ofthe observers it is always service ofthe gods. Here we read:
VIII 30 Moon appears 141 [58 minutes] sickle visible; night t. Mars
toward W. retrograding bel ow ~ Arietis 2 ammat 10 ub; ... night 12 full
moon surrounded by halo, Mars stood within; the king and the king's
son ... Moon i ammat E. of IX Tauri
; 16 Jupiter in the Scorpion hel.
rising, 111 [46 minutes] visible;
22 morning Moon above Saturn
21 ammat, more east; 22 Mercury in the morning in Sagittary hel. rising,
22 Mars in W. station ... 20
Such diaries, giving the place of the moon and the plan ets relative to
certain stars, were certainly kept regularly by the astronomers as part
of their official duties.
For the next step schedules were made for each planet containing the
data for consecutive years, collected from the diaries. Such a text,
probably extending from 387 to 346 BC, is partly preserved; it presents
the risings and settings and the stations of the planet Jupiter and its
position relative to standard stars. It gives, moreover, the length of each
month in the usual way ... Duzu I, Abu 30, Ululu I so that there is
no uncertainty
as to the number of days. From these schedules an
'auxiliary table' for a certain year is composed. Such a table is represented by a text, bearing the title: 'the first day, the phenomena,
the
motions, and the eclipses that have been determined for the year 140.'21
It gives data for Jupiter in the years 69 and 57, for Venus in 132, for
Mercury in 94, for Saturn in 81, for Mars in 61 and 93, and, in reverse,
eclips es in 122; all years of the Seleucid Era. These are exactly the years
which, by the addition ofthe large periods enumerated above, produce
the year 140. So, by copying them with small correction where necessary,
an ephemeris for the year SE 140 is obtained.
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Smaller and larger fragments of such computed ephemerides with
borders broken off and names and numbers damaged, have been
investigated and deciphered for the years SE 104, 120, 194, and for the
years SE 129, 178, 301. AH give heliacal risings and settings, stations
and oppositions-or,
for Venus and Mercury, the greatest elongationsas well as solar and lunar eclipses. However, the contents of the two
groups of texts are somewhat different. The first-named three give
constellations and angular distances ofthe planets to fixed stars: e.g., for
SE 120:
II 7 night, Mars above y Geminorum 4 ammat; 23, evening, Mercury
below ~ Geminorum 21 ammat; XII 24 morning, Mars below ~ Capri
21 ammat.F"
In the other three texts distances to stars are missing; only the constellation is named. Thus for SE 178 we re ad :
IV 30 Venus and Mars in the Twins, Mercury in Cancer, Saturn in
Sagittarius.
This seems to be less precise; but then, between
follow:

them,

other

data

IV 13 Mercury reaches the Lion, 5 Venus reaches Cancer, V 3 Mars
reaches Cancer, V 15 Venus reaches the Lion, VI 9 Venus reaches the
Virgin.ê"
What are the confines of the constellations reached? Computation of
the planets' longitudes on those dates shows them to be II2°, 81°,
142°, 52° ... , all values 22° larger than the successive multiples of 30°.
All constellations have received an extent of 30° in longitude. This
means that they are used as signs of the zodiac, artificial theoretical
divisions of the ecliptic. Ephemerides
of this kind, by giving exact
longitudes for determinate days, represent a higher stage of theoretical
knowledge of the planetary motions. These ephemerides were in use up
to the last years for whicb we have records. They were reliable because
by simple computations
they could be derived directly from former
observations. We may be sure that by frequent comparison with new
observations the theory was gradually improved into a more precise
knowledge of the corrections to be applied af ter the great periods.
Next to the planetary motions, the eclipses occupied a prominent
place in the predictions. They also showed great progress in the theory.
In Assyrian times they were in many cases announced, probably on the
simple basis of their return at intervals of 6 months, in a series of 5 or 6,

57

A HISTORY

NEW-BABYLONIAN

OF ASTRONOMY

in consequence of the first decreasing and th en increasing distances of
the full moon from the node. The series ended when this distance became
larger than I I ° or 12°; but then a new series was soon started by the
preceding full moon. A preceding full moon has a longitude smaller
by 29.11°; hence relative to the node which recedes monthly by 1.56°,
it is 30.67° back. When the distances to the node, as computed in our
example (p. 46) for average velocities, have the increasing values
+9.64°, +13.67°, +17.69°, they are, for the preceding full moons,
-21.03°,
-17.00°,
-12.98°,
-8.95°, producing the start of a new
series. For this new series, beginning 8 X 6 - I =47 months after the first
began, we can write down the distances between full moon and node
below those of the first series:
0
rst series 1-14.500 \-10.48 \-6.45°
znd series -12.g8° - 8.95° -4.93°
no eclipse partial
total

1-2.43°
-o.gIO
total

I +3.11°
+ 1·5g0 I +5.62° I +g.64° I + 13.67°
+7.14° ,+11.16°
+15.18°
total

partial

I partial?

no eclipse

In this new series the sequence ofpartial and total eclipses is somewhat
different from the first, because all distances are 1.52° different, at
first smaller and later larger by th at amount. When the second series
has ended, a third and a fourth will appear. We give here the distances
for these consecutive series:
3rd
4th
5th
6th

series
series
series
series

-11.46°
-13·97°
-12.46°
-14·97°

- 7·44°
- 9·95°
- 8·44°
-IO·94°

-3.42°
-5·93°
-4.41°
-6.g2°

+0.61°
_I.goo
-0·3g0
-2.goo

I

+4.63°
+8.65°
+2.12°
+6.14°
+3.63°
+7.66°
+1:12° 1+5.15°

+12.67°
+10.16°
+11.68°
+ 9.17°

II

+14·190
+13·190

Thus the series follow one another, always including two or three total
eclipses in the middle, preceded and followed by one or two partial
eclips es, and separated by two or three times six months minus one
without eclipses; the eclips es opening the series have intervals of 41 or 47
months. The values of the consecutive distances show that each of these
series of eclipses has a different aspect in the sequence oftotal and partial
eclipses. But in the sixth series the distances have returned to nearly the
old values; hence the sequence in the sixth seriés must be nearly similar
to that in the first. Thus after five series, nearly the same sequence and
aspect return.
It may well be th at the Assyrian astrologers had already perceived
that, 41 or 47 months after a total eclipse, another total or nearly total
eclipse may be expected. It cannot be proved because in their reports
they did not disclose the basis of their predictions. The larger period
formed by the sequence of five series, after which the aspects return, is
more interesting. Wh at is its length? Within the series six intervals of
six months occur twice, seven such intervals occur thrice, and between
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the series there are five intervals of five months; this gives in total
33 x6 +25 =223 months. This period has been known in later writings
under the name of saros; in Babylonian texts and in Greek antiquity,
however, this name does not seem to occur. It amounts to 6,585i days,
i.e. 18 solar years plus I Ik days; in this period the nodes have made
nearly one retrograde revolution, and the moon has passed the ascending node 242 times.
The discovery of this long period may still seem to have presented
some difficulties, since the five series here are not so greatly different in
character. But it was facilitated by the irregularities in the eclipse
phenomena. The regularly increasing distances given above are computed under the supposition of constant mean veloeities and mean
sizes of sun and moon. In reality, the angular sizes of the moon and the
shadow are sometimes larger, sometimes smaller, so that the distances
from full moon to node necessary for totality of an eclipse vary between
4.75° and 5.83°, and for a partial eclipse between 9.5° and 12.2°.
Still more important is the variable velocity ofthe sun; the longitude of
the sun, hence also the distance from full moon to node, may be up to
2.28° greater (in March) or smaller (in September) than assumed in
our example. Applying such corrections (starting with an arbitrary
first value for the solar longitude) the distances between full moon and
node in the six successive series are as given in the accompanying
tabulation.
rst series
2nd series
3rd series
4th series
5th series
6th series

I

-12·37°
-11.55°
-12·73°
-11.74°
-12.16°
-12·°3°

-12·7°°
-10.15°
- 5·98°
-12.14°
- 8.51°
-13.02°

-4.20°
-3.87°
-6.02°
-3.81°
-4·55°
-4·7g0

-4.61°
-1.73°
+2.38°
-3·94°
-0·°4°
-5.12°

+3.87° + 3.37°1+ 11.87°
+3.76° + 6.70 + 11.36°
+2·77° +10.64° + 10·57°
+4·°4° + 4·34° +11.87°
+3·°5° + 8.42° +1O.6g0
+3·37° + 2.87° + 11.45°

+11.51°
+15.18°
+12.6g0
+1O·94°

Because, in consequence of the six-month intervals, the positive and
negative corrections alternate, the course of the values has become
highly irregular, and sometimes even inverted. The aspects of the
successive series now become notably different; sometimes four total
eclips es, sometimes three or two occur; in our first (and sixth) series
total eclipses suddenly appear without being preceded by partial
eclipses. The similarity ofthe sixth to the first series is now much greater.
This is due to tbe fact that the saros period is only I I days greater than a
full number of solar years, so th at after this period the solar longitudes
approximately return. Moreover, the period ofvariation in the moon's
diameter and in the size of the shadow is 9 years, so th at after
18 years they too return to near repetition. This may have favoured the
detection ofthe 18-year period by the Babylonian observers. That they
knew and used this period in later centuries is evidenced by the
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'auxiliary table' mentioned above, in which eclipses were derived from
data 18 years earlier.
It is demonstrated still more clearly by a famous text in the British
Museum, investigated by Strassmaier and Epping, and called by them
a 'Saros-Canon'c= It is a fragment, broken off on both sides; it contains,
arranged in a number of columns, a list with nothing but years and
months, two names of months each year, without any commentary. The
years are the reigning years of successive kings, indicated by first syllables
of their names: Artaxerxes Il, Ochus (Umasu), Arses, Darius, Alexander, Philip, Antigonus, Seleucus, the last-named continued as years of
the Seleucid Era, up to SE 35; hence they extend from 373 to 277 BC. The
months in each column, indicated by Roman numbers I-Il-XIl,
increase by 6, sometimes by 5. Where the syllable dir is placed, a thirteenth
month is inserted; then th ere is an apparentjump
offive months only.
Since each column of 38 lines comprises 223 months, it is clear that this
is a list of eclipse months, completed before and after with months without eclipse. The horizont al division lines separate the series, and the
addition of 'five months' indicates the five-month intervals between the
groups. Comparison with a modern table of computed eclipses shows
that the months with total eclipses do in fact stand in the centre of each
group. Within these groups we count 3, 8, 7, 8, 8, 4 lines; adding the
upper 3 as their continuation to the lower 4, we have 8, 7, 8, 8, 7,
exactly corresponding to our 5 series.
Here the question arises: if 5 series are meant, why then has the last
of them been cut into two parts? Strassmaier suggested th at an explanation might be found in the fact th at the saros period is not entirely
exact. In our computation of the regular distances of full moon to
node it is seen that after 5 series, 223 months, the first value ( -14.50)
is not exactly reproduced in the first of the sixth series (- I 4.97). In
every saros period the full moon moves back a littIe, until the first of the
new series falls out when its distance grows too large, and a new value,
formerly too large, is added as the last of the preceding series. Then the
five-month interval is moved one place forward, and the division line is
displaced down over one line. This will happen at different lines until
after eight or ni ne saros periods (150 years) all have descended one
place. To explain the th ree lines the list should have started 450 years
earlier. Strassmaier, ho wever, assumes that at the left-hand side of this
tablet IQ columns have been broken off, so th at originally it went back
as far as 572 BC only.
This Saros-Canon affords a clear picture of the way in which
Babylonian science developed. It shows how, out of the knowledge of
the succession ofthe eclipses in a series, the succession ofthe series themselves gradually came to light. We do not know the exact date of this
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text; it must have been written after 280 BC, since the Seleucid Era is
used. Thus the gradual development of this knowledge took place in
Persian times, between the sixth and the third centuries BC.
The Saros-Canon is an important document ofBabylonian science. It
is not, as are so many texts, a list partly of observations, partly of
resulting predictions; it is a formulation of theory in the form of a
table extending equally over past and future. It combines the multitude
offormer and later lunar eclipses in one condensed table, which, potentially, can be extended indefinitely in both directions. This representation of a large realm of phenomena in an abstract picture shows to what
remarkable heights astronomical science had attained.
The question may be asked as to whether such predictions were also
possible for solar eclipses. Their number for a certain place on earth is
only half th at of the number of lunar eclipses; moreover, occultations
of small parts of the solar disc in the daytime are not so easily detected
as are lunar phenomena at night. Also, through the parallax, their
visibility is more variabie and it is more difficult to find regularities. (
In the reports ofthe astrologers solar eclipses are sometimes expected or
announced, but we do not know on what basis. Solar eclips es occur
half a month before or after lunar eclips es, and they appear most
conspicuously (because in half a month the sun progresses nearly 15°)
in the years between the series ofthe lunar eclipses. So it may have been
perceived that the solar eclips es mostly occur halfway between the
41- or 47-month series intervals, hence 20t or 23t months after total
lunar eclipses. But these are surrnises, and better information can be
had only from new texts.

,

CHAPTER

CHALDEAN

6

TABLES

A

FTER the death of Alexander and the foundation of the Seleucid
fiEmpire
the decline of Babylon set in. Greek trade on the Black
Sea and with Egypt had already captured an important part of Babylon's east-west trade in the reigns of the Persian kings, who had vainly
tried to subjugate these competitors. In Hellenistic times the Mediterranean became the chief scene of world commerce; new Greek towns,
especially flourishing Alexandria with its Red Sea conneetion with
India, grew into wealthy eentres of trade and industry. Babylon now
lay far outside the new traffic routes and lost its prosperity. lts position
as a capital was taken by the new Greek town of Seleucia, and before
long Syria became the nucleus of the Seleucid Empire. The Parthian
conquest of Mesopotamia in 181 BC cut it off completely from the Mediterranean; in the last centuries before our era it is hardly mentioned.
Mesopotamia, of course, remained for long afterwards a fertile agriculturalland,
a souree of wealth to the old country towns, a souree of
power for the local peoples and princes, but only oflimited importance.
Science was not immediately affected. When the merchants and the
officials moved to the new capital, the priests remained in their temples
in Babylon. World history presents more instances in which energies,
once aroused, continued to inspire the sciences and arts during later
centuries, and cultural traditions, methods, and ideas remained active.
Even higher stages were attained, notably here, long after the flourishing
economie and politicallife which had given them their first impulse had
decayed. Astronomy continued to develop during the last three centuries BC, and even attained its climax at this time. Excavations at some
of the various sites have brought to light fragments bearing witness to
the highest stage ofBabylonian science.
It is an entirely new form of astronomical theory that we now meet.
Whereas the ephemerides computed for every year continued to be
made because they met practical needs, the new form met the desire to
have some special phenomenon, as, for instance, the planet's opposition
or station, expressed in a quite general way, by means of a table
extensible at will over past and future. The phenomena were not
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qualitatively described here but were taken as mere quantity; instead of
stating the constellation or the distance to some star in ammat and ubani,
the position was given by the ecliptical co-ordinates, longitude and
latitude. The units of longitude were the zodiacal sign, 30°, and its
thirtieth part, the degree, with its sexagesimal subdivisions.
The Babylonians from the earliest times possessed an excellent mathematical implement in their sexagesimal system of numbers. The
numerals go from I to 59, rendered by crochets (tens) and wedges
(units); in the row of sexagesimals, each following number is expressed
_ in a unit -h of the preceding one. By means of this principle of value
according to position (the same as in our decimal system), the Babylonians could express any large number by higher powers of 60 and
any small part by powers of -ho The fragments of the astronomical
tables known to us consist of rows of numbers without names, intermingled with characters for months and zodiacal signs. Their meaning
had to be revealed by the numbers themselves. Sometimes this was easy;
but often the most patient efforts, the utmost ingenuity, and the
collaboration of different scholars were needed to arrive at a satisfactory
interpretation, especially as the numbers are often scarcely readable on
the sherds and are spoiled by copying errors detectable only in the very
process of deciphering.
The origin of these tab les is unknown. We may surmise that thc
Chaldean astronomers had instruments with divided circles to measure
the longitude of the planets or the moon or the longitudes of stars with
which to compare them. But nothing of the kind is found mentioned in
the day tablets. Texts with observational data which might be considered sourees of these new theoretical tables are also lacking. They
stand out suddenly in full perfection, separated by a wide chasm from
the earlier expressions of theory or practice. Although we realize that
they must have been based upon observation, the course pursued is as
yet obscure.
The tables are of two kinds, lunar and planetary. ,The aim was to
derive in a general context such quantities as had always been the chief
objects of attention. The planetary tables deal with the outstanding
phenomena in five sections: heliacal rising, first station, opposition,
second station, heliacal setting; for all the successive years the day and
the longitude of each of them are given, with some auxiliary columns. In
the lunar tables the entries-the time and place of the first crescent and
of the full moon-are
derived by means of many columns of auxiliary
quantities. The lunar tab les show a number ofvery complicated and only
partly understood methods of calculation; by comparison the structure
of the planetary tables is simple.
The variations in velocity appearing in the alternations of larger
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and smaller displacements are the most striking phenomena in these
purely numerical data. The oppositions of the planets follow one another
on one side of the ediptic with larger-on the opposite side, with smaller
-intervals of time and longitude, as the other phenomena do also. Such
periodic changes can best be presented by a sinusoid (a wave curve).
The Greek mathematicians did this by making use of motion in space
along an eccentric cirde. The Babylonians had no such spatial picture;
to them the heavenly phenomena did not take place along circular
orbits in three-dimensional space but on a two-dimensional vault where
the luminaries followed their mysterious course. They did not develop
new geometrical world structures; they were not philosophical thinkers but priests, confined to traditional religious rites, and therefore disinclined to adopt new cosmie ideas which did not conform to the holy doctrines. The planets to them were not world bodies in space; they remained .J
luminous dei ties moving along the heavens as living men move on earth.
Up to the last, the tables open with the invocation: 'In the name of god
Bel and goddess Beltis, my mistress, an omen.' Being a priestly science,
Chaldean astronomy could not pass beyond the inherited world
system; but all the same the refined knowledge and the huge store of
observations demanded a theoretical summary.
Thus these astronomers faced the task of representing the irregularity
of a planet's motion by purely arithmetical methods. At first they
managed with a simple but crude method: in one half of the ecliptic a
constant larger value, and in the other half a constant smaller value was
assumed. Afterwards they improved their method by representing the
variabie quantity by a zig-zag line, an alternating uniform increase
and decrease between two fixed Iimits, points at which the line abruptly
reversed its direction as if reflected. We met the same procedure in the
simple schematic tables of early Assyrian times. What is lacking here is
the idea of continuity, of a gradual slowing-down of the increase to a
standstill at maximum and then a gradual speeding-up of the reverse
change; instead, there are abrupt jumps between straight rows of
numbers.
A series of numbers may serve here, as an example, taken from a
fragment of a Jupiter table (pp. 68-69) representing the successive longitudes of Jupiter's second station expressed in zodiacal signs, degrees,
and minutes, The successive differences in the next column are the
resulting movements in a synodic period. Looking at their differences as
given in the next column, we see that these movements regularly increase
or dccrease by 1° 48'. In the vicinity of the limiting maximum and
minimum values a computation is necessary: from 29 41' to the minimum 28 I 5t', the decrease is only 1 25t', so (to complete 1 48')
th ere remains 0° 22t', which, used now as increase, pro duces the next
0

0
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value 28° IS!' +0° 221' =28° 38'. In the same way at the upper limit,
38° 2': the increase of 0° 24' and then the decrease of 1° 24' (total
1°48') bring the next value 1° 0' below the preceding one. In the graph
(fig. 4) all these values are situated on a zig-zag line.
Longitude
Cancer

21° 49'

Lion

21° 30'

Virgin

20° 8'

Scales

20° 34'

Scorpion

22° 48'

Sagittarius

26° 50'

MotWn

Dijfereme

Sine Curve
Compkted

Deoiations

21° 56'

-

3'

21° 15'

+15'

+1° 48'

20° 26'

-18'

+1° 48'
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Of course the representation of a smooth curve by a zig-zag line
cannot be exact, The errors may be seen from the last three columns in
our table where in the fifth column the zig-zag is replaced by a wave
curve wi~h semi-amplitude 4°. The fifth column gives the lon~t~des
computed with these values, and the next column show~ the de~atlOns
of the Babylonian values from these smoothly fluctuating longitudes.
The deviations nowhere exceed 20'; greater accuracy cannot be expected
at this period. Theoretically, the Babylonian method was as good as any
other used in antiquity. Care had to be taken, however, th at the mean of
maximum and minimum , which is the average of all the amounts
.
successively added, was exactly right. Otherwise the continuous adding
of intervals would in the long run lead to increasing errors.
The day tablets with texts, from which our knowledge ?f these
planetary tables is gained, are aH damaged sherds, broken and in many
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places illegible, with only part ofthe table usabie. The amplest material
deals with the planet Jupiter; this is at once evident because the dates
on the successive lines have intervals of one year and one month (13
lunar months and 10 or 20 days), the synodic period of Jupiter. Kugler,
who was the first to decipher them, found three kinds. In the first and
most primitive kind, the synodic are (the are covered in one synodic
period) is assumed to have over part of the ecliptic, from 8So to 240°
longitude (i.e. over ISSO), the constant value 30°; over the other part,
from 240° to 8So (i.e. over 20S0), the constant value 36°. The two parts
must be unequal, in order to have, for a complete revolution through
the ecliptic, the right mean value 33° 8' 4S". For an are situated partlyin
one region and partly in the other, an intermediate value was computed.
Jupiter tables of the third kind were present in three fragments. The
obverse side of one of these is reproduced on page 68, with the transcription in our numerals on the next page; the months are given here
by the Roman numerals I to XIII. *25 The upper line reads as follows.
The numbers 3, 10 represent, in sexagesimal writing, the year 190
(SE); then follows the date Adaru I I. The next column gives the synodic
arc 31 ° 29' computed as a zig-zag function, as indicated in our preceding
• The hollow cuneiform characters have been copied by Strassmaier from the origina!
sherds; they are the fundamental data of the study. The entirely blad characters were computed subsequently by Kugler from his explanation.

