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Astronomy of the Earth-Moon System and the Eschatological
Expectations of the Christian Historians of the 5% Century CE

By Dmitri N. Starostin*

This is a historian’s view of how modern astronomy data can be used to discuss the shifting
historical worldview of Late Antiquity. In this article an attempt is made to construct an
approximate model of how the cycles of astronomical bodies” visible rotation affected the
writing of history and self-representation of the Roman Empire’s powerful people. It is
argued that while rare outstanding events like solar eclipses might have caused a short stir
in the minds of the rulers and their environment, long-term cycles based on the
synchronization of the Moon's phases with the solar calendar and the cycles of the planets
lining up in the same disposition (in relationship to the Moon or without this relationship)
were the foundation of astronomy-based Christian chronological system. The emergence
of the Christian historical worldview in the 5th century was marked by appearance of a
significant eschatological strain in it. Historians paid attention not only to the theology-
defined signs of the end of the world, but also, as it has been suggested in modern studies,
to the some outstanding celestial phenomena. In this paper I would like to address several
criteria which may help understand what in the celestial motions interested the astronomers
and historians of the 5th century. This paper uses the first approximation of astronomical
data for solving the problem of how relevant the skies were for historians, although all
numeric parameters are taken from the up-to-date astronomy reference publications. It is
an attempt to understand whether the very basic approximations can be related to what
historians know from the array of sources available to them. The analysis suggests that
there is a whole array of occasions when the dates of astronomical events, received with
the help of these basic approximations, coincide with the data from historical sources.

Since the Ancient period of history timekeeping was an important part of
educated peoples’ knowledge.! Temporality and the counting of time, in addition to
the astronomical knowledge, were a significant part of the cultural and mathematical
heritage of Mesopotamia.? Studies of the Babylonian tablets that have been conducted
since the 1930s suggest that the astronomical heritage of the Ancient Mesopotamia
was rich and diverse.? The available sources suggest that studies of astronomy and
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observation were not solely aimed at resolving problems of practical usage and
were in fact conducted because of interest that may be related to the modern notion
of “scientific” inquiry.* The Enuma Anu Enlil tables of the 6th century BCE show
the consistent effort on the part of the Ancient Babylonian astronomers to find the
system in the observation of the skies. Of these tablets twenty-three concern the
Moon and twenty the Sun.> The Mesopotamian astronomy has been recently
shown to be much more advanced than it had been considered before, because,
scholars argued, it came to be based on both computational and planimetric practices.®
But the cycles of times had not yet stabilized as recent studies suggest that even in
the most consistent datasets as that of the month-lengths, associated with the name
of Ammisaduqa, there may be unattested and unrecorded intercalations.” The
most attention was drawn by the text MUL.APIN, which discussed the Zodiacal
signs before the twelve-sign system appeared.® Alongside to the observational,
predictive and mathematical astronomical traditions a new schematic astronomy
based on examining and making sense of the Moon-shadow and on the 360-day year
appeared and came to be used.® Careful studies of the Mesopotamian calendric
practices also suggested that they were deeply rooted in the everyday cycles of
agricultural communities and that the constructs proposed by the educated people
were grounded in the needs of these communities. The agricultural communities
needed to rely on both the solar and the lunar cycles and thus the practices of
calculating the time were construed as complex manipulation of both calendars.
The Babylonian astral medicine, it was argued, used the real time of 384-day
public calendar for describing the symptoms of a disease that had appeared in the
past, but used the mathematical 360-day calendar to talk about the prognosis.!! In
the description of the acts of the king Bin-Dammu one may find an elaborate
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structure of the year when the important events in the functioning of power and of
the community were described against the backdrop of the sequence of the months.?
An investigation of the tablets related to the people involved in the trade showed
how they lived both in short-term and long-term time scales.’ In fact, one may
suggest that thinking ahead in the blocks of time one could even call eschatological
was one of the peculiarities of the perception of time in this period. Only one step
separated a regular year from becoming the “year of vengeance.”'* This highlights
and exemplifies the contemporaneity of human experience as the basic aspect of
the Mesopotamian perception of time and shows that some periods and moments
of time became the crucilble, the time of the Apocalypse, or the personal “end of
the world”."> The educated people in Mesopotamia must have thus been responsible
for creating one significant interpretative scheme that, although in indirect ways,
contributed to the setting of the linear time-reckoning from Creation to the Apocalypse
by the way of the biblical narrative.

Already in Greek tragedy the rise and the inevitable setting of the Zodiacal
signs might have become the plot or at least the background setting for the author’s
main idea. Agamemnon’s coming from the East when the Pleiades, located within
the Taurus constellation, were at the right angle with the ascending Leo, who
seemed to have been licking the blood of the fallen king (Aries), are a representation
of the inevitable cycle of the rising and setting, of the emergence and death. Thus
the stellar events were vividly experienced by those in Ancient Greece who
measured the events of human life against the turnaround of the Zodiacal signs.'®
Hence the Zodiacal signs’ circle in the sky needs to be considered as a significant
setting for any cultural representation of society. This representation in the Greek
texts is another confirmation of the important role constellations played in the
cultural representations in culture since the emergence of the civilization in the
Near East and Mesopotamia. The plot of stellar events described in Agamemnon
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seems to be a representation of the motif of the lion-bull combat that had been
found in the Near Eastern artistic representations.!” This was a motif that lived a
long 3000-year life in Mesopotamia.'® The relief scenes in Persepolis that contain
the motif of lion and bull combat suggest that it was one of the critical elements for
the legitimation of kingship at Persepolis.’” Mesopotamian oracle tables also contain
other sequences of signs that were related to the gradual change of constellations
over the course of time. In these tables Leo, Virgo and Scorpion figure prominently,
that suggests the same August to December part of the year that was reflected in
the story of Agamemnon.?’ Other examples of cuneiform tablets show that the
astrological, Zodiacal contents appeared often. Thus the sequence of Gemini, Lion,
Libra and Capricorn was found on another tablet.?! Diodorus Siculus claimed that
the ancient Babylonians already knew the twelve Zodiacal signs, naming them the
twelve Masters.?> He took his information from the historian of the “age of Alexander”
Berosus.?? The knowledge of astronomy was omnipresent in the Babylonian texts,
because Marduk’s Address to Daemons contains important information about the
constellations and Zodiacal signs.?* The signs related to astronomy and astrology
might have been an inspiration to the Mesopotamian board games, like the Royal
Game of Ur.? Thus deep in the minds of the people the constellations had been
arranged into the sequence that corresponded to the cycle of seasons, of which
Clytaemnestra spoke when she expected to be warmed in winter by the coming of
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Agamemnon.? It is likely that the Mesopotamian theologians and specialists in
Zodiac taught the Greeks the complexities of constructing the cycles of time based
on the astronomical observations.?”

Scholars thus made a conclusion that the calendar created in the Ancient world
was already of cyclical nature.?® The development of time reckoning practices in
Rome showed the slow and gradual ways in which the fully cyclical calendar
gained its place in social surroundings. For initially the Romans did not have the
way to count time between December and the Spring, and that only Numa Pompilius
introduced the months of January and February.? The evidence for this fact is of
much later origin, however.*’ Studies of the festival calendar of Numa Pompilius
in the form it was preserved in various later sources suggest that the Romans were
aware of the Solar and Lunar cycles as the different ones and that they sought to
reconcile the difference every year in the beginning of it. They started the New Year
and the month of January with the first full Moon of the year. The third lunar cycle
could fall anywhere between 21-23 February and 21-23 March.3! The presence of
the deity turning the wheel of Fortune on the date determining the day of the
equinox suggest that their calendar had the same roots as those of many ancient
peoples and that it had the solstices and equinoxes as key turning points for
measuring time.32

Scholars have recently championed the Dead Sea scrolls as important pieces
of evidence about time reckoning schemes employed by secretive communities in
the period between 3 century BCE and 68 CE. Moreover, they suggested that the
calendar these communities constructed was vastly superior to other calendars of
that age because it let combine the Solar year and the count of weeks in radically
simpler ways than did the traditional calendars. Fragment 4Q-319 is a particularly
important manuscript that led scholars to claim that the calendar of 364 days it
expounded was vastly superior to other types of reckoning in Antiquity.** Fragments
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4QQ-320 through 4Q-321a let scholars further investigate how a 364-day calendar
could function.?* It is no doubt that such calendars could ensure the cyclical
character of the time reckoning and contribute to communities’ long-term ritual
cohesion. One needs to notice, however, that the calendar modern scholars describe
as a result of these reconstructions is that of 364 days and 52 weeks exactly, with
one day of intercalation in a regular year. Sometimes (in the case of the modern
calendars’ leap year) a 2-day intercalation must have been required, but there is no
evidence of how this intercalation was made.® This calendar used only the solar
cycle and that the lunar year of 354 days could not be easily adjusted to 364 days
since it required a 10-day intercalation (which is quite difficult to notice in terms of
the lunar phases), as it was proposed in the Masoretic version of the Book of
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Genesis.* In other words, these manuscripts represented what was essentially and
primarily a solar calendar, thus being very similar in its philosophy of counting
time to the Egyptian solar year (perhaps, as the result of the Hebrews’ stay in
Egypt) and to the Egypt-inspired Julian calendar of Gaius Julius Caesar and Octavian
Augustus). The fragment 4Q-317, on the other hand, showed how the lunisolar
calendar made its way into the practices of counting time.*” Thus one may safely
argue that by the beginning of the Christian era several cultures in and in the near
vicinity to the Mediterranean developed reliable and easily deployable algorithms
of for keeping track of the solar year. But the lunar calendar was a more difficult
mathematical concept to construct.

Although the lunar calendar must have been well known to the astronomers,
its introduction into everyday popular mentality and ritual practice in the Rome’s
Mediterranean possessions must have come much later. It may be argued that the
new, Christian community interest to counting the lunar time precisely because it
was the phase of the Moon that defined the time of the death and the Resurrection
of Jesus that determined the festive calendar of the new community. By the end of
the Roman Republic the educated people in its elites seem to have formulated
themselves or borrowed from other astronomer’s observations the idea that the
Moon’s motions had 2 cycles of 38 and 57 years, at the end of which the solar and
the lunar calendars coincided with the precision of, respectively, 2 and 3 and a half
hours. Thus Tacitus wrote that Augustus was a consul 37 times and died 57 years
after first acquiring power on the same date of August 19%.3 Thus by the end of the
1%t century CE a Roman historian like Tacitus had become already aware of the fact
that the solar and the lunar calendar have at least two cycles that bring coincidence
between them and allow to confirm and possibly to reset the civic calendar. One
may notice that in the 4™ century Eusebius of Caesaria was certain that the
Christians of the 1% century CE must have known the important and easily
observable cycle of 38 years that provided a total conjunction between the
astronomical and civic solar and lunar calendars. Thus he wrote that in 71 CE, 38
year from the Resurrection, the solar and lunar calendars coincided exactly
(actually, within 2 hours’ precision), thus confirming a very important fact of the
astronomy of the Earth-Moon system.*

36. Ben-Dov, Jonathan. “The 364-Day Year in the Dead Sea Scrolls,” 70.

37. Ben-Dov, Jonathan. “The Initial Stages of Lunar Theory at Qumran,” In: Journal of
Jewish Studies 54/1 (2003), 125-138; Ben-Dov, Jonathan, Horowitz, Wayne. “The Babylonian
Lunar Three in Qumran Calendars,” In: Zeitschrift fiir Assyriologie 95/1 (2005), 104-121.

38. Tacitus, Annales, I, 9: “Multus hinc ipso de Augusto sermo, plerisque vana mirantibus,
quod idem dies accepti quondam imperii princeps et vitae supremus, quod Nolae in domo et
cubiculo in quo pater eius Octavius vitam finivisset. numerus etiam consulatuum celebrabatur,
quo Valerium Corvum et C. Marium simul aequaverat, continuata per septem et triginta
annos tribunicia potestas, nomen imperatoris semel atque viciens partum aliaque honorum
mutiplicata aut nova.”

39. Eusebius. Ecclesiastical History. III, 5, 5-6: “But it is necessary to state that this writer

223



Vol. 11, No. 3 Starostin: Astronomy of the Earth-Moon System. ..

In the 2 century CE Ptolemy found the cycle of the Moon’s evection, the
precession of its orbit’s perigee against the Earth’s horizon.* This evection was found
to last for 8.85 years. In addition to it, the variation of the lunar orbit of 18.6 years
that was due to its angle in relationship to the ecliptic plane (the ascending node
variation) might have also been known.*! Both periods were critically important
for counting time because the first calendar among the Greeks was a cycle of 8
years, whereas the slightly more precise calendar that was developed in the course
of the Antique period was a cycle of 19 years. The educated people in Antiquity
were shown to have grasped the concept of the adjustment of the calendar
periodically. Meton, it was said, introduced the Great Year of 19 years that was a
response to the observed phenomena.* The reconstruction showed that this 19-
year cycle did exist and that Diodorus Siculus linked this Great with the visit of
Apollo.# In fact, the reconstruction of the Athenian calendar suggested that the
residents of the city used several calendars, the council calendar, the calendar of
prytannies and others.* Thus the 19-year cycle was in fact the only working model
that allowed to settle the scores when the Moon’s ascending node came into the same
position and the calendar could be reset with the required degree of certainty.* The
Greeks believed in the concept of the Great Year, which had both astronomical and
philosophical sense, since it was the cycle when all planets, as they thought,
returned to their previous positions.* It was a critically important belief in the early
Pythagoreanism.# The actual adjustments do not coincide precisely with the 8 or
19 year cycles.*® Thus the “serrated”, uneven quality of the lunar calendar became
one of the aspects of time reckoning that came to be known both to the educated
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people and to the regular folk. This suggests that the flow of time was not perceived
as uniform since the calendar had to be adjusted relatively often.

Thus in Late Antiquity, Christian history emerged from Classical Greek and
Roman historiography as a narrative that was based in including into the
chronological schemes the solar and the lunar calendar, to which it gave an equal
footing and credence. Historians started to reconcile biblical chronology with their
own since the time of Hellenism.* Julius Sextus Africanus made a significant effort
in the 3rd century to produce a uniform chronology of the Old Testament and of
the Christian era.®® The writing of Eusebius, Ammianus Marcellinus, Orosius,
Sozomenos, Socrates, Philostorgios, Hydatius, Sulpicius Severus, and Prosper of
Aquitaine created a foundation in the form of a chronicle.5! Theologians like
Augustine and the historians who followed in his path (Orosius, Hydatius,
Sulpicius Severus, Prosper of Aquitaine) contributed to write a new historical
narrative that superimposed the Christian vision of history, with its resonant
eschatological theme, on the histories of the Roman empire and the regions
comprising it. The presence of eschatology in historical thinking was addressed by
Richard Landes, who argued that it was indeed an important cultural and religious
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paradigm for the Christians since the 5th century.

In a recent study it was suggested that the astronomical phenomena took a
significant part in the narrative structure of the 5th-century historians. Thus
Hydatius’ observing the blood Moon of 462 CE (a usual phenomenon when the
Moon is its perigee) was placed in the context of the barbarian ruler, Euric,
grabbing the power in Spain in 467 CE and the failed naval expeditions of Leo and
Anthemius in 468 CE.  Thus this Iberian historian successfully put the eschatology
as an abstract context to the test of the astronomical observation. It has also long
been noticed that in the 8th century Venerable Bede paid attention to the fact that
during one of the eclipses of the 7th century the Moon reached its phase in discord
with the Easter tables. >

In the light of the new advances in the astronomy I would attempt to draw
attention to one particular coincidence that may theoretically serve as an explanation
of the 5th-century” particular disquietude in the writing of history. Many studies
have laid the theoretical groundwork for solving the problem of the Earth-Moon
system in precise mathematical terms.5> An analysis of these theories was summarized
by F. Tisserand.? By 1984 modern measurements and calculation methods removed
all empirical terms from the Moon’s ephemeris.” The information gained with the

52. Landes, Richard. “«Millenarismus absconditus»: L'historiographie augustinienne
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help of modern methods has now been put up for academic use at various sites
including the NASA eclipse site (https://eclipse.gsfc.nasa.gov/). This allows a
historian to investigate whether history and the astronomical calculations can be both
employed to make judgment about the chronology of Late Antiquity. The approach
employed in this paper is a first approximation, based on the modern data.

The question that arises when a historian looks at the astronomical information
for the period is a dichotomy of what was more important for the astronomers in
Late Antiquity, the rare and singular, but spectacular events like solar eclipses or
the periodic events like regular lunar phases at expected periods of time and
planetary line-ups. It is a long-standing question whether scholars in Antiquity

managed to find a way to include solar and lunar eclipses into a pattern of a
calendar. In other words, it is a question of whether people of Late Antiquity chose
to be scared of the rare celestial events and to interpret them as divine punishment
or they favored stability and made a system of continuing and repeating events. I
argue that the patterns of lunar, planetary, and stars” motion played a much larger
role than the eclipses. In other words, the periodic motions that were possible to
predict with reasonable accuracy played a much more significant role in the
relationship of people to the astronomical events than did the eclipses. The basis of
calendars was the repeating motions of the celestial objects.

Let us first consider the arguments about the importance of eclipses for
astronomers’ and rulers” views on history.

Eclipses, the events that stood out of the calendric patterns in Late Antiquity,
did not seem to be associated with the Modern scholars have long known two
major solar eclipses in the reign of Nero on April 30, 59 CE and in the reign of
Constance II in 346 CE (we have shown why the latter was important earlier). One
may wonder whether such natural phenomena could have influenced the
underlying stability of human perception of time. In regards to the eclipse of Nero’s
time, Tacitus mentioned that even the Sun chose to hide from the human sight in
light of the emperor’s killing of his mother (Tac. 14:12; Pliny Hist. Nat. 2:70).58 But
there was nothing of this kind in 346 CE when the eclipse was total for at least one
area of the Roman Empire, Antioch.>

The examples of astronomical information one can find in the works of Late
Antique chroniclers and their continuators suggest that the facts of eclipses became
part of the historical narrative tradition and even started to have some eschatological
meaning by the end of the 4th century and that historians learned how to describe
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their influence on the populace and troops correctly. But although they took heed
to celestial phenomena, they left the attempts to find a mathematical rule to later
generations. Jerome included an eclipse in his chronicle without a correct date, so
the possible candidates are June 6, 346 CE or October 9, 348 CE. In the 19th century
scholars thought the eclipse of 346 CE to have been visible throughout the Roman
Empire, while recent studies suggest its totality spot was in Antioch.®® But
according to modern calculations there must have been several eclipses in the
vicinity of this date, which must have been visible to at least some residents of the
Roman Empire: these were the eclipses of the years 341, 344, 345, 346, 348, 349, 351,
354, 355, 356, 358, 360.¢! The 346 CE eclipse reached the phase of totality only in
Antioch, as scholars think now, and other eclipses may have been even less visible
in Constantinople. The eclipse of 346 is cited in the early 9th-century chronicle of
Theophanes the Confessor, but it is a much later text that must have had its
antecedents in regards to this information. Some scholars believe that the original
text that mentioned the eclipse was written by Eusebius of Caesaria’s pupil
Eusebius of Emesa (ca. 330—ca. 360 CE).%? This 4th-century scholar was a court
astrologer for Emperor Constance II, in addition to being considered one of the
important theologians of his period. Since he was accused of sorcery, it may well
be that it was during his tenure as the court astrologer that several partial and
annular solar eclipses took place. In other words, the information about the 346 CE
eclipse (or several eclipses), which might have had eschatological underpinning
did not enter the historians’ parlance and became the matter of historical narrative
only well after the reign of Constantius Il had ended and after the Roman empire
in the West had ceased to exist.

In contrast, Ammianus Marcellinus more precisely pinned down the eclipse
in the year 359 or 360 CE in his “Res gestae” 20.3.1-2 and, unlike Jerome, spoke of
the nearly eschatological outcome of this event for the Roman army. ® Some
scholars believe his description to be impeccable from the point of view of Late
Antique astronomy, while others argue that Ammianus was not quite correct in
discussing the difference between the New Moon and the eclipse. * If we are to
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believe the dating and his information, it must have been the eclipse of August
28th, 360. But since Ammianus spoke of how Julian rallied a large number of Gallic
legions to move to take part in the campaign in the East, the August date seems a
bit late. Is it possible that this historian confused this eclipse with the hybrid eclipse
on March 15th, 359, a year before that? This eclipse (a hybrid one) may better
conform to the description of the historian who spoke of how the Sun’s surface was
“cut off by a spear” (lancea). In this case the events that had been brought into
motion could have lasted from March 15, 359 to 360, and it was enough time for
Julian to understand tensions among soldiers and procurement problems and to
make a decision to propose them to go on a campaign in the East with their wives.
The requirement to arrange for public postal carts for them to relocate also required
a significant amount of time. In other words, it seems that in Ammianus Marcellinus’
narrative the eclipse took a significant place as an event that caused some stir in Gaul.
Thus unlike Jerome, who shunned from giving any social commentary on what the
eclipse might have caused in the population, by the end of the 4th century a historian
could venture on describing what a celestial event meant for the Roman army in the
West, where the eclipse was the most pronounced. Ammianus, in contrast to
Jerome, already became well-versed in the writings of Ancient and contemporary
astronomers as to explain the reasons for an eclipse in a clear Latin.®> He may have
made even more use of it because the eclipse served as a kind of forewarning of
Julian becoming a usurper. It seems that the authorities” and community’s response
to such events only became sensible if there was a consensus among the powerful
people and scholars on how to react to celestial events. Ammianus’ approach to
this event suggests that this consensus was becoming crystallized, as an out-of-
order celestial event became a commentary on the out-sized ambition of formerly
modest Caesar.* Other remarkable eclipses of 418 CE (described by Philostorgius)
and of 484 CE show that historians learned how to make sense out of celestial
events, but also managed to stay clear of the overarching conclusions with
eschatological implications.®” In other words, by the early 5tn century eclipses and
the conjunctions of the lunar calendar with the solar one became a phenomenon
historians could include in their narratives and even make it a sign of the Christian
history approaching a predetermined stage.

One may construct an argument that astronomers sought how to accommodate
the eclipses into the repeating patterns of time. But the task of predicting them was
largely impossible. Instead, by the end of the 4th century historians managed to
construct a language that would help them describe solar eclipses as both natural
and social phenomenon, the latter having strong eschatological notes. The
eschatological aspect of these commentaries betrayed in the first place a desire
either to fit an event into an already functioning set of cycles as a real marker of a
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repeating phenomenon or to discard it as a meaningless fluke.

In other words, the introduction of Christianity as the official religion and of
its lunisolar calendar may have been responsible for making scholars pay more
attention to the correlation of the Sun and the Moon’s cycles and their calendars.
This did not happen because they forewarned the “judgment of Heavens”, but for
another reason, I believe. What was more important were the repeating patterns in
the motions of the Sun and the Moon together, or rather, the situations when the
lunar phases fell on the same days of the lunar calendar as it did at some historically
or symbolically important date like the foundation of the Temple by David or the
birth of Christ. The specialists in time reckoning knew about the repeating patterns
of 19 and 76 years. Solar and lunar eclipses fell out of this pattern and they were
hard to predict due to their irregularity at a given location. In other words, I argue
that the solar eclipses that were hard to predict were not interpreted as part of a
picture of universal history, on which a community’s self-representation was built.
But the repeating patterns of the conjunctions of the solar and lunar calendars did
indeed attract more attention than solar eclipses from astronomers and historians,
who seemed to attempt to align the political events with the conjunctions of the
solar and lunar calendar.

Because the astronomers of Late Antiquity may not have known that the
actual length of the year was 365.24219 days and that the lunar month was actually
29.53 solar days (29%2 days plus ca. 43 minutes), there accumulated in calendars a
small but significant discrepancy. If the discrepancy was not counted in, the solar
calendar lost one day over the course of about 276 years. This seemed to be the
problem of the Egyptian and of the Julian calendars, which held the length of the
year to be exactly 365 and a quarter day. The same happened to the calendar of the
Moon phases and the projected calculations must have been routinely off the actual
phase of the Moon at the expected time on the given day of the solar calendar.*
Since the precession data is incorporated into most modern calculations,® we will
not be using it directly. For the purposes of advancing our hypothesis we will use
the modern mean values. In the long run, as we will show, the mean values provide
a fairly good approximation to explain how the celestial bodies were visible to
astronomers and people in Late Antiquity. Let us use a simplest model here without
employing the AT calculations. These will be at first purely hypothetical considerations
which we will later compare with the data available to us from historical sources.
This approach is justified because it is from the historical sources that modern
astronomers take the first information to construct their models.

The mathematical formula for that is (‘i" is the integer number of years): ((i x
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365.24219) mod 29.53) < 0.25 or ((i x 365.24219) mod 29.53) > 29.27, which means a
conjunction of the synodic positions of the Sun and the Moon within % of a day,
thatis, within 6 hours. The case in point here is the calculations that would be made
from the year 1 BCE as the measure of the Moon’s phases across the Julian
calendar’s year roll. If we take the actual astronomical solar year and the lunar
month, then, without the imprecision that the human-made calendar introduced,
there were several dates when the solar and the lunar rotations coincided. These
were the years 19 (the foundation of the Easter calendar), 38 (two 19-year cycles),
57,76, 483, 502, 521, 540, 559, 578 and 598. Let us notice that there was a long hiatus
of 3 centuries when the phase of the Moon did not repeat its showing on 1 BCE in
regards to the same dates of the Solar, Julian (or in some cases, proleptic Julian)
calendar. Let us also notice that several dates fall in the late 5th and the early 6th
century, the period that was marked by the fall of the Roman Empire in the West,
the re-fashioning and consolidation of the Byzantine Empire in the East and by the
creation in the West of several barbarian kingdoms. Frankish king Clovis I came to
power in 481 CE and was gradually gaining his prestige, ultimately defeating
Syagrius in 486. The year 483 was also important because it was close to the cycle
of precession of 476 years that L. Euler mathematically calculated. It was also the
year when the Easter calendar had to be adjusted to take one day off the count of
lunar epacts.” The year 521 CE was the time when early medieval scholars started
thinking about the new Easter calendar that was later confirmed and realized by
Dionysius Exiguus. 540 CE witnessed the peak of Byzantine military campaigns of
Belisarius, ordered by Justinian.

In addition to that, there was a discrepancy between the astronomical calendar
and the Julian calendar, which could become expressed in days. But in some cases
the problem was less in the actual count of days since in the Ancient world the
astronomers managed to create calendars that helped intercalate any extra days
into the year (with an embolismic month and a saltus lunae). The problem also lay
in the extra hours that cumulatively added up from the minutes and seconds of the
discrepancies between the Julian solar calendar and the Ancient world’s lunar
calendar with the actual astronomical phenomena. These discrepancies between
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Parisin. et Lond. [E418]. Petropoli, 1772. 775, 400, §379. One also needs to be aware that L. Euler
calculated the angle of the nutation of Earth to be 9 arcseconds: Euler L. “Recherches sur la
précession des équinoxes, et sur la nutation de I'axe de la terre,” In: Mémoires de I'académie des
sciences de Berlin [5], [1749], 1751, 289-325, at p. 314. (C. G. J. Jacobi wrote about a treatise
with this title being presented to the Berlin Academy on March 5, 1750). This implied that
the position of the Moon against landmarks could have had a cycle of 400 years, after which
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the astronomical calendar and the Julian calendar can be calculated at the first
iteration with the help of the modern data for the parameters of the Earth’s and
Moon’ orbits. The simplest mathematical formula that is used here is of the
following form: | ((i x 365.24219) mod 29.53) — ((i x 365.25) mod 29.5) | <0.25. Its use
isjustified as the first iteration approach to the problem and is supported by works
on astronomy from Leonard Euler on. The actual astronomical conjunction of the
Moon’s phase with the solar synodic position in this case came on approximately
the following years: 77, 156, 233, 312, 390, 467, 544, 623, 700, 778. Thus one may
notice two separate sequences: one of purely astronomical conjunctions, some
cycles of which govern the lunisolar calendar today, and the other of the correlations
(with half a day precision) between the astronomical and the Julian calendar. These
sequences do not count in the longer precessions of the Earth’s and Moon’s rotation
with the length of 1000 years and so on, but L. Euler’s works on the Earth-Moon
motion showed that these periods do exist in the heuristic observations and
calculations with all types of precession included as a parameter. These years are
themselves an approximation as normally there were several years in the vicinity
of each of these cardinal dates when the Moon’s phases were within one day of
those in the year 1 BCE as measured against the Julian calendar. It can be argued
that the most common average period when both the astronomical conjunction and
the correlations between the astronomical and Julian calendars took place was
between 72 and 84 years, with the most weight of the phenomenon falling on 76
years.

The question of employing the conjunction of the solar and lunar calendars for
the better observation of the Moon’s phase seemed to have bothered historians and
computer scientists since the 4th century. Of the dates of the conjunction, two (313
CE and 390 CE) are quite close to the two most egregious cases in Jerome and
Prosper’s chronicles where they either hinted at or showed a one-year discrepancy
with other sources. Eusebius put the battle of the Milvian Bridge at the 7th year of
Constantine, which was 312 CE, while Jerome set it to the 6th year of Constantine,
although it was also 312 CE, since he had set the 1st year of Constantine at 307 CE.”
In this case the Moon’s calendar for 312 CE and for 313 CE was within one-day’s
precision in regards to the calculations from the year 1 BCE, but the difference was,
respectively, 4 and 13 hours. So Jerome’s indecision to choose between the 2 dates
is understandable as he sought to move the start date of the count so as to make
the discrepancy less. Exactly 6 years had a discrepancy of only 6 hours with the
year 1 of Constantine, while the year 7 had a much larger discrepancy of 15 hours.
So for an important event like the battle of the Milvian bridge he needed that it be
at the beginning of the year 6 of Constantine so that the position of the Moon be
predictable in the terms of the conjunction between the solar and the lunar
calendars. L. Euler in the 18th century determined one cycle of the Moon’s motion
to be 6.5 years, which explains that there was a conjunction of the Moon'’s position
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in the middle of the 7th year, but before its end.

Prosper of Aquitaine, in turn, moved the events from 383 CE to 384 CE.”2 The
shifting of an event from 383 CE to 384 CE was meant better to account for the fact
that in terms of the lunar phases, the solar calendar was running out of sync in 383
CE and it came in sync by 384 CE. In his case the reason might have been that in
the year 383 CE the discrepancy was 9 hours, while in the year 384 CE the Moon
reached near total conjunction with its position in the 1 BCE in terms of hours,
while the visible lunar epact had grown by 2 days. In other words, the Full Moon
could be seen at the same time at night as it was in 1 BCE. This was the case for the
years 389 CE and 390 CE, too, where the discrepancy between the calculated
position of the Moon and its real phase was minimal (plus 3 and minus 5 hours
respectively). It is quite likely that full days did not bother computer scientists (the
specialists in the calculation of the date of Easter) at all since there were mathematical
means to account for them. Thus one may notice that since the 4th century, when
Christianity and its lunisolar calendar became official, historians did care about
using the dates for which the projected correlation between the motions of the
Moon and the Sun was in nearly total sync with their visible correlation. In other
words, the first two centuries of the Christian Roman empire raised a number of
significant challenges for historians and computer scientists because they had to
address the problem of making a time to observe the Moon at the time when its
phase coincided with the expectations made of the basis of the “Egyptian”
calendar. In discussing the problems of the Christian time reckoning in the 4th and
5th century one may consider the discrepancy that emerged because of the actual
astronomical calendar having a shorter year than the one used in the Egyptian and
Julian calendars.

In other words, I argue that the innate 76-year cycle in the Earth-Moon system’s
motion and the patterns of the Moon'’s phases exactly coinciding with the dates in
the Solar calendar (like the Vernal equinox) and thus taking the same relative
position in the sky against the immovable objects on the ground (temples) made
astronomers and historians look after the solar eclipses with increased attention. It
was not vice versa.

One may also consider another factor in discussing how the celestial events
might have influenced the vision of history among the educated people. In addition
to the conjunctions of the solar and the lunar motions one may also consider the
lineup of planets in the same form as a possible marker of information the
astronomers gathered by looking at the skies. Although the lineups of planets are
a common event, the cases in which it took place on the same date of the solar
calendar are much rarer. The conjunction with the solar calendar is important
because it is connected to the Vernal equinox, which had been observed for the
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purpose of relating the solar and the lunar calendar to each other. For the purposes
of this paper I will only consider cases when the lineup of planets was observed
during a solar eclipse, since there is very little information on what astronomers
saw in the night skies on usual days. Thus we need to consider the eclipses of the
Ancient world as the possible starting points of observation when the astronomers
remembered he configuration and made it a historical point of reference. These
cases are visible with the help of modern astronomical tables that use the advanced
mathematics developed since the 17th century.

There is another reason for the years in the vicinity of 476 CE (like 468 CE and
483 CE) being of interest to astronomers and historians of Late Antiquity. In terms
of the astronomical observations the 5th century was special because during it the
long-term cycles of the Earth’s and other planets” motions had come to a
synchronization. The rotation of the planets around the Sun makes them line up in
various configurations in the skies visible from Earth. Already in the 13th century
BCE the Egyptians were watching the planets.” The period in which a planet
returns to the same point in the skies as visible from Earth (the synodic period) has
now been precisely calculated by astronomers. The synodic periods for Earth,
Jupiter and Saturn are very close, while the periods for Venus and Mars differ
significantly. As the first approximation of solving this problem is the approach
which seeks to establish the level of synchronicity of the planets’” synodic periods
by examining their periodic qualities against that of the Earth’s orbit and of the
solar year. But we are interested not in all the lineups, which happen regularly
about every 20 years, but only in those that happen at exactly the same date as the
original one (say, the New Year, the Vernal Equinox, 1st September, or any other
civicholiday). If one calculates the offsets, i.e., the discrepancies between the length
of the solar year and synodic period for each planet, this data can be used to
determine when the planets would reappear in the same order and at the same
visual distance from each other as they had once been observed. Naturally, those
years when the offset is the smallest are the years when the configuration of the
planets was the same. Setting the offset to within 3 to 4 months is a reasonable
assumption. There is a further option to take the offsets, calculate the geometric
mean and to calculate the mean square deviation for each of the planets” offsets.
Finding the years when this mean square deviation is less than a month is a good
technique to find those years when the planets were in the same line-up as initially.
Interestingly, both methods give approximately the same results. For the purposes
of this paper the possible precession of the planets’ synodic position due the Earth’s
precession against the fixed stars is not considered since it is the first approximation
and since the proposed method does give heuristically verifiable results within the

73. Krauss, R. “The Eye of Horus and the Planet Venus: Astronomical and Mythological
References”. In Ed. by Steele, J. M. and Imhausen, A., 144; Krauss, Rolf. “Dates Relating to
Seasonal Phenomena and Miscellaneous Astronomical Dates”. In: Ancient Eqyptian Chronology.
Ed. by Hornung, Erik, Krauss, Rolf, and Warburton, David A. Leiden, 2006, 378.
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given limits of approximation.

Calculations would not mean much if we would not set a starting point. Solar
eclipses in Antiquity are a good starting point since during an eclipse the line-up
of planets became visible during the day and attracted attention of the educated
people and the populace. Once remembered, this line-up could have long stayed
in memory. The ancient documented solar eclipse of 2161 BCE, that of Shamshi-
Adad of 1587 BCE (probably the eclipse of Oct. 23, 1588 BCE or of Mar. 28th, 1586
BCE),” the recorded eclipse of Sep. 11, 1557 BCE,”> the lunar eclipse of 1547 BCE
(the Ur III eclipse),”® the lesser-known solar eclipse of Feb. 15, 1547 BCE,”” the solar
eclipses of Oct. 30th, 1207 BCE (Joshua 10:12-13),7¢ 1096 BCE and 1084 BCE (March
27th) may be taken as possible candidates. To understand which of the starting
points is better, one needs to use modern data. For example, since 2023 is the year
of the planets’ line-up, it is remarkable that this configuration of planets repeats the
order that might have been visible during the eclipse of the year 2161 BCE or of
1084 BCE, but not during the other ones. For the purposes of this paper we
obviously do not count in any planetary precession since these considerations are
the first approximation.

Calculations which involve finding those years that have the smallest offsets
in terms of the planets’ synodic periods first show the importance of years in the
vicinity of 483 CE. For example, if calculated from the solar eclipse of 1547 BCE, in
484 CE Jupiter came earlier by 18 days, Venus and Mars appeared right where they
had been in 1547 BCE, while Saturn was early by 160 days. Let us notice that the
solar eclipse of 484 CE was well observed (Hayakawa et al., 2022, 5-7). If counted
from 1084 BCE, the planetary configuration repeated in 483 CE and ca. 601 CE,
when another eclipse was visible in the Mediterranean.” If calculated from the
solar eclipse of 27th March 1084 BCE, in the year 483 CE Jupiter and Mars both
came to the same position in the sky 116 days ahead, while Venus was ahead by 70
days. In other words, in the period around Christmas those interested in heavens
could observe the planetary line-up that was around Vernal equinox ca. March
27th, 1084 BCE. This is the result we get if we calculate the offset’s absolute value
against the length of the solar year. Using the mean quadratic deviation against the
geometric mean of the offset we get much shorter offsets against that day in the
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solar year when these planets seemed the closest to their original position in the
starting year.

One of the periods that emerges from calculations of this kind is that of 1107
years. It deserves particular attention because the end of it, if counted from one of
the eclipses of the Ancient world, and also from the founding of Rome, fell right
into the middle of the 4th century. An eclipse could have made the astronomers
notice the same lineup of planets as it was during the past event. Eclipses like that
may have also let the astronomers of Late Antiquity to pay attention to the celestial
events and to notice a flaw in the civic calendar that made it lose one day over 276
years. A well-known solar eclipse took place in Nineveh on June 15th, 763 BCE (it
was also the day of the New Moon, so the two events coincided to produce a sense
of darkening in the skies. In the next year, 762 BCE (761 astronomical year) a Full
Moon was on March 22nd, one day after the Vernal equinox. When a whole
sequence of solar eclipses started in 346 CE, the Full Moon was on March 23rd, one
day late. These dates would have had no specific importance, if the period of 1107
years would not be remarkable for being one of those periods when the planets
showed up in the same order and position as they were initially. It was the 7th year
of the cycle if the 19-year cycles were counted from 763 BCE and the 6th, if 762 BCE
was considered the beginning of the count. The 19-year cycle, if counted from 762
BCE, started on 340 CE, but there was no near coincidence in that year. In 341 CE
(the 1st year of the new 19-year cycle if 762 BCE was the first year) the Full Moon
came 4 days earlier than in 762 BCE, on March 19. It was also a year of a solar
eclipse.® In 346 CE, another year of a solar eclipse and the 6th year of the 19-year
cycle counted from 762 BCE, the Full Moon occurred on March 23rd, one day later
than in 762 BCE. It is interesting to notice that since the solar calendar was late 4
days in comparison to the Moon’s cycle of rotation in 1103 years (762 BCE to 341
CE) even though this period was an exact integer number of 19-year periods, it was
losing 1 day every 276 years, a well-known parameter. In other words, in 1102-
1109 years, that is, ca. 341 CE, it became clear that the solar and the lunar calendars
in the way they were counted were asynchronous and that the solar calendar lost
one day to the lunar calendar in 276 years. But naturally, the Egyptian scholars
must have taken some problems out of it during the rule of the Ptolemies from 305
BCE to 30 BCE and the reform of the calendar under Octavian August must have
adjusted all discrepancies. The problem was in the new discrepancy that should
have accumulated by the 3rs century. In other words, the period of 1107 years made
those interested in astronomy take notice of the discrepancy and of asynchronous
character of the calendars. It is all the more important because this visible
disagreement in the calendar (4 days) happened ca. 354 CE, which would be the

80. Espenak and Meeus, “Five Millenium Catalog of Solar Eclipses: -1999 to +3000 (2000
BCE to 3000 CE) (NASA Technical Publication NASA/TP-2006-214141)”; Hayakawa, Murata,
and S"oma, “The Variable Earth’s Rotation in the 4th-7th Centuries: New AT Constraints from
Byzantine Eclipse Records”, 3-5.
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year 1107 from the founding of Rome in 753 BCE.

In both calculations, however, in 483 CE or 484 CE the 4 planets came close to
their line-up in either 1084 BCE or 1547 BCE. If the start date was the eclipse of 1557
BCE, then in 476 CE the line-up repeated that at the starting point. Let us notice
that one planetary cycle is about 468 years within our simple but rigid criteria (but
itis not a repeating one). Thus in the middle of the 5th century the planets lined up
as they used to during one of the ancient eclipses, but also in the same fashion as
they were at the birth of Christ.

In the repetition of the planets’ conjunctions there are also other heuristically
calculable periods of ca. 1054 years, of 1739 years, and of about 3107 years, which
give almost complete synchronization within the above-mentioned set of factors.
Depending of the start of the calculation and its relation to an eclipse (or lack
thereof), the years 476 CE, 483 CE or 484 CE were those of the original line-up that
repeated that of 1557, 1084 or 1547 BCE. If the start year was the eclipse of 1207 CE,
which the scholars now attribute to that which is mentioned on the Book of Joshua
10:12-13, it gave 3 historically interesting dates of 337 CE (the death of Constantine
the Great), 390 CE and 479 CE, as well as the years in the vicinity of the rule of King
David. In other words, using the Babylonian and Hebrew chronologies, scholars in
the Christian Roman Empire might have become aware that in the 5th century
there will be one planetary line-up that would exactly repeat that of the beginning
of the actual Hebrew chronology that appeared in contact with the Egyptian and
Assyrian empires. Even though it was a repeating event, it might have influenced
scholars in attracting them more towards observing the skies. Interestingly, these
calculations hint at the intrinsic importance of the year 1108 BCE (minus 1107
astronomical year), when a lunar eclipse happened on December 28th. If the
calculations of the planetary configurations were to be applied here, the year 1107
BCE becomes critical because it was when the planets lined up in the same
configuration as they did in 2161 BCE because it came 1054 years after the latter
(and as it has been stated already, 1054 years make the planets return to the same
position within days of each other). Since the eclipse was 3 days away from the
start of the new 1107 BCE, the line-up must have been a nearly perfect match and
it might have become a start of a New Year count. Remarkably, it is claimed to be
the last year of the reign of Ramesses X (1111-1107 BCE), which caused a discussion
among scholars. The suggestion advanced by a scholar that his reign lasted longer
hasbeen rejected.’! When part of the lunar disk was covered by the Earth’s shadow,
the astronomers might have noticed one of the planets, probably Venus that could
have been occulted by the bright edge of the Moon’s disk. That is, with a degree of
precision we may hypothesize that the line-up that people saw in 2161 BCE was
also visible for those in late 1108 - early 1107 BCE, and in 405, 457, and 490 CE.

These considerations suggest that Late Antique astronomers and historians
built their chronological schemes around long-term repeating patterns in the

81. Krauss, R. and Warburton, D. A. “Chronological Table for the Dynastic Period,” 493.
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showing of the Moon and the planets. Solar eclipses that were harder to predict fell
out of these patterns and did not seem to influence the chronology or calendar in
any way: they were never used as the end of an old era or the beginning of a new
one. But when the solar and the lunar calendars repeated themselves and the
showing of the two celestial bodies happened in sync (although it was the night for
the Moon when the Sun was not visible), this seemed to be the time when scholars
and those in power paid more attention to represent themselves according to the
history’s plan. Thus one may safely argue that for the historians of the 5th century
astronomy suggested that the end of times, or at least the end of the long cycles of
time, was coming about since the planets and the Moon lined up at the same time
and in the same patterns that they did at the time of the construction of the temple
of David and of the foundation of Rome. It was a factor that determined the interest
to the eschatological discourse.
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