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From the Publishers

History: Fiction or Science? contains data, illustrations, charts
and formulae containing irrefutable evidence of mathemati-
cal, statistical and astronomical nature. You may as well skip
all of it during your first reading. Feel free to use them in
your eventual discussions with the avid devotees of classical
chronology. In fact, before reading this book, you have most
probably been one of such devotees.

After reading History: Fiction or Science? you will develop a
more critical attitude to the dominating historical discourse
or even become its antagonist. You will be confronted with nat-
ural disbelief when you share what you've learned with oth-
ers. Now you are very well armed in face of inevitable scepti-
cism. This book contains enough solid evidence to silence any
historian by the sheer power of facts and argumentation.

History: Fiction or Science? is the most explosive tractate on
history ever written — however, every theory it contains, no
matter how unorthodox, is backed by solid scientific data.

The dominating historical discourse in its current state was es-
sentially crafted in the XVI century from a rather contradic-
tory jumble of sources such as innumerable copies of ancient
Latin and Greek manuscripts whose originals had vanished in
the Dark Ages and the allegedly irrefutable proof offered by late
mediaeval astronomers, resting upon the power of ecclesial
authorities. Nearly all of its components are blatantly untrue!

For some of us, it shall possibly be quite disturbing to see the
magnificent edifice of classical history to turn into an omi-
nous simulacrum brooding over the snake pit of mediaeval
politics. Twice so, in fact: the first seeing the legendary mil-
lenarian dust on the ancient marble turn into a mere layer of
dirt — one that meticulous unprejudiced research can even-
tually remove. The second, and greater, attack of unease comes
with the awareness of just how many areas of human knowl-
edge still trust the elephants, turtles and whales of the con-
sensual chronology to support them. Nothing can remedy
that except for an individual chronological revolution hap-
pening in the minds of a large enough number of people.
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Foreword

This book is dedicated to the new trend in science
associated with the development and use of inde-
pendent natural scientific methods for the dating of
the ancient and mediaeval historical events. It is the
follow-up to the first two books in the series, CHrRON1
and CHRON2 by Anatoly Fomenko. In the present
volume (CHRON3) we date archaeological artefacts
and historical texts by their astronomical content.

The problem of independent dating as applied to
historical chronology has got a long history. The idea
of applying the methods of natural science for this
purpose is also far from novel. However, A. T. Fo-
menko, accompanied by a group of mathematicians
and physicists from the Moscow State University, was
the first to construct a systematic chronology from
scratch using nothing but natural scientific methods
completely unrelated to the Scaligerian chronologi-
cal scale. This was done in the early 1980’s. In order
to distinguish between our chronology (constructed
with the aid of natural scientific methods and noth-
ing but) and the consensual chronology of Scaliger
and Petavius, we have called the former “New Chron-
ology”

The first part of the present book is based on the
work of A. T. Fomenko, V. V. Kalashnikov and G. V.
Nosovskiy entitled “The Dating of the Almagest Star
Catalogue”, which came out in 1995 ([METH3]:1 and
[METHS3]:2), and was subsequently revised in 2000
({METH3]:3). This book was revised yet again for
the present edition, and substantially so, with im-
portant new material added.

The second part of the book deals with the new
datings of the Egyptian horoscopes. We are referring
to the monumental bas-reliefs discovered in the tem-
ples of the “ancient” Egypt, which depict zodiacal
constellations and planets (horoscopes, in other
words). They are all dated to deep antiquity today.
However, modern astronomy permits a different and
more precise dating. It turns out that each and every
“ancient” Egyptian horoscope that we found yields a
dating of XII-XIX century A.D., no less. For instance,
the astronomical datings of the “ancient” Egyptian
horoscopes from the temples of Dendera and Esna
(Latopolis) unequivocally refer to the epoch of the
XII-XV century. Apparently, some of the Egyptian
constructions that are dated to deep antiquity today
were in fact built in the late Middle Ages.

The book also contains a number of annexes.

Let us provide a brief synopsis of the present vol-
ume’s contents.

The first part of the book deals with the famous
problem of solving the star catalogue from Ptolemy’s
Almagest.

The Introduction contains a concise overview of
the Almagest’s contents, as well as certain informa-
tion concerning the Almagest catalogue and a num-
ber of other star catalogues. We explain why the prob-
lem of dating old star catalogues is of interest to us,
and cite information about mediaeval astronomers
associated with the creation of star catalogues.

Chapter 1 is a collection of important facts related
to astronomy, astrometry, the history of astronomi-



4 | HISTORY: FICTION OR SCIENCE?

cal instruments and the methods of measuring star
coordinates.

Chapter 2 contains a preliminary analysis of the
Almagest star catalogue. We discuss a plethora of cor-
responding problems such as ambiguous star identi-
fication and certain anomalies pointed out by re-
searchers earlier, such as the Peters sinusoid. We also
discuss the issue of latitude and longitude precision
in the Almagest catalogue.

In Chapter 3 we analyse possible datings of the
Almagest star catalogues based on standard methods
and ideas. We demonstrate that it is impossible to
date a catalogue by more or less standard and ele-
mentary methods, pointing out the principal diffi-
culties that require a substantially more refined
method. We analyse a number of known works for
this purpose, whose authors attempted to confirm
the traditional dating of the Almagest catalogue by
proper star motions, exposing the reasons why they
failed.

At the end of Chapter 3 we describe the concep-
tion of our star catalogue dating method.

In Chapter 4 we identify fast stars as the stars men-
tioned in the Almagest catalogue. Obviously enough,
such identification isn’t always possible. Moreover, it
depends on the alleged dating of Ptolemy’s observa-
tions in general. The same fast star whose position on
the celestial sphere changes over the years can be iden-
tified as several stars from the Almagest catalogue.
This effect is important. A failure to comprehend it
has already led several authors (such as Y. N. Yefremov
and Y. A. Zavenyagin) to erroneous datings of the Al-
magest catalogue.

Chapter 5 contains mathematical results used in
the statistical analysis of star catalogues. We classify
various catalogue discrepancies and discuss various
methods of discovering the latter and compensating
the systematic compound.

Chapter 6 contains the results of our global sta-
tistical calculations involving the entire Almagest star
catalogue as well as its parts. The discovered statisti-
cal characteristics of different parts of the Almagest
has made it feasible to find the “well-measured” and
“poorly measured” regions of the celestial sphere. We
have discovered that the Almagest star atlas could be
divided into uniformity regions whose stellar coor-
dinate precision differed drastically from each other.

CHRON 3

This gives us a new understanding of the Almagest
structure and allows us to develop a method of dat-
ing the catalogue.

In Chapter 7 the Almagest star catalogue is dated
by two independent methods: statistical and geo-
metric. Both give us the same result — apparently,
Ptolemy’s observations cannot predate 600 A.D. or
postdate 1300 A.p., insofar as the Almagest star cat-
alogue is concerned (or its oldest part at the very
least). Other parts of the Almagest could be written
much later, which must indeed be the case, as we
demonstrate in the chapters to follow.

In Chapter 8 we explain the mysterious “Peters si-
nusoid” and also analyse the value of the angle be-
tween the equatorial and the ecliptic plane as cited in
the Almagest.

In Chapter 9 we research and date other famous
old catalogues by Tycho Brahe, Ulugbek, Hevelius
and Al-Sufi. These catalogues illustrate the method we
suggest; the results are discussed.

Chapter 10 was written by A. T. Fomenko and G. V.
Nosovskiy. It considers the possibility of dating the
Almagest by other astronomical observation data that
it contains apart from the Almagest. The results are
in complete concurrence with our dating of the Al-
magest star catalogue. We restore the “Ptolemaic
chronology”, or the chronological ideas adhered to
by Ptolemy himself or the XVI-XVII century editors
of his books. These ideas were subsequently forgot-
ten due to the erroneous conversion of the Ptolemaic
dates into their “A.n.” equivalents inherent in Scali-
gerian chronology.

In Chapter 11, also written by A. T. Fomenko and
G. V. Nosovskiy, we discuss many other problems as-
sociated with the dating of the Almagest in general.

The second part of the book was written by A. T.
Fomenko, T.N. Fomenko and G. V. Nosovskiy; it de-
scribes the new method of dating the Egyptian zodi-
acs. The method is used to date the “ancient” Egyptian
zodiacs from the temples of Dendera and Esna, as
well as the horoscopes discovered inside Egyptian
tombs. All the dates turn out mediaeval and pertain
to the XII century A.p. the earliest.

A. T. Fomenko
Moscow State University,
Department of Mathematics and Mechanics
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Introduction

1.
A BRIEF DESCRIPTION OF THE ALMAGEST

The Almagest is the famed mediaeval oeuvre that
deals with astronomy, spherical geometry and calen-
dar issues. It is believed to have been written by Clau-
dius Ptolemy, an astronomer, mathematician and ge-
ographer from Alexandria. Historians date his lifetime
to the II century A.p. We shall cite some brief infor-
mation about Ptolemy below. However, one must in-
stantly point out that, according to certain specialists
in the history of astronomy, “Likewise his works, the
personality of Ptolemy was treated rather strangely by
history. His contemporaries have left no historical
records of either his life or his endeavours ... We
don’t know so much as the approximate dates of Ptol-
emy’s birth and death or indeed any other details of
his biography” ([98], page 6). Figs. 0.1, 0.2, 0.3, 0.4,
0.5 and 0.6 reproduce ancient portraits of Ptolemy.

According to Scaligerian chronology, the Almagest
was created in the reign of the Roman emperor Anto-
ninus Pius, who reigned in 138-161 A.p.

Let us instantly point out that the very literary
style of the epoch, which is at times excessively
grandiloquent and meandering, is more likely to hail
from the epoch of the Renaissance than “deep antiq-
uity”, when paper and parchment (let alone books)
were luxuries. See for yourselves — the Almagest be-
gins like this.

“O Sire, it appears to me that the true philoso-
phers made the most laudable distinction between

philosophy in theory and practice. Indeed, even
notwithstanding earlier attempts to unite the two,
one could always see a great difference between them.
Firstly, although certain moral virtues might be pos-
sessed by a great multitude of uneducated people, no
study of the ways of the Universe is possible without
prior education. Secondly, the former benefit the most
due to incessant activity, whereas the latter relish in
the advancement of theoretical research. We therefore
deem it necessary to let our mental conceptions con-
trol our actions most rigidly on the one hand, so as
to refer to a perfect and elegant ideal all the time,
and, on the other, to direct most of our energy to-
wards familiarising ourselves with a multitude of ex-
quisite theories and learning many more things per-
taining to the discipline commonly referred to as
mathematics in the narrow sense of the word ... If we
are to educe the primordial reason that has set the
Universe in motion in the simplest form, it was the
immanent and invisible God. The next section is the-
ology ... The section that studies the material and the
ever-changing qualitative aspects such as whiteness,
warmth, sweetness, softness etc., is called physics ...
Finally, the discipline concerned with the qualitative
motions and shapes ... can be defined as mathemat-
ics” ({704], pages 5-6).

The style is perfectly typical for late mediaeval sci-
entific (or, as they are also called, scholastic) works
of the XV-XVII century. One most vivid detail is the
reference to an invisible and immanent God by Ptol-
emy — a characteristic element of the Christian dogma,
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Fig. 0.1. Ancient drawing of
Ptolemy dating from 1584.
Ptolemy is holding a Jacob’s rod.
Thevet. Les vrais protr. et vies
d’hommes illustres... Paris, 1584.
Taken from [704], page 431.

Fig. 0.2. Ancient sculpture
depicting Ptolemy from the
cathedral of Ulm (around
1469-1474). The statue was

Taken from [704], page 448.

quite alien to the polytheism of the Olympians. And
yet Scaligerian chronology tries to convince us that
Christianity only became the official religion in the
IV century A.p., and the “ancient Greek Ptolemy”
from the II century A.p. is clearly considered a pre-
Christian author by the historical authorities.

We would like to introduce the reader to the
Almagest’s table of contents, given that this funda-
mental scientific oeuvre is hardly a popular read

made by Jorg Sirlin the Senior.

CHRON 3 | PART 1

prolome? affro-
nomus

/\
/), 277

AN

Fig. 0.3. Ancient depic-
tion of Ptolemy from

Fig. 0.4. Ancient portrait of
Ptolemy, where he looks

the Global Chronicle by like a typical mediaeval
Hartmann Schedel. European. Taken from [98],
Augsburg, 1497. Taken page 7.

from [90], page 25.

nowadays. According to the Scaligerite historians, it
was written almost two thousand years ago.

It has to be pointed out that certain researchers
consider the existing division of the Almagest into
chapters to be more recent than the book itself, like-
wise the names of the chapters ([1358], pages 4-5).
However, this fact is of no importance to us presently,
since our only goal is to familiarise the readers with
the structure of the Almagest.

Fig. 0.5. Ancient portrait of Ptolemy.
Wood engraving, XVI century. Taken
from [1160], page 25.

page 212.

Fig. 0.6. Ancient drawing of Ptolemy on the “Cosmosphere” of Vassily Kiprianov, 1707.
Ptolemy is wearing something that resembles an Ottoman turban. Taken from [90],
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9. On individual issues related to the ascension

times.

10. On the angles constituted by the circumfer-
ence that crosses the middles of zodiacal
constellations (ecliptic) and the meridian
circle (meridian).

11. On the angles between the ecliptic and the
horizon.

12. On the angles and arcs formed by the same
circumference (the ecliptic) and the circum-
ference that crosses the horizon’s poles.

13. The values of angles and arcs for different
parallels.

VOLUME 3.

1. On the duration of a year.

2. Tables of mean Solar motion.

3. On the hypotheses related to even circular
motion.

4. On the visible irregularity of solar motion.

5. On defining the irregularity quotients for
different position.

6. Solar anomaly table.

7. On the mean solar motion epoch.

8. On the calculation of the solar position.

9. On the inequality of daytime and nighttime.

VOLUME 4.

1. What observations the lunar theory must be
based on.

2. On lunar periods.

3. On individual values of the Moon’s mean
motions.

4. Tables of mean lunar motions.

5. On the identical nature of the events observed
under the simple hypothesis of lunar motion,
either eccentric or epicyclical.

6. The definition of the first (or simple) lunar
inequation.

7. On the adjustment of the Moon’s mean
motions by longitude and anomaly.

8. On the epoch of the Moon’s mean motions by
longitude and anomaly.

9. On the adjustment of the Moon’s mean posi-
tions and their epochs by latitude.

10. The table of the first (or simple) lunar

inequation.
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11. On the fact that the discrepancy between the
lunar inequation value of Hipparchus and
the one discovered by the authors results
from calculations and not from a priori
assumptions.

VOLUME 5.

1. On the construction of the astrolabe.

2. On the hypotheses of the double lunar
inequation.

3. On the value of the lunar inequation that
depends on the Moon’s position in relation to
the Sun.

4. On the proportion value of the lunar orbit’s
eccentricity.

5. On the “declination” of the lunar epicycle.

6. How to calculate the position of the Moon

geometrically, relying on periodic movements.

7. Construction of the full moon inequation

table.

8. The full moon inequation table.

9. On calculating the position of the Moon in

general.

10. On the fact that the syzygy difference pro-
duced by the lunar eccentricity is marginal.

11. On the lunar parallax.

12. On the construction of the parallax instru-
ment.

13. Estimating the lunar distances.

14. On the values of visible diameters of the
Sun, the Moon and the shadow of the Earth
in syzygies.

15. On the distance to the Sun and various im-
plications of this calculation.

16. On the sizes of the Sun, the Moon and the
Earth.

17. On individual values of solar and lunar
parallaxes.

18. Parallax table.

19. Parallax definition.

VOLUME 6.

1. On the new moons and the full moons.

2. Compilation of the mean syzygy table.

3. New moon and full moon tables.

4. How to calculate the mean and the true syzygy.
5. On the limits of solar and lunar eclipses.
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6. On the intervals between eclipse months.
7. The construction of eclipse table.

8. Eclipse tables.

9. Lunar eclipse calculations.

10. Solar eclipse calculations.

11. On the “eclipse declination” angles.

12. Eclipse “declination” table.

13. “Declination” definition.

VOLUME 7.

1. On the immobile stars, whose position in
relation to one another never changes.

2. On the retrograde motion of the immobile
star sphere alongside the ecliptic.

3. On the circular nature of the retrograde
motion of the immobile star sphere around
the ecliptic poles.

4. On the methods of compiling an immobile
star catalogue.

5. Northern Hemisphere constellation catalogue.

VoLuMeE 8.

1. The Southern Hemisphere constellation
catalogue.

2. On the position of the Milky Way’s circum-
ference.

3. On the construction of the cosmosphere.

4. On the configuration characteristic for the
immobile stars.

5. On simultaneous ascensions, culminations
and descents of immobile stars.

6. On the first and last moments of the
immobile stars’ visibility.

VoLuME 9.

1. On the order of the spheres of the Sun, the
Moon and the five planets.

2. On the aims of our planetary hypotheses.

3. On the five planets returning periodically.

4. Mean longitudinal motion table and the
anomaly of the five planets.

5. Primary postulations concerning the hypo-
theses of five planets.

6. On the character of the hypotheses and the
respective discrepancies.

7. Estimating Mercury’s apogee position and its
movements.
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8. How planet Mercury gets the closest to the
Earth twice in one move.

9. On the size and proportions of Mercury’s
anomalies.

10. Mercury’s periodic motion rectified.

11. On the epoch of Mercury’s periodic motion.

VoLume 10.

1. Estimating the apogee of Venus.

2. On the size of the planet’s epicycle.

3. On the relations between the eccentricities of
planet Venus.

4. On the amendment of the planets’ periodic
motions.

5. On the epoch of the periodic motion of Venus.

6. Preliminary data about other planets.

7. Estimating the eccentricity and the apogee of
Mars.

8. Estimating the epicycle of Mars.

9. Rectification of the periodic motion of Mars.

10. On the epoch of the periodic motion of

Mars.

VoLuME 11.

1. Estimating the eccentricity and the position of
Jupiter’s apogee.
2. Estimating the epicycle of Jupiter.
3. The amendment of its periodic motion.
4. On the epoch of Jupiter’s periodic motion.
5. Estimating the eccentricity and the position of
Saturn’s apogee.
6. Estimating the epicycle of Saturn.
7. The amendment of its periodic motion.
8. On the epoch of Saturn’s periodic motion.
9. How the periodic motion can be used for a
geometric calculation of the true positions.
10. The construction of the anomaly table.
11. Tables for the estimation of the longitudes of
the five planets.
12. On calculating the longitudes of the five
planets.

VoLuMme 12.

1. On the preliminary considerations concerning
retrograde motion.

2. The calculation of Saturn’s retrograde motion.

3. The calculation of Jupiter’s retrograde motion.
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4. The calculation of Mars’s retrograde motion.

5. The calculation of Venus’s retrograde motion.

6. The calculation of Mercury’s retrograde
motion.

7. Stationary point table construction.

8. Stationary point tables. Amended anomaly
value.

9. Estimation of the maximal possible distances
between Venus, Mercury and the Sun.

10. Tables of maximal distances between the

planets and the true position of the Sun.

VoLUME 13.

1. On the hypotheses that concern the latitudi-
nal motion of the five planets.

2. On the character of motion in the alleged
inclinations and obliquities in accordance to
the hypotheses.

3. On the size of the obliquities and inclinations.

4. The construction of tables for the individual
values of longitudinal discrepancies.

5. Table for latitudinal calculations.

6. Latitudinal discrepancy calculations for the
five planets.

7. First and last visibility moments for the five
planets.

8. How certain particular details of Venus and
Mars ascending and descending correspond to
consensual hypotheses.

9. The method of estimating the distance to the
Sun for individual cases of heliacal ascensions
and descents.

10. Tables of heliacal ascensions and descents for

the five planets.

11. Epilogue.

Therefore, the Almagest consists of 13 volumes,
which occupy 430 pages of a broadsheet modern edi-
tion ([704]).

This book is also concluded in the most remark-
able manner. The epilogue is as follows:

“After we have made it all come to pass, o Sire,
and considered nearly everything that I believe nec-
essary to be considered in such an oeuvre, inasmuch
as the time that has passed appears to have helped
with perfecting the precision of our discoveries — by
no means having an idle boast as an ulterior motive,
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but rather in order to be of use to science; may our
present work have an apropos and a fitting ending”
([704], page 428).

As we can see, Ptolemy’s work is dedicated to a cer-
tain “Sire”, or Czar. Historians appear to be greatly sur-
prised by this fact. Modern commentary is as follows:
“This name [Sire = Czar — Auth.] was rather popu-
lar in Hellenistic Egypt in the epoch in question. We
have no other data about this person — we don’t even
know whether he was associated with astronomy in
any way at all” ([704], page 431). However, the very
fact that the Almagest was associated with the name
of a certain Czar can be proven by the following cir-
cumstance. Apparently, “Ptolemy was also ascribed
royal ancestry in late antiquity and in the Middle
Ages” ([704], page 431). Also, the very name Ptolemy
(or Ptolomy) is presumed to have been the dynasty
name of the Egyptian kings who reigned after
Alexander the Great ([797], page 1076).

At any rate, according to Scaligerian chronology,
the Ptolemaic dynasty left the stage around 30 B.c.
([797], page 1076) — more than a hundred years ear-
lier than Ptolemy the astronomer, in other words.
Thus, the only thing that precludes us from identify-
ing the epoch of the Ptolemaic rulers as the epoch of
Ptolemy the astronomer is Scaligerian chronology.
Apparently, in the Middle Ages, when Scaligerian
chronology had not yet existed, the Almagest was as-
cribed to the Ptolemaic kings and none other — nam-
ing them as the organisers of this grandiose endeav-
our or the customers who had ordered this astro-
nomical tractate. This is why the Almagest was
canonised, becoming absolutely authoritative for a
long time to follow. It is easy enough to understand
why the book begins and ends with a dedication to a
certain Czar, or Sire. It was the royal textbook on as-
tronomy, in a way. We shall find out just when it was
written in the present book.

The first volume of the Almagest voices a number
of general principles, in particular the following:

1. The sky is really a celestial sphere and rotates as
such.

2.The Earth is a sphere located at the centre of the
Universe (heavens).

3. The Earth can be considered a point in space as
compared to the distance to the sphere of immobile
stars.
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4. The Earth is immobile (“doesn’t travel from
place to place”).

Many of these claims were educed from the Aris-
totelian philosophy according to Ptolemy himself.
Furthermore, Volumes 1 and 2 are collections of el-
ements of spherical astronomy — the spherical trian-
gle theorems, the method of measuring the arcs (an-
gles) by known chords etc. Volume 3 relates the the-
ory of visible annual motion of the Sun, discusses
the dates of equinoxes, the length of a year etc. Volume
4 considers the length of a synodal month, which is
the cycle of lunar phase repetition. It consists of circa
29 days, 12 hours, 44 minutes and 2.8 seconds. The
same book relates the theory of lunar motion. Volume
5 discusses the construction of certain observation in-
struments and continues the research of the theory
of lunar motion. Volume 6 describes the theory of
solar and lunar eclipses.

The famous star catalogue that contains around
1020 stars is part of the seventh and the eighth vol-
umes of the Almagest, which also discuss the prop-
erties and characteristics of immobile stars, the mo-
tions of the stellar sphere etc.

The last five volumes of the Almagest contain a
theory of planetary motion. Ptolemy mentions five
planets, namely, Saturn, Jupiter, Mars, Venus and Mer-

cury.

2.
A BRIEF HISTORY OF THE ALMAGEST

As we have already pointed out, Scaligerian chron-
ology believes the Almagest to have been created in
the reign of Emperor Antoninus Pius, in 138-161 A.p.
Furthermore, it is presumed that the last observation
included in the Almagest dates from 2 February 141
A.D. ([1358], page 1). The period of Ptolemy’s ob-
servations that the Almagest is based upon falls over
127-141 A.p.

The Greek name of the Almagest translates as “Sys-
tematic Tractate on Mathematics”, emphasising the
fact that the Almagest represents the epoch’s sum
total of Greek mathematical astronomy. It isn’t known
whether other astronomical textbooks comparable
to the Almagest existed in the epoch of Ptolemy. Mod-
ern scientists attempt to explain the unprecedented
success of the Almagest among the astronomers and
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scientists in general by a chance loss of the majority
of all the other astronomical works of the epoch
([1358]). The Almagest was the main textbook on
astronomy in the Middle Ages. If we are to believe the
Scaligerian chronology, it served in this quality for fif-
teen hundred years, no less, making a tremendous
impact on mediaeval astronomy in Islamic and Chris-
tian lands up until the XVII century A.p. The au-
thority of this book in the mediaeval scientific com-
munity compares to nothing but Euclid’s “Elements”.

Asit is pointed out by Toomer, for instance ([1358],
page 2), it is exceptionally hard to trace the history of
the Almagest and its influence in the “antiquity” (be-
tween the II century A.p. and the Middle Ages). One
usually judges the role of the Almagest as the standard
textbook for “advanced students” in the period of the
so-called decline of the “antiquity” by the comments
of Pappus and Theon of Alexandria ([1358], page 2).
The Scaligerian version of history tells us of a “lugubri-
ous and taciturn epoch” that is presumed to have fol-
lowed — we shall discuss it in detail in Chapter 11. For
the meantime, let us just point out the following char-
acteristic of this fictitious Scaligerian “stagnation age”
as given by a modern specialist in the history of as-
tronomy: “After the astonishing efflorescence of the
ancient culture on the European continent came a
lengthy period of stagnation and even regress in cer-
tain aspects — a 1000-year period commonly referred
to as the Middle Ages ... Not a single astronomical dis-
covery of any significance was made in this millen-
nium” ([395], page 73).

Furthermore, Scaligerian history is of the opinion
that in the VIII-IX century the Almagest “emerged
from obscurity” due to a growing popularity of Greek
science in the Islamic world and was translated into
Syrian; this was followed by several Arabic transla-
tions. At least five such translation versions are known
to have existed by the middle of the XII century A.D.
See more about this in Chapter 11. Today it is be-
lieved that Ptolemy’s work, originally written in
Greek, was still copied and even studied in the East,
Byzantium in particular, but not the West. “In the
Western Europe, all knowledge of this work remained
lost up until the early Middle Ages. Although several
translations were made from Greek to Latin in the
Middle Ages, the primary source for the rediscovery
of the Almagest in the West was a translation from
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the Arabic made by Gerhard of Cremona in Toledo
and finished by 1175 a.p. Greek manuscripts [of the
Almagest — Auth.] started to reach the West in the XV
century; however, it was Gerard’s text that remained
the basis of books on astronomy for ages and gener-
ations to come, up until the compilation of a concise
version of the Almagest by Purbach and Regiomon-
tanus ... This was the first printed version of the Al-
magest (Venice, 1515). The sixteenth century wit-
nessed a wide propagation of the Greek text (pub-
lished by Hervagius in Basel in 1538) and the waning
of the Ptolemaic astronomical system’s influence, not
so much caused by the work of Copernicus (which
has been clearly influenced by the Almagest, be it the
form or the conceptions voiced therein) as by those
of Tycho Brahe and Kepler” ([1358], pages 2-3).

3
THE PRINCIPAL STAR CATALOGUES
OF THE MIDDLE AGES

And so, the Almagest (its star catalogue in partic-
ular) ranks as the oldest more or less informative and
detailed astronomical work that has reached our day
and age. The approximate Scaligerian dating of the Al-
magest is the II century A.p. However, it is assumed
that Ptolemy used the star catalogue of Hipparchus,
his predecessor who had lived in the II century B.c.
The catalogue in question has not survived in its orig-
inal form. Likewise other mediaeval catalogues, the
Almagest catalogue contains circa 1000 stars, whose
positions are indicated as their latitudes and longi-
tudes in ecliptic coordinates. It is presumed that no
other star catalogues but the one contained in the Al-
magest were known before the X century a.p.

Finally, according to Scaligerian chronology, the
first mediaeval star catalogue was compiled in the
X century A.D. in Baghdad by al-Sufi, an Arabic as-
tronomer. His full name is Abd al-Rahman ben Omar
ben Mohammed ben Sala Abu al-Husain al-Sufi (903-
986 A.D., qv in [544], Volume 4, page 237). The cat-
alogue of al-Sufi has survived; a closer study reveals
it to be identical to the same old Almagest catalogue.
However, if the surviving copies and editions of the
Almagest contain a star catalogue rendered to circa
100 A.D. by precession as a rule (although there are
exceptions), the catalogue of “al-Sufi” is the very same
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catalogue rendered by precession to the X century
A.D. This fact is known quite well to astronomers —
see [1119], page 161, for instance. Let us also point
out that rendering a catalogue to a random desired
historical epoch was an easy enough task. A certain
constant would be added to the longitudes of stars —
the same value for each and every star. This is a very
simple arithmetical operation; actually, the Almagest
describes it in great detail.

The next surviving catalogue in Scaliger-Petavius
chronology was compiled by Ulugbek in Samargand
(1394-1449 A.p.). None of the three is very precise,
since they all indicate star coordinates using a scale
with a step of 10 arc minutes. Next, we have the famed
catalogue of Tycho Brahe (1546-1601), which is al-
ready substantially more precise. Brahe’s catalogue is
believed to be the greatest advance of mediaeval in-
struments and observation technology in general.
Post-Tychonian catalogues are abundant; however,
they are of no interest to us presently.

4,
THE REASON WHY THE DATING OF THE OLD
STAR CATALOGUES IS AN IMPORTANT ISSUE

Every new star catalogue is the result of a great
body of work conducted by an observing as-
tronomer; most likely, a whole group of professional
observers who needed all the professionalism, con-
centration and meticulousness they could muster as
well as the ability to use state-of-the-art measure-
ment instruments of their epoch to the maximum.
Apart from that, a catalogue required a correspon-
ding astronomical theory, or cosmology. Thus, each
and every ancient catalogue was the epitome of its
epoch’s astronomical thought. By analysing a cata-
logue we can find out a lot about the epoch’s qual-
ity of measurements, the level of astronomical
knowledge etc.

However, in order to comprehend the results of a
given catalogue’s analysis, one must know the date of
its compilation. Any change of date automatically
changes our estimates, our concept of the catalogue
etc. And it isn’t always an easy task to calculate the date
of a given catalogue’s creation — this can be observed
best in case of the Almagest. Initially, in the XVIII
century, the veracity of the Scaligerian version, which
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attributed Ptolemy to the alleged II century A.D., was
considered indisputable. However, in the XIX cen-
tury a more meticulous analysis of the stellar longi-
tudes contained in the Almagest revealed that pre-
cession-wise these longitudes correspond to the epoch
of the II century B.c. — the epoch of Hipparchus, in
other words. This is how A. Berry relates the situation:
“The seventh and the eighth volumes [of the Almagest
—Auth.] contain a star catalogue and a description of
the precession. The catalogue, which includes 1028
stars (three of them double) appears to be virtually
identical to that of Hipparchus. It doesn’t contain a
single star that could be seen by Ptolemy in Alexandria
and could not be seen by Hipparchus on the Rhodes.
Moreover, Ptolemy claims to have defined the value
of precession as 36" (and erroneously so) after a com-
parison of his observations to the data of Hipparchus
and other astronomers. Hipparchus considers this
value as the least possible result, whereas for Ptolemy
it is the final estimate. The positions of stars in Ptol-
emy’s catalogue correspond the most to their true
positions in the time of Hipparchus, taking into ac-
count the alleged annual precession of 36", and less
so — to their actual positions in Ptolemy’s epoch. It is
therefore very likely that the catalogue in question
has got nothing in common with Ptolemy’s original
observations, being de facto the very same catalogue
as that of Hipparchus, with compensated precession
only slightly altered by the observations of Ptolemy
and other astronomers” ([65], pages 68-69).

The issue of dating the catalogue becomes crucial
in this case. Ever since the XVIII century the as-
tronomers and the specialists in history of astronomy
have been analysing the Almagest catalogue and the
Almagest in general, trying to “sort out” the data it
contains, distinguish between the observations of Hip-
parchus and Ptolemy etc. A great deal of literature has
been written about the dating of the observations that
the Almagest catalogue is based on. We are by no
means attempting to analyse it in depth here and refer
the interested reader to [614], for instance, where one
can find a guide to the respective publications.

We have another question to ask — is it possible to
create a mathematical method that permits dating the
ancient star catalogue “from within” - in other words,
by using nothing but the numeric information con-
tained in the star coordinates that the compiler of the
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catalogue included into his oeuvre? Our answer is in
the positive. We have developed a method to serve
this end, tested it on several veraciously dated cata-
logues, and then applied it to the Almagest. The reader
shall find out about our results in the present book.

Let us now cite some brief biographical data con-
cerning the astronomers whose activities are imme-
diately associated with the problem as described above.
These data are published in Scaligerian textbooks. One
must treat them critically, seeing as how the Scaligerian
version of history is based on an erroneous chronol-
ogy (see CHRONI and CHRON2). We shall consider
other facts that confirm it in the present book.

5.
HIPPARCHUS

Scaligerian history is of the opinion that astron-
omy became a natural science owing to the works of
Hipparchus, an astronomer from the “ancient” Greece
who lived around 185-125 B.c. He is also believed to
have been the first to discover the equinoctial pre-
cession, which shifts the equinox points across the
ecliptic in the reverse direction from which the lon-
gitudes are counted in over the course of time. Ecliptic
longitudes of all stars grow as a result. Specialists in
the history of astronomy tell us the following: “Very
little is known about the life of Hipparchus. He was
born in Nicaea (nowadays the city of Iznik in Turkey),
lived in Alexandria for a while and worked on the
Isle of Rhodes, where his astronomical observatory
was erected ([395], page 43).

It is believed that the explosion of a nova was the
impetus which had made Hipparchus compile a cat-
alogue of stars in the first place. Pliny the Elder (23-
79 A.p.) is usually quoted in this respect — he reports
that Hipparchus “discovered a new star as well as yet
another star that came into being around that time”.
According to other sources ([395], page 51), Hippar-
chus noticed the explosion of a nova in 134 B.c. “This
led Hipparchus to the idea that certain changes are
likely to take place in the stellar world — they are too
slow to be discovered within the lifetime of several
generations. He decided to compile a 850-item star
catalogue in order to provide his distant descendants
with such an opportunity” ([395], page 51).

Ptolemy’s Almagest tells us about the catalogue of
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Hipparchus. The catalogue itself has not survived.
However, it is believed that the ecliptic longitude and
latitude of each star was indicated there, as well as the
magnitude. It is believed that Hipparchus localised the
stars using the same terms as the Almagest: “the star
on the right shoulder of Perseus”, “the star over the
head of Aquarius” etc ([395], page 52).

One invariably ponders the extreme vagueness of
this star localization method. Not only does it imply
a canonical system of drawing the constellations and
indicating the stars they include — another stipulation
is that there are enough identical copies of a single star
chart in existence. This is the only way to make the
verbal descriptions of stars such as the above work
and help a researcher with the actual identification of
stars. However, in this case the epoch of the cata-
logue’s propagation must postdate the invention of
the printing press and the engraving technique, since
no multiple identical copies of a single work could be
manufactured earlier.

Nearly the entire body of information that we have
on the “ancient” Greeks’ star science comes from the
two surviving works — Ptolemy’s “Almagest” and a
work of Hipparchus entitled “A Commentary to
Aratus and Eudoxus”, written around 135 B.c. ([614],
page 211). The issue of stellar mobility — in other
words, whether or not individual stars move indi-
vidually in relation to the sphere of immobile stars,
was already discussed by Ptolemy, whose verdict was
negative (in particular, Ptolemy begins the VII volume
of the Almagest with an analysis of certain star con-
figurations cited by Hipparchus, a long time before
Ptolemy’s own epoch, claiming the configurations in
question to be valid for his epoch as well ([704], page
210; also [614], page 212).

“Judging by this example and several others, Ptol-
emy claims to have demonstrated the constancy of rel-
ative stellar positions” ([614], page 213). Therefore,
according to Scaligerian history, the proper star mo-
tion issue first emerged in the II century a.p.

6.
PTOLEMY

According to A. Berry, “The last glorious name we
encounter in the history of Greek astronomy is that
of Claudius Ptolemy. We know nothing about his life,
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apart from the fact that he lived in Alexandria around
120 A.p. His fame is largely based on the enormous
astronomical tractate known as the Almagest — it is
our primary source of information on Greek astron-
omy, which can by all means be considered the de-
finitive encyclopaedia of mediaeval astronomy.

Several lesser astronomical tractates are ascribed
to Ptolemy as well — some of them are unlikely to be
authentic, though. Also, Ptolemy was the author of a
valuable work on geography, and, possibly, a tractate
on optics as well. Among other things, the optics dis-
cipline includes the study of light refraction in the at-
mosphere of the Earth; it is explained in the book
that the light of a star ... as it enters our atmosphere
... and penetrates its lower and denser layers, must
eventually become curved or refracted. As a result, the
star will appear closer to the zenith as seen by the ob-
server ... than it is in reality” ([65], pages 64-65).

It is however unclear whether or not the author of
“Optics” could calculate refraction as a stellar lati-
tude function. On the other hand, it is known that
“Walther was the first to successfully attempt an in-
troduction of atmosphere refraction compensation
... which Ptolemy could barely conceive of” ([65],
page 87). However, the character in question lived in
the XV century A.p. — Bernhard Walther, 1430-1504
([65], page 85).

So how does one date Ptolemy’s “Optics”? The fact

Fig. 0.7. Ancient portrait of Copernicus
(1478-1443). Taken from [1160], page 310.
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that refraction compensation remained a complex
task even in the times of Tycho Brahe, or the second
half of the XVI century A.D., will be related separately,
in the Tycho Brahe section. One can’t help suspect-
ing that the “ancient” Optics of Ptolemy were writ-
ten in this very epoch of the XVI-XVII century.

As for the name of the Almagest, this is what we
learn from A. Berry: “The name of the main manu-
script translates as “The Great Work’, although the
author himself refers to his book as “The Mathemat-
ical Work’. The Arabic translators, whether out of re-
spect or accidentally, translated “The Great Work’ as
‘The Greatest Work), which is why the Arabs knew
Ptolemy’s book as ‘Al Magisti} later known as ‘Alma-
gestum’ in Latin, and, finally, into ‘Almagest’™ ([65],
page 64).

%
COPERNICUS

We shall select just a few necessary facts from the
entire body of available materials associated with Co-
pernicus. Nicolaus Copernicus (1473-1543) is one of
the greatest astronomers of the Middle Ages and the
author of the heliocentric theory. His ancient portrait
can be seen in fig. 0.7, and another one in fig. 0.8.

Incidentally, “his name was transcribed in a vari-
ety of ways — by Copernicus himself as well as his

Fig. 0.8. Ancient drawing of Copernicus on the “Cosmosphere” of Vassily Kiprianov.
Taken from [90], page 212.
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Fig. 0.9. The heliocentric system of the world according to
Copernicus, as drawn in the atlas of Andreas Cellarius
(Amsterdam, 1661). Taken from [1160], page 9.

contemporaries. He would occasionally write his
name as ‘Coppernic;, reserving the Latin form of the
name, ‘Coppernicus), for his scientific works. Much
less frequently he used the form ‘Copernicus’™ ([65],
page 90). By the way, could the name ‘Copernic’ be a
derivative of the Slavic word for “competitor”, which
is “sopernik”? In the epoch that preceded the estab-
lishment of rigidified grammar rules the letter “C”
could stand for both “S” and “K”.

The name “Sopernik” is in perfect concurrence
with the scientific side of the matter — namely, the
prominent scientist can be regarded as a competitor
of his colleague Ptolemy and the author of a new
conception and theory. The very concept of compe-
tition usually implies a certain chronological propin-
quity, if not actual contemporaneity, of the com-
petitors.

A. Berry reports: “The crucial idea associated with
the name of Copernicus, owing to which ‘De Revolu-
tionibus’ is one of the seminal works in astronomi-
cal literature par none but the Almagest and Newton’s
‘Principia; is that, according to Copernicus, the visi-
ble motions of the celestial bodies are, for the greater
part, different from their true motions, reflecting the
motions of the observer carried away by the Earth”
([65], page 95).

Copernicus places the Sun at the centre of the

Fig. 0.10. Fragment. A drawing of Copernicus from a 1661
atlas. Taken from [1160], page 9.

Solar System, thus creating a heliocentric system of
the Universe, qv in fig. 0.9. In the lower right corner
we see a portrait of Copernicus (fig. 0.10).

Copernicus reports having encountered a passage
in one of Cicero’s works, which had reflected the opin-
ion of Hecataeus that the Earth revolves around its
axis on a daily basis. These ideas were inherited from
the Pythagoreans. Philolaus claimed that the Earth
moved around a central fire. It is perfectly clear that
his stance is already heliocentric in nature. Therefore,
the “ancient” Pythagoreans and Philolaus must have
been contemporaries of Copernicus, or, alternatively,
his immediate predecessors.

The idea that the Earth might not be the only cen-
tre of motion and that Venus and Mercury could also
revolve around the Sun is believed to be an “ancient”
Egyptian theory, which was also supported by Mar-
cian Capella in the V century A.p. “Nicolaus Cusanus,
a more modern authority (1401-1464) similarly in-
clined to believe in telluric motion, either wasn’t no-
ticed by Copernicus or deemed important enough
... Itis noteworthy that Copernicus remains taciturn
about Aristarchus of Samos, whose ideas of telluric
motion were defined perfectly well [see Chapter 11
for more details — Auth.]. It is possible that the re-
luctance of Copernicus to refer to such an authority
as Aristarchus can be explained by the fact that the
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Fig. 0.11. Ancient engraving dating from 1635, found on the
title page of De Systemate Mundi by Galileo Galilei. We see
the “ancient” Aristotle and Ptolemy, likewise the mediaeval
Copernicus, who had lived in the XVI century, drawn as con-
temporaries. Ptolemy is wearing a turban on his head. This is
how the artist of the early XVII century saw things; consen-
sual Scaligerian chronology should naturally deem this quite
odd. A publication of Leiden, Bon. and Abr. Elsevier, 1635.
Titular etching. Taken from [35], page 58, sheet XXXII.

later was accused of heresy for his scientific views”
([65], pages 95-96).

According to A. Berry, “the plan of ‘De Revolu-
tionibus’ is similar to that of the Almagest in gen-
eral” ([65], page 97). O. Neugebauer is perfectly cor-
rect to remark as follows: “There is no better way to
convince oneself that the astronomical science of the
Middle Ages concurs to that of the antiquity than to
perform a comparative study of the Almagest ... and
‘De Revolutionibus’ by Copernicus. The two works
are parallel - chapter by chapter, theorem by theorem
and table by table” ([571], page 197).

The book of Copernicus is concluded by a star
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catalogue with 1024 stars in it. Specialists in the his-
tory of astronomy tell us that the catalogue “is basi-
cally identical to the catalogue of Ptolemy, the main
difference being that the former counts the latitudes
off the Gamma of Aries and not the vernal equinox
point” ([395], page 109). Therefore, the initial refer-
ence point did not necessarily coincide with the ver-
nal equinox in the XVI century, whatever the reason.
The practice of choosing a different point as the be-
ginning of the coordinate system may also have ex-
isted before the XVI century — in the epoch of
Ptolemy, for instance. Berry also informs us of the fol-
lowing: “Whenever there were discrepancies between
the Greek and Latin version of the Almagest, caused
by the inattentiveness of the scribes or the printers,
Ptolemy would accept either version without trying
to verify both by new observations” ([65], page 103).

Our book pays a great deal of attention to the pre-
cision of the observations carried out by different as-
tronomers. It would therefore be expedient to cite
some data concerning the degree of precision that
Copernicus had aspired to achieve. As A. Berry points
out, “We have become so accustomed to associate the
renaissance of astronomy ... with the growing metic-
ulousness of observation fact collection, believing
Copernicus to be the primary figure of the Renais-
sance, that it would make sense to emphasise the fact
that he was by no means a great observer. His in-
struments were of his own construction for the most
part, and greatly inferior to the instruments of Nassir-
Eddin and Ulugbek [the astronomers of the Muslim
period who lived in 1201-1274 A.p. and 1394-1449
A.D., respectively — Auth.]. Moreover, they were even
worse than the instruments that he could have or-
dered from the craftsmen of Nuremberg, had it been
his intention; the observations of Copernicus were
few (27 are mentioned in his book, and we know of
a dozen or two more from other sources), and he was
apparently unconcerned with attaining a particular
degree of precision. The positions of stars that he had
measured, which served him as the primary source of
reference and were therefore of the greatest impor-
tance, allowed for discrepancies of 40' — greater than
the visible diameter of the Sun or the Moon. Hippar-
chus would doubtlessly consider a discrepancy of this
sort a grave error” ([65], page 93).

In fig. 0.11 we see an old engraving from the title
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Fig. 0.12. The title page from the Celestial Atlas by Doppelmaier. The “ancient” Ptolemy and the mediaeval scientists of the
XVI-XVII century (Copernicus, Kepler and Brahe) are drawn as contemporaries, or at least as scientists of the same epoch, con-

versing between themselves. Taken from [926], page 73.

page of “The Two Primary World Systems”, a book by
Galileo Galilei that came out in 1635 ([35], page 58,
sheet XXXII). The early XVII century artist portrays
three scientists here — the “ancient” Ptolemy and
Aristotle next to the mediaeval Copernicus. They are
depicted as contemporaries involved in a discussion
of scientific problems. Today we are told that all such
mediaeval artwork (which is rather plentiful, as a
matter of fact) happens to be of a metaphorical na-
ture. Modern historians interpret the conversation
between Copernicus and the “ancient” scientists as a
symbol used by the mediaeval artist in order to em-
phasise the spiritual proximity between the great sci-
entists of the past and present. This is why the three
are portrayed side by side, conversing at ease (fig.
0.12). This may indeed be the case. And yet everything
we have learnt about Scaligerian chronology (see
CHroN1 and CHRrON2) implies the potential viabil-
ity of a different version — namely, that we are to take

mediaeval artwork of this sort literally and to see pre-
cisely what they show us. It is very likely that the con-
sensual metaphorical interpretation of such artwork,
which fuses the “antiquity” and the Middle Ages to-
gether, is a mere consequence of Scaligerian chronol-
ogy, which arbitrarily ascribes certain mediaeval con-
temporaries to different epochs, severing all possible
connections between them. Ptolemy, for example, has
been cast into deep antiquity, whereas Copernicus
more or less retained his own epoch — the XVI cen-
tury.

As a matter of fact, Ptolemy’s headdress looks just
like a turban (see fig. 0.11). Could it be the result of
his being an Ottoman scientist? Ptolemy also wears
the turban-like headdress in yet another ancient por-
trait — see figs. 0.13 and 0.14.

In fig. 0.15 we see an old piece of artwork dating
from 1666. It is evasively labelled “allegorical” — his-
torians have no qualms about writing such things as
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Fig. 0.13. An ancient drawing of Copernicus next to a map of
the Old World. We see a headdress semblant to a turban on
Ptolemy’s head. A drawing from the 1507 world map by
Martin Waldseemiiller (Martin Waldseemiiller’s Weltkarte Fig. 0.14. A close-in of a fragment of the previous drawing.
von 1507, Abb. S. 114/115). Taken from [1009], page 12. Taken from [1009], page 12.

Fig. 0.15. An ancient drawing of Claudius Ptolemy (standing
on the left), and three famous mediaeval cartographers:
Gerardus Mercator (sitting in the centre), Jodocus Hondius
and Willem Blaeu (sitting on the right). Title page from the
Concise Atlas by Johannes Jansson. Amsterdam, 1666.

An engraving by J. Weisheer made after the drawing of

S. Webbers. Chisel. Once again, historians suggest these
characters (Ptolemy and the three cartographers of the XVI-
XVII century) to be separated from each other by some
1300-1400 years. We see two muses next to Ptolemy. Taken
from [90], page 6.

Fig. 0.16. A close-in of a fragment of the above picture. We see
a pair of mediaeval spectacles on the face of the “ancient”
Ptolemy. It is most likely that in the XVII century people still
remembered Ptolemy as a scientist from the epoch of the XIV-

AMSTELODA M.

Apud Joanus Janﬁony Heeredes . Aino l\'g?f . . XVI century. Taken from [90], Ppage 6.
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Fig. 0.16a. Monk with spectacles ([497:1], page 35).

“the Allegory of Cartography and the prominent car-
tographers: Claudius Ptolemy, Gerhard Mercator,
Judocus Hondius and Willem Blau” ([90], page 6).
Ptolemy is on the left surrounded by two “muses”.
However, the fact that the XVII century artist had no
doubts about portraying the “ancient” Ptolemy and
three other cartographers of the XVI-XVII century
side by side may very well mean that he was perfectly
correct in his doing so. By the way, we see the “an-
cient” Ptolemy wearing spectacles, a typically medi-
aeval object (fig. 0.16). This drawing also emphasises
a rather personal detail — Ptolemy appears to be ad-
justing the spectacles that have slid to the tip of his
nose. Ptolemy may have worn glasses in reality, and
this rather characteristic trait of his may have been
remembered by the mediaeval artist and reproduced
on the drawing. We feel obliged to remind the reader

Fig. 0.17. An ancient drawing of Ptolemy
observing the stars. Etching on wood,
1517. We see Ptolemy wear a royal crown
— a mediaeval one, which is rather re-
markable. We see such trefoil crowns in
many mediaeval coats of arms. Taken
from: Gregor Reisch, Margarita philo-
sophica ... Basel: Michael Furter, 1517.
Taken from [1009], page 21.

Fig. 0.18. A close-in of the
fragment with the medi-
aeval royal crown on the
head of the “ancient”

Ptolemy. Taken from
[1009], page 21.

that spectacles appeared in the XIII century the ear-
liest ([497:1], pages 34-35). “Around the middle of the
XIV century spectacles were already a very common
object —a fresco of 1352 depicts a bespectacled monk”
([497:1], page 35). We reproduce this drawing in
fig. 16a.

In fig. 0.17 we see an old portrait of Ptolemy that
dates from 1517 ([1009], page 21). Ptolemy is wear-
ing a trefoil royal crown on his head (fig. 0.18). These
crowns are virtually identical to the kingly crowns
worn by the Evangelical Wise Men as portrayed on
the mediaeval sarcophagus of the Three Wise Men,
for instance (it is located in the famous Cologne
Cathedral in Germany — see CHRONG, Chapter 3). We
can also see three crowns of the same trefoil design
adorning the mediaeval coat of arms of Cologne (figs.
0.19 and 0.20). Mediaeval crowns of this shape are en-
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Fig. 0.21. An ancient French miniature of
the Rhemish Missal dating to 1285-1297
(Missel a 'Usage de Saint-Nicaise de Reims.
The royal crowns we see here are of the
same shape as the one worn by Ptolemy.
Taken from [537], page 207.
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Fig. 0.19. A fragment of a mediaeval map depicting the
German city of Cologne, dating from 1609. The engraving
was made by Abraham Hogenberg. We see three royal crowns
of the same shape as the one worn by the “ancient” Ptolemy.
Taken from [1228].

Fig. 0.20. A close-in of the fragment with the coat of arms of
Cologne with the crowns. Taken from [1228].

Fig. 0.22. A close-in of the fragment with the royal crowns. Taken from
[537], page 207.
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countered in a great deal of mediaeval artwork por-
traying royalties and dating from the XIV-XVI cen-
tury (in Sweden, for instance).

We see trefoil royal crowns that are perfectly sim-
ilar to the above in mediaeval French miniatures (such
as one may find in the famed Rhemish Missal created
between 1285 and 1297, for example). See [537], pages
194 and 207; also figs. 0.21 and 0.22.

Therefore, we see the “ancient” Ptolemy wearing
a famous mediaeval crown on his head. See more on
the history of the trefoil crown of the Great = “Mon-
golian” Empire in CHRON7, Chapter 15:2.

8.
TYCHO BRAHE

Tycho Brahe (1546-1601) was one of the most
renowned astronomers of the Middle Ages, a profes-
sional scientist who played a major part in the de-
velopment of fundamental astronomical conceptions.
On 21 August 1560, in his second year at the Univer-
sity of Copenhagen, there was a solar eclipse observed
as partial in Copenhagen. Tycho Brahe was aston-
ished by the fact that this event had been predicted
earlier ([395], page 123). This event impelled Tycho
Brahe to develop a deep interest in astronomy.

An old portrait of Tycho Brahe can be seen in fig.
0.23.1n fig. 0.24 we see an old engraving that portrays
Tycho Brahe, his colleagues and his famous quad-
rant. In fig. 0.25 we reproduce another version of the
very same engraving in order to draw the reader’s at-
tention to the rather liberal manner in which the
“copyists” treated old artwork. The two versions strike
one as identical at first sight; a more in-depth study
reveals substantial discrepancies. They lead to no con-
fusion in this particular case, but the very fact that
mediaeval copyists did not deem it necessary to re-
produce originals faithfully leads one to certain con-
clusions.

In 1569 Tycho Brahe was in Augsburg, the resi-
dence of the craftsmen who manufactured instru-
ments of sufficiently high precision for the observa-
tion of celestial bodies. This is where Tycho’s quad-
rant and sextant were made, followed by another
quadrant with a radius of circa 6 metres. The full
height of this instrument equalled 11 metres, and it
could count angles with the precision of 10". On 11
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Fig. 0.23. An ancient portrait of Tycho Brahe. Taken from [1160],
page 310.

November 1572 Tycho Brahe noticed a bright star in
the constellation of Cassiopeia, which hadn’t been
there before. He instantly started the angular dis-
tances between this new star and the main stars of
Cassiopeia as well as the North Star. Somewhat later,
Kepler wrote: “Even if this star wasn’t really an omen
of any sort, it has heralded and made a great as-
tronomer at the very least”. The Tychonian super-
nova was brighter than Venus, and could be seen for
17 months with the naked eye, even in the daytime.

We are told that in 1576 King Frederick II of Den-
mark and Norway bestowed the Isle of Hven near
Copenhagen upon Tycho Brahe. He also invested a
large sum of money into the construction of the
Uraniborg observatory there — the name translates as
“The Castle of Urania”. We shall discuss the possible
true location of this observatory below, in Chapter 10.
It was most likely at a considerable distance from
Copenhagen. The observatory was equipped with
precise angular instruments. Several years later, the
observatory of Stjerneborg (“Star Castle”) was built.
All the measurement instruments were installed un-
derground so as to protect them from environmen-
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Fig. 0.24. An ancient drawing of Tycho Brahe and his famous
quadrant. Taken from [1160], page 311.

tal disturbances of any kind. The Isle of Hven be-
came a unique astronomical centre of global impor-
tance, and remained one for over 20 years. This is
where Tycho, accompanied by his apprentices, con-
ducted observations of exceptional and unprece-
dented precision. Unique astronomical instruments
were manufactured there as well ([395], page 126).
Diagrams and descriptions of Tycho Brahe’s pri-
mary instruments were published in his book enti-
tled “The Mechanics of Updated Astronomy” (pub-
lished in 1598). First and foremost, Tycho used quad-
rants with radiuses of 42, 64 and 167 cm. The most
famous of all was the 194-centimetre quadrant, whose
arc of cast brass was rigidly affixed to the eastern wall
of the observatory (precisely oriented at the North
and the South). Special techniques of raising the pre-
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Fig. 0.25. Another version (?) of the old engraving presented
in the previous figure. Tycho Brahe and his quadrant. Mark
the fact that these two drawings differ from each other some-
what; nevertheless, each of them is declared to be original
nowadays! Taken from [1029], page 24.

cision of observations allowed for calculation preci-
sion margin of 10" or less (5" in case of the “wall
quadrant”). The latter required 3 people for opera-
tion — one to watch the celestial sphere and record the
height of the celestial object under study, another to
write the data down in a journal, and yet another
person to record the time of meridian crossing with
the aid of several chronometers, no less, installed right
there in the observatory (see figs. 0.24 and 0.25). In
1581 Tycho Brahe used a chronometer with an extra
hand for seconds, estimating their precision margin
as four seconds.

Another group of instruments comprised the sex-
tants. Tycho Brahe oversaw and directed the manu-
facture of several armillary spheres. “One must men-
tion a large globe of 149 centimetres in diameter,
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Fig. 0.26. A diagram of the Universe according to Tycho
Brahe, taken from the atlas by Andreas Cellarius of
Amsterdam and dating to 1661. Taken from [1058], page 20.
Left half of the map.

whose surface was covered by thin sheets of brass and
depicted the Zodiacal belt, the equator and the posi-
tions of 1000 stars; their coordinates were calculated
over the many years of Tycho’s observations. He was
proud of his creation, claiming ‘No globe of this size,
manufactured with as much diligence and finesse,
has ever been made anywhere in the world to the best
of my knowledge’ ... Alas, this true miracle of sci-
ence and art was destroyed in a blaze in the second
half of the XVIII century” ([395], page 127).
According to the evidence of Tycho’s contempo-
raries, his work stamina was just as amazing as the
meticulousness of his scientific research. He checked
and re-checked the results of numerous observations
personally, striving to bring them to perfection. In
figs. 0.26 and 0.27 we reproduce the diagram of Tych-
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Fig. 0.27. A diagram of the Universe according to Tycho
Brahe, taken from the atlas by Andreas Cellarius of
Amsterdam and dating to 1661. Taken from [1058], page 20.
Right half of the map.

onian cosmology taken from the atlas of Andreas
Cellarius published in 1661 in Amsterdam ([1058],
page 20). We see Tycho Brahe in the lower right cor-
ner (fig. 0.28).

This phase of success ended rather abruptly. Chris-
tian IV, the new King of Denmark, expropriated
Tycho Brahe’s estates, which had been providing him
with the funds necessary for maintaining the obser-
vatory in a constant state of functionality. In 1597
Tycho left Denmark and eventually settled down near
Prague, founding a new observatory there. Johannes
Kepler began his career as Brahe’s apprentice (see fig.
0.29). On 13 October 1601, Tycho Brahe fell ill and
died on 24 October 1601 at the age of 55. The fa-
mous Uraniborg observatory was destroyed com-
pletely — there isn’t a single trace of it in existence
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Fig. 0.28. A fragment of the previous illustration depicting
Tycho Brahe.

today. Alternatively, it could have been located in an
altogether different place (see Chapter 10).

“In 1671 Picard went to Denmark in order to find
out about the fate of Tycho Brahe’s observatory on
the Isle of Hven. Picard found a pit filled with rub-
bish where the magnificent castle had formerly stood,
and was forced to conduct excavations in order to lo-
cate the foundation” ([65], page 181). Thus, a great
deal of information about the life and work of Tycho
Brahe has been lost, notwithstanding the fact that he
didn’t really live all that long ago. “The was hardly any-
one to use the large instruments of Tycho after his
death — most of them perished in the epoch of the Bo-
hemian civil wars. Kepler managed to obtain a copy
of Brahe’s observation records, but they were raw and
unedited. Publications were few and far between”
([65], page 127).

It is believed that around 1597-1598 Tycho Brahe
“distributed some handwritten copies of his 1000-
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star catalogue. Only 777 stars had been observed and
measured properly, and so Tycho made haste to reg-
ister all the rest of the stars, wishing to add to the tra-
ditional number” ([65], page 126).

Let us linger on the precision of Tycho Brahe’s ob-
servations for a while. In the epoch of Copernicus, a
single measurement step equalled 10' —just like it did
in the Ptolemaic epoch, since 10' also constitute the
value of the Almagest precision margin. It is believed
that Tycho Brahe managed to make the measure-
ments of the equatorial star coordinates some 50
times more precise — namely, the average precision
margin of the coordinates of eight referential stars
measured by the wall quadrant equals 34.6" (33.2" in
case of the astronomical sextant). This level of preci-
sion is believed to be close to the theoretical possible
precision limit for any astronomical observations
conducted before the invention of the telescope
([395], pages 128-129).

However, such great precision of equatorial stellar
coordinate measurement was compromised by the
transition to the ecliptic coordinate system, which re-
quires the knowledge of the angle between the eclip-
tic and the equator. Tycho Brahe’s calculations of this
angle yielded the figure of € = 23° 31' 5", which ex-
ceeds the true value by 2'. This can be explained by the
fact that Tycho corrected his star declination meas-
urements taking refraction and solar parallax into ac-
count. “Following Aristarchus of Samos, he accepted
the theory [? — Auth.] that the distance between the
Earth and the Sun was 19 times greater than that be-
tween the Earth and the Moon, which makes solar
parallax equal 1/19th of the lunar parallax, or 3'. Tycho
wrote the following in this respect: ‘the ancients ap-
pear to have carried out the measurement in question
with enough attention to detail for us to adopt the end
value as sufficiently reliable’. He made a mistake,
though ...” ([395], page 129).

Thus, the precision margin of the ecliptic stellar
coordinates in Tycho Brahe’s equals 2' or 3'. We shall
confirm this result independently, using our cata-
logue dating method; in particular, it allows us to es-
timate the real precision of star observations as con-
ducted by the ancients.

As we learn from A. Berry, “obviously enough, the
true precision of Tychonian observations fluctuated
significantly, depending on the character of the ob-
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servation, the diligence of the observer, and the pe-
riod of Tycho’s life when the observation was carried
out. The discrepancy between the coordinates of the
nine stars that form the basis of his star catalogue
and their equivalents yielded by the best modern ob-
servations is smaller than 1' in most cases (equalling
2'in case of just a single star). This error was caused
by refraction primarily — Tycho’s familiarity with the
latter phenomenon could not have been anything but
perfunctory. The positions of other stars must have
been measured with less precision. Still, we shall
hardly be that much off the mark if we assume that
in most cases the precision margin of Tycho’s obser-
vations did not exceed 1' or 2".

According to one of the most frequently quoted
passages of Kepler’s oeuvre, errata of 8' were com-
pletely out of the question for Tycho’s planetary ob-
servations” ([65], page 128).

A. Pannekuk reports: “Tycho estimated the direct
ascensions and declinations of his referential stars,
totalling 21, with the greatest precision; the mean
error value is less than 40" as compared to modern
data” ([643], page 229).

A. Berry suggests the following reasons why Tycho
Brahe was the first to attain a sufficiently high level
of observation precision: “To a certain extent, such
precision can be explained by the size and the excel-
lent construction of his instruments — this is some-
thing that the Arabs and other observers had always
sought to achieve. It goes without saying that Tycho
used brilliant instruments — however, they became a
great deal more efficient in his hands for two rea-
sons, the first being his innovative use of minor me-
chanical accessories, such as special dioptres or par-
ticular kinds of horizontal gradation, and the second,
the fact that the motion range of his instruments was
very limited, which would substantially enhance their
stability as compared to the devices that can be di-
rected at any part of the celestial sphere.

Another great improvement was his systematic
compensation of the inevitable mechanical imper-
fections that affect even the best of the instruments
as well as the more constant errata. For example, it
had been long known that the refraction of the light
in the atmosphere makes the stars seem located
somewhat higher than they really are. Tycho endeav-
oured to carry out a series of observations in order
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Fig. 0.29. An ancient portrait of Johannes Kepler. Taken from
[926], page 69.

to estimate the value of this shift for different parts
of the celestial spheres. He came up with a rather
rudimentary refraction table as a result, and made
regular refraction compensation an integral part of
all his further observations” ([65], page 129).

Apart from that, Tycho Brahe accounted for the
parallax effect. “He was among the first scientists to
appreciate the full importance of numerous repeti-
tions of the same kind of observations under vary-
ing conditions so as to make all the assorted random
errata introduced by individual observations neu-
tralise each other” ([65], page 129).

All the above facts demonstrate that Tycho Brahe
was a perfectionist and a very meticulous astronomer
of great professionalism. This makes the following
circumstance, pointed out by A. Berry, as well as many
other authors, seem very odd indeed: “Unfortunately,
he did not measure the distance to the Sun, accept-
ing the veracity of the extremely rough estimate that
had remained unaltered since the very epoch of Aris-
tarchus, passing from one astronomer to another”
([65], page 130). From the consensual point of view,
this “institution of astronomical heritage” must have
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been about two thousand years old in the epoch of
Tycho Brahe. If he did in fact consider this informa-
tion “ancient”, why didn’t he verify it, being the bril-
liant professional that he was? It would be all the
more natural given that “he had made corrections
and new measurements to define nearly every astro-
nomical value that was of any importance at all” ([65],
page 129).

In fig. 0.30 we see a page from a 1537 edition of
the Almagest.

9.

IMPORTANT RESEARCH OF THE ALMAGEST
BY THE ASTRONOMER ROBERT NEWTON
AND HIS BOOK ENTITLED “THE CRIME OF

CLAUDIUS PTOLEMY”

We shall occasionally compare our results to the
results of Robert Newton’s fundamental scientific re-
search of Ptolemy’s Almagest ([614]). A portrait of
Robert Newton can be seen in fig. 0.31.

Robert Newton (1919-1991) was a prominent
American scientist. Let us cite some facts about him
from the official obituary of 5 June 1991 (died 2 June
1991 in Silver Spring, MD, USA). “He was a scientist
of international renown due to his research con-
cerning the shape and the motion of the Earth ... He
was a specialist in the theory of ballistics, electronic
physics, celestial mechanics and satellite trajectory
calculation. His career started in APL’s Space Depart-
ment in 1957, where he was put in charge of the satel-
lite motion research ... He is to be credited with his
fundamental contribution to the major improve-
ments in navigation precision ... He was head of the
space exploration programme and the developer of
the satellite navigation lab’s analytical aspects ... He
was the chief architect of the Navy’s Transit Satellite
Navigation System, which was developed in the lab-
oratory in the 1960’s. This navigation system is still
used by more than 50.000 private, commercial and
military vessels and submarines ... His research of
satellite motion made it feasible to calculate the shape
of the Earth with greater precision, which has re-
sulted in more precise measurements ... R. Newton
was a member of the Ad Hoc Committee on Space
Development Director Board and became the leader
of APL’s Space Exploration Group in 1959 ... In the
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Fig. 0.30. A page from a 1537 edition of the Almagest.

late 1970’s he also became involved in the research of
the ancient astronomical records of solar and lunar
eclipses ... This research gave him a reason to doubt
the information contained in the main oeuvre of the
famous astronomer Claudius Ptolemy and to accuse
the latter of fraud in his book, “The Crime of Claudius
Ptolemy” ... Among other things, R. Newton was the
Professor of Physics at the Tulane University and the
University of Tennessee, having also worked for the
Bell Telephone Laboratory ... and developed the mis-
sile ballistics at the Allegany Ballistic Laboratory,
Cumberland”

We believe it to be perfectly appropriate to voice
our attitude towards the famous book of Robert New-
ton —“The Crime of Claudius Ptolemy” ([614]), since
it has become rather controversial among the mod-
ern authors of works on the history of astronomy. I.
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A. Klimishin, for instance, writes the following about
Newton’s book in [395]: “What we encounter here is
an intent to prove that nearly the whole bulk of Ptol-
emy’s observations, which constitute the foundation
of the Ptolemaic theory of solar, lunar and planetary
motion, happens to be a fraud” ([395], page 56). I. A.
Klimishin doesn’t counter Robert Newton’s conclu-
sions with any ostensible astronomical or statistical ar-
gumentation, opting to abandon the factual discus-
sion of the issue altogether and contenting himself
with the following statement: “And yet the main rea-
son for Ptolemy’s universal fame was his theory of
planetary motion, which had made it feasible to cal-
culate the positions of planets dozens of years into the
future, no less!” ([395], page 56). However, the value
of the Ptolemaic model can by no means shed any
light on the Almagest star catalogue’s compilation his-
tory or indeed reveal anything about the origins of the
Almagest in general. Similar statements of disagree-
ment with the conclusions made by Robert Newton
(containing no counter-argumentation of any sub-
stance) have been voiced by a number of other spe-
cialists in the history of astronomy, such as Gingerich
([1153]).

In reality, the book of Robert Newton encapsulates
his fundamental research of the Almagest with the aid
of mathematical, astronomical and statistical meth-
ods. It contains a vast body of statistical material and
several deep conclusions that sum up many years of
Robert Newton’s labour. These results elucidate the
nature of difficulties associated with the interpreta-
tion of the astronomical data contained in the Alma-
gest. It has to be emphasised that Robert Newton
hadn’t a iota of doubt about the veracity of the Alma-
gest’s consensual dating (which falls over the period
between the II century B.c. and the II century A.p.).
Robert Newton was no historian, and he had to rely
on the Scaligerian version of history, using it as the
chronological framework for his own research. The
main corollaries of Robert Newton can be formu-
lated as follows:

1) The astronomical environment that corre-
sponds to the beginning of the A.p. era (as calculated
with the aid of modern theory) is at odds with the
“observation material” included in Ptolemy’s
Almagest.

2) The surviving version of the Almagest does not
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contain any original astronom-
ical observation data at all — the
Almagest data are the end
product of somebody’s conver-
sions and calculations aimed at
making the initial observation
data fit another historical
epoch. Moreover, a substantial
part of the “observations” in-
cluded in the Almagest also re-
sult from later theoretical cal-
culations included in the
Almagest ex post facto as “the
observations of the ancients”.

3) The Almagest could not
have been compiled in 137 A.p.,
which is the epoch that the “ancient” Ptolemy’s life-
time dates to in the consensual history of today.

4) Consequently, the Almagest was compiled in
some other epoch and requires a new dating. Robert
Newton himself has made the assumption that the Al-
magest was in need of “extra age”, or a shift back-
wards in time that would place it in the epoch of Hip-
parchus — circa the II century B.c., that is. However,
this does not alleviate any of the fundamental prob-
lems discovered by Robert Newton.

5) Robert Newton had initially agreed with the
consensual hypothesis about the Almagest contain-
ing Ptolemy’s own claim that all of his observations
were carried out by none other but Ptolemy himself
— allegedly around the beginning of the reign of Anto-
ninus Pius, a Roman emperor. The Scaligerian dat-
ing of his reign is 138-161 a.p. Robert Newton makes
the instant self-implied conclusion that Ptolemy was
lying as a result. Actually, we shall deal with the issue
of just how strongly the information contained in
the Almagest implies that Ptolemy carried out all of
his stellar observations by himself during the reign of
Antoninus Pius.

In other words, Robert Newton opines that Ptol-
emy himself (or somebody else acting on his behalf)
was a fraud, seeing as how the Almagest data are pre-
sented as the results of actual astronomical observa-
tions when they really owe their existence to conver-
sions and theoretical calculations.

As a serious and renowned scientist faced by the
necessity of voicing a number of straightforward ac-

Fig. 0.31. A portrait
of Robert Newton,
the American scien-
tist (1919-1991).
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cusations against Ptolemy or his editors, Robert New-
ton remained uncertain about the best form of his sci-
entific results’ publication. At the very least, this is
the motivation he voiced in a private missive to A. T.
Fomenko, which had concerned with the history of
the creation and publication of his book ([614]) in
1977 (R. Newton and A. T. Fomenko exchanged a few
letters about the problems of historical chronology in
the 1980’s). However, Robert Newton has finally con-
sidered his discovery of the situation with the Alma-
gest important enough to obey his duty of a scientist
and even use his accusations as the headers of some
of his books’ paragraphs ([614]). Let us quote some
of them, since they really do speak volumes.

“5:4. The alleged observations of the equinoxes
and the solstices by Ptolemy.

5:5. The fabricated solstice of 431 B.c. (the solstice
of Meton).

5:6. Ptolemy’s observations aimed at the estima-
tion of the ecliptic declination angle and the latitude
of Alexandria.

6:6. Four fabricated lunar eclipse triads.

6:7. Proof of fraud.

6:8. The culprit.

7:4. Fraudulent calculations and miscalculations.

10:5. The falsification of data.

11:5. Falsified data concerning Venus.

11:6. Falsified data concerning the external plan-
ets” ([614], pages 3-5).

In the very first lines of his foreword to [614],
Robert Newton says the following. “This book tells the
story of a certain crime against science. I am neither
referring to carefully planned criminal activity of any
sort, nor indeed to the kind of crime committed with
the aid of such devices as hidden microphones, mes-
sages ciphered in microfilm, and so on. I am referring
to a crime committed by a scientist against his learned
peers and apprentices and a betrayal of professional
integrity and ethics — a crime that has forever de-
prived humanity of certain fundamental informa-
tion pertaining to the most crucial fields of astron-
omy and history.

I have demonstrated that the crime in question
was indeed committed in four of my previously pub-
lished works ... When I began my work on this book,
my objective had been to collect the materials scat-
tered across several publications into a single book ...
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However, by the point that I’d written the first third
of this book, I have discovered the evidence that
proves the crime in question to be rooted much
deeper that I had expected initially. The present work
is therefore a collection of old and new evidence to
testify to the commission of the crime in question”
([614], page 10).

Robert Newton concludes his book as follows:

“This is a final summary of results. All of Ptolemy’s
own observations that he uses in the ‘Syntax’ [the Al-
magest — Auth.] have turned out fraudulent, inas-
much as their veracity could be tested. Many of the
observations ascribed to other astronomers are also
part of Ptolemy’s fraud. There are theoretical errata
galore in his work, and it also reveals a lack of com-
prehension on the part of the author ... His models
for the Moon and Mercury contradict the most ele-
mentary observations and must be considered a fail-
ure. The very existence of the ‘Syntax’ has resulted in
the loss of many authentic works written by the as-
tronomers of Greece — we have ended up with the
legacy of a single solitary model, and we even lack so
much as the certainty of whether this contribution to
astronomical science can actually be attributed to
Ptolemy at all. I am referring to the equant model,
which was used for Venus and the external planets.
Ptolemy greatly diminishes its value by a somewhat
improper application of the model in question. It is
becoming perfectly clear that no statements made by
Ptolemy can be accepted at face value, unless they are
confirmed by independent authors unaffected by
Ptolemy’s influence. All the research based on the
‘Syntax’ must be started from scratch once again, be
it historical or astronomical.

I am yet unaware of the other people’s possible
opinions; still, I can make but a single final judgement:
the ‘Syntax’ has turned out more detrimental to as-
tronomy than any other book ever written, and the
astronomical science would benefit greatly, had this
book never existed.

Therefore, Ptolemy is by no means the greatest as-
tronomer of the antiquity, but rather an even odder
figure: he is the most successful con man in the his-
tory of science” ([614], pages 367-368).

A number of other scientists are also rather scep-
tical about the part played by Ptolemy in the history
of science. In particular, A. Berry relates the follow-
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ing: “There is a great deal of controversy in what con-
cerns the astronomers’ opinions of Ptolemy’s merits.
In the Middle Ages, his astronomical authority was
considered decisive ... Modern critics have discovered
the fact that Ptolemy’s works were largely based on
those of Hipparchus (actually, Ptolemy never made
any secret of it), and that the results of his own ob-
servations, if not de facto fraudulent, are largely sub-
standard at the very least” ([65], page 72).

Therefore, Robert Newton has proven the neces-
sity of re-dating the Almagest — astronomically as
well as mathematically. This leads us to the following
question — which epoch does the Almagest really per-
tain to? As we have mentioned earlier, Robert Newton
himself suggests moving it backwards in time - to the
epoch of Hipparchus. Other points of view are also
viable; we shall discuss them in detail below. At any
rate, Robert Newton does not discuss the problem of
dating or even address it. Is it at all possible to find a
historical epoch that would fit the Almagest better
and effectively solve the problems discovered by Rob-
ert Newton, as well as the earlier researchers, no mat-
ter how distant from the Scaligerian dating of the Al-
magest? As we shall see further on, Robert Newton’s
suggestion to mitigate the controversy by means of
shifting the Almagest backwards in time (into the
epoch of Hipparchus, that is) doesn’t lead us any-
where. This is why we have to ask the obvious ques-
tion of whether there may be other possible shifts of
the Almagest dating to consider — possibly, amount-
ing to longer periods than 200 or 300 years. This ques-
tion of ours is perfectly justified from the mathe-
matical and astronomical point of view, and finding
a correct answer is nothing short of a duty from the
independent researcher’s point of view.

The publications of R. Newton were followed by
a work of Dennis Rowlins ([1365]), wherein he uses
an independent method to prove that the stellar lon-
gitudes contained in Ptolemy’s catalogue have been
recalculated and altered by someone. In other words,
D. Rowlins claims that the stellar longitudes that we
find in Ptolemy’s catalogue could not have been ob-
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served in the epoch of 137 A.p. The research results
of Robert Newton and Dennis Rowlins can be found
in [1119] and [1120].

Furthermore, such works as [1119], [1120] and
[1182] address the issue of the southernmost
Almagest catalogue stars’ waning brightness. The mat-
ter is that the stars that aren’t elevated sufficiently
high above the horizon lose a lot of their luminosity,
due to the fact that the human line of eyesight ap-
proximates the surface of the Earth. As a result, the
ray travels further in the atmosphere than in case of
the stars situated further away from the horizon. This
is why the southern stars appear dimmer to the ob-
server than they really are. Our analysis of the south-
ernmost Almagest stars’ luminosity has revealed that
the observations of these stars were carried out some-
where far in the south. In particular, these consider-
ations rule out the very possibility that Ptolemy per-
formed his observations anywhere in the vicinity of
the Isle of Rhodes, which happens to be the consen-
sual localization of his observation point ([1182]).
Alexandria in Egypt fits somewhat better — yet we
shall find out that even Alexandria does not quite sat-
isfy to the stipulations of the Almagest data. The lu-
minosity estimate of the southernmost stars implies
an even more austral latitude.

We must also note that the coordinates of the stars
in question are measured exceptionally badly, with
discrepancies of several degrees, qv below. If the Al-
magest is indeed a product of the late Middle Ages, this
circumstance is easy enough to explain. Apparently, the
austral stars were added to Ptolemy’s catalogue as a re-
sult of observations carried out somewhere far in the
South — possibly, India, and not Alexandria, or the
deck of a ship sailing the South Atlantic. The lumi-
nosity of the stars was measured correctly, though,
unlike their coordinates. This may be explained by
the possible imperfections of the southern observa-
tories, or a poor concurrence of different observato-
ries’ data. Finally, if the southernmost stars were in-
deed observed from some vessel, the low precision of
the end result is even less of a mystery.
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Some necessary information
related to astronomy and history
of astronomy

1.
THE ECLIPTIC. THE EQUATOR.
PRECESSION

Let us consider the motion of the Earth along its
solar orbit. It is usually considered that it isn’t the
Earth itself that rotates around the Sun, but rather the
mass centre (gravity centre) of the Earth-Moon sys-
tem, or the so-called barycentre. The barycentre is
relatively close to the centre of the Earth as compared
to the distance between the Earth and the Sun. The
stipulations of the present work allow us to consider
the orbital motion of the barycentre around the Sun
identical to the orbital motion of the Earth itself.

Gravitational perturbations caused by planets cause
constant rotation of the barycentre orbit plane. This
rotation contains a certain primary sinusoidal com-
pound with very high periodicity. It is complemented
by certain minor variable fluctuations, which we shall
ignore. This rotating orbital plane of the Earth is called
the ecliptic plane.

Sometimes the term “ecliptic” is used for referring
to the circumference where the ecliptic plane crosses
the imaginary sphere of immobile stars. Let us as-
sume that the centre of this sphere coincides with the
centre of the Earth that lies on the ecliptic plane. In
fig. 1.1. it is indicated as point O. We can disregard

the motion of the Earth in relation to the distant stars
and consider it the immobile centre of the stellar
sphere. Our further references to celestial objects such
as the Sun, stars etc shall imply the identification of
said object with the point of its projection over the
sphere of immobile stars.

The ecliptic rotates with time, which is why it is
known as the “mobile ecliptic” In order to refer to the
position of the mobile ecliptic at a given point in
time, let us introduce the concept of instantaneous
ecliptic for a given year or epoch. The conception and
the properties of instantaneous spin vector pertain to
the discipline of celestial mechanics. Fixed successive
instantaneous ecliptics for different epochs are some-
times referred to as fixed ecliptics of said epochs. For
instance, it is convenient to refer to the fixed ecliptic
for 1 January 1900. The position of the mobile eclip-
tic for any given point in time can be specified in re-
lation to a randomly chosen fixed ecliptic.

The Earth is considered a perfectly solid body in
celestial mechanics. It is well known that a solid body
possesses a so-called inertia ellipsoid, which is rigidly
defined by its three semi-axes. The rotation of a solid
body is characterised by the value and the spatial at-
titude of spin vector m. Vector ® is sometimes re-
ferred to as the instantaneous axis of rotation. The
semi-axes of the inertia ellipsoid are orthogonal, and
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Fig. 1.1. The sphere of immobile stars. The ecliptic and
equatorial coordinate systems.

can therefore be used as an orthogonal system of co-
ordinates. Thus, vector ® can be defined by the pro-
jections of x, y and z over the axes of inertia. The mo-
ments of body inertia relative to these axes shall be
indicated as A, B and C, respectively. The rotation of
asolid body is described in the dynamic equations of
Euler-Poisson:

Ax+ (C-B)yz=M,
By+(A-C)xz=M,
Ci+ (B—A)xy = M,

In the right part of the equations we have the pro-
jections of vector M, known as the external couple in
relation to the mass centre, over the same axes.
Moment M results from the effect of solar and lunar
gravity on the ellipsoidal figure of the Earth. The Earth
is usually considered a two-axial ellipsoid rather than
triaxial — an ellipsoid of revolution, in other words.

The position of vector M in relation to the axes of
inertia changes rapidly, and these changes are of a
rather complex nature; however, the application of
modern theories of lunar and telluric motion makes
it feasible to calculate its evolution with sufficient
precision for any moment in time. This allows us to
solve the equation of Euler-Poisson, or calculate the
evolution of vector (.

The “Tables of the Motion of the Earth on its Axis
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and Around the Sun” ([1295]) compiled by the em-
inent American astronomer Simon Newcomb are
used in order to account for all the irregularities in-
herent in the motion of the Earth.

The study of cases (solid body configurations)
when the equations of Euler-Poisson can be solved
with sufficient precision comprises an important area
of modern theoretical mechanics, physics and geom-
etry.

Let us consider vector m of instantaneous Earth ro-
tation. It defines the axis of rotation, or the instanta-
neous rotation axis. The points where it crosses the
surface of the Earth are known as instantaneous poles
of the Earth, whereas those where it crosses the ce-
lestial sphere, or the sphere of immobile stars, are
known as celestial poles (North and South). Let us
consider the plane orthogonal to the instantaneous
rotation axis of the Earth that crosses the mass cen-
tre of the Earth. Its intersection with the surface of
the Earth is known as the instantaneous equator of
Earth rotation, and the intersection with the celestial
sphere is referred to as the true celestial equator, ce-
lestial equator or equinoctial.

Fig. 1.1 depicts the celestial sphere. Its centre is
marked O. P stands for the North Pole of the ecliptic,
and N - for the celestial pole. The ecliptic and the
equator have two intersection points, which are known
as the vernal and autumnal equinox points (indicated
as Q and R in fig. 1.1, respectively). The illustration
also demonstrates the alterations of the star’s coordi-

Precession
and nutation

The ecliptic

Fig. 1.2. Precession and nutation.
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nates in relation to the two coordinate systems of the
celestial sphere — equatorial and ecliptic.

Let us now consider a coordinate system that
would not rotate together with the Earth, but be based
on the ecliptic instead. The new coordinate system
does not have to be orthogonal. The following axes
are normally used for such coordinate systems:

1) normal to the ecliptic plane;

2) the intersection axis of the ecliptic and equa-
torial planes, or the equinoctial axis;

3) inertia axis C.

The projections of instantaneous angular velocity
vector @ over these three axes are indicated as\y, 0 and
¢. We have thus expanded the Earth rotation rate
into three components. What is their geometrical
meaning? The value of V, is known as the Earth pre-
cession rate. This component defines the circular con-
ical motion of precession axis C, or the third axis of
inertia, around the normal OP, as shown in fig. 1.2.
Vector @ = ON follows this conical rotation. Let us
point out the close proximity of vectors @ and OC.
For approximated calculations we can assume vector
 to coincide with axis OC.

Owing to precession, the equinox axis, or the in-
tersection of the ecliptic and the equator, rotates within
the ecliptic plane. The rotation of 8 affects the incli-
nation of axis OC towards the ecliptic to a certain ex-
tent. Finally, the value of ¢ defines the rate of the Earth’s
rotation around axis OC. In theoretical mechanics the
value of ¢ is known as proper rotation rate. It is much
higher than the angular velocities of s and . From the
point of view of theoretical mechanics, this circum-
stance reflects the fact that the stable rotation of a solid
body occurs around the axis that happens to be the
closest to the axis of maximal inertia moment, or the
shortest axis of the inertia ellipsoid. Let us remind the
reader that the Earth is somewhat flattened at the poles.

Thus, ® = + 6 + ¢ (+ standing for the summa-
tion of vectors). Each velocity (, 0 and ¢) contains
a single constant (or nearly constant) component as
well as a great many small periodic ones, commonly
referred to as nutations. If we overlook them, we shall
come up with the following model of Earth rotation.

1. Constant velocity component  is called longi-
tudinal precession. It moves axis OC along the circular
cone with the approximate annual velocity of 50" (see
fig. 1.2). The equinoctial axis moves clockwise along
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the ecliptic as seen from the side of its north pole. The
precession vector is directed at the ecliptic’s South
Pole.

2. Constant velocity component 8 approximates
0.5" per year as of today.

3. Constant velocity component @ is the average
proper Earth motion velocity value with the perio-
dicity of one day anticlockwise around axis AC (as
seen from the North Pole of the Earth).

Let us note that axis OP, which is the normal to-
wards the ecliptic plane, belongs to the same plane as
vector @, which represents the instantaneous angle ve-
locity of the Earth, and axis OC, or the third axis of
inertia. This plane rotates around axis OP due to pre-
cession.

Nutational components inherent in velocities (s,
0 and ¢) distort the above model — therefore, vector
 doesn’t follow an ideal conical trajectory, but a
rather erratic wavy one instead, which approximates
the shape of a cone. The trajectory of the vector’s end
point is drawn as a wavy line in fig. 1.2.

The two circumferences that pertain to the celes-
tial sphere (the equator and the ecliptic) intersect at
the angle of € = +23°27' in two points — Q and R, qv
in fig. 1.1. The Sun crosses the equator twice in these
points over the course of its annual voyage along the
ecliptic. Point Q, which is where the Sun enters the
Northern Hemisphere, is the point of the vernal equi-
nox. This is the point where the respective durations
of daytime and night time equal one another every-
where on the Earth. Point R corresponds to the au-
tumnal equinox (see fig. 1.1).

The mobile ecliptic is in constant rotation. There-
fore, the vernal equinox point constantly shifts along-
side the equator, simultaneously moving along the
ecliptic as well. The velocity at which the equinox
point travels along the ecliptic is the actual longitu-
dinal precession. The shift of the equinox points pro-
duces the equinox precession effect (see fig. 1.1).

2.
EQUATORIAL AND ECLIPTIC COORDINATES

In order to record the observations of celestial
bodies, one needs a convenient coordinate system
that would allow one to fix the respective positions
of celestial bodies. There are several such coordinate
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systems — first and foremost, the equatorial coordi-
nates, which are defined as follows.

In fig. 1.1 we see the North Pole indicated as N and
the celestial equator, which contains arc QB. We can
estimate the plane of the celestial equator to coincide
with the plane of the Earth equator, given that the
centre of the Earth corresponds to point O, which
stands for the centre of the celestial sphere. Point Q
is the vernal equinox point. Let point A represent a
random immobile star. Let us consider meridian NB,
which crosses the North Pole and star A. Point B is
the intersection of the meridian with the equatorial
plane. Arc QB = o corresponds to the equatorial lon-
gitude of star A. This longitude is also known as “di-
rect ascension”. The direction of the arc is opposite
to the motion of Q, which is the vernal equinox point.
Therefore, direct ascensions of stars attain greater val-
ues over the course of time due to precession.

Meridian arc AB = § corresponds to the equato-
rial latitude of star A, which is also referred to as the
declination of star A. If we are to disregard the fluc-
tuations of the ecliptic, the declinations of the stars
located in the Northern Hemisphere diminish with
time due to the motion of vernal equinox point Q.
The declinations of the stars in the Southern Hemi-
sphere slowly grow with time.

The daily motion of the Earth does not alter the
declinations of the stars. Direct ascensions change in
a uniform fashion and are affected by the Earth’s ro-
tation velocity.

The ecliptic coordinate is also rather popular, and
it was used very widely in the ancient star catalogues.

Let us consider the celestial meridian that crosses
the ecliptic pole P and star A (see fig. 1.1). It crosses
the ecliptic plane in point D. Arc QD corresponds to
ecliptic longitude ! in fig. 1.1, and arc AD represents
ecliptic latitude b. Precession makes arc QD grow by
circa one degree every 70 years, which results in the
uniform growth of the ecliptic longitudes.

If we disregard the fluctuations of the ecliptic, we
can consider ecliptic latitudes b stable as a first ap-
proximation. This is the very thing that made eclip-
tic coordinates so popular with the mediaeval as-
tronomers. The advantage of the ecliptic coordinates
over the equatorial ones is that the value of b is con-
stant, whereas the value of I grows with the course of
time as a result of precession. The alterations of equa-
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torial coordinates caused by precession conform to
much more complex formulae, which account for
the orthogonal turn of the ecliptic that connects it to
the equator.

It is for this very reason that mediaeval astronom-
ers tried to compile their catalogues with the use of
ecliptic coordinates, notwithstanding that equatorial
coordinates are easier to calculate by observations,
since such calculations do not stipulate to define the
ecliptic plane. The position of the ecliptic depends on
the motion of the Earth around the Sun and requires
the use of sophisticated methods for its calculation,
which, it turn, lead to additional systematic errata in
the coordinates of all stars. The discovery of the fact
that the ecliptic fluctuates over the course of time led
to the use of equatorial star coordinates in catalogues
instead of the ecliptic system. This system is still used
— the “advantage” of the ecliptic system is a thing of
the past.

3.
THE METHODS OF MEASURING EQUATORIAL
AND ECLIPTIC COORDINATES

Let us briefly consider a number of actual meth-
ods used for the estimation of equatorial and eclip-
tic coordinates. We shall relate a certain simple geo-
metric idea that such measuring instruments as the
sextant, the quadrant and the transit circle employ in
their construction.

Let us assume that observer H is located in point
¢ on the surface of the Earth (see figs. 1.3 and 1.4).
It is rather easy to define line HN' that is oriented at
the celestial North Pole and the parallel line ON. Next
we have to define the meridian that crosses point H
and mount a vertical wall on Earth surface that shall
go along this meridian, qv in figs. 1.3 and 1.4. Marking
the direction of the celestial pole on this wall as HN',
we can also indicate the equatorial like HK', which is
parallel to OK, by means of laying an angle %from
direction HN'. Right angle N'HK' can be divided into
degrees, which gives us an astronomical instrument
for angular measurements — a quarter of a divided cir-
cle positioned vertically. Modern meridian instru-
ments are based on this instrument as well — it can
be used for measuring star declinations, or their
equatorial latitudes, and also for marking the mo-
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Fig. 1.3. The principle of stellar coordinate measurement.

ments when stars cross a given meridian, or the so-
called vertical.

A series of independent consecutive measurements
makes it feasible to estimate the equatorial plane for
the latitude of observation with high enough preci-
sion. At the same time, as it is obvious from the above
elementary celestial mechanics, a measurement of
longitudes requires a fixation of moments when the
stars cross the meridian. This requires either a suffi-
ciently precise chronometer, or an auxiliary device
providing for fast measurements of longitudinal dis-
tances between the star that interests us and a fixed
meridian. At any rate, longitudinal measurements are
a substantially more subtle operation. Therefore it is
to be expected that mediaeval astronomers’ meas-
urements of direct ascensions are cruder than their
declination measurements.

In order to measure the ecliptic coordinates of
stars observer H must assess the celestial position of
the ecliptic first. This operation is sophisticated
enough and stipulates a good understanding of pri-
mary elements of solar and telluric motion. Ancient
methods of measuring the declination angle between
the ecliptic and the equator as well as the position of
the equinoctial axis with the aid of the armillary
sphere or the astrolabe are described in [614] and a
wealth of other sources. It has to be noted that in
order to measure the ecliptic coordinates of a series
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Fig. 1.4. Measuring the coordinates of a star that passes a
meridian.

of stars one needs a timekeeping device of some sort
in order to compensate the daily rotation of the Earth
and keep the orientation at the equinoctial point
constant.

The obvious complexity of this task led to the fol-
lowing: for actual calculations of ecliptic coordinates
astronomers would either use formulae of the celes-
tial sphere’s rotation or celestial globes with equato-
rial and ecliptic coordinate grids. The knowledge of
equatorial coordinates would allow calculating their
ecliptic equivalents. Naturally enough, there were in-
evitable errata resulting from lack of sufficient pre-
cision in the estimation of the comparative positions
of the ecliptic and the equator, as well as the attitude
of the equinoctial axis.

This very concise discussion of methods used for
the measurement of ecliptic coordinates permits the
estimation that the mediaeval astronomers are most
likely to have used the following algorithm:

1) They would calculate the equatorial coordi-
nates, the latitudinal measurements being more pre-
cise than the longitudinal.

2) Next they would estimate the position of the
ecliptic and the equinoctial axis in relation to the
equator.

3) Finally they would convert the equatorial co-
ordinates into their ecliptic equivalents with the aid
of special measurement instruments or trigonomet-
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ric formulae (or, alternatively, with the use of a ce-
lestial globe with a double coordinate grid).

Moreover, since all the ancient measurement tools
were inevitably installed upon the surface of the
Earth, the above algorithm is the only real method of
calculating the ecliptic stellar coordinates. Since a
measuring instrument installed on the surface of the
Earth takes part in daily rotation of the Earth, the in-
strument in question is invariably tied to the equa-
torial coordinate system.

The application of our statistical methods to the
data provided by the Almagest catalogue yielded a
confirmation of the above algorithm’s usage, as we
shall demonstrate below.

4.
THE MODERN CELESTIAL SPHERE

In order to date an old star catalogue by the nu-
meric values of stellar coordinates contained therein,
we must be able to calculate the positions of stars on
the celestial sphere for various points of time in the
past. The information that we use for reference is the
existing description of the celestial sphere in its mod-
ern state. The only data of importance are the coor-
dinates of stars, as well as their magnitude and proper
motion rate.

Jumping ahead, we can remark that the dating
method that we suggest is only applicable if the re-
spective positions of stars alter with the course of
time. The rotation of the entire celestial sphere re-
sulting from a transition to another coordinate sys-
tem cannot be used for the purposes of independent
dating. We shall discuss this in more detail below.

Let us discuss the characteristics of the stars that
we shall refer to in our research.

The magnitude of a star in a modern catalogue is
the number that represents its brightness. The lower
the value, the brighter the star. There is an old tradi-
tion of indicating said values in star catalogues. The
Almagest contains the magnitude values of all the stars
it lists. The brightest stars are indicated as the stars of
the first magnitude, the less bright ones correspond
to the second magnitude and so on. Modern cata-
logues use the same scale for referring to the bright-
ness of a given stars. However, stellar magnitudes can
also be expressed as fractions. For example, Arcturus,
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which possesses the magnitude of 1 in the Almagest,
has the magnitude of 0.24 in “The Bright Star
Catalogue’, a modern source ([1197]), and Sirius, also
a star of the first magnitude in the Almagest, possesses
the magnitude of —1.6 in the modern catalogue. Thus,
Sirius is brighter than Arcturus, although Ptolemy be-
lieved them to be equally bright.

The matter might be that in the antiquity the
brightness (or the magnitude) of a star was estimated
by the observer in a very approximated fashion. Now-
adays stellar magnitude is estimated with the photo-
metric method. A comparison of stellar magnitudes
contained in the Almagest to their modern precise
values as given in the work of Peters and Knobel
([1339]) demonstrates that the discrepancy doesn’t
usually exceed 1 or 2 measurement units.

In our calculations of actual positions of stars in
the past we were primarily referring to the bright star
catalogue ([1197]), which contains the characteristics
of circa 9000 stars up to the eighth stellar magnitude.
Let us remind the reader that one can only see the
stars whose magnitude is up to 6 or 7 with the naked
eye. According to Ptolemy’s claim, the Almagest star
catalogue contains all the stars from the visible part
of the sky up to the 6th magnitude.

Ptolemy was exaggerating — there are more stars
with magnitudes of 6 and less in the visible part of
the sky than in the Almagest catalogue. This is one of
the reasons why the attempts to identify the Almagest
stars with the stellar positions calculated “in reverse”
lead to ambiguities (see Chapter 2 for more details).
On the other hand, it would be natural to assume
that all the stars that were actually observed by Ptol-
emy or his predecessors still exist and can be found
in the modern catalogue ([1197]).

J. Bayer, a prominent XVII century astronomer,
suggested a new system of referring to stars in a con-
stellation. He suggested using letters of the Greek al-
phabet instead of a verbal description of a given star’s
position in a constellation. The brightest star of a
constellation would be indicated by letter o, the sec-
ond brightest one — by letter §, and so on. Later on,
Flamsteed (1646-1720) devised a special numeration
for stars in a constellation — more specifically, the
westernmost star of a constellation was indexed as 1,
the next one to the east — as 2, and so on. Flamsteed’s
numbers and Bayer’s letters are often used in combi-
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nation for referring to a star (32 o Leo and so on).
Apart from that, some of the stars have individual
names. Such “named” stars are comparatively rare —
individual names were only assigned to stars that had
special significance in ancient astronomy. For in-
stance, 32 o Leo is called Regulus.

We have used the following characteristics of stars
from the modern catalogue ([1197]):

1. Direct ascension of a star for the epoch of 1900,
which is transcribed as oo, below, expressed in
hours, minutes and seconds.

2. The declination of a star for the same epoch tran-
scribed as 8,490 and measured in degrees, arc minutes
and seconds.

3. Stellar magnitude.

4. Proper motion rate of a given star. The proper
motion rate is comprised of two elements, the first one
being the star declination fluctuation rate and the sec-
ond - the rate of its direct ascension alteration. How-
ever, the coordinate grid of longitudes and latitudes on
a sphere isn’t uniform. The distances between adja-
cent meridians diminish closer to the poles; therefore,
the stellar velocity component of direct ascension gives
one a wrong idea of the true, or “visible” velocity of a
star on the celestial sphere in the direction of the par-
allel. Therefore, some modern star catalogues give the
stellar velocity component of the direct ascension re-
duced to the equator. This means the value is multi-
plied by the declination cosine, which makes it possi-
ble to interpret it as the local Euclidean length of the
stellar velocity vector projection over the equator (the
parallel). This permits a comparison of the first stellar
velocity components regardless of their proximity to
the pole. If the velocities aren’t reduced in this fashion,
such comparisons require additional calculations.

Catalogues BS4 ([1197]) and BS5 (online source)
that we have used, the velocities are reduced to the
equator, which isn’t the case with catalogues FK4
([1144]) and FK5 (online source). Oddly enough,
this fact isn’t always mentioned in the descriptions of
astronomical catalogues. The form of the direct as-
cension velocities has to be estimated from their ac-
tual numeric values.

The values of proper star motion rates are rather
small. They don’t normally exceed 1" per year — the
fastest of the stars visible to the naked eye, such as 0?
Eri, u Cas, move at the rate of 4" per year.
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The trajectories of stellar motion for the time in-
tervals that interest us (2-3 thousand years) can be
considered straight, which means that each of the
star’s coordinates on the celestial sphere change
evenly. This approximation is only valid for areas that
lay at some distance from the pole, obviously enough.

The standard coordinate system for the celestial
sphere as given in the modern star catalogues is cus-
tomarily based on the equatorial coordinates for the
epochs of 1900, 1950 and 2000 a.p. We have chosen
the system of equatorial coordinates for the beginning
of 1900 A.p. Further calculations and coordinate sys-
tem conversions for a given epoch ¢ were based on this
system.

First and foremost, in order to date the Almagest
catalogue we shall need the coordinates of stars with
high proper motion rates. Naturally, we shall only
consider the fast stars that are believed to be listed in
the Almagest.

We have refrained from discussing the issue of
whether or not the Almagest stars were identified cor-
rectly. We shall consider it in detail below. In order to
solve the identification problem we must know
whether a given star had an individual name in the
ancient catalogues. The information about the me-
diaeval names of stars was taken from catalogues BS4
([1197]) and BS5 (online source).

In order to date the Almagest catalogue by proper
motion rates we shall require the following two lists
of stars from the modern catalogues. We shall merely
describe them herein; the actual lists can be found in
Annex 1.

We shall refer to the first list as to the list of “fast”
stars. In the first stage of said list’s compilation we
have selected all the stars whose speed by one of the
coordinates at least is greater than 0.1" per year. This
list was subsequently reduced to the stars that either
have Bayer’s Greek letter or Flamsteed’s number in
their name. Thus, we have rejected the stars that are
a priori useless for the dating for the Almagest. The
matter is that nearly every star identified by the as-
tronomers as one of the Almagest stars has an index
in either Bayer’s or Flamsteed’s system, or both; also,
if a star from the Almagest is identified as one that
lacks such indices, this identification is always rather
ambiguous ([1339]). The reason is clear enough. The
catalogues of Bayer and Flamsteed were already com-
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piled in the epoch of early telescopic observations, or
the XVII-XVIII century. If a given star is omitted
from those catalogues, it is either too dim or too dif-
ficult to tell apart from the celestial objects in its im-
mediate vicinity.

There may be other complications in the same
vein; therefore, one can hardly assume that a star of
this sort can be veraciously identified as an Almagest
star and that its position was measured with sufficient
precision by the “ancient” astronomers.

The above selection gave us a list of “fast” stars
visible with the naked eye, which can be found in
modern star catalogues and identified as Almagest
stars. Quite naturally, the veracity of such identifica-
tions requires a separate research. We shall consider
this problem below.

Our list of “fast” stars visible to the naked eye can
be found in Table P1.1 of Annex 1.

The second list of stars is the list of named stars.
It is contained in Tables P1.2 and P1.3. In Table P1.2
the stars are arranged by names, and in Table P1.3 —
by respective numbers from the Bright Star Catalogue
([1197]). This list contains all the stars which have in-
dividual names according to BS4 ([1197]), or which
had such names in the past (Arcturus, Aldebaran,
Sirius etc).

The lists of fast and named stars intersect — the
same star can have a visible proper motion rate and
an individual name. Such stars are the most useful for
the dating of the Almagest.

5.
“REVERSE CALCULATION" OF OBJECTS’
POSITIONS ON THE CELESTIAL SPHERE.
THE FORMULAE OF NEWCOMB-KINOSHITA

5.1. Necessary formulae

Having the modern coordinates and proper mo-
tion rates of stars at our disposal, we can compile a
sufficiently precise star catalogue for any epoch in
the past. By “sufficiently precise” we mean the preci-
sion that corresponds to modern astronomical the-
ories, which is quite sufficient for our purposes. Such
precision can be considered absolute in comparison
to that of the old catalogues.

We had to perform retroactive star position cal-
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culations quite a few times for different epochs. We
would first calculate the positions of stars on the ce-
lestial sphere for year ¢ in coordinates 0, 5o and 8,44,
and then convert those into ecliptic coordinates /, and
b, for epoch t.

Let us cite the necessary formulae that allow the
conversion of coordinates ¢, and J, into coordinates
L,o and b,, for any epochs s and s,. These formulae ac-
count for precession and proper star motion. Said for-
mulae, as well as fig. 1.5, which illustrates them, were
taken from [1222]. They are based on Newcomb’s the-
ory as modified by Kinoshita. The actual coordinate
conversion procedure is described in the next section
(5.2). In these formulae time moments s, and s are
counted backwards from the epoch of 2000 A.p. in
Julian centuries, and 6 = s, — s. See fig. 1.5.

o(s,50) = 174°52"27,66" + 3289,80023"s +0,576264 ”sg

(1.5.1)
— (870,63478" +0,554988"50)0 +0,024578"0°,;

K(s,8) = (47,0036"—0,06639"s, +0,00056957)0 (1.5.2)
+ (=0,03320" +0,000569"54)0” +0,000050"0°

£o(s,59) = 23°26'21,47" - 46,81559"s

0(s, So) ) (153)

0,000412"s¢ +0,00183"s,
£1(5,50) = €q(s, 5o) + (0,05130" - 0,009203"5,)8> - 0,007734"0°;
e(5,50) = eq(s, So) +(—46,8156" - 0,00082"s, +0,005489"52)0
(~0,00041" +0,005490"50)0> +0,001830"0°;

+

W(s, So) = (5038,7802"+0,49254"s, — 0,000039"s2)0
+ (=1,05331" - 0,001513"s,)8” - 0,001530"6°;
2(s,50) = (10,5567" - 1,88692"s, —0,000144"s2)0
+ (-2,38191"-0,001554"s,)0” - 0,001661"0°;
W(s,50) = (5029,0946" +2,22280" s +0,000264"50)0

. ) o3 (1.5.4)
+ (1,13157"+0,000212"54)0" +0,000102"0".

Let us however note that the discrepancies between
the corollaries made according to the actual theory of
Newcomb and its modification made by Kinoshita
([1222]) that we have used are of no consequence in-
sofar as our purposes are concerned. For any time
moment ¢ of the historical interval under considera-
tion (between 600 B.c. and 1900 A.p.) the discrepan-
cies between the ecliptic coordinates of a star calcu-
lated according to Newcomb’s theory and those ob-
tained with the use of its modified version ([1222])
are negligibly small in comparison to the errors of the
Almagest. We have used [1222], since it gives the for-
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mulae for precession compensation in a format con-
venient for computer calculations.

5.2. The algorithm for calculating past
positions of stars

Let us provide a detailed description of the algo-
rithm used for the calculation of star catalogue K(¢),
which reflects the condition of the celestial sphere
for year t with sufficient precision, according to New-
comb’s theory. Here t is a randomly chosen epoch
from the historical interval under consideration
(namely, one between 600 B.c. and 1900 A.p.). Epoch
tis calculated backwards into the past from the epoch
of 1900 in Julian years, in other words, t = 1 corre-
sponds to the epoch of 1800, t = 10 — to the epoch of
900 A.D., t = 18 — to 100 A.D., etc. The discrepancy of
several days that results from the differences between
the Julian and the Gregorian calendar, and leads to
the situation where the epoch of 100 A.p., for in-
stance, fails to coincide with the epoch of 1 January
100 A.D. is of no importance whatsoever.

The calculated star catalogues K(¢) shall serve us
for comparison with the old catalogue under study
(such as the Almagest) with different values of ¢. Here
t shall stand for a random assumed dating of an old
catalogue. Thus, calculated catalogues K(¢) must be
transcribed in ecliptic coordinates for epoch t. As it
has been pointed out, all known old catalogues are
compiled in ecliptic coordinates, be it Ptolemy’s Al-
magest or the catalogues of As-Sufi, Ulugbek, Coper-
nicus, Tycho Brahe etc.

Let us assume that the modern equatorial coordi-
nates of a star in a catalogue (such as [1197]) are o’ =
500> 8° = 83600- These coordinates reflect the position
of the star in question for 1900 A.p. in the spherical
coordinate system, whose equator corresponds to the
Earth’s equator in 1900 A.p. The equator is defined by
the plane that is orthogonal to the axis of the Earth’s
rotation. Let us remind the reader that this plane’s po-
sition changes over the course of time. We have to cal-
culate the coordinates I, b,, or the spherical coordinates
whose equator coincides with the ecliptic, or the plane
of the Earth’s rotation around the Sun for epoch t.
We should do the following for this purpose.

STEP 1. We have to calculate the star’s coordinates
o’(t), 8°(t) for time moment ¢ in the equatorial co-
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ordinate system for 1900 A.p. Bear in mind that the
position of the stars on the celestial sphere changes
over the course of time in relation to any fixed sys-
tem of coordinates. The required calculations of the
star’s position are based on the known proper mo-
tion rates v,,, v of the star by each of the coordinates
0900> 01900 (see Table 4.1, columns 5 and 6). We shall
come up with the following for non-reduced proper
motion rates:

0%(t) = Agpo(t) = 0° = V- 1,
8%t) = 8gge(t) = 8% —v5- t.

Indeed, we can consider the proper motion rates
of each star by the coordinates @, 49, 8,500 to be con-
stant. The minus in the formulae cited above results
from the retroactive nature of calculations; the ve-
locity rate symbols v, v5 correspond to the normal
flow of time.

Before we can actually use this formula, we have
to convert all the source values into a single meas-
urement system. For instance, we can measure o.’(t)
and 8°(¢) in radians, and the velocities v, v5 —in (rad
+ year) - 1072,

STEP 2. We have to shift from coordinates o, 590,
01000 t0 coordinates 1,590, by900- We shall come up
with coordinates P(t), b°(t) of our star for the moment
tin spherical coordinates based on the ecliptic of the
epoch of 1900 a.p. This is what we get:

0 0

sinbo(t) = —sinao(t)cosﬁo(t)sine +sin8°(t)cosa s
sinoto(t)cosé‘so(t)cosz»:o+sin50(t)sine0

cosao(t)cosﬁo(t) ’
e¥ = 23°27'8,26".

(1.5.5)

tani’(t) =

These formulae permit an unequivocal recon-
struction of the values of B°(¢) and a°(¢), since -90°
< b°(1) < 90° and |°(¢) — 0°(#)| T 90°. The value of €°
corresponds to the declination angle between the
ecliptic of 1900 A.p. and the equator of 1900 A.p. We
refer the reader to the formula of 1.5.3, where one has
to let s = ~1 in order to make the transition between
2000 A.p. and 1900 A.D.

- STEP 3. We have to make a shift from coordinates
L500> B1900 to the auxiliary coordinates I' and b, which
are also tied to the ecliptic of 1900. However, they
have a different longitudinal reference point, which co-
incides with the intersection of the ecliptic of 1900 A.D.
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ferentm' point

Fig. 1.6. The sequence of steps that we use for reverse calculations of stellar positions and their past coordinates.

and that of epoch t, or 1,4, and I1(¢#). This transition
conforms to the following formulae:

'o =L@ -9
bl(t) = b°(9)
@ = 173°57'38.436" + 870.0798"t + 0.024578"#.  (1.5.6)

Arc @ between the vernal equinox point of 1900 on
the ecliptic IT; 44, and the intersection of IT,4,, and
I1(#) conforms to the formula (1.5.1) if we’re to assume
that s, = -1 and 0 = —t. Then the ecliptic I1(s,) in
fig. 1.5 shall correspond to the ecliptic I, 5o,. Ecliptic
T1(s) in fig. 1.5 shall represent the ecliptic of epoch t,
which is of interest to us. Indeed, the time t is counted
backwards from 1900 A.D. in centuries, whereas the re-
mainder of 0 = s —s, is counted forwards from epoch
5p» also in centuries. Since we have agreed on s, = -1,
which corresponds to 1900 A.p. (2000 — 100 = 1900),
we have to choose 8 = ~t in order to make the epoch
s =5, + 0 correspond to epoch f under consideration
in our formula (1.5.1).

STEP 4. Next we have to make the transition from
coordinates I', b' to coordinates I, b*. These are spher-
ical coordinates tied to the ecliptic I1(¢), whose only
difference from the ecliptic coordinates J,, b, is due to

the choice of the longitudinal reference point. In co-
ordinates £, b* this point corresponds to the inter-
section of ecliptics I1,4, and I1(#). The formulae of
transition from [, b' to P, b? correspond to the for-
mulae (1.5.5). Instead of €° we have to take the angle
€' between ecliptics T1(t) and I1, 49,:

€' = —47.0706"t — 0.033769"# — 0.000050"F.

This expression is derived from the formula (1.5.2)
where s=-1and 6 = —.

StEP 5. Finally, we have to make the transition
from coordinates , b” to the ecliptic coordinates ,,
b, This transition conforms to the following for-
mulae:

=P+o+¥, b="0,

where @ is defined in (1.5.6) and ¥ is defined by for-
mula (1.5.4) with s°= -1 and 0 = —t, therefore

¥ =-5026.872"t + 1.1314"# + 0.0001"F.

The sequence of steps 1-5 as described above is il-
lustrated in fig. 1.6.
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Let us conclude by pointing out that all the calcu-
lations necessary for the dating of a given star cata-
logue can be performed without accounting for the
Newcomb-Kinoshita theory. We shall consider this in
more detail below. The Newcomb-Kinoshita theory is
only used in order to obtain additional information
concerning the errata in the estimation of the eclip-
tic plane made by the author of the catalogue. The
value of these discrepancies is the auxiliary factor that
confirms the correctness of our corollaries. See
Chapters 6 and 7.

6.
ASTROMETRY. ANCIENT ASTRONOMICAL
MEASUREMENT INSTRUMENTS
OF THE XV-XVII CENTURY

In Section 3 we have considered the general con-
ception of angular measuring devices used in as-
tronomy, which is important to us since it enables us
to estimate the position of the equatorial line on the
celestial sphere with sufficient precision.

Let us assume that the observer’s line of eyesight
is directed along half-line HK', which moves along
the line of the equinoctial in its daily rotation with-
out any tergiversation. The attitude of half-line HK'
will naturally depend on the geographical latitude.
We can define the plane HLM, an orthogonal quad-
rant parallel to the equatorial plane, which crosses the
celestial sphere precisely along the equinoctial, qv in
fig. 1.7. It is therefore possible to construct a station-
ary device in said point of telluric surface, oriented by
the north-south meridian, which allows marking the
equator on the celestial sphere visually. This permits
precise estimations of equatorial stellar latitudes —
during their crossing of the quadrant’s vertical plane,
for instance. As we have already pointed out, the meas-
urement of equatorial latitudes was hardly a compli-
cated task for a professional astronomer of the XIV-
XVI century. It required nothing but accuracy and
sufficient time for observations. In particular, it has to
be expected that a careful observer could not make a
grave systematic error in the estimation of stellar dec-
linations for a given year.

Now let us see how the simple general idea de-
scribed above was implemented in real mediaeval in-
struments.
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The first instrument is the meridian circle, or the
so-called transit circle as described by Ptolemy (see fig.
1.8). The instrument looked like a flat metal ring of a
random radius installed on a reliable support vertically
in the plane of the local meridian. The circle was
graded (into 360 degrees, for example). Another ring
of a smaller diameter was placed inside the larger ring;
it could rotate freely, remaining in the same plane as
the larger ring (fig. 1.8). There are two little metallic
plates with pointers attached to two opposing points
on the inner ring (marked P in fig. 1.8); the pointers
point at the grades found on the external ring. The de-
vice is installed in the plane of the local meridian with
the aid of a level and the meridian line whose direc-
tion is defined by the shadow of a vertical pole at mid-
day. Then the zero mark on the external ring of the
instrument is synchronised with the local zenith.

The instrument described above can be used for
measuring the height of the Sun at given latitude. One
must quickly turn the inner ring at midday until the
shadow of one plate P covers the other plate P com-
pletely. In this case, the position of the pointers on the
plates shall tell us the height of the Sun with the aid
of the grade marks on the external ring. It has to be
pointed out that the instrument’s indications are to be
read after one fixes the plates in their proper posi-
tions. This tells one the height of the Sun already after
midday. Moreover, the meridian circle can measure the
angle between the ecliptic and the equator.

The second instrument is the astrolabon as de-
scribed by Ptolemy, which is more frequently referred
to as “astrolabe” in our days. The latter term is me-
diaeval in origin. According to the Scaligerian his-
tory of astronomy, the meaning of the term “astro-
labon” has been changing over the course of time.
We are told that “in deep antiquity”, or around the
very beginning of the new era, the term “astrolabon”
was used for referring to the instrument that we shall
describe shortly. Ptolemy used one of those. However,
in the Middle Ages the instrument in question was al-
ready known as the armillary sphere, or “armilla”
Some modern astronomers are of the opinion that
Ptolemy describes the armillary sphere or the astro-
labon in his “Almagest”, and not the actual astrolabe
(see [395], for instance). According to Robert Newton,
a renowned astronomer, “it is likely that around the
end of the Middle Ages the term ‘astrolabe’ referred
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Fig. 1.7. Measuring the latitude of a star.

to the device used for measuring the height of a ce-
lestial body above the horizon. As for the device we
describe herein [in accordance with Ptolemy’s indi-
cations — Auth.], by that time it was better known as
the armillary sphere, which is the distant ancestor of
the modern telescopes’ bearings” ([614], page 151).
In order to avoid confusion with terms, we shall
describe the two instruments separately — Ptolemy’s as-
trolabon and the astrolabe, or the mediaeval instru-
ment whose name is virtually identical to that of Ptol-
emy’s astrolabon. The primary elements of the astro-
labon’s (armilla’s) construction are shown in fig. 1.9.
In fig. 1.10 we see the principal scheme of the medi-
aeval armillary sphere. Fig. 1.11 shows us “the medi-
aeval armillary sphere — of Ptolemy’s type, according
to historians. Its diameter equals 1.17 metres. This in-
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Fig. 1.8. The armillary circle.

strument was manufactured when Ptolemy’s epoch
was already considered ancient — it belonged to Tycho
Brahe, the famed XVI century astronomer” ([1029],
page 13). The implication is that astronomical in-
struments remained the same for fifteen hundred
years. As we can see, the instruments of the “ancient”
Ptolemy from the second century A.p. and the XVI
century scientist Tycho Brahe were almost identical,
as though they were made in the same mediaeval
workshop. An ancient drawing of Tycho Brahe’s large
armillary sphere can be seen in fig. 1.12.

We must now describe the correct use of this in-
strument to the reader and also relate the astronom-
ical principles of its construction. The main element
of the armillary sphere comprises two metallic rings,
perpendicular to one another and rigidly joined to-

Fig. 1.9. A scheme of the astrolabon (armilla).

Fig. 1.10. A scheme of the armillary sphere.
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Fig. 1.11. The armillary sphere made in the XVI century; it
used to belong to Tycho Brahe (1598). It is almost indistin-
guishable from the instrument used by the “ancient” Ptolemy
in the II century A. D. These instruments are most likely to
date to the same epoch — the XV-XVII century. Taken from
[1029], page 13.

gether in points E; and E,. Let us henceforth refer to
the rings as the “first” and the “second” (see fig. 1.9).
The first ring rotates around the axis NS, which is
parallel to the axis of telluric rotation. The centre of
both rings is point O; P, P, is the perpendicular to the
second ring’s plane.

Let us describe how one uses the armilla in order
to measure the angle between the ecliptic and the equa-
tor, for example. The most appropriate time for such
measurements falls over the day of summer or winter
solstice. The corresponding point on the orbit of the
Earth is marked O' in fig. 1.13. It doesn’t matter
whether it corresponds to summer or winter solstice.
Let us consider the plane that crosses the radial vector
CO', where Cis the Sun, and the Earth axis is indicated
as NO'. Since O'is the solstice point, this plane will be
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orthogonal to the plane of the ecliptic, crossing the
Earth surface along the meridian, qv in fig. 1.13.

Let us assume that the armilla is installed some-
where along this meridian. The instrument can be lo-
cated anywhere on the surface of the Earth, but the
measurements must begin at midday, which is when
the instrument shall be on the meridian that is the
intersection of said plane and the surface of the
Earth. We assume the observer to know the direction
of the Earth axis in this part of the Earth; therefore,
the armilla’s NO axis shall be oriented in this direc-
tion, parallel to axis NO', qv in fig. 1.13. Then, by ro-
tating the first metallic ring around the armilla’s axis
NS, we shall install this ring in the plane of the merid-
ian, which will happen when the shadow from the ex-
ternal edge of the ring shall cover the inner part of
the ring exactly. Finally, having fixed the plane of the
first ring, we must make the second ring orthogonal
to the first, so that its inner part would be covered
by the shadow cast by its outer part. Fig. 1.13 demon-
strates that the second ring shall end up right in the
plane of the ecliptic as a result of these manipulations
(more precisely, it shall be parallel to the ecliptic
plane). As we have fixed both rings in the necessary
position, the perpendicular P,P, to the second ring
shall also be fixed, thus marking the pair of polar
points P, and P, on the first ring. We shall therefore
be able to measure the angle P,ON with sufficient
precision; it is obviously equal to the angle between
the ecliptic and the equator.

We have described the method that was allegedly
used by the ancient astronomers. Despite the geo-
metrical simplicity of the idea, one can clearly see the
numerous complications that introduce different er-
rata into the numeric value of the measured angle. In
particular, the observer must know the following pa-
rameters:

a) the direction of axis ON, which is parallel to the
axis of the Earth;

b) the day of solstice;

¢) the moment of midday in this point of Earth
surface.

R. Newton made the following justified remark:
“The primary shortcoming of this instrument is that
one has to be rather quick when one uses it, since the
rotation of the Earth has a negative effect on the pre-
cision of the device” ([614], page 150). Indeed, in
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fig. 1.13 we can see that the rotation of the Earth be-
gins to turn the instrument around axis O'N, which
renders the above considerations invalid.

Strictly speaking, the points O (the centre of the
armilla) and O’ (the centre of the Earth), as seen in
fig. 1.13, are different points. The distance between
the two is equal to the radius of the Earth. However,
this discrepancy is negligibly small for the above cal-
culations. Therefore, we can assume that O = O’ in-
sofar as these measurements are concerned, as shown
in fig. 1.13.

Let us come back to the measurements of the eclip-
tic coordinates with the aid of the armilla.

After the correct installation of the device as de-
scribed above, it is tuned to the ecliptic coordinate
system for a short time, namely, the plane of the sec-
ond ring E,E, is parallel to the ecliptic plane. Points
E, and E, shall correspond to the solstice points. Both
rings are presumed graded. Therefore, we can unam-
biguously define points R, and R, on the second ring,
which shall correspond to the equinoxes. They divide
arcs E, and E, in two halves. Points R, and R, are omit-
ted from fig. 1.13 so as not to make the illustration too
cluttered. Thus, what we have on the second ring is a
scale with a fixed initial reference point ( R,, for in-
stance, which is the vernal equinox point). We can
thus measure ecliptic longitudes and latitudes of
points on the celestial sphere, such as stars.

However, let us reiterate that the daily rotation of
the Earth quickly sets off the precision of the instru-
ment. Therefore, one needs a precise chronometer in
order to compensate for the rotation of the Earth and
tune the instrument. This is how the modern meas-
urement instruments are constructed — the rotation
of the Earth is compensated by the automatic track-
ing system.

In order to facilitate the measurements of celestial
objects’ ecliptic coordinates, a third ring is usually
added to the armillary sphere — a rotating one. The
axis of its rotation can, it turn, slide along the second
ring, which is positioned in the plane of the ecliptic.
We shall omit these details, since they are of little im-
portance to us.

Let us now consider the third instrument, or the
quadrant (see fig. 1.14). This instrument is based on
the meridian circle and has a sharp pointer at its cen-
tre, which is perpendicular to the plane of this circle.
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Fig. 1.12. “The large armillary sphere of Tycho Brahe for
measuring the angular distances between luminaries” (from
Mechanics Rejuvenated by Astronomy, a work of Tycho
Brahe. Windsbeck, 1598. Taken from [926], page 62.

The shadow from the pointer falls over the lower
(northern) side of the meridian circle and can move
within the confines of one quarter of the circumfer-
ence. Therefore, in order to measure the height of the
Sun it suffices to grade one quarter of the ring. The
quadrant is therefore a plate of some sort with a
graded quarter of a circle installed in the plane of the
meridian. The height of the Sun above the horizon
at midday is indicated by the shadow of the pointer
that falls over the scale.

In fig. 1.15 we see the astronomical quadrant from
a mediaeval book of 1542 by Oronce Fine ([1029],
page 19).

Fig. 1.16 shows us a small quadrant with a radius
of 39 centimetres, which belonged to Tycho Brahe
([1029], page 26).
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Fig. 1.13. A scheme of utilising the armilla for the measurement of the angle between the equator and the ecliptic, for instance.

In fig. 1.17 we see Tycho Brahe’s sextant with a ra-
dius of 1.55 metres, and in fig. 1.18 — another sextant
of Tycho Brahe of the same size ([1029], page 26).

In fig. 1.19 we see the astronomer Hevelius por-
trayed performing measurements with the aid of the
sextant ([1029], page 67).

The fourth instrument is the astrolabe (see fig.
1.20). The mediaeval astrolabe is a round metallic
plate with a diameter of some 50 centimetres, with a
graded ring mounted rigidly on one of its edges. At
the centre of the ring there is a mobile plank with vi-
sors mounted on an axis perpendicular to the centre

Fig. 1.14. A scheme of the quadrant.

of the circle. The instrument can be suspended ver-
tically; there is a special loop at the edge of the plate
that serves this purpose. The plane of the vertically
suspended circle could be directed at a celestial body,
likewise the rotating mobile plank. This is how the
body’s height above the horizon was measured. Apart
from that, after the measurement of the height of the
Sun at midday, one could also measure the observa-
tion latitude. The precision of such measurements
must have been rather low due to the primitive na-
ture of the method used. It is believed that the in-
strument in question could measure the observation

CRRRT
......

CONLNTLITS

Fig. 1.15. An astronomical quadrant from a mediaeval book
by Finney. Taken from [1029], page 19.
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Fig. 1.16. A small quadrant of Tycho Brahe (1598). Taken Fig. 1.17. The sextant of Tycho Brahe (1598). Taken from
from [1029], page 26. [1029], page 26.

Fig. 1.19. The astronomer Hevelius is using a large sextant
Fig. 1.18. Another sextant that belonged to Tycho Brahe for observations, assisted by his wife. Ancient engraving dat-
(1598). Taken from [1029], page 26. ing to 1673. Taken from [1029], page 67.
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Fig. 1.20. A scheme of the astrolabe.

point latitude with the precision of several arc min-
utes ([614]).

In fig. 1.21 we see an old astrolabe of 1532 (Georg
Hartmann, Nuremberg). We see the front and the re-
verse of the astrolabe.
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In fig. 1.22 we reproduce an old picture of the fa-
mous mediaeval astronomical instrument known as
“the Turkish tool”, or “torquetum” (“turquetum”).
Specialists in the history of science tell us the follow-
ing: “The ‘torquetum’ (or ‘turketum’), whose name
can be translated as ‘the Turkish tool, was character-
istic for the mediaeval European astronomy, and em-
bodies the intellectual heritage of Ptolemy as well as
the Islamic tradition... The torquetum was used for
measuring all three types of astronomical coordinates
and the conversions between different types of coor-
dinates, which was stipulated by the Ptolemaic plan-
etary theory” ([1029], page 17). The instrument
shown in fig. 1.22 belonged to Petrus Apianus (1497-
1552). We are therefore told that the mediaeval Turks
“revived” the Ptolemaic theory of measurements,
manufacturing the necessary tools after many years
of oblivion — namely, fifteen hundred years later than
the “ancient” Ptolemy.

As we are beginning to realise, the mediaeval Ot-
toman turketum was a contemporary of the Ptole-
maic devices. These instruments were made in the
XV-XVII century.

Fig. 1.21. The astrolabe of Georg Hartmann from Nuremberg. We see both the front and the reverse sides of the instrument.

Taken from [1029], page 15.
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Fig. 1.22. A mediaeval instrument known as turketum
(“Turkish”). Designed for estimating several types of celestial
objects’ coordinates. It was also utilised in Ptolemaic plane-
tary theory (Werner, 1533). Taken from [1029], page 18.

1.
TIMEKEEPING AND TIMEKEEPING DEVICES
IN MEDIAEVAL ASTRONOMICAL
OBSERVATIONS

As we have pointed out earlier, in order to conduct
precise astronomical observations, the ancient as-
tronomers needed a chronometer with a minute hand
or some equivalent thereof. It would be expedient to
recollect the history of mediaeval timekeeping in this
respect in order to compare the precision of mediae-
val timekeeping devices to the relative precision of the
coordinates included in mediaeval star catalogues,
the Almagest catalogue in particular.

In general, it has to be mentioned that the very
concept of time was rather idiosyncratic in the Middle
Ages. The analysis of the ancient documents demon-
strates that this concept differed from the modern to
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a great extent. In particular, time was often consid-
ered “anthropomorphic” before the invention of the
clock — more specifically, its character and speed
would depend on the nature of events. As we already
reported in CHRON1, “before the XIII-XIV century
timekeeping devices were a rarity and a luxury.
Sometimes even the scientists would lack them. The
Englishman Valcherius ... regretted the fact that the
precision of his lunar eclipse observations of 1091
was impaired by the absence of a chronometer”
([1461], page 68). Timekeeping devices of low preci-
sion were introduced in the Middle Ages: “the usual
timekeeping devices in mediaeval Europe were sun-
dials ... hourglasses and clepsydrae. However, sun-
dials were only useful for sunny days, and clepsydrae
remained a rarity” ([217], page 94).

In fig. 1.23 we see the astronomical rings of the
XVII-XVIII century, which were used for telling the
time by the Sun in particular. The method of their use
is shown in an old drawing that we reproduce in fig.
1.24. In fig. 1.25 one sees an old hourglass.

Mass production of clepsydrae falls over the XIII-
XIV century. Clepsydrae were used by Tycho Brahe
(1546-1601). He used them in order to measure plan-
etary velocities ([954], page 36). In the Middle Ages
“the clepsydra was a popular device, its low precision
notwithstanding. In order to make them more pre-
cise, the constructors of the clepsydrae had to take
into account the fact that the water doesn’t leave the
vessel at a constant speed — the latter depends on the
pressure, that is to say, the greater the level of water
in a vessel, the greater the pressure. The constructors
of the clepsydrae improved the construction some-
what, making it more complex, so that the clock
wouldn’t slow down as the vessel on top emptied...
However, clepsydrae had the tolerance of around 10-
20 minutes per day, and even the best scientists of
the epoch couldn’t think of a way to make them sub-
stantially more precise” ([288], pages 32-33).

At the end of the IX century candles were used
widely for timekeeping purposes. For instance, Alfred,
King of England, took candles of different length along
on his voyages and ordered to light them one after
another ([217], page 94). This method of timekeep-
ing was still used in the XIII-XIV century — in the
reign of Charles V and other monarchs of the epoch.
Timekeeping candles were known as “the fire clock”
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Fig. 1.23. An instrument of the XVII-XVIII century that was
used for solar timekeeping, among other things. Taken from
[1029], page 21.

Many countries preserved this timekeeping method
for a long time. “The Japanese, for example, used time-
keeping devices consisting of various incense sticks
leaning one against another as recently as 200 years
ago. One could ‘smell’ the hour by their aroma, as it
were. The Europeans used ‘fire clocks’ as well — they
were candles with special markings” ([954], page 37).
We can see that all these “ancient” timekeeping meth-
ods were used relatively recently; one must think, they
were invented not so very long ago.

“Fire clocks” were used in China for a long time
as well. Special kinds of powdered wood were made
into a paste, which would then be rolled into sticks
of various shapes — spirals and so on. Occasionally,
metal balls were tied to these sticks in certain places.
As the stick burned, they would fall into a vase and
make a sound. “The precision of ‘fire clocks’ also left
much to be desired — apart from the difficulty of mak-
ing perfectly uniform sticks and candles, the speed of
their combustion always depended on the atmos-
pheric conditions (wind, fresh air supply etc)” ([288],
pages 30-31).
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The hourglass was another popular timekeeping
device of the Middle Ages. “The precision of the hour-
glass depends on the stability of the sand flow. In
order to make the hourglass more precise, one needs
to use sand of as uniform a texture as possible, soft,
dry and forming no lumps inside the vessel. Mediae-
val craftsmen of the XIII achieved this by boiling the
mixture of sand and marble dust with wine and
lemon juice, skimming it, then drying and repeating
the process nine times over. All of these measures
notwithstanding, the hourglass remained a time-
keeping instrument of low precision” ([288], page 30).
In the XII century, the secular rulers of Mons who
wanted to begin a process at a given time had to con-
sult with the ecclesiastic authorities about the time of
day” ([1037], pages 117-118).

Nowadays it is believed that the first mention of a
mechanical chronometer dates from the end of the
VI century A.p. ([797]). Then the devices disappear
for a long time to resurface already during the Ren-
aissance. According to the specialists in the history of
sciences, “the first mechanical clock was made by the
ingenuous and curious Italian craftsmen in the XIII
century” ([954], page 38). The principle of their con-
struction is simple enough — a rope with a weight on
its end is woven onto a horizontal shaft. The weight
pulls the unwinding rope, which rotates the shaft. If
we are to attach a hand to the shaft, it will tell the time.
Despite the simplicity of the principle, its practical re-
alisation required a stable slow rate of shaft rotation.
This purpose was achieved by means of using nu-
merous wheels, which transferred the rotation of the
shaft to the hand, and clever regulators of all kinds,
installed to make the shaft rotation rate more or less
uniform. “Mechanical clocks were constructions of
formidable size. Enormous clockwork mechanisms
were installed on the towers of cathedrals and palaces”
([954], page 38). A flywheel from Tycho Brahe’s clock
had 1200 notches and a diameter of 91 centimetres”
([288], page 35). “The wheels of some clocks weighed
hundreds of kilos. Due to the large weight of their
parts and substantial friction, wheel-based mechan-
ical clocks required lubrication and constant main-
tenance. The daily tolerance rate of such clocks
equalled several minutes” ([288], page 35).

“It was only in the XV century that the spring re-
placed the shaft and rope in clockwork mechanisms.
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The weight of clocks was reduced dramatically. Crafts-
men of the early XVI century mastered the con-
struction of mobile spring-based clocks that weighed
3 or 4 kilos. They were the rather heavy ancestor of
the modern mechanical watch” ([954], page 39).

The invention of the clock with a minute hand
must have been followed by the compilation of a
more or less precise longitudinal star catalogue. What
is the significance of the minute hand? The matter is
that the celestial sphere and all the objects seen upon
it rotates at the speed of one degree per 4 minutes;
therefore, a star passes 15 arc minutes per minute of
time. Star catalogues contain coordinates of stars in-
dicated with arc minutes — therefore, in order to make
the catalogue precision tolerance equal circa 15 arc
minutes, one needs to be able to track the time in-
terval of one minute on a timekeeping device. The tol-
erance of circa 10 minutes (as in the Almagest, for in-
stance) requires the ability of measuring 40-second
intervals reliably. Higher precision of a catalogue re-
quires a higher precision of timekeeping devices. Of
course, the observers could use their intuition for the
measurement of short time intervals (one minute
and less), but this would introduce subjective errata
into the catalogue.

Thus, the ancient astronomers who claimed their
catalogues to have a tolerance of 10' needed to have
a chronometer with a minute hand or some analogue
thereof at their disposal. However, Ptolemy, who gives
us a detailed description of all the instruments re-
quired for the measurements of stellar coordinates
(the armillary sphere etc) doesn’t mention any chron-
ometers and altogether refrains from the discussion
of the timekeeping problem and its direct relation to
the observations of the celestial sphere, which is in a
constant motion.

The hypothesis that chronometers with a minute
hand could exist in the II century A.D. contradicts
Scaligerian information about the history of time-
keeping devices, as we shall shortly see.

Also, the above implies that if we really discover
some sort of catalogue whose precision tolerance
equals 10 arc minutes as declared by the author of the
Almagest, and this tolerance is verified by statistical
research, we shall have a good reason to assume that
the compiler of the catalogue was using a clock with
a minute hand or some equivalent of it.
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Fig. 1.24. The astronomical rings of Gemma Frisius. “A port-
able equatorial instrument that could be used at any latitude
... for solar timekeeping, as well as many other approximated
astronomical observations (Apianus, 1539). Taken from
[1029], page 21.

According to the history of timekeeping, the hour
hand was introduced into the mechanism of a clep-
sydra in the XIII century A.p. ([544], Volume 4, page
267) or even later. The timekeeping devices in ques-
tion had no pendulum, and were therefore of low
precision. It was only in the XIV century A.D. that dif-
ferent cities of mediaeval Europe got tower clock-
work mechanisms (Milan in 1306 and Padua in
1344). 1t is reported that they were built by a certain
Dondi Horologiu. Clocks with springs moved by a
weight were only brought into existence in the XV
century. Walther was the first to use them for astro-
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Fig. 1.25. Ancient hourglasses. Cambridge, Whipple Museum.
Taken from [1029], page 31.

Fig. 1.26. The first chronometer created by John Harrison in
1735. The height of the instrument is 408 millimetres. Taken
from [1029], page 140.
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nomical observations, followed by many others up to
Tycho Brahe ([544], Volume 4, pages 267-268).

According to the history of sciences, “various me-
chanical clocks only had the hour hand initially. In the
middle of the XVI century the minute hand was in-
troduced, and the second hand’s invention took place
200 years later” ([954], page 39). The invention of the
mechanical clock’s minute hand is usually dated to
1550 A.D. ([288], page 36). It is believed that the first
chronometer was only constructed in the XVIII (1785,
by John Harrison). Harrison lived around 1683-1776
([1029], page 139). Harrison’s chronometer is a com-
plex enough instrument; it can be seen in fig. 1.26.

The modern mechanical clock, including the pen-
dulum, was invented by Huygens in 1657 ([797]). In
1561 the Kassel observatory was built — a unique con-
struction, since it was the first to embody the princi-
ple of rotating roof (a device used in most modern
observatories). After the death of Regiomontan and
Walther, Landgrave Wilhelm IV of Hessen-Kassel
(1532-1592), the creator of said observatory, con-
ducted extensive observations of immobile stars (see
Chapter 11 below). In general, “the primary purpose
of the Kassel observatory was the compilation of a star
catalogue ... The most remarkable innovation was the
clock used for timekeeping and measurements in-
volving the motion of the celestial sphere. The con-
struction of a clock whose precision was adequate
for this purpose owes its successful implementation
to the mechanical genius of Biirgi [1522-1632 —
Auth.], and, in particular, to his discovery that the
clock can be regulated by the pendulum — apparently,
he hadn’t made any attempts of making this inven-
tion public, and so the pendulum was reinvented be-
fore it could be acknowledged by everyone [in re the
discovery of Galileo and Huygens — Auth.]. By 1586,
the positions of 121 stars were registered with the
greatest care, but the complete catalogue, which was
supposed to contain over 1000 stars, has never been
finished” ([65], page 118).

The activity of Tycho Brahe, who worked in the
same epoch, soon completely outshone the efforts of
the Kassel observatory. It is curious enough that the
scientists of the Kassel observatory already used re-
fraction compensation to counteract the errata in-
troduced by the refraction of sunlight in the atmos-
phere ([65], page 118).
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It was only in the time of Huygens that the clock
became an integral part of many astronomical in-
struments: “One of the inventions made by Huygens
completely revolutionized the art of precise astro-
nomical observation. Huygens attached the pendu-
lum to the clock that was set in motion by weights,
in such a manner that the clock maintained the pen-
dulum in motion, which, in turn, regulated the mo-
tion of the clockwork.

It is likely that Galileo planned to unite the pen-
dulum and the clockwork mechanism towards the
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end of his life, but we have no proof that he ever
managed to make this idea come alive.

This invention has given us the opportunity to
make precise observations, and, noting the gap be-
tween two stars crossing the meridian, deduce their
angle distance to the west or the east, knowing the
speed of the celestial sphere’s motion.

Picard was the first to appreciate the importance
of this invention for astronomy, introducing correct
timekeeping in the newly built Paris Observatory”
([65], page 177).
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A preliminary analysis
of the Almagest star catalogue

1.
THE CATALOGUE STRUCTURE

The Almagest star catalogue comprises its seventh
and eighth books. We were using the canonical edi-
tion of the Almagest star catalogue for our research,
as published by Peters and Knobel ([1339]), as well
as the two complete editions of the Almagest trans-
lated by R. Catesby Taliaferro ([1355]) and Toomer
([1358]). The first Russian translation of the Almagest
came out in 1998 ([704]).

Before we give our characteristic to the catalogue,
it would be expedient to remind the reader of a few
concepts used in literature on the history of astronomy.

The Almagest star catalogue was compiled in the
ecliptic coordinate system. As we mentioned earlier,
in most of its editions and copies stellar latitudes are
rendered to the epoch of circa 60 B.c. In other words,
the initial longitudinal reference point was recalcu-
lated by someone to correspond to the position of the
sun in relation to the stars as they would appear to
the observer from the middle of the I century a.p. on
the day of vernal equinox.

Stellar longitudes as indicated in the Almagest cat-
alogue relate to the so-called even Zodiac as counted
off the vernal equinox point of a given epoch. Let us
explain that the even or “monthly” Zodiac is a mere

division of the ecliptic into twelve equal parts as stip-
ulated by the epoch of observation. It has to be em-
phasised that (strictly speaking) the even Zodiac is
defined by the observable solar trajectory on the ce-
lestial sphere and not the zodiacal constellations per
se. The ecliptic arc covered by the Sun during the first
month of “march” (not the calendar march, but the
month that begins on the day of vernal equinox) is
commonly referred to as “Aries”. The next “equinoc-
tial month of April” is when the Sun passes through
the constellation of Taurus of the even Zodiac. Next
come Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagit-
tarius, Capricorn, Aquarius, and, finally, Pisces. This
is how the annual ecliptic circle ends. Thus, the even
Zodiac can be regarded as a simple way of dividing the
ecliptic into 12 equal 30-degree parts starting with the
vernal equinox point for a given epoch. Precession
makes this initial point of reference shift along the
ecliptic at the rate of circa 1 degree per seventy years.
These shifts are significant, but relatively small as com-
pared to the thirty-degree span of a whole sign. There-
fore, the even Zodiac, once chosen for its approximate
correspondence to the constellations of the Zodiac, re-
tains this correspondence to this day. In other words,
if the Sun is in Aries (or March, according to the even
Zodiac), it shall be near the zodiacal constellation of
Aries. The reverse is possible as well — namely, that the
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Table 2.1. Signs of the even Zodiac corresponding to
30-degree arcs (or longitudinal intervals) as counted
from spring equinox point of the current epoch.

Abbreviated  Longitudinal

Latin name of a sign Latin name interval
Aries Ari 0-30
Taurus Tau 30-60
Gemini Gem 60— 90
Cancer Can 90-120
Leo Leo 120 - 150
Virgo Vir 150 — 180
Libra Lib 180 -210
Scorpius (Scorpio) Sco 210 -240
Sagittarius Sag 240 -270
Capricornus (Capricorn) Cap 270 - 300
Aquarius Aqu 300-330
Pisces Pis 330 - 360

boundaries of zodiacal constellations were once de-
fined in such a manner as to correspond to the even
Zodiac - the visible solar route, or the ecliptic, divided
into twelve even parts.

In table 2.1 we cite the complete list of signs (or
arcs) that comprise the even Zodiac. All of them are
counted off the variable vernal equinox point.

Stellar longitudes were transcribed with the aid of
these arc signs (or month signs) in the Middle Ages.
For instance, “15°20" in Taurus” stood for 45°20' as
counted off the current vernal equinox point (or some
other point chosen as referential by the authors of a
given catalogue for reasons of their own). It has to be
stated that the equinox point didn’t always serve the
referential purpose in the old catalogues. Let us con-
sider another example: “15°20' in Libra” would mean
225°20' as counted off the point of reference. See table
2.1. This is how the longitudes are transcribed in the
Almagest catalogue.

Ecliptic latitudes of stars in the Almagest are in-
dicated according to a simpler principle — namely,
they are counted off the ecliptic that corresponds to

the latitudinal zero degree and up to the ecliptic pole

corresponding to the 90th latitudinal degree. The
Alpha of Ursa Minor, for example, has the latitude of
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+66°0' in the Almagest. The “+” or “~” here refer to
the respective location of the star in the Northern or
Southern Hemisphere.

As we have pointed out already, zodiacal signs do
not correspond to zodiacal constellations, which is
why the stars that pertain to a single zodiacal con-
stellation can wind up in different zodiacal signs.

The canonical version of the Almagest catalogue
contained in the work of Peters and Knobel ([1339])
is presented as a table that consists of six columns.

The first column contains the index number of a
given star in the Almagest. This numeration was de-
vised by the astronomer Bailey. Surviving manuscripts
of the Almagest contain no numerical indexation.
Bailey was a famous commentator and researcher of
the Almagest. According to Bailey, the sum total of
stars listed in the Almagest equals 1028. There are
minute discrepancies between the estimates of dif-
ferent researchers, one of the reasons for their very ex-
istence being the fact that some stars were listed twice
in the Almagest (see [1339] for more details).

The stars are grouped by constellation in the Al-
magest; each of the constellations has a name. The
Almagest lists 48 constellations all in all; we shall cite
the actual list below. Some constellations have annexes
referred to as “Informata” — auxiliary stars that weren’t
included in the main list of stars comprising a given
constellation. The Latin term “informata” translates as
“shapeless” or “amorphous” (“informis”, “informitas”
etc). In other words, the main list apparently contains
the stars that the ancient astronomer believed to form
the “skeleton” of the constellation, whereas the stars
listed as “informata” provide the “backgrouond” of
sorts. It is possible that the compiler of the catalogue
believed the stars of the informata category to be of a
lesser importance than the “main” stars. One must
bear in mind that the ancient astronomy was closely
linked to astrology, where the visual outline of a con-
stellation was of paramount importance. Some of the
Almagest constellations have no informata whatso-
ever. A full list of constellations can be found below,
in table 2.2.

The second column of the table in [1339] contains
averbal description of the star in question and the part
it plays in the general shape of a given constellation.
Such descriptions are often rather vague. For instance,
the Alpha of Ursa Minor is referred to as “the star on
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the tip of the tail” in the Almagest. In the canonical
version of the Almagest ([1339]) verbal descriptions
of stars were taken from the Latin edition of 1528
translated by Trebizond. They were verified by the
Greek edition. It is believed that the initial language
of the Almagest was Greek. See Chapter 11 for more
details concerning the history of the Almagest’s man-
uscripts and first editions.

The modern names of the stars can be found in the
third column of the table in [1339]. Actually, this col-
umn contains the names of the Almagest stars iden-
tified on the star chart of today. Said identifications
are the result of much labour performed by the sci-
entists whose research involved the Almagest. What
complicates such identifications is the rather whim-
sical nature of the verbal descriptions in question.
Moreover, the very figures of constellations could vary
from one astronomical school to another over the
course of years. Therefore, the identification of the
Almagest stars as some of the stars that we know today
is anything but self-implied. Obviously enough, this
is the very first problem to solve before we can pro-
ceed to analyse other characteristics of the catalogue.

An enormous body of work was conducted by the
XVII-XIX century astronomers in order to identify
the Almagest stars. The final version can be found in
[1339]. We shall forthwith refer to it as “canonical”.
The same source ([1339]) contains the table of dis-
crepancies between the opinions of different special-
ists in re the identification of a given star. This table
contains several such identifications of Almagest stars.

The fourth column contains the ecliptic longitude
of a star as related to the arc (or sign) of the even Zo-
diac that the longitude value in question falls over.

The fifth column contains the star’s ecliptic lati-
tude.

The sixth column corresponds to the “brightness”
(or size) of the star.

2.
THE ANALYSIS OF THE DISTRIBUTION
OF RELIABLY AND POORLY IDENTIFIABLE
STARS IN THE ALMAGEST

The book ([1339]) contains a table entitled “Iden-
tification Discrepancies”, which deals with the differ-
ent identifications of certain Almagest stars made by
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the following famed researchers: Peters, Bailey, Schjel-
lerup, Pierce and Manitius. Different identifications
of certain Almagest stars on the celestial sphere of
our epoch suggested by said astronomers are also in-
dicated.

We have partially processed this enormous body of
material. First of all, it is very useful to indicate the lo-
cation of the constellations mentioned in Ptolemy’s
star catalogue geometrically. Let us use a modern map
that specifies constellation boundaries for this end. In
fig. 2.1. these boundaries are represented as uninter-
rupted zigzagged lines. This is an approximated rep-
resentation, of course, since the ancient constellations
had no rigidly defined borders. However, it suffices for
arough estimate, therefore we can assume that fig. 2.1
gives us a correct qualitative representation of how
the Almagest constellations are positioned on the ce-
lestial sphere.

Let us compare this illustration to the star chart
(with drawn constellations) from the first editions of
the Almagest — in Greek and in Latin, dating from the
XVI century a.p. In fig. 2.2 we see a star chart of the
Northern hemisphere drawn by Albrecht Diirer, and
in fig. 2.3 — the chart of the Southern hemisphere by
the same artist. Diirer created these maps in 1515 (see
[544], Volume 4, pages 204-205; also [90], pages 8-9).
Diirer’s map of the Northern Hemisphere was in-
cluded in the 1527 edition of the Almagest ([90],
page 8). Diirer’s star chart of the Southern Hemi-
sphere saw another edition in 1527, slightly altered
(we reproduce it in fig. 2.4).

In figs. 2.5 and 2.6 we see two more star charts in-
cluded in another edition of the Almagest (dating
from 1551). It is very peculiar that although the “an-
cient” Ptolemy is supposed to have lived in the II cen-
tury A.p., some of the constellation figures are dressed
in mediaeval attire ([543], pages 216-217).

In figs. 2.7 and 2.8 we also reproduce the maps of
the Northern and Southern hemisphere compiled in
accordance with the Almagest by the astronomer
Bode in the XVIII century.

Diirer’s star chart does not contain any precise
borders of Almagest constellations. The matter is that
Diirer merely drew the symbolic figures of zodiacal
constellations — Hercules, Pegasus etc. Nevertheless,
a comparison with the modern star chart demon-
strates that modern constellation borders are in good
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Fig. 2.1. Modern boundaries of the constellations mentioned by Ptolemy in the Almagest.
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Fig. 2.2. Star chart of the Northern Hemisphere drawn by Albrecht Diirer in 1515. Taken from [544], Volume 4, page 204. See
also [90], page 8.
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Fig. 2.3. Star chart of the Southern Hemisphere drawn by Albrecht Diirer in 1515. Taken from [544], Volume 4, page 105.



60 | HISTORY: FICTION OR SCIENCE? CHRON 3 | PART1

Fig. 2.4. Diirer’s star chart of the Southern Hemisphere, published once again in 1527 — this time somewhat altered. According
to the commentators, “the decorative framing was added subsequently, and includes a portrait of the painter” ([90], page 9).
There was nothing of the kind in the map of 1515. Taken from [90], page 9.
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correspondence with the figures from Diirer’s star
charts in the Almagest.

In fig. 2.9 we reproduce a page of the star catalogue
from an edition of the Almagest that dates from 1551.
In fig. 2.10 one sees a page from the Greek version of
the Almagest that was written in the IX century
([1374], page 143). A page from another version of
the Almagest (in Latin, dating from the XIII-XIV cen-
tury) is reproduced in fig. 2.11. In fig. 2.12 we see a
page from George Trebisond’s Latin version of the
Almagest (circa 1481 A.D. — see [1374]). It is most
likely that all these editions hail from the XVI-XVII
century the earliest. We shall consider the issue of
their dating in the chapters that follow. Let us return
to the Almagest star catalogue.

In fig. 2.1 the shaded circle represents the ecliptic.
The wide vertical stripe curved leftwards is the Milky
Way. Of course, its borders are defined rather ap-
proximately and demonstrate the distribution of the
densest parts of the Milky Way. Inside the regions
that correspond to constellations we have indicated
their names and numbers in accordance with the Al-
magest. For example, Ursa Minor is the first constel-
lation listed in the Almagest, Ursa Major is the sec-
ond, Draco is the third etc.

The Almagest contains twelve named stars, or stars
that possess proper names. Verbal description of such
stars always contains the formula “vocatur” (which
translates as “named”). Thus, “vocatur Arcturus”
stands for “star named Arcturus”. All these stars are
represented as large black dots in fig. 2.1. They are as
follows: Arcturus, Previndemiatrix, Spica, Regulus,
Acelli, Sirius, Procyon, Lyra = Vega, Cappella, Aquila,
Canopus and Antares. We see that most of them hap-
pen to be located to the right of the Milky Way, on
Milky Way or in its immediate vicinity. Canopus is de
facto located outside of the star chart, since the star
in question lies very far in the South.

Let us enquire about the order of constellations in
Ptolemy’s list. This purpose stipulates the compilation
of a new chart where every constellation is replaced
by the symbolic representation of its centre (a light
circle, qv in fig. 2.13). Obviously enough, constella-
tion centres can only be defined approximately, but
no great precision is needed here, since we are only
interested in a rough qualitative picture. Let us then
draw arrows to link adjacent constellations together.
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We shall end up with a curve whose motion from
one constellation to another reflects the order of con-
stellations in Ptolemy’s list. It is remarkable that the
resulting curve attains the shape of a spiral that be-
gins with Ursa Minor and goes clockwise, up to the
very end of the Almagest list. This is precisely where
the celestial pole is, qv in fig. 2.1. Right next to it, in
Draco, we have the North Pole as well as the pole of
the ecliptic. Let us follow the order of Ptolemy’s mo-
tion across the celestial sphere as he lists the constel-
lations (see the curve in fig. 2.13).

The curve will obviously be divisible into several
parts. First Ptolemy lists all the constellations num-
bered 1-8, namely, the constellations of Ursa Minor,
Ursa Major, Draco, Cepheus, Boétes, Corona Borealis,
Hercules and Lyra. They are located in the area bor-
dered by the zodiacal belt on the right and the Milky
Way on the left.

Then the curve proceeds across the Milky Way.
Ptolemy lists all the constellations included in the Milky
Way or overlapping with the latter to a great enough
extent. Those are Cygnus, Cassiopeia, Perseus, Auriga,
Ophiuchus, Serpens and Sagitta (numbered 9-15).

Next Ptolemy deals with the area that lays to the left
of the Milky Way (its left borderline is defined by the
Zodiacal belt, qv in fig. 2.13). He consecutively lists the
constellations of Aquila, Delphinus, Equuleus, Pegasus,
Andromeda and Triangulum (numbered 16-21).

After that the curve moves on to the Zodiac and
goes around the centre of the star chart. Ptolemy pro-
vides a list of all twelve Zodiacal constellations,
namely, Aries, Taurus, Gemini, Cancer, Leo, Virgo,
Libra, Scorpio, Sagittarius, Capricorn, Aquarius and
Pisces (numbered 22-23).

Finally, Ptolemy leaves the Northern Hemisphere,
crosses the Zodiacal Belt and moves towards the
Southern Hemisphere, listing the constellations in
the following order: Cetus, Orion, Eridanus, Lepus,
Canis Major, Canis Minor, Vela, Hydra, Crater, Cor-
vus, Centaurus, Lupus, Ara, Corona Australis and
Piscis Austrinus (numbered 34-48). This is where the
Almagest star catalogue ends.

Thus, Ptolemy’s order of constellations is based
on a very obvious principle — the self-implied divi-
sion of the star chart into several regions.

We shall refrain from delving deep into the reasons
why the author of the catalogue chose to list the con-
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Fig. 2.5. Star chart of the Northern Hemisphere from a 1551 edition of the Almagest. Some of the constellation figures are wear-
ing mediaeval clothes, no less. Taken from [543], inset between pages 216 and 217.
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Fig. 2.6. Star chart of the Southern Hemisphere from a 1551 edition of the Almagest. The constellation of Orion, for instance,

looks like a mediaeval knight. Taken from [543], inset between pages 216 and 217.
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Fig. 2.7. Star chart of the Northern Hemisphere, compiled by the astronomer Bode in the XVIII century according to Ptolemy’s
Almagest. Published in Claudius Ptolemaeus Beobachtung und Beschreibung der Gestirne by J. E. Bode, 1795, page 238. Taken
from [544], Volume 4, inset between pages 184 and 185.
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Fig. 2.8. Star chart of the Southern Hemisphere, compiled by the astronomer Bode in the XVIII century according to Ptolemy’s
Almagest. Published in Claudius Ptolemaeus Beobachtung und Beschreibung der Gestirne by J. E. Bode, 1795, page 238. Taken
from [544], Volume 4, inset between pages 184 and 185.
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Fig. 2.9. Fragment of the star catalogue from a 1551 edition
of the Almagest.

stellations in this particular way — let us simply point
out the naturally occurring regions that the Almagest
star atlas can be divided into (see fig. 2.14).

Region M is the Milky Way, which divides the sky
into two parts. Then we have region A, which is the
part of the celestial sphere that lays to the right of the
Milky Way and goes up unto the very Zodiacal belt,
comprising the right part of the latter. Region A con-
tains a part that consists of Zodiacal constellations ex-
clusively; we shall indicate it as “Zod A"

Next we have region B — the part of the sky to the
left of the Milky Way that reaches up to the zodiacal
belt and includes some of the latter’s left part — thus,
the part of this region that consists of Zodiacal con-
stellations exclusively shall be labelled “Zod B”. Finally,
region D is the southernmost part of the celestial
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sphere to the left of the Milky Way, which lays to the
right of the Zodiac in fig. 2.14.

As we shall see below, such division of the Alma-
gest star atlas is anything but random and possesses
several remarkable properties that permit a deeper
understanding of the statistical characteristics of the
Almagest star catalogue.

Let us point out the specific and rather interest-
ing manner of constellation listing characteristic for
the Almagest. For instance, the compiler of the cata-
logue would be perfectly justified to list the events
moving in a spiral and shifting between parts A and
B, making circular periodic movements around the
pole. However, Ptolemy opts for a completely differ-
ent approach. First he lists the constellations that lay
to the right of region M, then the constellations of that
actual region, followed by the ones found on its left,
the Zodiacal constellations, and, finally, the southern
stars. Ptolemy must have had some motives of his
own that have led to this particular choice; the nature
of his motivation is however of little importance to
us. We are interested in the result — namely, the ac-
tual method of listing stars as chosen above.

It is very important (and nowhere near obvious)
that the division of the Almagest star atlas into regions
is very closely linked to different “precision charac-
teristics” of said regions.

As we have already pointed out, specialists adhere
to different opinions in re the identification of some
Almagest stars. The table reproduced in [1339] con-
tains a list of all discrepancies between the opinions
of the five most prominent researchers and com-
mentators of the Almagest. But what does the very fact
of there being such discrepancies between the iden-
tifications of different Almagest stars tell us?

It tells us that the coordinates of the star with sev-
eral different identifications were not measured with
sufficient precision by Ptolemy. Since the stars of the
first and second magnitude constitute a minority, the
rest can only be identified by the coordinates indi-
cated in the Almagest. They need to be compared to
the coordinates of the modern stars in order to find
a fitting equivalent on the celestial sphere. Obviously
enough, this method, which is often the only one
available for the identification of an unnamed and rel-
atively dim star, works well only in cases where Ptol-
emy had measured the coordinates of the star in ques-
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Fig. 2.10. Greek version of Ptolemy’s Almagest, allegedly
manufactured in the IX century. Taken from [1374], page 143.

tion with sufficient precision. If there were serious
errata in the process of taking measurements, there
may be several identification options.

The situation becomes particularly complex when
the star under study is part of an agglomeration of
stars whose brightness is more or less uniform. There
may be many different identifications of a single Al-
magest star; the choice between them shall be hard
to make.

This is the reason for the controversial identifica-
tion of certain Almagest stars.

The “final” version of identifications as cited in
the catalogue of Peters and Knobel ([1339]) may have
a greater or a lesser priority as compared to the opin-
ions of other researchers. We shall so far refrain from
discussing this issue in greater detail, since it is quite
beyond the scope of our research. One finds the sci-
entific accuracy of Peters and Knobel most laudable
— they have diligently listed all the discrepancies be-
tween different identifications in a single table. We
shall use this table in order to perform a few simple
yet extremely useful calculations. They give us the
opportunity to make important corollaries concern-
ing the precision of Ptolemy’s stellar coordinate meas-
urements for different parts of the celestial sphere.

The above permits the acceptance of the hypoth-
esis that if some Almagest star cannot be identified
unequivocally, its coordinates in the Almagest must
contain errors. We can refer to such stars as “dubiously
identifiable” or “poorly identifiable”. Thus, if we con-
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Fig. 2.11. Latin version of the Almagest, allegedly dating from
the XIII-XIV century. Taken from [1374], page 146.

sider some fixed constellation, the proportion of “du-
biously identifiable” stars that it contains shall demon-
strate how many stars in this constellation weren’t
measured with sufficient precision. The calculation of
these proportions makes it possible to estimate just
how precisely Ptolemy measured the coordinates of
the star in question.

Thus, we can select the percentage of dubiously
identifiable stars as the precision criterion of Ptole-
my’s observations for a given constellation. In other
words, we need to calculate the value of (X/T) X 100%
for every constellation, where T stands for the sum
total of stars and X — for the number of dubiously

Fig. 2.12. Another Latin version of the Almagest, translated
into Latin by George Trebizond around 1481. Taken from
[1374], page 147.
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identifiable stars contained by the constellation in
question.

The end result shall accumulate a great deal of pre-
liminary work conducted by the previous researchers
of the Almagest. There was a great deal of such re-
search, therefore one has every reason to assume that
the average result of their activities may be considered
to represent a more or less veracious picture unaf-
fected by the subjectivism of certain specialists.

We have researched this issue and compiled our re-
sults into table 2.2. This table contains eight columns.

In the first column one finds the number of the
constellation as listed in the Almagest.

The second column contains a reference to the part
of the celestial sphere where the Almagest constella-
tion in question is located. Let us remind the reader
that there are seven such regions (we dubbed them
A, Zod A, B, Zod B, C, D and M, qv in fig. 2.14).

Th? th":d COhfmn contains the name of the con- Fig. 2.13. An illustrative presentation of the order in which
stellation (in Latin). Ptolemy lists the constellations in the Almagest. Constellation

The fourth column informs us of the percentage of centres are marked by white points in our scheme.
poorly identifiable stars in the “pure” constellation
(sans informata).

In the fifth column the above percentage is calcu-
lated for all the stars in a constellation, the informata
included.

The sixth column contains the percentage of poorly
identifiable stars in the actual informata.

The seventh column contains the number of stars
in a constellation. 3 ¥

The eighth column contains the number of stars in ==
the respective informata. Columns 5 and 6 are blank
in cases where there are no informata in a constella-
tion, with zero in column 8. Table 2.2. lists all 48 con-
stellations mentioned in the Almagest.
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SEVEN REGIONS OF THE ALMAGEST STAR
ATLAS SIGNIFICANTLY DIFFER FROM EACH
OTHER BY THE NUMBER OF RELIABLY
IDENTIFIABLE STARS
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Fig. 2.14. Approximated scheme of the well-measured and

. . . . badly-measured celestial areas from the Almagest. One can

n §ectlon 2 contain the following Almagest constel- plainly see that only some of the areas are characterised by ac-

lations: curate measurements and therefore stand out. The white area
- region A: constellations 1-8 and 24-29; was measured best in the Almagest.

Our analysis of table 2.2 implies the following:
CoRroOLLARY 1. The seven regions that we mention
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Constel- ) Percentage of poorly-identifiable stars Number of stars
lation Alrrfagest Latin name _of Papr— - —
celestial area | the constellation| I a “pure” |In a constellation In the In a “pure In the
number constellation | with informata | informata constellation informata

1 A Ursa Minor 0 0 0 7 1

2 A Ursa Major 3.7 11.4 38 27 8

3 A Draco 0 - - 31 0

4 A Cepheus 0 7.7 5 11 2

5 A Bootes 27.3 26 0 22 2

6 A Corona Boreal. 0 - - 8 0

7 A Hercules 10.3 10 0 29 1

8 A Lyra 10 - 10 0

9 M Cygnus 0 0 0 17 2
10 M Cassiopeia 23 - - 13 0
11 M Perseus 3.8 6.9 33.3 26 3
12 AM Auriga 214 - - 14 0
13 M Ophiuchus 25 20.7 0 24 5
14 M Serpens 0 - - 18 0
15 M Sagitta 0 - - 5 0
16 B Aquila 22.3 13.3 0 9 6
17 B Delphinus 20 - - 10 0
18 B Equuleus 100 - - 4 0
19 B Pegasus 10 - - 20 0
20 B Andromeda 13 - - 23 0
21 B Triangulum 0 - - 4 0
22 ZodB Aries 0 0 0 13 5
23 ZodB Taurus 21.2 25 36.4 33 11
24 ZodA Gemini 5.6 20 57 18 7
25 ZodA Cancer 0 23 75 9 4
26 ZodA Leo 11.1 17.1 37.5 27 8
27 ZodA Virgo 15.4 15.6 16.6 26 6
28 ZodA Libra 0 23.5 44.4 8 9
29 ZodA Scorpius 4.8 12.5 66.7 21 3
30 ZodB Sagittarius 12.9 - - 31 0
31 ZodB Capricornus 3.6 - - 28 0
32 ZodB Aquarius 26.1 244 0 42 3
33 ZodB Pisces 5.8 5.2 0 34 4
34 D Cetus 22.7 - - 22 0
35 D Orion 8.9 - - 38 0
36 D Eridanus 26.4 - - 34 0
37 D Lepus 0 - - 12 0
38 D Canis Major 5.6 413 100 18 11
39 C Canis Minor 0 - - 2 0
40 C Argo Navis 68.9 - - 45 0
41 C Hydra 16 22.2 100 25 2
42 C Crater 57.1 - - 7 0
43 C Corvus 0 - - 7 0
44 C Centaurus 81 - - 37 0
45 C Lupus 100 - - 19 0
46 C Ara 100 - - 7 0
47 D Corona Austr. 100 - - 13 0
48 D Pisces Austr. 8.3 38.9 100 12 6

Table 2.2. Percentage of poorly identifiable stars in Almagest constellations.
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- region B: constellations 16-23 and 30-33;

- region Zod A, which is part of region A: constel-
lations 24-29;

- region Zod B, which is part of region B: constel-
lations 22, 23, 30-33;

- region D: constellations 34-38, 47 and 48.

- region C: constellations 39-46;

- region M: constellations 9-15.

CoROLLARY 2. The stars that constitute the infor-
mata in the Almagest were measured with compara-
tively low precision, with the exception of the follow-
ing: 1 star in Ursa Minor, 1 star in Bootes, 1 star in Her-
cules, 2 stars in Cygnus, 5 stars in Ophiuchus, 6 stars
in Aquila, 5 stars in Aries, 3 stars in Aquarius and 4
stars in Pisces, or 9 informata out of the total of 22.

The remaining thirteen informata were measured
very badly. Indeed, we find 38% of poorly measured
stars in the informata of Ursa Major, 50% in the in-
formata of Cepheus, 33.3% in the informata of Per-
seus, 36.4% in the informata of Taurus, 57% in the
informata of Gemini, 75% in the informata of Cancer,
37.5% in the informata of Leo, 16.6% in the informata
of Virgo, 44.4% in the informata of Libra, 66.7% in
the informata of Scorpio, and 100% in the informata
of Canis Major, Hydra and Piscis Austrinus.

And so, there are lots of poorly measured stars in
the informata of the Almagest in general. It would be
apropos to voice the hypothesis (one that doesn’t af-
fect our further research in any way at all, as a mat-
ter of fact) that the stars collected in the informata did
not constitute the primary “constellation pattern”,
which is why the measurement of their coordinates
was performed with less precision — especially if the
star in question was a dim one. Of course, if a bright
star ended up among the informata, its coordinates
could be measured with greater diligence. For in-
stance, the famous Arcturus is part of the well-meas-
ured informata of Aquarius. However, table 2.2 shows
us that in a typical situation the stars of the informata
are measured with less precision than the stars of the
“pure” constellation.

It would therefore strike one as natural to separate
the informata from the main stars of the constellation
for the time being. Actually, this is how it is done in
the Almagest — the informata stars are gathered in a
separate eponymous group. We shall consider the
“pure” constellations alone.

CHRON 3 | PART 1

This is the very reason why we introduced two
separate columns in table 2.2 — one corresponds to
the share of poorly identifiable stars in the “pure”
constellation, and the other — to the main stars of the
constellation with the informata added thereto. Our
analysis of the fourth column demonstrates the pic-
ture to be completely different here. Apart from the
“pure” constellations that were measured with rela-
tively high accuracy, there are some whose stellar co-
ordinates are less accurate.

For greater demonstrability, we have transcribed
the numeric data from the fourth and the fifth col-
umn in the following manner:

Inside each of the constellations reproduced as a
certain area confined within a zigzagging border there
are two numbers. The fraction’s nominator represents
the share of poorly measured stars in the current
“pure” constellation, sans the informata. The fraction’s
denominator contains the percentage of poorly meas-
ured stars together with the informata. There is no
denominator if the constellation in question contains
no informata; however, the fraction line is nonethe-
less present. The dotted line one sees in fig. 2.15 rep-
resents the Milky Way.

In order to facilitate the analysis of the above pic-
ture, let us count the average share of poorly identi-
fiable stars separately (for each of the seven regions
as described above). We shall add up the previously
calculated rates for every constellation and divide the
result by the number of constellations in the region.
The result is represented in table 2.3.

Let us turn to fig. 2.16, where different regions are
represented by different kinds of shading. They cor-
respond to varying levels of observation quality.
White colour stands for values between 0% and 5%
of poorly measured stars. Dotted shading represents
values falling between 6% and 10%, slanted shading
— values between 21% and 30%, and, finally, black
field stands for values between 31% and 100% of stars
whose coordinates lack precision.

Thus, the darker a given area, the worse the qual-
ity of its measurement in the Almagest. We instantly
notice the fact that many austral constellations in
Area C, to the right of the Milky Way, are measured
very poorly indeed — we see a lot of solid black shad-
ing here, qv in fig. 2.16. On the other hand, the con-
stellations in Area A are measured a great deal better,
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Borea/gg

Fig. 2.15. Inside each of the constellations mentioned by Ptolemy and drawn as an area with zigzagged boundaries we specify
two numbers, the first one corresponding to the percentage of poorly-measured stars in a constellation without informata, and
the lower — to the same in a constellation with the informata added.
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619
1-20 N

Fig. 2.16. A demonstrable representation of well-measured and
poorly-measured celestial areas from the Almagest. The darker
the area, the less accurate the corresponding measurements.

there is a lot of white here. Area B, which lays to the
left of Area M, is measured worse than Area A, we see
a good deal of double shading. Some of the areas in
fig. 2.16 are marked with a question mark — they are
the regions of the modern celestial sphere that for-
mally remain beyond the confines of the Almagest
constellations. Seeing as how the Almagest gives no
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precise definitions of constellation borders, neigh-
bouring constellations may become “stretched” in
such a way that they will fill the empty zones in fig.
2.16. We shall refrain from describing this procedure
in greater detail - there are few such “blank spots”, and
they hardly influence our results in any way at all.

For a more illustrative analysis of the above picture,
let us calculate the average percentage of poorly iden-
tifiable stars in each of the above seven areas individ-
ually by adding up the percentages calculated above
for each of the constellations and dividing the sub by
the total number of constellations for each area. The
result is represented in table 2.3,

COROLLARY 3. Region A is measured better than re-
gions B, C, D and M in the Almagest — namely, 6.3%
of poorly identifiable stars in “pure” constellations
and 12.6% in constellations with added informata.

COROLLARY 4. Region B is measured worse than
region A in the Almagest, namely, we have 19.6% of
poorly identifiable stars in the “pure” constellations
and 19% in the constellations with the informata.

COROLLARY 5. Region M, or the Milky Way, occu-
pies an intermediate position between regions A and B
—10.5% of poorly identifiable stars in “pure” constel-
lations and 10.3% in the constellations with informata.

COROLLARY 6. Regions C and D are measured the
worst in the Almagest — namely, region D contains
27.4% of poorly identifiable stars in “pure” constel-
lations and 36.9% in constellations with informata
added. For region C the percentage of poorly identi-
fiable stars equals 52.9% in “pure” constellations and
53.6% in constellations with informata.

Parts of the celestial sphere Aw/o | Bw/o
in the Almagest A B ZodA | ZodB | ZodA | ZodB D C M
Number of constellations 14 12 8 6 6 6 7 8 7

. . 1-8, | 16-23, 22,23, | 34-38,
Constellation numbers in the Almagest 24-29 | 30-33 1-8 [ 16-21 | 24-29 3033 | 47,48 39-46 | 9-15
Percentage of poorly identifiable stars | o | 1o 0 1 64 | 276 | 62 | 11,6 | 274 | 529 | 105
in “pure” constellations (w/o informata)
Percentage of poorly identifiable stars | ) ¢ |\ 19 | g1 | 265 | 186 | 11,9 | 369 | 536 | 103
in constellations with informata
Percentage of reliably identifiable stars | o | g0, | 936 | 724 | 938 | 884 | 726 | 471 | 895
in “pure” constellations

Table 2.3. Average percentage of poorly identifiable stars as given for each of the seven areas individually.
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COROLLARY 7. Region Zod A is measured best in
the Almagest — it is the part of the Zodiac on the right
of the Milky Way. It includes the constellations of
Gemini, Cancer, Leo, Virgo and Scorpio. Here we have
a mere 6.2% of poorly identifiable stars in “pure”
constellations.

CoROLLARY 8. Region Zod B is measured much
worse than Zod A. Here we have 11.6% of poorly iden-
tifiable stars in “pure” constellations. Region Zod B
comprises the constellations of Sagittarius, Capricorn,
Aquarius, Pisces, Aries and Taurus.

In order to get a better idea of what the informa-
tion in table 2.3 really stands for, we have drawn a di-
agram, which is reproduced in fig. 2.14. Different
kinds of shading correspond to different levels of
measurement precision, or the percentage of dubi-
ously identified stars. The white zone stands for areas
that contain 0% to 10% of such stars, dotted shad-
ing corresponds to levels of 10%-20%, linear shad-
ing — to those of 20%-30%, and double shading rep-
resents zones of the celestial sphere that contain 30%
to 100% of stars whose identity is ambiguous.

Another illustrative representation of the above
information can be seen in fig. 2.17. The numbers of
all 48 Almagest constellations are placed horizontally
in such a way that they form groups, such as A, B,
Zod A, Zod B, A — Zod A (A without Zod A, that is),
B—Zod B, C, D and M. The respective percentage of
dubiously identified stars in “pure” constellations is
aligned vertically. Each of the constellation groups as
listed above is represented by a certain horizontal seg-
ment in fig. 2.17 — the average percentage value for
the group under consideration. Fig. 2.17 makes it per-
fectly obvious that the coordinates of stars in “group
A” were measured with maximum precision (regions
A, Zod A and A — Zod A). Corresponding values are
the smallest. “Group B” is located much further up
in fig. 2.17, which stands for lower measurement pre-
cision in this area. It is also apparent that the stars of
the Southern Hemisphere were measured even worse.

The same information can be found in fig. 2.18,
which is based on the last line of table 2.3, where the
dubiously identified star percentage values in “pure”
Almagest constellations are aligned vertically. This
graph is obviously implied by the graph in fig. 2.17
and represents the values of the latter subtracted
from 100%.

A PRELIMINARY ANALYSIS OF THE ALMAGEST STAR CATALOGUE | 73

%
50
The Northern Hemisphere
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Fig. 2.17. Percentage of dubiously identified stars in the “pure”
constellations of the Almagest, without accounting for the
stars listed in the informatae. It is quite obvious that the stars
from “group A” were measured the best, and the percentage of
dubious stars here is the lowest.

CoROLLARY 9. The first primary statement. The
seven regions of the Almagest star atlas that we have
discovered differ by the precision of stellar coordinate
measurements. Indeed, different kinds of shading
correspond to the seven celestial regions as described
above (4, B, C, D, M, Zod A and Zod B) in fig. 2.14.

COROLLARY 10. The second primary statement.

1) Further research of star coordinates in the Al-
magest has to be based on the stars from region A first
and foremost, since it is the most accurately measured
region with a minimum of dubiously identified stars.

2) One mustn’t base any corollaries on the study
of the stars from regions C and D. An exceptionally
large number of poorly identifiable stars in this area
tells us quite explicitly that the regions in question
cannot be considered reliably measured. Refraction
is one of the reasons why the southern stars could not
be measured with sufficient precision by the author
of the Almagest — it is common knowledge that the
coordinates of the stars located close to the horizon
are affected by light refraction.

3) We get the opportunity to differentiate the list
of 12 named stars by the level of their “reliability”. The
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stars measured with the greatest accuracy
correspond to region A and its immediate
vicinity. They are Regulus, Spica, Previnde-
miatrix, Procyon, Arcturus, Acelli, Anta- 40
res, Lyra (Vega), and Capella. The “am-
biguous” stars are Sirius (region D), Aquila, e
or Altair — region B, left border of the Milky 60 o
Way, and Canopus, which is altogether off
the chart. These stars ended up in the 4o
“poorly measured” celestial regions.
Incidentally, the star Previndemiatrix
also has to be excluded from the list of
“good” named stars for the following rea-
son. Although this star can be identified

%
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quite well (in particular, it is absent from
the list of poorly identifiable stars, qv in
table 6 in [1339]), its coordinates as given
in [1339] are rather uncertain and not
substantiated with any references to the
original Almagest manuscripts. Peters re-
ports the following about the coordinates of the star
Previndemiatrix in the Almagest: “Greek sources in-
dicate 20°10', and the Arabs - 15°10' [a discrepancy
of five degrees, no less — Auth.]. Ulugbek’s catalogue
contains the coordinates of 16°15'. Peters states 16°0',
following the catalogue of Halma, likewise Bailey —
however, he points out that Halma gives no author-
itative references. It is clear that Halma’s 16°0" were
taken from Halley, which is correct [?! — Auth.] but
not supported by any manuscripts” ([1339], page
104). It is clear that a situation as ambiguous as this
one requires the star Previndemiatrix to be excluded
from further consideration.

Thus, eight out of twelve named stars of the Alma-
gest end up in the “reliably measured” region of the
celestial sphere: Regulus, Spica, Procyon, Arcturus,
Acelli, Antares, Lyra (Vega), and Cappella.

4,
POSSIBLE DISTORTION OF THE STAR
COORDINATES RESULTING FROM
THE ATMOSPHERIC REFRACTION

A researcher of a star catalogue must always re-
member the physical phenomenon of refraction,
whose influence can greatly distort the coordinates of
the southern stars.

A-ZOUA

54 4

B—ZouB Zoda

Fig. 2.18. Percentage of reliably identified stars in the “pure” constellations of
the Almagest.

The phenomenon of refraction owes its existence
to the properties of the atmosphere that affect the
measurements conducted from the surface of the
Earth; the latter is the case with all the ancient ob-
servations. From the mathematical point of view, the
atmosphere of the Earth can be regarded as a set of
concentric spherical air layers whose density is more
or less uniform, changing from layer to layer.

It is common knowledge that a ray of sunshine is
subject to refraction as it moves between different
atmospheric layers of different density (see fig. 2.19).
The ray becomes more vertical as a result, approxi-
mating the normal, which is the perpendicular bor-
der of two layers.

In fig. 2.20 we see a diagram of the Earth’s at-
mosphere, presented as a set of concentric layers
whose density diminishes as altitude grows. A ray of
light that comes from star A refracts as it moves from
one layer to another. As a result, it moves through
the atmosphere forming a certain curve that can be
calculated from the corresponding equation. This was
done in the theory of atmospheric refraction. The re-
sult is shown in fig. 2.20 — the observer located in
point O on the surface of the Earth perceives star B
as part of half-line OB, while in reality the direction
is represented by half-line OA'. Therefore, refraction
“lifts” stars in a certain way.
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Fig. 2.19. Refraction of a ray of light at the boundary between
two different environments.

The closer a star happens to be to the horizon, the
longer it will take a ray of light to get through the at-
mosphere of the Earth and the greater the “elevation”
of the star. However, if the star is situated high
enough, the distortion of its position shall be negli-
gibly small. The theory of refraction has an approx-
imated expression that characterises the refraction of
zenith distances — namely, stellar zenith distance {, or
the angle between the direction of zenith at the point
of observation and the star direction, minus the value
approximately expressed in the following formula
(for ¢ < 70°):

, B 2TF
P=8" T T

€ stands for the zenith distance, B is the height of
the barometer’s mercury column at the moment of
observation rendered to 0° centigrade, and #° is the
air temperature in degrees (centigrade) at the obser-
vation location. The above formula demonstrates that
the main variable component that affects refraction
is tan{. If the zenith distance is small (and the star is
high enough above the horizon), the value of tan{ is
small also, and the refraction is insignificant.

As the stars get closer to the horizon, the value of
component tan{ grows, and refraction distorts stel-
lar coordinates to a greater extent. This must be the

Fig. 2.20. Atmospheric refraction can distort the visible posi-
tion of a star on the celestial sphere.

reason why southern stars, which hang low above the
horizon, were measured rather badly in the Almagest
and the ancient catalogues in general.

We have already been confronted by this fact in
section 3, having witnessed the fact that the percent-
age of poorly identifiable stars in regions C and D,
which correspond to the southern part of the celes-
tial sphere, happens to be much higher than in regions
Aand B.

It would be apropos to remark that the phenom-
enon of refraction was unknown to the ancient as-
tronomers, and even upon its discovery the precise
compensation of refraction remained a formidable
problem — one that was only successfully solved in the
epoch of Tycho Brahe. However, as it is mentioned
in [65] (page 129), Tycho Brahe’s compensation cal-
culations were “rather far from perfection”.

5.
THE ANALYSIS OF THE INFORMATA
DISTRIBUTION ACROSS THE ALMAGEST
CATALOGUE

Table 2.2 contains the information about the dis-
tribution of the informata across the Almagest con-
stellations. The table demonstrates that many con-
stellations possessed no informata at all — namely,
only 22 Almagest constellations out of 48 possess in-
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formata. What is reflected in the presence or absence
of informata stars in a given constellation? There may
be many opinions on this issue. The one we consider
to be the most plausible is as follows (it can be for-
mulated in brief as the following hypothesis):

The informata were only indicated for the con-
stellations that Ptolemy believed to be the most im-
portant.

In other words, the very presence of informata in
a constellation signifies that the astronomer was par-
ticularly interested in said constellation.

It is possible that certain constellations were of
particular importance and therefore marked as such
on the celestial sphere. We do not ponder the reasons
why there was an emphasis on these constellations —
these reasons are of no importance to us and may
have been of an astrological nature, for example. The
stars of such constellations would therefore be meas-
ured several times for greater observation precision.
Also, it might be that the observer, upon listing the
stars that form the actual constellation figure, or the
stars of the “pure” constellation in our terminology,
added some of the “background stars” thereto — that
is to say, the stars that do not constitute the constel-
lation’s skeleton, but rather happen to be located in
its immediate vicinity. This is how the informata may
have come into existence.

As we already know, these stars (most probably
regarded as “secondary”) could be meas-
ured worse on the whole than the stars %
of the main constellation. 30

It would be interesting to observe the
distribution of the informata across the
star chart of the Almagest.

In order to provide a quantitative
characteristic of this distribution, let us
do the following. We shall calculate she
share of the informata stars for each of
the Almagest constellations — otherwise,
the value of ¢ = (a/ b) X 100%, wherea 70
stands for the number of informata stars
and b for the full number of stars in a
constellation with the informata added
thereto.

20

[ AR |
The Northern Hpm isphere and the zodiac
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constellations, which constitute a separate group. We
are referring to constellation groups A, B, M etc.

Therefore, for each of the seven regions of the star
chart discovered above we shall calculate a certain
quantitative characteristic — the average share of in-
formata stars in a given group. The higher the share,
the more stars ended up as informata.

The result is represented graphically in fig. 2.21.
We are following the same principle here as in
fig. 2.17, namely, placing the numbers of Almagest
constellations grouped by region (seven regions all in
all, qv in fig. 2.17) on the horizontal axis. The aver-
age share of stars in the informata is indicated on the
vertical axis. As a result, there is a horizontal segment
that corresponds to each area.

The information in fig. 2.21 has the following im-
portant implication.

CoROLLARY 1. The distribution of “informata den-
sity” in the Almagest star catalogue is in perfect con-
currence with the distribution of dubiously identified
stars in the “pure” constellations of the Almagest.

The same corollary can be reformulated as follows.
The more attention was paid to one of the constella-
tion groups by the compiler of the catalogue, the more
trustworthy the identity of the stars in this group.

Indeed, as we can see in fig. 2.21, the highest den-
sity of the informata can be observed in region Zod A.
Next we have region A. Furthermore, region A was
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Thus, if there are no informata stars
in a constellation, ¢ = 0. Next let us cal-
culate the full share of informata in all

;

Fig. 2.21. The distribution of “informata density” in the Almagest star cata-
logue. We can see that this density is in perfect concurrence with the distribu-
tion of dubiously identified stars in the “pure” constellations of the Almagest.
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clearly studied more attentively than region B. Region
M was the least accurately measured part of the
Northern Hemisphere. Regions A and B were ob-
served with greater diligence than region M.

The least attention was paid to region C in the
Southern Hemisphere. Although region D, also lo-
cated in the Southern Hemisphere, enjoyed more at-
tention from the part of the Almagest’s compiler
(poorly identifiable stars amounting to 10.2% here),
this wasn’t the case with region C (see fig. 2.17). Little
wonder —regions C and D comprise the southern part
of the Almagest star atlas, which is characterised by
lower observation precision on the whole than the
stars of the Northern Hemisphere and the Zodiacal
constellations, as we have already mentioned repeat-
edly. Therefore, southern regions C and D must hence-
forth be considered separately and cannot be used in
any conjectures due to low observation precision.

Thus, figs. 2.17 and 2.21 lead us to an important
conclusion.

CoROLLARY 2. The above analysis confirms the
previously discovered division of the Almagest star
atlas into seven regions of “varying precision”. Obser-
vation precision for each of them is proportional to
the amount of attention paid to this region. We are
primarily referring to the Northern Hemisphere and
the Zodiac. The higher the density of the informata,
the better the measurements of the stars and the
higher the percentage of reliably identifiable stars.
The lower the density of the informata, the smaller the
value corresponding to the percentage of reliably
identified and “recognizable” stars. Detailed numeric
data concerning individual Almagest constellations is
cited in table 2.4 of Section 6, and this is the source
that the reader may refer to. The share of informata
is indicated for each and every constellation.

6.

THE ANALYSIS OF THE COORDINATE VERSIONS
AS SPECIFIED IN DIFFERENT MANUSCRIPTS OF
THE ALMAGEST CATALOGUE.
Comparison of the 26 primary manuscripts
to the canonical version of the catalogue

The work of Peters and Knobel ([1339]) contains
Table IX, where we see data that are at odds with the
commonly used canonical version of the catalogue.
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These variances were discovered in the 26 primary
“ancient” manuscripts of the Almagest. Table IX in
[1339] contains all such versions. The following man-
uscripts were used in its compilation (see Chapter 11
for an exhaustive list of sources):

GREEK MANUSCRIPTS:
1) Paris 2389,

2) Paris 2390,

3) Paris 2391,

4) Paris 2394,

5) Venice 302,

6) Venice 303,

7) Venice 310,

8) Venice 311,

9) Venice 312,

10) Venice 313,

11) Vatican 1594,
12) Vatican 1038,
13) Vat. Reg. 90,
14) Laurentian 1,
15) Laurentian 47,
16) Laurentian 48,
17) Bodleian 3374,
18) Vienna 14.

LATIN MANUSCRIPTS:

19) Laurentian 6,

20) Laurentian 45,

21) Vienna 24,

22) British Museum Sloane 2795.

ARABIC MANUSCRIPTS:

23) British Museum 7475,
24) British Museum Reg. 16,
25) Bodleian 369,

26) Laurentian 156.

Table IX in [1339] contains 26 vertical columns
corresponding to the above manuscripts of the Alma-
gest. Each row of the table corresponds to some star
from the catalogue whose coordinates differed from the
canonical version. The table makes a very chaotic im-
pression, since the versions are distributed randomly.

We must point out an important detail. Numbers
(or versions) found in a single line of the table may
coincide with each other, which means that several
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manuscripts contain the same version (of the star’s
longitude, for instance) that differs from the canoni-
cal version.

Let us consider an example, assuming that the
longitude of 16°10' is mentioned four times in a sin-
gle table row, whereas the longitude of 16°20' is in-
dicated in seven table cells. If we are to assume fur-
ther that there are no other longitude versions in
said table row, there will be exactly two longitude
values that differ from the canonical in all 26 above-
mentioned manuscripts. We have simply considered
the number of versions here, regardlessly of the
number of repetitions — a more in-depth study would
be very useful indeed. The total number of different
stellar longitude versions (with repetitions) appar-
ently equals 7 + 4 = 11.

Both numeric characteristics are important to us.
The former is geometric and demonstrates the num-
ber of different dots, or stars, which have to be drawn
on the celestial sphere in order to account for all the
versions of this star’s coordinates contained in the
manuscripts. The second characteristic corresponds
to manifestation frequency of a given version. It is ob-
vious that the more manuscripts insist on a single
version, the more reasons there are to try and find
out why this particular version happens to be so pop-
ular.

Table IX is very voluminous as per [1339], and so
there is hope of finding certain tendencies that will
be useful to our research.

According to the Scaligerian viewpoint, the ver-
sions collected in Table IX ([1339]) result from scribes’
errata that have accumulated over the centuries as the
Almagest was copied many a time. The original of the
Almagest is presumed to have been lost a long time
ago, and has only reached us as several mediaeval
copies. Each of the following copyists introduced new
errata while copying the previous copy. As a result, we
have several versions of the catalogue today. Of course,
there could be errors made in the course of copying,
since digits were transcribed as letters back then. Some
letters can easily be confused for each other. This
would lead to a certain distortion of the original nu-
meric material. To sum up, we could say that Scaliger-
ian history considers the differing manuscripts of the
Almagest and its catalogue to be nothing but me-
chanical copies introduced by different scribes. Each
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of these copies is presumed to be the end product of
a certain “copy tree” rooted in the lost original of the
Almagest.

At the same time, it is possible that the catalogue
wasn’'t merely copied, but rather complemented by
new observations conducted in the epoch of the scribe.
New coordinates could be introduced into the cata-
logue as a result — the ones that the mediaeval re-
searcher believed to be more precise than the originals.
It is therefore possible that the surviving versions of
the catalogue have reflected both kinds of discrepan-
cies — mechanical errata of the scribes as well as the
results of independent star observations and repeated
coordinate measurements. Which versions constitute
the majority? Which of the two versions that we for-
mulate below happens to be closer to the truth?

1) Contradictory versions we have at our disposal
today are nothing but errata introduced by the scribes.

2) Discrepancies between versions are primarily a
result of repeated independent measurements of star
coordinates conducted by a single observer (or group
of observers) during a single epoch. The estimation
of the epoch is a separate task.

In other words, is it possible that the differing ver-
sions we have today aren’t necessarily copies of the
source catalogue — some are “drafts”, which were used
for the compilation of the catalogue’s final canonical
version. In order to find out which of the two postu-
lations is closer to the truth, we have processed table
IX in [1339] and collected the results in table 2.4. Let
us comment on the principle of our table’s con-
struction. It contains seven columns and 48 rows.

The first column contains the constellation num-
bers according to the list in the Almagest.

The second column contains the name of the con-
stellation (with the sum total of stars in the constel-
lation indicated in parentheses).

In the third column we have the number of stars
in the informata of the constellation in question (with
0 used for constellations without the informata). The
percentage value of stars in a constellation comprised
by the informata is indicated as well.

In the fourth column we see the full number of
versions for longitudes and latitudes, as well as rep-
etition frequency per single version (for the entire
constellation with the informata included.

The fifth column corresponds to the full number of
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Constel- | Name of constellations |  Amount of stars in an Number of options for latitudes and longitudes
lation and the amount informata and its in a constellation with informata
numbers|  of stars in “pure” | percentage in comparison m b b
in the constellations with the constellation with Full number Average number
Almagest| (without informatae) | its informata included |with miltiplicities |\w/o miltiplicities| with miltiplicities| w/o miltiplicities
1 Ursa Minor (7) 1 (12.5%) 73 29 9.1 3.63
2 Ursa Major  (27) 8 (22.8%) 227 103 6.49 2.94
3 Draco (31) 1] 150 89 4.84 2.87
4 Cepheus (11) 2 (15.4%) 60 29 4.62 2.23
5 Bootes (22) 1 (4.3%) 132 55 5.74 2.39
6 Corona Boreal. (8) 0 25 17 3.13 2.13
7 Hercules (29) 1 (3.3%) 202 79 6.73 2.63
8 Lyra (10) 0 49 22 4.9 2.2
9 | Cygnus a7 | 2 (10.5%) 95 45 5 2.37
10 Cassiopeia (13) 0 60 28 4.62 2.15
11 Perseus (26) 3 (10.3%) 87 49 3 1.69
12| Auriga (14| 0 68 35 4.86 2.5
13 Ophiuchus (24) 5 (17.2%) 213 85 7.34 2.93
14 Serpens (18) 0 92 36 5.11 2
15 Sagitta (5) 0 43 12 8.6 2.4
16 Aquila (9) 6 (40.0%) 49 36 3.27 2.4
17 Delphinus (10) | © 72 33 7.2 3.3
18 Equuleus (4) 0 6 5 1.5 1.25
19 Pegasus (20) 0 68 39 3.4 1.95
20 Andromeda  (23) 0 78 39 3.39 1.7
21 Triangulum 4] o 9 5 2.25 1.25
22 Aries (13) 5 (27.7%) 83 41 4.61 2.28
23 Taurus (33) 11 (25.0%) 259 110 5.89 2.5
24 Gemini (18) 7 (28.0%) 192 60 7.67 2.39
25 Cancer 9) 4 (30.7%) 107 44 8.23 3.38
26 Leo (27) 8 (22.8%) 170 83 4.86 2.37
27 | Virgo 26) | 6 (18.7%) 207 87 6.47 2.72
28 Libra (8) 9 (52.9%) 85 39 5 2.3
29 Scorpius (21) 3 (12.5%) 56 31 2.33 1.3
30 Sagittarius (31) 0 179 67 5.77 2.16
31 Capricornus _ (28) 0 217 85 7.75 3.04
32 Aquarius (42) 3 (6.6%) 207 109 4.6 2.42
33 Pisces (34 4 (10.5%) 246 96 6.47 2.53
34 Cetus (22) 0 130 54 5.91 2.45
35 QOrion (38) 0 212 96 5.58 2.53
36 Eridanus (34) 0 210 81 6.18 2.38
37 Lepus (12) 0 71 36 5.92 3
38 Canis Major _ (18) 11 (37.9%) 88 38 3.03 1.31
39 Canis Minor  (2) 0 12 5 6 2.5
40 Argo Navis (45) 0 250 100 5.56 2.22
41 Hydra (25) 2 (7.4%) 209 73 7.74 2.7
42 | Crater @1 o 33 18 471 2.57
43 Corvus (7) 0 20 17 2.86 2.43
44 Centaurus (37) 0 179 70 4.84 1.89
45 Lupus (19) 0 133 57 7 3
46 Ara (7) 0 70 24 10 3.43
47 Corona Austr. (13) 0 85 31 6.54 2.38
48 Pisces Austr.  (12) 6 (33.3%) 72 36 4 2

Table 2.4. Number of options for stellar coordinates in different constellations of the Almagest.



80 I HISTORY: FICTION OR SCIENCE?

versions for longitudes and latitudes without repeti-
tions given for the entire constellation, informata in-
cluded.

The sixth column is the average number of differ-
ent longitudinal and latitudinal values with number
of repetitions (per constellation, whole, informata in-
cluded).

The seventh column is the average number of dif-
ferent versions (longitudes and latitudes) — taken
without repetitions for the entire constellation, in-
formata included.

Let us comment the resulting table. The third col-
umn serves as the basis of fig. 2.21, which we discuss
at length in Section 5. Values from this column cor-
respond to informata density distribution in the Al-
magest star atlas.

The principle behind the calculation of values
from columns 4 and 5 is obvious enough. We counted
the full number of variations for every star in a given
constellation, with all the repetitions included. The re-
sults for all stars in this constellation were subse-
quently added up. Let us emphasise that our current
objective is to study the distribution of coordinate
variations across the entire catalogue. We see that the
Almagest constellations are anything but uniform in
this relation. Some constellations are poor in vari-
ance. It has to be said that we did not consider lon-
gitudes and latitudes separately in this research, but
rather studied their sum characteristics for more con-
fident statistical corollaries.
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1.

VERSION DENSITY AS THE DENSITY
OF INDEPENDENT STAR OBSERVATIONS.
Seven areas of the Almagest star atlas
revisited with a new concurrence with the
previous results

In order to make conclusions from table 2.4 we
shall perform an additional simple operation — namely,
calculating the average amount of stellar coordinate
versions for all of the seven areas of “varying precision”
on the Almagest star chart as listed above. For this pur-
pose we shall divide the rows of the last two columns
of table 2.4 into seven groups (A, B, M etc), and then
average the values from a single group. The result is
presented as table 2.5. The fourth row of the table
provides the basis for fig. 2.21 and shows the informata
percentage for every celestial region.

The last two lines of table 2.5 are the most im-
portant for table 2.5. The fifth line shows the version
density with multiplicities taken into account, whereas
the sixth provides the same information without mul-
tiplicities, or repetitions. Let us turn to fig. 2.22 for a
more demonstrative representation of these data. The
horizontal line contains numbers of the Almagest
constellations grouped by the seven areas of the star
chart, see fig. 2.17. In the vertical we see the average
amount of versions for each of these areas.

Tables 2.5 and fig. 2.22 lead us to the following
corollaries:

Parts of the Almagest’s Aw/o | Bw/o

celestial sphere A B ZodA | ZodB | ZodA | ZodB | M D C

Number of constellations in an area 14 12 8 6 6 6 7 7 8

Compounds of an area (constellation 1-8, | 16-23, 22,23, 34-38,

numbers according to the Almagest) | 24-29 | 30-33 1-8 | 16-21 | 24-29 | 55 55| 9-15 47,48 39-46

Informata percentage in an area 16 9.2 7.3 6.7 31.8 11.6 5.4 10.2 0.9

Average number of versions for latitudes

and longitudes (with multiplicities) 5.72 4.68 5.69 3.5 5.76 5.85 5.5 5.31 6.09

Average number of versions for latitudes

and longitudes (without multiplicities) 2.53 2.23 2.63 1.96 241 2.49 2.29 2.29 2.59
Northern constellations and the zodiac Southern constellations

Table 2.5. Average number of versions for latitudes and longitudes in the Almagest constellations.
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COROLLARY 2. Star coordinate density
on the Almagest star atlas concurs per-
fectly with the distribution of the reli-
ably identified stars in pure Almagest
constellations as well as the informata
density distribution.

We present the information which con-
cerns the distribution of said densities as
four tables —2.6,2.7,2.8 and 2.9. Table 2.6
demonstrates the distribution of safely
identifiable stars in the pure constellations
of the Almagest. The rows and the columns
of the table correspond to the following
regions that we discover on the Almagest
chart: A, B, A minus Zod A, B minus Zod

Fig. 2.22. Density distribution of stellar coordinate version numbers in the
Almagest catalogue. Densities are given with and without multiplicities.

CoROLLARY 1. The version density graph with
multiplicities concurs well to the one without them.

This implies that the logical patterns listed below
manifest in both graphs. Let us point out that the
density graph without multiplicities has smaller am-
plitude fluctuations as compared to the density graph
that accounts for multiplicities. This is quite natural,
since when one includes them, the density fluctua-
tions are observed more realistically; fig. 2.22 demon-
strates precisely this.

B, Zod A, Zod B, M, D and C. Three last
columns and rows of the table refer to the
areas of the Southern hemisphere.

The cells of the table contain + and —
signs (or +=/-=, in some cases). Their
meaning is as follows. Let us consider the first row of
the table, for instance, which corresponds to area A.
The respective percentage is larger for area A than for
area B; therefore, we put a + on the crossing of the first
row and the second column. Furthermore, the per-
centage is formally greater for area A than for A minus
Zod A, but equal to the latter de facto; therefore, we
puta += sign into the respective cell; should this per-
centage prove smaller, we use —; if smaller but equal
de facto, —=

Aw/o B w/o

A B ZodA ZodB ZodA ZodB M D C
A = + += + -= + + + +
B - = - + - - - + +
A w/o ZodA —= + = + —= + + + +
B w/o ZodB - - - = - - - —= +
ZodA += + += + = + + + +
ZodB - + - + - = —= + +
M - + - + - += = + +
D - - - += - - - = +
C - - - _ - - — _ =

Table 2.6. A comparison of the percentage of reliably identifiable stars in the pure constellations of the Almagest (without infor-

mata) for different parts of the celestial sphere.
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A w/o B w/o

A B ZodA ZodB ZodA ZodB M D C
A = + + + - + + + +
B - = + + - - + —= +
A w/o ZodA - - = + - - + - +
B w/o ZodB - - - = - - += - +
ZodA + + + + = + + +
ZodB - + + + - = + +
M - - - —= - - = - +
D - += + + - - + = +
Ic ~ ~ ~ ~ ~ — N Z
Table 2.7. A comparison of informata density for various parts of the Almagest star atlas.
A w/o Bw/o
A B ZodA ZodB ZodA ZodB M D C
A = + += + —= —= + + -
B - = - + - - - - -
A w/o ZodA - + = + —= — + + -
B w/o ZodB - - - = - - - - -
ZodA += + += + = —= + + -
ZodB += + += + += = + + -
M - + - + - - = + -
D - + - + - - - = -
C + + + + + + + + =

Table 2.8. A comparison of the relative stellar coordinate version numbers for various areas of the Almagest star atlas, with
multiplicities accounted for.

A w/o Bw/o

A B ZodA ZodB ZodA ZodB M D C
A = + —= + + + + + -
B - = - + - - —= - -
A w/o ZodA += + = + += += + + +
B w/o ZodB - - - = - _ _ _ _
ZodA - + —-= + = —_ + + —
ZodB - + —-= + += = + + —
M - += - + - - = - -
D - + - + - - ~ = -
C + + —= + + + + + =

Table 2.9. A comparison of the relative stellar coordinate version numbers for various areas of the Almagest star atlas, without
multiplicities.
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Fig. 2.23. A graph where we simultaneously see the following: 1) the distribution of whatever percentage the reliably identified stars
of the Almagest catalogue comprise; 2) the percentage of informatae in various areas of the Almagest’s celestial sphere, 3) average
number of stellar coordinate options in various manuscripts of the Almagest, with multiplicities, 4) average number of coordinate
options, without multiplicities. One can see that all four density graphs for the Northern Hemisphere correlate with each other well.

The implication is that when we look at table 2.6,
we can safely tell the comparative percentage of reli-
ably identifiable stars for every area pair. Table 2.6 is
a compact representation of density distribution in
all of the star chart areas described above.

The next three tables are based on the same prin-
ciple. Table 2.7 demonstrates the informata density

distribution for the Almagest star atlas, and table 2.8
gives us an opportunity to compare the version den-
sity of the Almagest stellar coordinates for different
celestial areas. The versions that constitute this table
were calculated with multiplicities, which means that
if the same version was encountered several times, the
entire amount was accounted for accordingly. If we
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are to leave multiplicities out, or just count each ver-
sion once, the result will be a comparative presenta-
tion of the relative coordinate version quantity for
varying areas of the Almagest star atlas, qv in table 2.9.

Tables 2.6-2.9 make it obvious that the distribu-
tion of pluses and minuses is virtually equal, which
implies a good correlation between the following four
values:

1) the percentage of reliably identifiable stars in a
given area of the Almagest star chart;

2) informata density in the Almagest star chart
area in question;

3) stellar coordinate version density with multi-
plicities;

4) stellar coordinate version density without mul-
tiplicities.

In particular, the higher the informata density and
the coordinate version density in a given area, the
more reliable the identification of the stars located
therein.

The implication is that we cannot interpret the
coordinate versions presented in the 26 manuscripts
of the Almagest exclusively as scribe errors. Had this
been the case, this would lead us to the a priori false
statement that the error rate growth for a given area
results in better star identification. We must therefore
reject the hypothesis about this abundance of ver-
sions being attributable to the inaccuracy of the
scribes. In this case, the only reasonable explanation
of the effect discovered can be rendered as follows.

The multitude of different stellar coordinate ver-
sions in the Almagest manuscripts results from in-
dependent star observations performed several times
by an observer, or a group of observers. Due to the
imprecision of the instruments used for these obser-
vations, the results would often differ from each other.
The more measurements of a given star’s coordinates
were performed, the more versions would get into
manuscripts. Therefore, the areas of the star chart
with high coordinate version density are the ones
whose stars were observed several times with their
coordinates measured anew; in other words, these
areas enjoyed more of the researchers’ attention than
the others. It is natural that the more attention a given
celestial region got, the more dependable the identi-
fications of the stars it contains. As we shall demon-
strate in the subsequent chapters of our book, the
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coordinates of those stars were indeed measured a
great deal better on the average in Ptolemy’s epoch.

Thus, if we are to simplify the situation somewhat,
one has reasons to presume that the 26 primary man-
uscripts of the Almagest are for the most part its
“drafts” rather than mechanical copies. They were
subsequently used for the creation of the final canon-
ical text. The Scaligerian version of these manuscripts’
origins does not concur with our conclusion. Indeed,
why would mediaeval scribes copy the “drafts” to-
gether with the “final version” for centuries of end?
It would make a great deal more sense if we are to as-
sume that both date to approximately the same epoch,
and the number of copies was far from great. Let us
reiterate that observations of this manner shall not be
used in our research; they are but a number of nat-
urally arising questions which are to demonstrate
several possible explanations of the effect that we dis-
covered, nothing more.

Finally, let us cite fig. 2.23 where we combine all
of the above density distribution graphs into one.
The dependency between various graphs is obvious.

8.
IN RE THE RELIABILITY OF LATITUDINAL
AND LONGITUDINAL MEASUREMENTS
CONTAINED IN THE ALMAGEST

8.1. According to Robert Newton,
the longitudes in the Almagest were
re-calculated by somebody; however, this
suspicion does not arise insofar as their
latitudes are concerned

Let us begin with the commentary in re the Alma-
gest measurement precision made by R. Newton, the
astronomer. In general, we are of the opinion that
these observations of his are applicable to a wider
spectrum of issues. R. Newton actually gives us a very
forthright account of a rather meandrous scenario
around the readings and interpretations of a great
number of “ancient” astronomical documents. He is
referring to “the so-called principle of ‘error immor-
talization’, which can be formulated as follows. Let us
assume that the error of author A became published,
and a later author B is referring to it in some man-
ner deeming the erroneous statement veracious. Thus
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the error becomes immortalized in scientific litera-
ture; erasing it from scientific literature becomes an
impossibility. One can hardly be serious about there
being no exceptions for this rule; however, there is a
great number of examples that do follow this princi-
ple — readers are likely to have quite a few such ex-
amples of their own” ([614], page 165).

Something similar appears to be happening with
the Scaligerian interpretation of the Almagest — its
dating in particular. The analysis of the Scaligerian
version, which dates it to the beginning of the new
era requires a new study of its content. This is a com-
plex scientific problem that requires a great deal of
labour. We accomplish a significant part of this task
in our research, and the reader has the opportunity
to evaluate the complexity of this task. The main dif-
ficulty is that one has to get to the very roots of this
or the other scientific statement or opinion. It ap-
pears that their overwhelming majority was initially
made with the a priori or taciturn presupposition
that the Almagest dates to an early A.p. century. Our
“excavations” required the analysis of source material,
which requires a great deal of work by itself.

Let us now get back to the issue of the complex-
ity of latitudinal and longitudinal measurements. In
Chapter 1 we already explain that the very nature of
the ecliptic and equatorial coordinates allows to meas-
ure the latitudes more securely than the longitudes.

Also, the use of an armilla, for instance, can gener-
ate errors if the astronomer makes an incorrect eclip-
tic inclination choice. The matter is that the observer
has to determine the angle between the ecliptic and the
equator and then fix it in order to use the instrument
for the measurement of stellar coordinates, for in-
stance, having adjusted it in accordance with the pre-
viously found ecliptic inclination. In general, the
armilla can be adjusted by any object whose latitude
and longitude are known. Ptolemy often used the
Moon for this purpose. This makes it possible to cal-
culate the coordinates of any other object that might
interest us. However, in this case, as R. Newton is per-
fectly correct to remark, the imprecisions in the de-
termination of the known object’s coordinates auto-
matically lead to incorrect calculation of the second ob-
ject’s coordinates ([614], page 151).

It also has to be borne in mind constantly that in
case of the Almagest we are dealing with copies where
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numbers were transcribed as letters. This would fre-
quently cause confusion. For instance, according to the
astronomers R. Newton ([614], page 215), Peters and
Knobel ([1339]), one could easily confuse the “an-
cient” Greek digits for 1 and 4 due to the fact that the
figure of 1 was transcribed as o, and one of its widely-
used old forms was very similar to the letter 8, which
stood for 4 — hence the confusion.

One has to make an important observation in this
respect. Our research is based on the canonical ver-
sion of the Almagest star catalogue translated in the
work of Peters and Knobel ([1339]). As R. Newton
points out, “a careful comparison of various manu-
script often reveals the errors made in the process of
multiple copying and gives the researcher an oppor-
tunity to correct them. Peters and Knobel studied the
“Syntaxis” [Almagest — Auth.] with the utmost at-
tention; it is possible that their version of this cata-
logue is the most precise of all” ([614], page 216).

We shall also be using the detailed analysis per-
formed by the astronomer Robert Newton in the large
special chapter IX of his book ([614]) in order to
evaluate the reliability of the longitudes and latitudes
as given in the Almagest. We shall omit the details per-
taining to the statistical analysis conducted by R. New-
ton and merely cite his results.

R. Newton wrote that “the latitudes in the star cat-
alogue were most probably measured by a single ob-
server employing a single instrument for the pur-
pose” ([614], page 253). Further also: “the latitudes
educed from the observations were put down in the
catalogue without alterations (it is however possible
that there were errors in the transcription)” ([614],
page 249). According to R. Newton, the latitudes of
the Almagest star catalogue are a reliable enough body
of material obtained as a result of actual observations
performed by either Ptolemy or one of his predeces-
sors (Hypparchus, for instance). This concurs per-
fectly well with the information cited above that
shows latitudinal measurements to be a lot simpler
as a procedure than the longitudinal, therefore, stel-
lar latitude is a more reliably measurable coordinate.

The picture with the longitudes is drastically dif-
ferent. R. Newton claims that “the longitudes weren’t
deduced from any observations whatsoever ... the
longitudinal values are fabricated” ([614], page 249).
Further also: “the multitude of longitudes contained
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in the star catalogue is highly unlikely to have been
determined from observations” ([614], page 250). We
have already explained to the reader that the meas-
urements of ecliptic longitudes prove to be a lot more
sophisticated and complex procedure than longitu-
dinal measurements. Furthermore, it is presumed
that the longitudes in the Almagest catalogue were
rendered to 137 A.p. Such a rendition to an a priori
chosen date is quite simple; all it takes is adding some
common constant to the ecliptic longitudes of all the
stars. This constant is proportional to precession and
depends on how much older the compiler of the cat-
alogue really wanted the longitudes to look. R. New-
ton is of the opinion that the original longitudes ob-
tained by the ancient observer experimentally were
subsequently re-calculated anew by someone else.
This is his fundamental solution based on the analy-
sis of how frequently degree fractions appear in the
catalogue: “Longitudes were altered. Observation re-
sults were made greater by several degrees and 40
minutes” ([614], page 249). This operation (an addi-
tion of a whole number of degrees whose value could
be either positive of negative, with a couple of frac-
tions) could make the catalogue either gain or lose a
considerable amount of age at the will of its compiler
or forger. Bear in mind that such an operation would
be either altogether impossible with latitudes, or a
great deal more complicated at the very least. How-
ever, we cannot determine how many grades exactly
were either added to the initial longitudes or sub-
tracted therefrom if we are to base our research upon
nothing but the longitude analysis in the existing
copies of the Almagest. R. Newton points out the very
same thing: “The actual distribution of grade fractions
tells us nothing of just how many grades were added
to the initial longitude by Ptolemy” ([614], page 251).

Apart from the simple operation of shifting all
the longitudes by an unknown number of grades
mentioned above, R. Newton discovered traces of
finer longitudinal recalculations ([614], pages 246-
247). Thus, someone had conducted an extensive
body of work in the field of recalculating the ini-
tially observed longitudes. Therefore, the modern
list of longitudes that we find in the Almagest does
not represent the actual observational material, but
rather the likely result of its having been processed
in a certain rather complex way which was meant to
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help meeting a certain end. According to N. A. Mo-
rozov, for instance, this end could be formulated as
giving the catalogue an arbitrary amount of extra
age — in other words, we have a case of falsification.
However, we shall refrain from taking any sides a
priori and analyze longitudes and latitudes both to-
gether and separately.

Let us conclude with another summary made by
R. Newton: “We get an altogether different picture
from the longitudes [as compared to the latitudes —
Auth.]. No colourable explanation can possibly be
given to the fraction distribution in longitude, regard-
less of whether or not the observations were in fact
performed by a single person who had used a single
instrument for this purpose” ([614], pages 146-247).

8.2. Examples proving that the dating of
the star catalogue by longitudinal precession
often leads to great errors. Mediaeval
catalogues are subject to becoming
erroneously dated to an antediluvian epoch

The Scaligerian version of astronomy often uses
the following apparently simple method for catalogue
dating. The ecliptic longitudes of the old catalogue’s
stars are compared to the modern longitudes. The
resulting difference, which is roughly the same for all
the stars, is then divided by the precession value,
which equals roughly 50 seconds per year or one de-
gree in 70 years. This is how the historians determine
the residual between the dates of the modern cata-
logue and those contained in the old one. In partic-
ular, this method allows to “deduce” the ecliptic co-
ordinates from the 1538 edition of the Almagest as
equalling those which roughly correspond to some
early A.p. epoch.

However, the “method” described above makes the
taciturn implication that the compiler of the old cat-
alogue would count ecliptic longitudes from the ver-
nal equinox point of his era, or the epoch when the
star observations were conducted. Had this indeed al-
ways been the case, the resulting residual accumulated
by today could really be considered a result of pre-
cession. Assuming this to be true, the method de-
scribed above would indeed give us the approximate
date of the old catalogue’s creation. However, it is im-
portant to emphasise that it wasn’t in fact a charac-
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Fig. 2.24. Star chart from a XVII century book by Stanislaw Lubienietski. One sees that the Gamma of Aries was chosen as the initial
longitudinal reference point. This is where the equinoctial crosses the ecliptic. Taken from [543], inset between the pages 26 and 27.

teristic of all the ancient authors to use the vernal
equinox point of their own epoch for the initial ref-
erence point.

Let us linger on the above for a while. One should-
n’t get the impression that the astronomers of as re-
cent an epoch as the XVI-XVII century necessarily
count the longitudes in the exact same manner as the
modern astronomers. We shall refer the reader to the
well-known Cometography by the mediaeval author
Stanislaw Lubienietski published in 1681: S. de Lubie-
nietski, Historia universalis omnium Cometarum
([1257]). This book is a priori known to have been
written in the XVII century. It lists many comets ob-
served up until the year 1680. S. Lubienietski, its au-
thor, belonged to the XVII century school of as-
tronomers, preceding our time by a mere 300 years.
Let’s take a closer look at how Lubienietski counts the
longitudes on his star charts. We discover that he uses
the meridian crossing the 7y star from the Aries con-
stellation as the initial celestial meridian, qv in fig.
2.24. The “sine curve” that stands for the equinoctial,
or the celestial equator in this projection, is directly re-
ferred to as “Aequator” here, which is the legend that
we see over the masts of the Argonaut ship from the

constellation of Argo Navis, closer to the right end of
the map, and once again near the constellation of
Ophiuchus near the left end of the map — see fig. 2.24.
The ecliptic is represented by a thick horizontal line
with degree grades. One can see perfectly well that the
ecliptic and the equator cross right where the map
boundary is located — at the 7y star of the Aries con-
stellation. There can be no doubt about this (see figs.
2.25 and 2.26).

Thus, all the stellar longitudes indicated by S. Lu-
bienietski were smaller than the ones we find in the
Greek longitudes from the 1538 Almagest by roughly
7 degrees (see the respective comparative tables as well
as the actual charts in [544], Volume 4, pages 233-
234, and also [543], inset between pages 26 and 27).

Let us retort to the strange “logic” of the Scaligerite
historians which they advocate with such persistence
and even obstinacy in their dating of the Almagest by
the longitudes of the Greek edition, thereby implying
Lubienietski to have counted the coordinates begin-
ning with the vernal equinox point of his epoch. In
that case his book will have to be dated to the V cen-
tury B.C., since this is when “the vernal equinox point
was really located near the first stars of the Aries con-
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stellation, qv in Lubienietski’s case”, according to the
most apropos comment made by N. A. Morozov [544],
Volume 4, page 33. However, Lubienietski’s book was
written in the XVI century!

The ensuing absurd corollary is yet another proof
of how careful one has to be in one’s dealings with
the “dating method” described above — which, as we
feel obliged to reiterate, has always been used by the
Scaligerian historians in case of the Greek edition of
the Almagest.

All of the above implies lucidly that the astro-
nomers of the XV-XVII century A.p. hadn’t yet come
to any unified agreement concerning the initial ref-
erence point for the longitude count. The unification
epoch would come after quite a while. Each as-
tronomer would select his own point of reference
guided by considerations of his very own.
Lubienietski, for one, used the first stars of the Aries
constellation for this purpose. As for the Greek edi-
tion of the Almagest, the star coordinates were
counted from the meridian that crosses the ecliptic
at the point whose longitudinal distance to the y of
Aries equals 6°40'.

Lubienietski’s case is by no means unique. The
star catalogue compiled by Copernicus provides for
a more impressive example. Copernicus also counts
the longitudes beginning with the y of Aries, just like
Lubienietski (or, rather, the latter follows the tradition
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Fig. 2.25. A fragment. Right side of Lubienietski’s chart, where
the equinoctial crosses the ecliptic near the Gamma of Aries
([1257]). Taken from [543], inset between the pages 26 and 27.

CHRON 3 | PART1

of Copernicus). The only difference is that the y of
Aries occupies the longitude of zero in the catalogue
of Copernicus ([1076]). The latter gives its coordi-
nates as equalling 0 degrees 0 minutes of longitude,
and 7 degrees 20 minutes of latitude (see [544], Vol-
ume 4, pages 224 and 227). Thus, if we decided to
“date” the catalogue of Copernicus using the “Scali-
gerian method” described above, we would also date
it to times immemorial, which would be perfectly er-
roneous since it is presumed that Copernicus had
lived in the XV-XVI century (1473-1543).

Thus, the precession of the stellar ecliptic longi-
tudes cannot serve for any secure dating of the cata-
logue whatsoever.

The varying initial reference points used for lon-
gitude count in the works of the XVI-XVII century
authors as indicated above shouldn’t surprise us at all.
There were many different astronomical schools at the
dawn of this discipline, which would often compete
with each other and adhere to different catalogue
compilation rules etc. It is well possible that each
school remained loyal to a tradition of its own which
specified the rules for choosing the basis points, ref-
erence points and so on. The considerations for such
a choice may have been astronomical, religious, or of
an altogether different nature.

It was only when astronomy developed into a
grown science when the necessity of a unified system

Fig. 2.26. A fragment. Left side of Lubienietski’s chart, where
the equinoctial crosses the ecliptic near the Gamma of Aries.
Taken from [543], inset between the pages 26 and 27.
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of indications and concepts was realized that the as-
tronomical language became more uniform. In par-
ticular, the vernal equinox point was agreed upon as
the initial reference point (an invisible one, as a mat-
ter of fact; furthermore, its celestial position changes
with the passage of time). This point cannot be af-
fixed to some star located nearby. It is therefore hardly
surprising that certain mediaeval astronomers would
use an actual star for reference instead of the equi-
nox point — the y of Aries, for instance.

When we study the Almagest star catalogue in our
book (the same is indeed true for other old star cat-
alogues), we make sure our research is in no way de-
pendent on any presumptions that concern the par-
ticular longitudinal reference point used by the cat-
alogue compiler. There are no such indications in the
actual star catalogues, after all. Our opponents might
counter that a direct reference to the choice of the
equinox point for the measurement of longitudes can
be found elsewhere in the Almagest.

However, if we are to be guided by such notions,
it shall imply the use of some “extraneous” or foreign
information which, as we must emphasize, is not con-
tained in the star catalogue itself. However, our goal
is to date the catalogue by its own internal charac-
teristics without citing any external sources. As for the
issue of determining the dating of the remaining texts
together with its genesis is a problem of its own, and
one that possesses no reliable single solution (see
[544] and [614]).

9.

THE DUBIOUS NATURE OF THE TRADITIONAL
OPINION THAT PTOLEMY'S TEXT IMPLIES
ACTUAL “OBSERVATIONS” ON HIS PART,
as well as his "personal participation” in the

stellar measurements and observations
described in the Almagest

Ptolemy’s text can by no means imply the verac-
ity of the consensual opinion, namely, that all the ob-
servations and measurements that the Almagest con-
tains were performed by the author in person. Its ac-
tual text allows for several interpretations. However,
what we are most likely to be seeing here represents
the research result of a great many astronomers and
not a single author’s account of his own observations.
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Apart from that, the Almagest is basically a textbook,
or a guidebook for young astronomers and scientists
in general that contains descriptions of varying ob-
servation methods etc — a mediaeval astronomical
encyclopaedia of sorts. Here are a few examples to
confirm this. We shall be using Toomer’s edition of
the Almagest ([1358]).

In his description of the transit circle in Chapter 1,
Ptolemy tells us the following: “We made a bronze
ring of the fitting size [what size exactly? — Auth.] ...
in order to use it as a transit circle, wherefore it was
graded into 360 parts [degrees]; each of those were
divided into as many parts as the instrument’s size
would allow [How many? — Auth.] ... We have fur-
ther discovered an easier method for conducting such
measurements, having forged a stone or wooden wall
[?! — Auth.] to be used instead of the rings” ([1358],
pages 61 and 62).

What we see here obviously differs from the de-
scription of an actual device used for measurements
by either Ptolemy alone, or himself and his team.
How else could one explains such ambiguity as “fit-
ting size”, “as many parts as the instrument’s size
would allow”, or “stone or wooden wall”? Really, was
it stone or wooden?

Everything shall fall into place if we are to suppress
the inner Scaligerite and realize that what we have in
front of us isn’t a report made by an observer, but
rather an encyclopaedic textbook that explains a po-
tential student or scientist the construction of vari-
ous instruments; different methods of conducting re-
search etc.

Consider the following passage from the Almagest,
for instance: “Before [the reign of] Antoninus, when
we conducted the most observations of immobile
stars’ positions” ([1358], page 328). Scaligerian as-
tronomy reads the implication of Ptolemy claiming
personal responsibility for the observations per-
formed at the beginning of the reign of Antoninus
Pius into this phrase. The Scaligerian dating of this
emperor is 138-161 A.p. However, Ptolemy’s phrase
is rather vague and allows for different interpreta-
tions. Firstly, who are the “we” who conducted the ob-
servations? Ptolemy himself or his predecessors from
the same scientific school? Furthermore, what exactly
do “the most observations” refer to? The use of “we”
etc has to be considered a distinctive of the Almagest’s
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author’s literary style rather than an indication of his
actual participation in the research; it is also possible
that the hoaxer editors of the XVI-XVII century were
intending to create an impression that what the work
in question had been written to relate the research of
a single person.

For example, let us take account of the words cho-
sen by Ptolemy as the introduction to the Almagest
star catalogue. It would be natural to expect the au-
thor/observer who had conducted the research in
question himself to provide detailed descriptions of
how his research was conducted, which stars were
chosen for reference etc. Nothing of the kind. Ptole-
my’s text is very vague:

“Again, the very same instrument [the astrolabon
— Auth.] permits to observe as many stars as humanly
possible, including those of the sixth magnitude. We
would always direct the first ring at the nearest bright
star whose position in relation to the moon would al-
ready be calculated by then” ([1358], page 399).

This is followed by the description of the method
used for stellar coordinate calculations when the lon-
gitude is measured by relatively bright stars, and the
latitude in relevance to the astrolabon’s ecliptic ring.
This description is once again given in rather general
terms, followed by the remarkable phrase:

“In order to represent the stars on a solid cosmos-
phere in accordance with the method described above,
we have arranged the stars into a table with four
columns” ([1358], page 340). Further on we find ex-
planations of the indications used in the table. The
“table” in question is the famous star catalogue. There-
fore it turns out that Ptolemy’s catalogue was created
with the main purpose of using it for the creation of
a cosmosphere.

Once again, this resembles a textbook — “in order
to make a globe, one has to do this and that” A pro-
pos, Ptolemy makes another reference to Emperor
Antoninus in his description of the “table”, or cata-
logue: “In the second column one finds the longitu-
dinal value deduced from the research [conducted by
an anonymous scientist — Auth.] for the beginning of
Antoninus’ reign ([1358], page 340).

Once again, one needn’t interpret these words of
Ptolemy’s as evidence of him having personally con-
ducted observations in the epoch of Antoninus. This
phrase can also be interpreted in the following man-
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ner: a late mediaeval observer rendered the catalogue
to the values corresponding with the reign of Antoni-
nus. By the way, the Almagest doesn’t give us any
datings for the reign of Antoninus. As we already
know, the simplest action which can be undertaken
in order to render a catalogue to any a priori known
ancient epoch’s ecliptic coordinates is the subtraction
of a suitable constant value from the original longi-
tudes. Furthermore, this explanation of ours is ex-
plicitly confirmed by the text of the Almagest! Ptol-
emy continues his thought right there: “The latitu-
dinal values always remain immutable; as for the
longitudinal values [contained in the Almagest cat-
alogue — Auth.], they allow for easy longitudinal cal-
culations for other moments of time as well, for
which the distance between the current epoch and
the necessary moment in time needs to be recalcu-
lated assuming the alteration speed equal to 1 degree
every 100 years. The resulting value would then have
to be subtracted from that of the current epoch in
order to get a date in the past or added thereto for a
future date” ([1358], page 340).

Thus, Ptolemy gives a perfectly clear explanation
of how one is to shift the star catalogue in time sub-
tracting the constant, which would make it “more
ancient”, or adding it for the opposite effect. Once
again, this is very similar to a textbook that explains
the technique of dating and re-dating star catalogues
to students. This book may have also been a useful
source of all the necessary guidelines in the XVI-XVII
century A.D., especially considering as how the con-
struction of a cosmosphere as related in the Almagest
does not require absolute longitudinal values —
namely, they are counted from an arbitrarily chosen
immobile star. Ptolemy suggests to use Sirius for this
purpose ([1358], page 405).

Apparently, the absolute values of ecliptic stellar
latitudes simply have never been used in Scaligerian
astronomy at all. Therefore, the longitudinal refer-
ence point could be chosen more or less arbitrarily.
Copernicus, for instance, having copied the Almagest
catalogue into Volume 6 of his own Revolutionibus
Orbium Caelestium, with some circumstantiation,
counts latitudes off the v star of the Aries constella-
tion, which was located at the distance of 27° from
the point of vernal equinox in the epoch of Coper-
nicus.
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One has to point out that the work of Copernicus,
as history of astronomy is telling us, wasn’t appar-
ently “appreciated” until a century after his death, in
Kepler’s epoch, or the XVII century ([614], page 328).
See Chapter 10 for more details. One can therefore
ask the legitimate question of the exact date when the
book attributed to Copernicus nowadays was writ-
ten or edited. Could it have been the early XVII cen-
tury and not the XVI — Kepler’s epoch, in other
words?

10.
WHAT ECLIPTIC POINT DID PTOLEMY USE
FOR LONGITUDINAL REFERENCE?

As we already know, the choice of the initial lon-
gitude count reference point influences the longitu-
dinal precession dating of the catalogue to a sub-
stantial extent. Let us conduct a more in-depth study
of the question which point of the ecliptic was used
by Ptolemy for longitudinal calculations in his cata-
logue. It is traditionally assumed that he had used
the vernal equinox point for this purpose, likewise
many late mediaeval astronomers.

It turns out that the initial reference point issue as
rendered by Ptolemy is far from simple, and cannot
be resolved without controversy if we are to use noth-
ing but the text of the Almagest for that end. Let us
turn to the Almagest and provide the relevant quo-
tations.

Ptolemy writes that “we shall be using the names
of the Zodiac signs in order to refer to the corre-
spondent twelve parts of the tilted circle which shall
begin in the equinox and solstice points. The first
twelfth part that begins at the vernal equinox point
and whose direction is counter to that of the Universe
shall be known as Aries, the next as Taurus ...” (II:7
— [704], page 45). The signs in question are merely
the arcs of the even Zodiac — not stellar longitudes.
Furthermore, when Ptolemy tells us of the longitudes,
he describes the second (longitudinal) column of his
star catalogue as follows: “In the second column we
find their [referring to the stars — Auth.] longitudi-
nal positions educed from observations conducted
in the beginning of Antoninus’ reign. These positions
are located inside the Zodiac signs; the beginning of
each Zodiacal quadrant is determined by either a sol-
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stice or an equinox point, qv above” (VII:4, [1358],
page 340).

Stellar longitudes in the Almagest are indeed in-
dicated separately for every arc sign of the uniform
zodiac and counted from the beginning of the re-
spective arc sign. In other words, the stellar longi-
tudes that we encounter in the Almagest should not
be considered absolute and are counted off a single
chosen point on the ecliptic. Instead of this, the rel-
ative longitudes contained by every respective arc sign
of the uniform Zodiac are given, totalling to 12. It is
also pointed out that one of the quadrants is oriented
at the equinox point.

Therefore, the calculation of some absolute lon-
gitudinal value requires the addition of a certain in-
teger number of degrees divisible by 30, or the size of
a certain arc sign of the even Zodiac. The absolute
ecliptic longitudes of the catalogue can only be de-
duced after this procedure, which is hardly all that
complex in principle.

Let us illustrate by the following example. The
North Star’s longitude in the Almagest is given as
Gem 0°10'. In order to calculate the absolute longi-
tude value, we have to add an integer number of de-
grees to 0°10' that equals 60°, as contemporary tra-
dition suggests. This is the number of degrees be-
lieved to correspond to the beginning of the Gem arc
sign of the even Zodiac. We shall thus get the value
of 60°10'". If we are to consider it to be the ecliptic lon-
gitude of the North Star as compared to the vernal
equinox point, it shall correspond to the position the
latter had occupied in the beginning of the new era.

One observes a perfectly similar situation with the
remaining longitudes of the thousands of stars con-
tained in the Almagest catalogue. The simplicity of the
abovementioned calculations notwithstanding, one
has to point out that this is our first opportunity to
misinterpret the source data offered by the Almagest,
namely, the fact that the integer degree values corre-
sponding to zodiacal signs depend on the choice of
the first arc sign of the even Zodiac, whose begin-
ning coincides with the initial reference point — ver-
nal equinox, or, possibly, some other point on the
ecliptic. The alteration of the first Zodiac sign shall
apparently alter the absolute degree values added.
The vagueness of Ptolemy’s phrase leaves plenty of
space for interpretation.
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As we shall find out, Ptolemy’s description of the
cosmosphere does not use the vernal equinox point
for initial reference. He writes that “as it makes no
sense to mark the solstice and equinox points on the
globe’s Zodiac (since stars maintain no constant dis-
tance to these points), we should select a number of
fixed immutable reference points among the immo-
bile stars. The brightest of those is the star in the
mouth of Canis Major [Sirius, that is! — Auth.] ...
then for each or the remaining immobile stars in the
catalogue [apart from Sirius — Auth.] we must mark
its location [longitude — Auth.] rotating the gradu-
ated ring around the ecliptic pole — the point that we
must mark on this ring’s ecliptic is to be at the exact
same distance from the reference point that we dis-
covered (Sirius) as lays between the star in question
and Sirius in the catalogue” ([1358], page 405).

Thus, Ptolemy gives us a direct reference to Sirius
as to a convenient absolute beginning for the eclip-
tic longitude count. This is completely at odds with
the consensual version which tells us that Ptolemy
would definitely use the vernal equinox point for ref-
erence.

Furthermore, since the Almagest is an astronom-
ical encyclopaedia of sorts, it may have been compiled
from the works of various astronomers from differ-
ent schools in its present form. Therefore, different
measurements principles may have been used for dif-
ferent parts of the Almagest — in particular, it is pos-
sible that the longitudinal reference point in the
Almagest catalogue varies as taken for its different
parts.

All of this indicates that the attempts to date Ptol-
emy’s catalogue by longitudinal precession may lead
to gravest errors, which is exactly what we see in some
modern works on the history of astronomy, qv below.

Other contentious issues arise as well. The quo-
tation mentioned above demonstrates that the cre-
ation of a cosmosphere requires circa 1000 astro-
nomical operations — namely, the subtraction of the
longitude of Sirius from the longitudes of a thousand
other catalogue stars. However, the longitude of
Sirius is expressed as a fraction in the Almagest cat-
alogue, namely, 17°40' of Gemini. It is perfectly clear
that the operation of subtracting this number from
other longitudes a thousand times shall consume a
great deal of labour. On the other hand, Ptolemy,
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who advocated using Sirius for reference, could well
have chosen another very bright star — Arcturus. This
is a star of great luminosity; most importantly, its
longitude is expressed as an integer in the catalogue
— namely, 27° of Virgo. Why would one perform a
thousand operations with fractions when it would be
a lot simpler and less time-consuming to perform the
very same operations with degrees expressed as an
integer?

One can make the natural presumption that a cer-
tain constant value was either added to, or subtracted
from, the initial longitudes of the Almagest, which
made the longitude of Sirius a fractional value in-
stead of an integer. Therefore, this value had to com-
prise a certain amount of degrees and 40 minutes,
since the longitude of Sirius in the modern version
of the Almagest catalogue equals 17° 40

This is where we unexpectedly run into a good
concurrence with the result of R. Newton ([614]).
He proves that the longitudes contained in the cata-
logue were recalculated by someone, with an indefi-
nite amount of degrees and 40 minutes added to the
original longitudinal values, and bases his conclusion
on altogether different considerations — those of a
statistical nature. We deem such a good concurrence
between two varying observations to be anything but
random.

One has to make the following general observa-
tion, which bears no formal relation to astronomy, but
might yet prove useful for our understanding of the
role and the place of the Almagest. Modern literature
on the history of astronomy gives one the impression
that the Almagest chapters dealing with stars are a
commentary of sorts, or an annex to the central doc-
ument, which is the star catalogue. However, we are
of a different opinion. The primary content of these
chapters is Ptolemy’s guidelines for the construction
of the cosmosphere whereupon one was to point out
the locations of the stars. The actual construction
process, the paint one needs to use for the purpose
etc are described with great detail; the catalogue it-
self is but a “reference table” for the construction of
the cosmosphere.

It is quite possible that such cosmospheres were
used for astrological or mystical purposes in the
Middle Ages. The most curious fact is that the history
of astronomy has many references to the construction
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of such cosmospheres — however, this “celestial globe
construction epoch” isn’t even close to the beginning
of the new era, it pertains to the Middle Ages. In par-
ticular, the first news of such globes that we have date
from the epoch of Tycho Brahe, who constructed a
cosmosphere himself ([395], page 127); this was con-
sidered an important task. We are told that “the large
brass-plated cosmosphere, 149 centimetres in diam-
eter, deserves to be mentioned separately. Its surface
bore the representations of the Zodiacal belt, the
equinoctial, and the positions of 1000 stars whose
coordinates had been determined over the years of
Tycho’s observations. Tycho proudly confessed: “I be-
lieve that no other cosmosphere of this size, built with
such accuracy and precision, has ever been made any-
where in the world”. He also claimed that multitudes
would come to Denmark specifically in order to ad-
mire the cosmosphere. Alas, this true wonder of sci-
ence and art perished during a blaze in the second half
of the XVIII century” ([395], page 127).

Thus, the respective Almagest chapters fit into the
epoch of the XVI-XVII century perfectly well.

Furthermore, experts in history of astronomy sug-
gest that even if the longitudes of the Almagest were
recalculated, it was for a more recent epoch and never
backwards. We are being convinced that the recal-
culation of old stellar longitudes for the current
epoch was a common enough practice amongst me-
diaeval astronomers. References are also made to the
“early mediaeval” catalogues predating Brahe. Me-
diaeval astronomers are supposed to have been “too
lazy” to conduct new research. They would rather
grab an “ancient” catalogue dating from times im-
memorial, alter all of its values by the factor of a sin-
gle constant and come up with “modern star coor-
dinates” as a result, subsequently using this ancient
but so conveniently “updatable” catalogue in their
own research.

One has to admit that this hypothesis looks rather
strange. It is unlikely that each new generation of as-
tronomers would contend itself with a mere “fabri-
cation” of the kind of catalogue they needed via a
shift of longitudes contained in some old and rather
obsolete, catalogue. Every new epoch creates new and
more advanced astronomical instruments. Therefore,
it is most likely that the astronomers of every subse-
quent epoch would measure stellar coordinates again,

\
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with greater precision. Not only the longitudes were
made more realistic, but the latitudes as well — those
corrections may have varied from star to star. As a re-
sult, the astronomers of every new generation would
compile a maximally accurate new catalogue for
themselves (inasmuch as their instruments would
allow, of course). This very method was used for sci-
entific applications, such as navigation, as opposed to
obsolete near-forgotten catalogues which contained
many errors due to the imprecision of the primitive
early instruments.

If anyone in the XVI-XVII sought to fabricate and
introduce a falsified “ancient” history, the approach
may have been radically different. Some recently-
compiled star catalogue would be taken, and his lon-
gitudes shifted into “the past”, or “the necessary his-
torical epoch” — the early A.D. period, for instance. The
operation was simple and did not consume much of
the hoaxers’ time. After that they would loudly claim
having discovered “an extremely ancient star cata-
logue” Let us reiterate that the simplest and fastest fal-
sification method would employ a shift of all stellar
longitudes by a single constant value. Apparently, this
is how the “personal observations” of Ptolemy from
the II century A.p. came into existence, as well as
many other “observations” conducted by “early me-
diaeval astronomers”. The hoaxers couldn’t just open
a modern catalogue, since they would be immedi-
ately caught, and preferred to use some catalogue dat-
ing to 100-200 years backwards, well-forgotten and
out of print already.
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Fig. 2.27. The sinusoid of Peters in the latitudes of the Almagest
star catalogue.
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Fig. 2.28. The somewhat odd graph of average longitudinal
discrepancy as a function of ecliptic longitude in the Almagest
catalogue.

1.
PETERS’ SINUSOID IN ALMAGEST
LATITUDES

Let us now consider the latitudes of the Almagest
star catalogue. This is where we immediately discover
a most peculiar effect that defies explanation in the
paradigm of earlier Almagest studies. We shall be re-
ferring to this effect as to the “Peters’ sine curve”. The
matter at hand is as follows: Peters analyses the aver-
age error distribution in the Almagest as a longitu-
dinal function. For this purpose he calculates the po-
sitions of the modern sky’s Zodiacal stars for 100 A.D.,
or the alleged epoch of the Almagest creation. Then
Peters calculates the latitudinal discrepancy of A; = B;
— b;. Thus, B, is the latitudinal value of star i from the
Almagest, and b; — the meaning of its latitude for 100
A.D. as per Peters. Therefore, the A; value demon-
strates “Ptolemy’s error” in the determination of star
i’s latitude, made under the assumption that the Al-
magest was created around 100 A.D. Peters proceeds
with the division of the ecliptic into 10 degree inter-
vals and then calculates the average latitudinal dis-
crepancy value for all the Almagest stars that wind up
in this interval, which naturally varies from one in-
terval to another.

A special graph has been built as a result, one that
demonstrates how the average latitudinal discrepancy
manifests along the ecliptic. Points of the ecliptic can
be characterized by ecliptic longitude; the graph built
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as a result will represent latitudinal discrepancy as a
longitudinal function. The sine curve of Peters can be
seen in fig. 2.27. It is very much like a sine curve with
the amplitude of circa 20'. One could choose a sinu-
soidal curve considered best in its class for the ap-
proximation of the curve in fig. 2.27. The resulting
sine curve was named after Peters.

The appearance of Peters’ sinusoid is very hard to
explain within the framework of the modern ideas of
the Almagest. At any rate, we have found no reason-
able explanation of this distinctly periodical phe-
nomenon in any kind of literature.

One has to point out that [1339] contains no de-
tails related to the calculation of this curve by Peters.
In particular, we learn nothing of the actual Zodiacal
stars he used for calculations. Therefore, in order to
confirm the actual existence of the effect and study
it we had to recalculate the curve in question for all
the Zodiacal stars with the aid of a computer. Our re-
sults, as well as their implications and related com-
mentary can be found in the chapters to follow. Let
us however jump ahead for a moment and divulge to
the reader that we find a perfect explanation for this
strange sine.

NB. Apart from the latitudes, Peters also studied
the longitudes of the Almagest catalogue ([1339]).
He counted the average latitudinal discrepancy for
10-degree sectors and came up with the graph that
we see in fig. 2.28. The curve represents the behav-
iour of the average longitudinal discrepancy as a func-
tion of ecliptic longitude. It is remarkable that the
graph is drastically different from the one with the Al-
magest latitudes. The longitudinal graph is by no
means sinusoidal; its amplitude is smaller; besides,
and it has two rather distinct local maxima. It is pos-
sible that this oddly irregular nature of the “longitu-
dinal” curve is a result of the mysterious ecliptic lon-
gitude recalculation as discovered by R. Newton in
[614] (see section 8). As it has been pointed out, the
longitudes of the Almagest catalogue are by no means
a reliable source of information; therefore, we have
no reasons to study the resulting graph more atten-
tively. Such analysis would only make sense if the lon-
gitudinal recalculation mechanisms, which must have
been used by later astronomers (possibly of the XVI-
XVII century), could be reconstructed, which we be-
lieve to be a very difficult task at this point.
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Unsuccessful attempts of dating
the Almagest. Reasons for failure.
Our new approach and a brief
account of our results

1.

THE ATTEMPT TO DATE THE ALMAGEST
'BY A COMPARISON TO THE CALCULATED
CATALOGUES REFLECTING THE MOTION
OF THE FASTEST STARS

1.1. The comparison of the Almagest catalogue
to the calculated catalogues

In Chapter 1 we refer to the algorithm of recal-
culating the modern positions of celestial objects
backwards “into the past”. Thus, what we have at our
disposal presently is the Almagest catalogue com-
piled in ecliptic coordinates in some unknown epoch
14, and the set {K(#)} of the calculated star catalogues.
They reflect the real situation on the celestial sphere
that we computed for a given time moment #. Let us
try and determine the desired value of the date ¢, or
the epoch when the Almagest catalogue was com-
piled. We shall begin with the following idea which
appears quite simple and try to compare the posi-
tions of individual stars in the Almagest to their po-
sitions in the calculated catalogues K(¢); after that we
shall try to select such a value ¢* for the evaluation
of the date ¢, that it would make the Almagest data
correspond to those contained in the catalogue K(#*)
in the best way possible.

We shall refrain from going into detail about the
quality criteria of such correspondence and merely
define the meaning of “comparing the Almagest to
catalogue K(t) with a given t value”. What this im-
plies is selecting the same coordinates from cata-
logue K(t) and the Almagest. The comparison in
question makes year ¢ serve for the alleged dating of
the observations that the Almagest catalogue is based
upon. Therefore, in order to compare the coordi-
nates of the stars in the Almagest with their coordi-
nates in the calculated catalogue, one has to set the
Almagest ecliptic into the same plane as the ecliptic
of the calculated catalogue K(¢).

However, such a superimposition shall allow for
nothing but latitudinal comparison, whereas we also
need to compare stellar longitudes. In other words,
we shall have to impose the Almagest star atlas over
the real one for epoch t, supposing ¢ to be the real time
when the Almagest author performed his observa-
tions. This requires marking the vernal equinox point
for epoch ¢ on the Almagest ecliptic. This point is to
be selected in such a way that the average longitude
error for the Zodiacal stars of the Almagest would
equal zero. Bear in mind that we are using the table
of traditional identifications of the Almagest stars
with the modern star chart as given in [1339] for our
comparison with the longitude of the relevant stars
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from the catalogue K(#). It isn’t that formidable a task
to select such an equinox point. As it is known (qv in
[1040] and [1339]) that ¢ = 18.4, or corresponds to
the Aries arc sign on the Almagest ecliptic for 60 A.D.,
shifting with the speed of roughly 49.8" for each year
t — the precession speed, that is.

‘We cannot quite evade errors in our choice of the
vernal equinox point on the Almagest ecliptic with the
method indicated above, which is optimal statisti-
cally. Its complete evasion would be achieved if we
merely compared stellar latitudes without taking the
longitudes into account whatsoever. This is what we
shall do below, in Chapters 3-5. We shall analyze the
latitudes and the longitudes separately. The consid-
erations given in the current section are of a prelim-
inary character.

1.2. The attempt of dating the Almagest
catalogue by proper movements
of individual stars

Let us choose nine of the fastest stars for com-
parison, indicated in the Almagest according to
[1339]. These are the stars, whose proper movement
speed exceeds 1" per year. Their list is as follows:

o Cent (969) — 4.08" per year,

0 Eri (779) — 3.68" per year,

o Boo (110) = Arcturus — 2.28" per year,
T Cet (732) — 1.92" per year,

o CMa (818) = Sirius — 1.33" per year,
Y Ser (265) — 1.32" per year

U Per (196) — 1.27" per year,

o CMi (848) = Procyon — 1.25" per year,
1 Cas (180) — 1.22" per year.

All these stars are contained in the Almagest, ac-
cording to traditional identifications ([1339]). The
numbers given to them by Bailey in the serial nu-
meration of the Almagest are in parentheses. Let us
represent each of these Almagest stars as a circle with-
out any shading, see figs. 3.1-3.8. We decided to omit
o Centauri, since the coordinates of this star which
lays far to the south are given in the Almagest with
the gigantic 8-degree error. In fig. 3.4, apart from the
Almagest star 779, one can also see the neighbouring
stars 778 and 780 and the trajectories of real stars
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Fig. 3.1. The motion of the real Arcturus as compared to its
position specified in the Almagest. This graph doesn’t
account for the systematic error made by Ptolemy or
compensate it.
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Fig. 3.2. The motion of the real Sirius as compared to its
position specified in the Almagest. This graph doesn’t
account for the systematic error made by Ptolemy or
compensate it.

0 1020 30"

Fig. 3.3. The motion of the real Procyon as compared to its
position specified in the Almagest. This graph doesn’t
account for the systematic error made by Ptolemy or
compensate it.
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Fig. 3.4. The motion of the real stars o® Eri and & Eri as compared to the Almagest data. This graph doesn’t account for the
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systematic error made by Ptolemy or compensate it. The numbers of the stars are given in accordance to a modern catalogue

([1197]).
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Fig. 3.5. The motion of the real star | Cas as compared to its
position specified in the Almagest. This graph doesn’t account
for the systematic error made by Ptolemy or compensate it.
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Fig. 3.6. The motion of the real star 1 Per as compared to its
position specified in the Almagest. This graph doesn’t account
for the systematic error made by Ptolemy or compensate it.
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Fig. 3.7. The motion of the real star T Cet as compared to its
position specified in the Almagest. This graph doesn’t account
for the systematic error made by Ptolemy or compensate it.
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Fig. 3.8. The motion of the real star 'y Ser as compared to its
position specified in the Almagest. This graph doesn’t account
for the systematic error made by Ptolemy or compensate it. Star
numbers are given according to a modern catalogue ([1197]).

numbered 1332, 1362 and 1363 from the catalogue
([1197]). Thus, we have eight stars left.

Let us now regard the small neighbouring areas of
each of these eight stars in Ptolemy’s star atlas. We
shall be using these star coordinates as given in the
Almagest. Each of these areas contains one of the
eight fast stars listed above. Furthermore, we share the
opinion [1339] that Ptolemy did in fact observe all
of these eight stars, and that they are really present in
his catalogue.

Now let us superimpose the star atlas compiled
from the calculated catalogue K(¢) which reflects the
state of the real celestial sphere for epoch ¢, over
Ptolemy’s star atlas compiled from the Almagest; we
shall be using the method described above, and per-
form this procedure for every t+ moment. We shall
now draw our eight fast stars among the stars of the
Almagest.

The method of imposing the calculated atlas K{(¢)
over Ptolemy’s atlas depends on the choice of epoch t.
Moreover, each of the eight fast stars changes its po-
sition in relation to the other stars from the calculated
catalogue K(#) with an alteration of ¢. Thus, the way
these stars shall be represented on Ptolemy’s atlas
shall also depend on the time ¢. We will come up with
eight new trajectories on Ptolemy’s atlas correspon-
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ding to the shift of our eight fast stars after the alter-
ation of . These trajectories can be seen in figs. 3.1-
3.8. Let us emphasize that we are not yet taking into
account the systematic error in stellar locations that
we discovered the Almagest’s compiler to have made.
We shall relate the story of this error in detail below.

What are the t moments that we are considering
now when the real fast stars are the closest to how they
were represented on Ptolemy’s atlas?

Generally speaking, these moments vary from star
to star. For the eight stars listed above we shall mark
them as t,, t,, ..., t;. If it turns out that all the values
of t; (1 <i< 8), or a considerable part of them at the
very least, turn out to be close to each other as well
as some averaged value of #*, it shall be strong argu-
mentation in favour of the theory that the true time
of the Almagest’s author’s observations is close to ¢*.

However, this doesn’t appear to happen. Indeed,
the values ¢; are chaotically scattered across the time
interval — 70 £ ¢ < 30), or 1000 B.c. — 9000 A.p.! The
range is just too great. Let us compile the results into
table 3.1 to make them more illustrative. The fact that
the individual datings ¢; are spread across this great
a range is hardly surprising. The matter is that each
of the eight stars under comparison is represented in
the Almagest with a certain error which is rather se-
rious.

The idea of the possible rate of this error for an
individual star can be obtained from the average arc
declination in the constellation that the star in ques-
tion is part of. Under the arc declination we under-
stand the gap between the star’s position in the
Almagest and its true calculated position. Strictly
speaking, the indicated average error depends on the
alleged dating of the Almagest — due to the proper
movements of stars, for instance. However, the stars
on the celestial sphere are almost immobile for the
most part. It appears that the rate of this average error
is only marginally dependent on the epoch that the
stellar coordinates are calculated for. The precision
level that is of interest to us allows to disregard this
dependency.

In order to calculate the average error rate, we
have used the comparison table that contains the star
positions in the Almagest together with their real
positions for 130 B.c. that we encounter in the work
of Peters and Knobel ([1339]) — calculated for the
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Table 3.1. Approximate datings of the Almagest
catalogue by the proper movements of eight fastest
stars observable with the naked eye.

Dating closest Minimal
to the star distance to the

observation time  star of the

Star name in the Almagest Almagest
Arcturus = o Boo 900 A.D. 40'
Sirius = oo CMa 400 A.D. 10'
Procyon = oo CMi 1000 A.p. 20'
02 Eri 50 A.D. 5'
n Cas 1100 B.c. 40'
1 Per 9700 A.D. 70'
7 Cet 220 A.D. 15'
¥ Ser 700 A.D. 80'

epoch of the “ancient” Hipparchus, that is. Let us
draw the “precision circle” around the point that rep-
resents a fast star in the Almagest whose radius will
equal the average error rate for the constellation that
contains the star in question, qv in figs. 3.4-3.8. The
projection of this circle over the trajectory of the cal-
culated star that reflects the movement of a real fast
star across the celestial sphere shall give us an
idea of the possible error rate pertinent to the indi-
vidual dating ¢; by the star in question as compared
to the real date of the catalogue’s compilation. Let us
also point out that the individual star measurement
errors that we know nothing about can differ from
the average error rate drastically. The radius of the
“precision circle” for Arcturus, Procyon, Sirius and
other named stars was chosen as equalling 10', or
the Almagest catalogue scale grading value. See
figs. 3.1-3.3.

1.3. Why the dating of the Almagest
by individual star movements gives us
no reliable result

The question that inevitably arises in this regard
is whether the results achieved with the use of one or
several of the eight stars listed above can be trusted
more? In that case, this is the star which we must use
for the purpose of evaluating and dating Ptolemy’s re-
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search, rejecting the datings based on all the other
stars as not reliable enough. It is natural to use the
stars whose coordinates are the most correct in the
Almagest. But how does one choose them?

In some works it was suggested to evaluate the
precision of Ptolemy’s measurements for each of the
stars in question basing our judgement on the cal-
culated arc discrepancy for a given star — using the
last column of the cited table, in other words. The im-
plication would be that the coordinates of the star o?
Eri were measured by Ptolemy with the precision
rate of 5', for instance, and those of Arcturus — with
the precision rate of 40'. This is exactly what the au-
thors of [273] Y. N. Yefremov and Y. D. Pavlovskaya
had done. They had tried to date the Almagest by
proper movements and worked with the same list of
9 stars in particular. This approach would yield a
dating which would be close to the Scaligerian — 50
B.C., qv in table 3.1. The evaluation of the possibil-
ity that this dating is erroneous is a separate issue
which we shall consider below. To jump ahead very
briefly, we shall merely state that the possible error
rate of Yefremov and Pavlovskaya’s method was es-
timated perfectly unrealistically in [273].

This approach instantly leads us to the following
set of questions. The first one concerns the rather ab-
surd situation in which all three stars of the first mag-
nitude out of nine, namely, Arcturus, Sirius and Pro-
cyon (and ones that have names of their own in the
catalogue at that) were measured by Ptolemy very
roughly, with error rates approximating an entire de-
gree. Yet the dim and poorly-visible star o? Eri was for
some reason measured with the utmost precision, the
discrepancy equalling a mere 5'! Let us explain that
the magnitude of this star according to modern meas-
urements equals a mere 4.5, which means it is very
dim.

All of this is most bizarre indeed. Such bright and
famous stars as Arcturus, Procyon, Regulus and Spica
must have served Ptolemy in his research as control
points, or, at the very least, their coordinates were
measured with the utmost care and precision. Their
exceptional importance to ancient astronomy is re-
flected in the very fact that they have own names in
the Almagest. There are even special sections of the
Almagest concerned with the measurements of some
of them. Therefore the precision of their coordinate
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calculation must have been very high indeed (see
[968], for instance). At the same time, there is noth-
ing very noticeable about the star o’ Eri. It cannot be
distinguished from the stars surrounding it, them
being just as dim.

Furthermore, the star traditionally associated with
0 Eri is merely described as an “average star” in the
Almagest. Therefore, we would be justified to ask an-
other perplexed question after taking a look at fig. 3.4.
Why would the Almagest star #779 possibly be iden-
tified as o? Eri? It is perfectly clear that this is a con-
clusion one can only arrive at in case when the co-
ordinates of the real star o Eri and the star #779
from the Almagest correlate with each other opti-
mally — better than those of o? Eri and the star #778,
for instance. However, due to the significant proper
motion velocity of o? Eri this clearly implies that its
identification as any star of the Almagest is greatly
dependent on the time we date the Almagest to.

For instance, if we knew that the Almagest was
written in 1000 B.C., we could identify o? Eri with the
Almagest star #778, and then successfully “date” the
Almagest to the very same year 1000 B.c. judging by
the minimal possible distance between o? Eri and
the star #778, which would serve as “sound proof”
of our a priori dating.

A propos, this identification makes the concur-
rence between the coordinates of o Eri and the Al-
magest even better than the traditional version, as
one can plainly see in fig. 3.4. If we assume that the
Almagest was written in 1500 A.D., or the XVI cen-
tury, for instance, we might identify the star o® Eri
as the Almagest star #780 and date it to the late
Middle Ages, or even a “future epoch’, qv in fig. 3.4.

It is clear that ruminations of this sort lead to a
vicious circle. The dating of the observations based
on proper star motion requires a reliable identifica-
tion of said star as one contained in the Almagest, all
of this independently from its presumed dating.

However, even if we are to disregard o” Eri, we still
cannot use the remaining eight fast stars for a secure
dating, even now. The dating dispersion is too great
for all the different stars. Even the datings made by
the stars of the first magnitude out of the eight stars
under study (Arcturus, Procyon and Sirius) are scat-
tered over the 600-year interval between 400 A.D.
and 1000 A.p., qv in table 3.1.
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Furthermore, one needn’t forget that the datings
deduced in such a manner (900 A.p. for Arcturus)
only represent the moments when the real positions
of the stars are the closest to those given in the
Almagest catalogue.

One also needs to specify the time intervals sur-
rounding these datings for which the deviation val-
ues would fall into a range conforming to precision
requirements.

The gravity of the situation is all the greater that
if we are to use average values for the evaluation of
just how precisely this star or the other was measured
in the Almagest, we shall be making a certain error a
priori, knowing nothing of the individual errors made
in the measurement of the stars in question by
Ptolemy.

Let us formulate the corollaries:

1. Before one can use the coordinates of a separate
star as given in the Almagest for the purposes of dat-
ing, one needs to make sure that identifying the star
in question as a star observed upon the modern ce-
lestial sphere does not depend on a presumed dating
of the Almagest, which would lead us to a vicious cir-
cle once again.

2. Even for the fastest of stars, the shifts made due
to proper motions are small enough inasmuch as the
span of the historical period is concerned (see figs.
3.1-3.8). Therefore, a dating would require a selection
of stars whose positions in the Almagest would be
measured with enough precision. A star than only
shifts by 2" in a year will shift by a mere 3.3' over the
period of a century.

Therefore, if we want to use an individual fast star
for the dating of the Almagest with the precision
range of circa 300 years, we must be certain that the
precision of this star’s position as given in the Al-
magest does not exceed the discrepancy rate of 10'.
According to the estimations of researchers, the real
precision of the Almagest is a lot lower in general
([1339]).

The stars whose coordinate precision discrepancy
rate exceeds 20’ are all but void of utility for us. The
dating interval is 1200 years minimum if we are to use
them for dating purposes.

This issue is considered in more detail below (see
Chapters 5 and 6).
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2.

AN ATTEMPT OF DATING THE ALMAGEST
CATALOGUE BY THE AGGREGATE OF FAST
AND NAMED STARS AS COMPARED TO
THE CALCULATED CATALOGUES

2.1. The criteria one is to adhere to in one’s
choice of the stars for the purpose of dating

In section 1 we demonstrate that the comparison
of the Almagest with the calculated catalogues K(¢)
by the eight of the fastest stars doesn’t allow us to in-
dicate a ¢* value that makes the Almagest correlate
with the catalogue K(#*) in the best possible manner.
For each star the value of t* = t% is unique and dif-
fers from the values of other stars significantly. The
scatter range for different stars equals several millen-
nia. Therefore, the approach as described above is too
rough, and gives us no substantial result.

However, it might turn out that once we make the
sample include a lot more stars than eight, we shall
come up with such a set of individual datings {t*}
whose larger part will fall into a rather short time in-
terval. At the end of the day, even an interval of circa
500 years would suffice; in this case we would be given
some sort of opportunity to obtain the information
concerning the real date of Ptolemy’s research (t,).
Apart from that, making the sample more inclusive
might enable us the use of mathematical statistics
methods for the estimation of the t, value.

What other stars should one include in the sam-
ple? It is clear that only the fast and relatively well-
measured stars fit the purposes of dating. These two
criteria — proper motion velocity and the record pre-
cision in the Almagest, complement each other in gen-
eral, since the faster the star, the greater the error we
can make for its coordinate in the Almagest without
affecting the dating by the star in question.

These considerations lead us to the choice of the
following stars for the comparison of the Almagest
with the calculated catalogues K(z).

1) The stars which move fast enough. Let us choose
0.5" as the annual speed threshold pertaining to a
single equatorial coordinate at least 0,49, and 8,00
for the epoch of 1900 A.p., qv in table 1.1).

2) “Famous” or named stars, or the stars which have
old names of their own (see table P1.2 in Annex 1).
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Naturally, named stars may have received their
names already after the creation of the Almagest,
which appears to be true for many stars. However,
firstly, the stars’ names are unlikely to have been for-
gotten with age, although they may indeed have al-
tered. In other words, named stars of Ptolemy’s epoch
remain such until the present day. Secondly, the fact
that a given star received a name of its own tells us
that it had been charged with a particular significance
in old astronomy. It would therefore be self-implied
that Ptolemy had paid more attention to named stars
than to others, which would be manifest in their more
precise measurement especially.

Let us choose the interval of 0 < ¢ < 30 as the a pri-
ori time interval for our research (1100 B.c. to 1900
A.D., that is). Bear in mind that the letter ¢ refers to
the time counted backwards from 1900 a.p. in cen-
turies.

2.2. The “proximity interval” system as applied
to certain fast or named stars

Let us merge the lists of fast and named stars from
tables P1.1 and P1.2 (from Annex 1) in order to study
them together. We shall choose those stars from the
multitude that one finds in the Almagest according
to [1339]. The resulting list consists of circa 80 stars.
Let us calculate the trajectory of every star from this
list in the Almagest coordinate grid as we have done
in section 1 for the eight fastest stars.

Be sure to mark that for this purpose we have
fixed a certain ¢ value as the presumed dating and cal-
culated the location of each star for the epoch ¢ in
the ecliptic coordinates of the epoch. This position
can be represented as a point on Ptolemy’s star atlas
— that is, an atlas built from the Almagest catalogue
under the assumption that it was compiled in epoch
t. Changing the value of the alleged dating ¢ within
the range of the historical interval under study, we
are making the star, or point, move along Ptolemy’s
atlas across the stars of the Almagest. As time ¢ alters,
the calculated star i moves across the stars of the Al-
magest (proper star motion as well as the slight shifts
of the ecliptic that take place with the course of time).
The distance between the calculated point or star
and the Almagest star that this star becomes identi-
fied as also changes in its turn. The identifications
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Fig. 3.9. The motion of a real star near the position specified
for it in the Almagest.

correspond to [1339]. The distances on the celestial
sphere would be measured on the geodetic arc that
connects the stars. Bear in mind that geodesic lines
on a sphere, or the line of the shortest local lengths,
are the arcs of large circumferences or flat cross-sec-
tions that go through the centre of the sphere. Such
distances on spheres are called arc distances; we shall
simply refer to them as “distances”.

Let the distance between the stars be minimal for
the moment t* = t,. We have dubbed moment #* the
“individual dating” by a given star in section 1. When
t deviates from the ¢* value into either direction, the
distance between the real calculated star and its rep-
resentation in the Almagest begins to grow.

Let us conside the dating interval [t%, t%] = [¢;,,
t,,] where the distance in question does not exceed 30'
correspond to every star with the number i from the
list. This interval can actually be empty, which shall
be the case if the distance between the calculated star
and the respective star from the Almagest exceeds 30'
for moment t. The centre of the interval shall be de-
fined by value t*. See fig. 3.9.

The 30' limit for the arc distance between the
Almagest star and the corresponding calculated star
was chosen with the goal of having most of the
Almagest stars stay within it. Indeed, if we are to con-
sider the average square error rate in the arc distance
for the Almagest stars to exceed 40' (which concurs
with the research conducted in [1339] and [614]),
more than half the stars in the Almagest must be rep-
resented with the precision rate of circa 30'. We are
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basing this on the hypotheses of normal error distri-
bution and of error independence as taken for indi-
vidual stars. Due to the approximate nature of our
narrative, possible discrepancies that these presump-
tions might lead to do not affect our corollaries.

The set of the intervals that we calculate in this
manner, or the “proximity intervals”, can be seen in
fig. 3.10. What we see here is the time axis beginning
with ¢ = 0, or 1900 A.D., and ending with ¢ = 30, or
1100 B.c. Each interval has a centre defined by the op-
timal dating ¢; for a given star. We also mark the points
for which the distance between the “Almagest star”,
or the position given in the Almagest, and the calcu-
lated star, equals 10' and 20' (see fig. 3.9). Lines rep-
resenting distances under 10' are heavier as seen in fig.
3.10. The ends of the intervals are marked with point-
ers where they stay within the graph.

Many of the stars in our list of fast and named
stars do not have a corresponding interval in fig. 3.10.
This should imply the interval in question to be:

1) Altogether nonexistent (in cases when the dis-
tance between the Almagest star and the calculated
star remains greater than 30' in all cases).
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2) Failing to cross the a priori interval 0 < £ < 30
and located beyond the area of the graph.

3) Covering the a priori interval completely.

In the latter case, the coordinates of the star must
have been measured with enough precision for the
30' interval; however, one cannot date the observa-
tions in the interval between 1100 B.c. and 1900 A.D.
by the positions of such stars since their movement
is too slow.

Let us give Bailey’s numbers of the Almagest stars
for which the 30-minute proximity intervals cover
the entire interval 0 <t < 30 given a priory (see [1339]
and [1024]). These are the stars with numbers 35, 36,
163, 197, 222, 316, 318, 375 and 768.

Only partial intervals are given for many stars.
This happens when part of the interval is located out-
side the a priori interval of 0 < ¢ < 30 and thus fails
to be represented in fig. 3.10.

Next to each interval one sees the number of the
corresponding Almagest star in Bailey’s numeration.
The name of the modern star identified as the cur-
rent Almagest star, as well as its own special name, in
case of its existence, is given next to the equal sign.

- 2% 20 15 10 5 1
600B.C. 100 B.C. 400A.D. 900A.D. - uw;w."
818 = Sirius 848 = Procyon
, 110=Arcturus ) o
”7=Y Leo ‘ R ] T » ’
! . 488 = Denebola
469 = Regul
425 = Pollux <+ - b d >
" 24=q Oph ' »
736 = Bellatrix R "
553 = a Scor \ - o
315 = o And ’ > i
440 =y Gem . < 349 =y Andr
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P 185 = Cas

Fig. 3.10. Intervals of maximum proximity between visibly mobile fast or named stars with their corresponding positions as

specified in the Almagest.
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In fig. 3.12 we reproduce a similar graph for latitudes;
the moment ¢ = 18 is represented with a dotted line
and stands for the Scaligerian dating of the Almagest
(around 100 A.D.).

2.3. Dating the Almagest with the suggested
method utilizing arc distances of individual
stars is an impossibility

Fig. 3.10 tells us very explicitly that time values ¢
which would belong to all the “maximal proximity”
intervals simultaneously do not exist. Let us raise the
precision threshold starting with the 30’ value as cho-
sen above, in order to obtain the desired values of ¢.
The intervals as seen in fig. 3.10 shall grow respec-
tively, with pointers indicating the direction of
growth. At some moment, all the intervals shall begin
to intersect. Let us see what value of t and precision
threshold value it should take for this intersection to
occur the first time. It turns out that it takes place with
t= 12, or around 700 A.D., with the precision thresh-
old of about 60', or one degree. If we keep raising the
precision threshold, the intersection interval will grow
in both directions from the point t = 12.

However, we cannot regard point t = 12, or 700
A.D,, as a reliable enough estimate of the date when
the author of the Almagest catalogue carried out his
observations since the intersection of all “maximal
proximity” intervals in fig. 3.10 only takes place at
the precision threshold of 1 degree, which implies
the existence of very poorly-measured Almagest stars
in this set. The error in the estimate of their position
contained in the Almagest equals one degree at the
very least.

Furthermore, if we are to estimate the precision of
stellar coordinates from below with the aid of the se-
lective average square arc error in the optimal point
t = 12, we shall have to raise the acceptable error rate
value (or the precision threshold) excessively (over 2
degrees). However, such a value of the precision
threshold shall make the acceptable “maximal prox-
imity” interval intersection cover the entire period
between 500 B.c. and the present (see fig. 3.10). Such
a corollary is of zero scientific interest, since it is per-
fectly understandable that the Almagest was created
somewhere in this great time period.

Moreover, the very dating of 700 A.D. is rather un-
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Fig. 3.11. Latitudinal discrepancy for the real calculated star
and its position as specified in the Almagest.

stable in the following sense. An alteration in the
compound of the stars under study (which is obvi-
ously chosen rather arbitrarily) can shift the dating
moment rather significantly.

It is clear that such a situation makes all claims of
a reliable deduction of the Almagest catalogue com-
pilation date quite void.

2.4. Dating the Almagest catalogue with the
suggested method based on latitudinal
discrepancies of individual stars also proves
impossible

Let us consider another method of calculating
maximal proximity intervals for the Almagest stars
from our list of fast and named stars. This method is
similar to the one described above, the difference
being that this time the distance between the Almagest
star and the corresponding calculated star is com-
posed of the latitudinal discrepancy and not arc seg-
ments. By latitudinal discrepancy we mean the pro-
jection length of the interval that connects these two
stars over the Almagest coordinate grid meridian (see
fig. 3.11). The choice of a latitudinal discrepancy (as
opposed to longitudinal, for instance) was made out
of the following considerations: firstly, it is well known
that the Almagest star latitudes are more precise than
the longitudes (qv in [1339], for instance, as well as
Chapter 2 of the present book). Secondly, the latitu-
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dinal discrepancy does not depend on how we posi-
tion the Almagest in relation to the calculated cata-
logue K(t) in terms of longitudes, qv in Chapter 1.
Thus, we shall manage to evade making additional er-
rors which may result from such juxtaposition as well
as the possible arbitrary choice of the initial longitu-
dinal reference point (see Chapter 1).

In fig. 3.12 we see the resulting maximal proxim-
ity interval set for the case when the latitudinal dis-
crepancy represents the distance. Once again, the
proximity intervals which cover the entire interval of
0<t<30, 0r 1100 B.C. to 1900 A.D., are absent from
the graph. The Almagest numbers of the stars whose
30-minute latitudinal proximity intervals cover the in-
terval 0 < t < 30 completely are as follows: 1, 35, 36,
78, 111, 149, 163, 189, 222, 234, 287, 288, 315, 316,
318, 349, 375, 393, 410, 411, 424, 467, 469, 510, 713,
733,760, 761, 768, 812 and 818.

A comparison of fig. 3.12 and fig. 3.10 demon-
strates that the longitudes of the Almagest stars under
study are indeed a lot more precise than their posi-
tions on the celestial sphere defined by both latitude
and longitude. This is exactly why one sees more in-
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tervals in fig. 3.12 than in fig. 3.10, which represent a
greater amount of stars.

Maximal proximity intervals for all the stars in fig.
3.12 apart from two stars in Centaur (935 = 2g Cent
and 940 = 50 Cent) also begin to intersect at the level
of t = 12, or approximately 700 A.D., latitudinal pre-
cision threshold equalling 40'. This is somewhat bet-
ter than the 60’ value that we got in the previous case,
but still nowhere near precise enough. We are brought
to the dating of roughly 700 A.p. once again, but, as
in the above case, we cannot consider this result re-
liable due to the considerations related above; there-
fore, this method of dating the catalogue gives us no
tangible results.

In general, regardless of the fact that the transition
from the arc discrepancy to the latitudinal discrep-
ancy helps us rectify the errors of the Almagest to
some extent and therefore allows for more precise sta-
tistical corollaries, the resulting intervals of possible
datings remain too great. They cover the entire period
of 4 <t <20, or 100 B.c. — 1500 A.D. Such intervals
give us no useful information in re the date of
Ptolemy’s observations.
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Fig. 3.12. Intervals of “maximum latitudinal proximity” between the visibly mobile real fast stars and named stars and the

corresponding “Almagest stars”™
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3.

THE ATTEMPT TO DATE THE ALMAGEST
CATALOGUE BY THE MOTION OF
INDIVIDUAL STARS AS COMPARED TO THE
OBJECTS IN THEIR IMMEDIATE VICINITY

3.1. The varying geometry of stellar
configurations as seen against the background
of “immobile stars”

In sections 1 and 2 we tried to date the catalogue
with rough methods based on various stellar config-
urations altering over the course of time due to the
proper movements of individual stars that comprise
them. We have considered each star in the configu-
ration individually, comparing its calculated position
to the one given in the Almagest. In order to compare
all these positions we had to use the Newcomb the-
ory that describes the movement of the ecliptic co-
ordinate system used in the Almagest across the
“sphere of immobile stars” over the course of time.

Let us see what results we can obtain from the
method of dating the Almagest that will not use the
Newcomb theory. The idea behind a method of this
sort is simple. One doesn’t compare the positions of
individual stars on the “real” theoretically calculated
star chart to their positions in the Almagest, but rather
the geometry of stellar configurations (which change
due to the proper movements of stars) to the config-
urations from the Almagest catalogue. The only thing
required from us for such a comparison is the knowl-
edge of velocity values of the individual stars’ proper
motion — not the Newcomb theory.

Although the errors resulting from the Newcomb
theory are rather small (several orders smaller than
the Almagest catalogue grade value), the study of con-
figurations is a lot simpler this way from the calcu-
lus point of view.

Proper movements of stars are nowadays meas-
ured with great precision with the aid of telescopic ob-
servations ([1144] and [1197]). The values of proper
star movements and the table that identifies the
Almagest stars as their counterparts on the modern
star charts comprise the only data that we are to use
here. The identification table was borrowed from
[1339]; we have omitted the ambiguous cases indi-
cated therein.
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3.2. The stars chosen for the experiment

We shall keep comparing the positions of all in-
dividual fast-moving stars on the real star chart with
their positions as specified in the Almagest. However,
now we shall be comparing the positions of the stars
on the real chart and in the Almagest to a certain set
of referential stars pointed out on the real star chart
as well as the Almagest. For this set we have chosen
either named stars (Aldebaran, Scheat etc), or those
which definitely stand out in brightness amongst the
stars that surround them. We excluded the stars whose
coordinates might have been affected by refraction
from the list of referential stars. 45 stars altogether
were chosen, among them such visibly mobile ones
as Arcturus, Sirius, Procyon, Capella, Aquila = Altair,
Denebola, Caph and Regulus. Thus, the position of
amobile star on the real celestial sphere is determined
in reference to a basis that is mobile as well. The re-
sulting picture alters depending on the alleged dat-
ing and is compared to the respective picture as re-
flected in the Almagest.

Let us take the average configuration discrepancy
of stellar arc distances as the deviation measure:

N
Ai(’)=—11,‘Z;| Preat (51,0,)~p aim (51,0;)].
=
N stands for the quantity of referential stars,
Preat(Si» Oj, t) is the arc distance between the star S;
and the referential star O; on the real celestial sphere
of epoch ¢. Furthermore, p,;,,(S;, O;) is the arc dis-
tance between the star S; and the Almagest star O;.
The time moment ¢, when the value of A; () reaches
its minimum shall be referred to as the individual
dating by the star in question. If the individual dat-
ing values ¢; for all the fast stars of the Almagest cat-
alogue or at least their majority fall into a short
enough time interval, said interval should either in-
clude the real date of Ptolemy’s observations ¢, or be
located in its immediate vicinity. However, the real
status quo appears to be altogether different.

3.3. The behaviour of the individual
discrepancies and the average discrepancy

We have studied the behaviour of the A, (#) dis-
crepancies for eight rather fast stars contained in the
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Fig. 3.13. Individual discrepancies for mobile stars and the
average discrepancy in eight configurations. It is obvious that
one can make no definite conclusions.

Almagest catalogue, namely, Capella (Bailey’s num-
ber = 222), Arcturus (110), Aquila = Altair (288),
Denebola (488), Regulus (469), Sirius (818), Procyon
(848) and Caph (189).

We have deliberately chosen the most “famous”
and the brightest of the Almagest’s fast stars and omit-
ted the dim ones. As we point out above, the coordi-
nates of dimmer stars may be represented in the
Almagest very imprecisely. Therefore, their inclusion
into the sample can make the scatter range of indi-
vidual datings a lot wider.

Fig. 3.13 demonstrates the graphs of individual
discrepancies for the indicated fast stars A (t) ast
functions as well as the average graph for all these
stars. Unfortunately, this graph turns out almost uni-
form over the entire time interval of 1100 B.c. — 1900
A.D. (see fig. 3.13).

3.4. Negative experiment result
Our refusal to use the Newcomb theory did not

lead to the concentration of different datings by in-
dividual stars on the time axis. The implication is
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that the reasons for such a great scatter range of in-
dividual datings aren’t related to the conversion
method as applied to the coordinates of the celestial
sphere, but rather relate to the low precision of co-
ordinates offered by the dated catalogue, the possible
heterogeneity of the catalogue etc. The latter might
be caused by different positions of the instrumental
ecliptic during measurements performed in differ-
ent observatories, which produce different system-
atic errors for various groups of stars.

In section 5 of the present chapter we shall ana-
lyze the coordinates of the Almagest stars as well as
the general structure of the Almagest catalogue in
order to discover all the factors that might be caus-
ing this.

4.
THE ANALYSIS OF SEVERAL ERRONEOUS
WORKS ON THE SUBJECT OF DATING THE
ALMAGEST BY PROPER STAR MOTIONS

4.1. A lot of the errors are not produced by
astronomical phenomena and stem from the
incorrect application of the methods offered

by mathematical statistics

Let us analyze different authors’ attempts to date
the Almagest by proper star movements.

The articles of the astronomers Y. N. Yefremov and
Y. D. Pavlovskaya ({273] and [274]) were published
in reference to our publications; they represent an at-
tempt to confirm the Scaligerian dating of the
Almagest star catalogue by proper star motion. The
corollary formulated in [273] is as follows. The
Almagest catalogue can be dated to an early A.D.
epoch by proper star motion with the precision
threshold of 100 years. The authors go as far as nam-
ing the date of 13 A.p. +100 years.

In [274], which is a more in-depth publication, the
authors formulate their corollary with more caution:
“The Almagest star catalogue has thus already been
observed in the antiquity; most probably, by Hip-
parchus. It is however possible that the brighter stars
were observed by Ptolemy himself. Some sort of ar-
gumentation to support this can be found in the fact
that the epochs that we got for Arcturus and Sirius,
the two stars of the first magnitude present in our
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sample, are 2-4 centuries more recent than those for
the rest of the stars” ([274], pages 189-190).

However, the actual contents of [273] and [274]
imply no such corollary. Let us briefly follow the rea-
soning patterns of Y. N. Yefremov and Y. D. Pavlov-
skaya using their more extensive publication ([274]),
although everything we say shall also refer to their ear-
lier work ([273]). Let us point out that Y. N. Yefremov
hasn’t made any scientific publications on this sub-
ject ever since the respective publications of said
works ([273] and [274]) in 1987 and 1989. However,
quite a few of his popular articles have appeared in
newspapers and literary magazines. Still it has to be
said that both his publications ([273] and [274]) con-
tain errors which were pointed out to their author in
our book [METH3]:2, pages 99-103. It would make
sense for Mr. Yefremov to correct these errors prior
to advertising the results of his research in popular
press. Moreover, we are of the opinion that these er-
rors cannot be corrected — in particular, due to the
erroneous dating offered by Y. N. Yefremov, qv below.

The dating of star catalogues with the method de-
scribed in [273] and [274] is based on the compari-
son of stellar configurations that alter over the course
of time with the respective configurations as given in
the Almagest. It turns out that the main part in the
change of an individual configuration is played by a
single star contained therein, the fastest one (“the
group of Arcturus”, “the group of T Cet” etc). We shall
be using the same terminology.

The dating of a catalogue by an individual con-
figuration is supposed to be such a dating for which
the set of pairwise distances between the stars of this
changing configuration is the closest to the set of such
distances as given in the Almagest. Proximity is de-
fined in the square average sense.

What one gets as a result is naturally a certain ap-
proximation of the date when Ptolemy or some other
observer who had compiled the Almagest catalogue
were making observations — not the actual date. What
are the possible discrepancy rates of such approxi-
mation, one wonders? There is no factual reply to
this question given anywhere in [274].

The discussion of the issue of discrepancy rates for
the resultant datings is left out in favour of a refer-
ence to the dependency graph of the square average
discrepancy between the sets of pairwise distances in

CHRON 3 | PART1

the Almagest as well as on the real celestial sphere
and the alleged dating of the observations conducted
by the author of the Almagest catalogue. We are told
that “the epoch T, can be estimated with enough con-
fidence, the minimum of the function A2 (¢) being
drastic and deep” ([274], page 183). However, the il-
lustration that the authors of [274] are referring to
(page 185, ill. 3) implies that the alteration of the al-
leged dating by 1000 years makes the value of the
square average discrepancy yar’(; alter by a mere
maximum of 13' for all configurations except for a
single group, that of o? Eri. See more about this group
below.

Let us see how significant the 13' deviation from
the square average discrepancy really is for the situ-
ation regarded by Y. N. Yefremov and Y. D. Pavlov-
skaya. The Almagest scale grade value equals 10',
whereas the real precision threshold of the stars in the
Almagest estimated as the square average arc dis-
crepancy equals roughly 30' (see [1339] and [614]).
If we are to base our estimations on the proper move-
ments of the stars under study, it will imply that the
precision estimate according to the method offered
in [274], which is based on the minimal square aver-
age configuration discrepancy, must allow for the
value of this discrepancy to fluctuate within a much
greater range than 13' — circa 20'-30". This leads to the
dating intervals of 2-3 millennia. In other words, the
possible discrepancy rate for the dates cited in [274]
equals 1000-1500 years. See more details concerning
the precision of the method related in [273] and [274]
below. However, dating the observations performed
by the Almagest compiler with such low precision
doesn’t allow for making a distinction between
Ptolemy’s epoch and our age, let alone the Scaligerian
datings of the respective lifetimes of Hipparchus
(II century B.c.) and Ptolemy (II century A.p.). Such
aresult is of zero scientific value. It is obvious that the
Almagest was created during the last two millennia
at any rate.

Therefore, this error, as well as the ensuing mis-
takes made by the authors in question, is of a math-
ematical nature and not astronomical. The methods
of mathematical statistics are either misused or alto-
gether neglected. The claims made by Y. N. Yefremov
in re the alleged “high precision” of his methods don’t
hold up to the simplest criticisms. It is most peculiar
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that Y. N. Yefremov keeps insisting on the veracity of
his erroneous results in the field of Almagest-dating
publicly after all these years, the situation being as
described above. This concerns his numerous public
speeches and popular magazine and newspaper pub-
lications oriented at the general public.

4.2. The data in Y. N. Yefremov's works
on the dating of the Almagest were tailored
to fit the desired result

Y. N. Yefremov and Y. D. Pavlovskaya claim in [274]
that the star catalogue dating method that they offer
was tested on three veraciously dated catalogues —
namely, the catalogues of Ulugbek, Tycho Brahe and
Hevelius, and that the application of the method in
question to all three catalogue gave an incredibly pre-
cise result. The dates when the catalogues of Tycho
Brahe were compiled were “restored” with the preci-
sion threshold of 30-40 years, and Ulugbek’s cata-
logue, the least precise of the three, was dated with
the mind-boggling precision of +3 years!

However, one cannot overlook the alarming cir-
cumstance that each of these datings was calculated
by its own stellar configuration — namely, the datings
for the catalogues of Tycho Brahe and Hevelius were
obtained from the Arcturus groups, and the dating of
Ulugbek’s catalogue comes from the data obtained
from the group of T Cet. Other stellar configurations
for each of the three catalogues in question aren’t con-
sidered at all. Why would that be? We shall promptly
answer this question.

Furthermore, the main result of Y. N. Yefremov
and Y. D. Pavlovskaya concerning the dating of the
Almagest is also de facto obtained from a single soli-
tary configuration — group o” Eri, although they make
formal references to having studied 13 configura-
tions. The analysis of the datings that they came up
with for all three catalogues demonstrates that in each
case the choice of the actual stellar configuration used
for the dating of the catalogue was conditioned by the
Scaligerian dating of said catalogue’s creation, whose
veracity the authors of [273] and [274] were trying
to prove. In other words, Y. N. Yefremov and Y. D. Pav-
lovskaya chose such stellar configurations for each
catalogue in [274] that would concur best with the
Scaligerian dating of the catalogue’s compilation. A
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“method” such as this one is mere tailoring of re-
search results in such a way that they would corre-
spond to the desired values known a priori.

All of this makes the results claimed in [273] and
[274] wholly insubstantial. These results are erro-
neous, and therefore cannot confirm the Scaligerian
datings of the old star catalogues.

4.3. A vicious circle in the dating
of the Almagest by the movement
of the star o” Eri

Let us analyze the dating of the Almagest by the
group of o’ Eri as offered in the works of Y. N. Yefre-
mov ([273] and [274]) in more detail, since it is this
dating that Y. N. Yefremov bases his conclusions upon
de facto.

We have already referred to the star o* Eri above,
in section 1. Bear in mind that its identification as one
of the Almagest stars is largely dependent on the al-
leged dating of the catalogue. In other words, the an-
swer to the question of “who is who in the Almagest”,
or, in other words, whether the star o® from the con-
stellation of Eridanus is represented in the Almagest
at all, and if so, under which name, varies to a great
extent as the a priori known dating of the catalogue
changes.

Let us remind the reader that the star o® Eri moves
fast enough, which changes its celestial position. In
the course of its movement it becomes consecutively
identified as different stars of the Almagest — namely,
the three of them that one finds on the historical in-
terval of the last 2,500 years. Bailey’s numeration of
these Almagest stars is as follows: 778, 779 and 780.
The star #779 is traditionally identified as o’ Eri (qv
in [1339]) due to the mere fact that in the beginning
of the new era the star o? Eri had occupied a position
close to that of the star 779 on the Almagest star atlas.

However, what we face here is clearly an implica-
tion of the Almagest’s being roughly dated to the be-
ginning of the new era. If we are to make no pre-
sumptions in re the dating of the Almagest, we in-
stantly find other candidates which we could identify
as the moving star 0? Eri. For instance, on the inter-
val of 900-1900 A.p., the star which corresponds to
the real position of o> Eri is #780. On the other hand,
the star #779 from the Almagest does not remain
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unidentified in this case either, since it can be suc-
cessfully identified as the star 98 Heis (see [1339],
page 117). Furthermore, this is the exact identifica-
tion of this star which was made by the astronomer
Pierce, qv in [1339].

We must emphasize that the star o® from the con-
stellation of Eridanus is rather dim, likewise the ones
that surround it. Their magnitudes range from 4.2 to
6.3. Therefore, the only way of identifying them as
Almagest stars is coordinate comparison. The bright-
ness of these stars is roughly the same, and Ptolemy’s
verbal descriptions of the stars in this part of Eridanus
are laconic and extremely vague. Therefore, a reliable
identification of these stars by any other properties
but their coordinates is impossible. The “proof” of o*
Eri being veraciously identified as a star from the
Almagest catalogue as cited in [274] is based on late
identifications of the Almagest stars, or, alternatively,
upon dating the catalogue to II century A.p. in actu-
ality. The use of such “proof™ for independent dat-
ing obviously leads us to a vicious circle.

Therefore, what we see in the works of Y. N. Yefre-
mov and his co-authors ([273] and [274]) is in fact
the assumption that the Almagest was compiled in
the early days of the new era used as the basis for the
corollary that the Almagest dates to 13 A.p. 100 years.
This is the very vicious circle that we’re talking about.

4.4.Y. N. Yefremov's errors in the precision
estimation of dating the Almagest by Arcturus

Let us now turn to Arcturus — the second and last
star discussed in the work of Y. N. Yefremov and Y. D.
Pavlovskaya ([273]). The Almagest identification of
the Arcturus is unambiguous. The first proper mo-
tion dating of the Almagest that we encounter in
[273] is 250 A.D. Then the authors “adjust” this dat-
ing and end up with the dating of 310 A.p. +360 years
calculated by one of the configurations. We shall deal
with this “adjustment” below.

The dubiety of the results published in [273] and
[274] was also commented upon by other authors.
M. Y. Shevchenko, for one, makes the justified re-
mark in re [273] that “the catalogue dates to the I cen-
tury B.C.; however, the precision and hence the ve-
racity of this result leaves much to be desired so far”
on page 184 of [968].
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Simple considerations allow for an easy estimation
of the real precision that the method’s leading prin-
ciple is based upon (as related in [273]). Indeed, the
Almagest position of a given moving star is deter-
mined in relation to certain stars in its vicinity ([273])
— the “Arcturus group” in case of Arcturus. The Arc-
turus group contains 11 stars. The position of Arc-
turus in relation to this group is used for the estima-
tion of its position on the star chart theoretically cal-
culated backwards for the epoch . These positions are
then compared to each other.

All the stars of the Almagest are measured with er-
rors of some sort. This definitely applies to the
“group” stars — in particular, all the stars from the
group of Arcturus. Let us however make the tempo-
rary presumption that the measurements of the stars
in the vicinity of Arcturus were carried out with ideal
precision. Even in this case the error rate in the Alma-
gest location of Arcturus cannot be less than 10' by
any coordinate, since this is the grade value of the
Almagest star catalogue’s coordinate scale. In reality,
this rate has to be raised due to the imprecise coor-
dinates of the stars in a given group.

This leads to the arc distance error of circa 14' for
[273]. If the possible error rate for each of the coor-
dinates equals 10/, it shall equal 14' for the hypotenuse
according to the Pythagorean theorem. Proper move-
ment speed for Arcturus is roughly 2" per year. There-
fore, Arcturus covers the distance of 14' in about 420
years. This is but a rough estimation of the “method’s”
precision.

In reality, the actual precision of the position of
Arcturus in the Almagest may be given with an error
rate that substantially exceeds 14', and the dim stars
in its vicinity could be measured with even less pre-
cision. What we are referring to here is naturally the
arc distance error. As we shall see below, the latitude
of Arcturus was measured with sufficient precision
in the Almagest — however, this does not apply to its
longitude (see Robert Newton’s research in [614],
for instance). Moreover, one has no reasons to as-
sume that Ptolemy measured any of the dim group
stars precisely. Therefore, the real precision of the
“method” related in [273] is a lot worse than 420
years. Therefore the interval of possible datings of the
Almagest obtained with this method is a priori
known to be greater than 200 B.c. — 700 A.D.
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Let us now comment upon the random error
modelling method as offered in [273] and [274] for
the precision estimation of the resultant dating. For
instance, this “method” brought Y. N. Yefremov to
the conclusion that his dating of the Almagest to
roughly 300 a.p. had the precision of £300-400 years
(see [273], page 311, and [274], page 181).

The method of minimal squares is used for the
purposes of dating in [273] and [274]. The elemen-
tary calculations cited above demonstrate the preci-
sion of this method to be estimated in accordance to
the individual error rate pertinent to the Almagest po-
sition of the star under study divided by the speed of
its proper movement.

Y. N. Yefremov uses the method of random mod-
ulation of the Almagest errors in order to raise the
precision of his method. The precision of the mod-
elling method that he suggests (multiple perturba-
tions of the Almagest star coordinates resulting from
the application of some random value “comparable”
to the catalogue precision) isn’t estimated anywhere
in his works. Nevertheless, this method will only work
if the results of these random perturbations shall
make the Almagest stellar coordinates approximate
the real ones with “distinctive” probability. However,
due to the effect of the individual error mentioned
above, the probability of such coincidence with the
area of real coordinates shall most probably be very
low. At any rate, this probability has to be estimated;
there isn’t so much as a hint of such estimation any-
where in [274]. In general, the methods offered by the
authors of [273] and [274] don’t hold water from the
point of view of mathematical statistics.

The “dating modelling method” as offered by Y. N.
Yefremov can be formulated in the following manner.
One is to consider a certain vicinity of a fast star — Arc-
turus, for instance. Then one is to use the method of
minimal squares in order to determine the date which
gives us a minimal square average discrepancy of the
mutual distance set of the Almagest stars from the set
of the same values in the real stellar configuration
that alters over the course of time. This dating is used
for the estimation of the real date when the catalogue
was compiled, which is unknown. Y. N. Yefremov
marks said dating as Tj,.

Furthermore, the resultant minimum of square
average discrepancy is for some reason declared to be
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the dispersion estimation of the local error in the
Almagest catalogue. Y. N. Yefremov tells us rather
plainly that “grouping the same n quantity of stars in
different ways, we shall obtain a number of estima-
tions €, g. They aren’t independent; therefore, instead
of averaging them we shall choose the maximal value
which shall be considered the estimation of the local
coordinate determination error in the Almagest cat-
alogue” ([273], page 311). One wonders just why.
Firstly, the local error of the Almagest has to be esti-
mated separately, which is necessary for the under-
standing of just what minimal level variation we must
allow for in order to reliably cover the real dating of
the catalogue’s compilation. When Y. N. Yefremov
takes the actual minimal value for dispersion esti-
mation, he basically fails to allow for the variation of
this minimum altogether.

Secondly, the sample volume used for the averag-
ing of the value in question is too small (circa 5-6 in-
dependent observations) and doesn’t permit to con-
sider Y. N. Yefremov’s estimation precise enough.
Local error needs to be estimated from a much greater
quantity of stars.

Furthermore, Y. N. Yefremov models random per-
turbations of Ptolemy’s coordinates using his “esti-
mated” local error rate as basis. He writes that “the
knowledge of the error rate €, g for each group makes
it feasible to conduct a numerical experiment in order
to study how the estimation of T}, is affected by ran-
dom coordinate errors. Let us model the corrections
of stellar coordinates from the Almagest catalogue,
considering these corrections to be distributed nor-
mally with the average of zero and the square average
error €, g for each group and calculate the respective
value of T,,. Having repeated the procedure 100 times,
we can build a distribution graph for the resultant es-
timations of T,” ([273], page 312). Y. N. Yefremov
proceeds to tell us that “the common interval for all
the groups with the square average errors for the
epochs of T, taken into account is the I century B.c.”
([273], page 313). Y. N. Yefremov also makes the fol-
lowing flabbergasting statement: “the probability rate
of T,’s random value exceeds 900 equals 0.2, and that
for a group with maximal dispersion. Therefore, the
Almagest catalogue is most unlikely to be a mediae-
val forgery” ([274], pages 188-189). Thus, Y. N. Yefre-
mov apparently assumes that the average date must be
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close enough to his “randomly modelled date” T ,, es-
timating this proximity whilst “taking the square av-
erage errors as calculated above into account” ([273],
page 313).

This approach is utterly delusional. It is obvious
that what Y. N. Yefremov determines to be the aver-
age modelled date T, is merely his initial estimation
of T, with some random perturbation added thereto
by the author himself. As for the distribution of mod-
elled dates, what he comes up with is a random dis-
persion with the centre equalling T, for a given group.
Y. N. Yefremov is of the opinion that the real date
must be close to the centre of this dispersion, or, in
other words, that the random perturbations that he
introduced have a certain real probability of covering
the real positions of Ptolemy’s stars. In other words,
he hopes that his modelling will randomly cancel out
Ptolemy’s errors, estimating their probability to be
real. This is the exact meaning of the passage quoted
above where Y. N. Yefremov tells us that a post-900 A.p.
dating can only be achieved in the course of this mod-
elling with “the minute probability rate of 0.2” He is
of the opinion that this makes a mediaeval dating of
the Almagest highly improbable.

However, one has to bear in mind that his initial
dating T,, which the modelled datings are grouped
around differs from the real date by a certain value.
The value of this shift, as we have demonstrated
above by simple calculations, can be great enough.
In case of Arcturus its lowest possible value is 420
years, qv above. Said shift is defined by Ptolemy’s in-
dividual error in the estimation of a given star’s co-
ordinates, as well as individual errors for the stars of
the chosen group. Also, our calculations demonstrate
that the value in question is largely dependent on
the group choice. Therefore, some individual error
is already inherent in the value T, possibly a serious
one. When Y. N. Yefremov “models” his additional er-
rors for group stars, he already distributes them
around a certain dating which might be shifted side-
ways to a substantial degree. However, in his refer-
ence to the graphs of modelled distributions, Y. N.
Yefremov appears to assume that the real dating must
be located near the centre of these distributions in
every case — at least, within a certain confidence in-
terval with the probability ratio of 0.8, since he con-
siders the probability of 0.2 to be too low.
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This is untrue. The abovementioned simple esti-
mation demonstrates the real date to be far enough
from the centre of such modelled distribution (for
instance, this range exceeds 420 years for Arcturus,
qv above). At the same time, the scatter range of
modelled dates around a shifted date might not be
all that great. The matter is that Y. N. Yefremov takes
an unreasonably low value of the square average error
obtained from parabolic minimum for this model-
ling, making no specific estimations of this error for
some reason.

Apart from that, it is easy enough to estimate that
even if one is to model the correction for the coor-
dinates of a single star, the probability of returning
to its true position is very small in general. This is con-
firmed by the following simple calculation. Let us as-
sume that Ptolemy’s individual error for a given star
equals 45 arc minutes. Such errors are typical for the
Almagest — a great number of stars it contains were
measured a lot worse ([1339]). Let us re-emphasize
that we are referring to the arc error. Latitudinal er-
rors are a lot smaller, as we shall demonstrate below.

If we apply the above calculations to Arcturus, for
instance, the implication is that in order to model an
actual dating that would differ from the original by
400 years maximum, one has to “hit” the 14-minute
range around the star’s real location (provided that
the group stars have already fallen into necessary po-
sitions and do not affect the dating too greatly). The
maximum probability of the value falling into this 14-
minute range from a position shifted by 45' can be
estimated as the probability of its falling into the
shaded sector on fig. 3.13a.

If we are to consider the probability of a perturbed
point being located in the 60' radius of point A to
equal 1, we end up with the probability of 0.1 for its
location in the shaded sector. Thus, even in this ideal
case the probability rate of obtaining the necessary
dating randomly — not even the correct dating, but
rather one that won’t differ from it by more than 400
years, equals 0.1. Still, Y. N. Yefremov is of the opin-
ion that the probability threshold of 0.2 already suf-
fices for rejecting the post-900 A.p. datings as im-
probable.

The authors of [274] claim that the results of cal-
culations performed by other fast stars (which aren’t
cited in their work for some reason) confirm the con-
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clusions made in the research of Arcturus and o®
Eridani. However, this statement does not correspond
to reality.

Let us provide a single vivid example. Among the
fast stars which were processed by the authors of [273]
and [274] we find Procyon, a star which was famous
in mediaeval astronomy. Our research (qv in sec-
tion 1, for instance) demonstrates that Y. N. Yefre-
mov’s method must have led to the dating of roughly
the X century A.p. by Procyon, which would blatantly
contradict his conclusions. For a mysterious reason,
[273] tells us absolutely nothing about the results for
Procyon.

Finally, the “method” related in [273] and [274] is
largely dependent on the group contingent choice for
the fast star under study. We have checked how the
result of the dating by the Arcturus group changes de-
pending on the choice of various stars for this group.
It turns out that when we change the contingent of
the group, the Arcturus dating may vary from 0 A.D.
to 1000 A.p. — that is, the results can fluctuate with
the amplitude of up to a thousand years. This very cir-
cumstance completely invalidates the method offered
by Y. N. Yefremov.

CORROLARIES:

1. The result of dating the Almagest by proper star
motions as claimed by Y. N. Yefremov and Y. D. Pav-
lovskaya in [273] and [274] is based on thin air. Fur-
thermore, some of the considerations one encounters
in said works contain a “vicious circle”.

Almagest
coordinates

-
- - -

-

e . -

Fig. 3.13a.
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2. If we are to strip the works in question ([273]
and [274]) from all such “circular” considerations,
the “discrepancy” we end up with does not contradict
our dating, qv below.

3. The positions of Y. N. Yefremov and Y. D. Pav-
lovskaya that concern the precision estimates of their
method (and the correction modelling of the Alma-
gest) as seen in [273] and [274] are mathematically
illiterate and void of meaning in our opinion.

4. The authors of [273] and [274] failed to con-
sider Procyon, which gives a blatantly non-Scaligerian
dating, for some “unknown reason”.

The work of Y. N. Yefremov and Y. D. Pavlovskaya
([273]) was published in the “Doklady Akademii
Nauk SSSR” in 1987. We pointed out the errors con-
tained in [273] and [274] in our articles [350] and
[355], which were published in the “Doklady Aka-
demii Nauk SSSR” in 1989 and 1990, respectively.
Apart from that, we have personally addressed Y. N.
Yefremov with a criticism of his errors at the semi-
nar hosted by the Institute of Natural Scientific and
Technical History in 1989. Y. N. Yefremov did noth-
ing to rectify the errors in question — moreover, he
evades all attempts of their discussion.

4.5. Erroneous precision estimation of
astronomical calculations: another example

Let us consider another publication that deals with
the issue of Almagest dating ([179]). Its authors, Y. S.
Goloubtsova and Y. A. Zavenyagin, refer to Galley re-
porting that over the time that passed between Pto-
lemy and Galley (up to 1690, which is when Flam-
steed’s star catalogue was created), Arcturus shifted
in the Virgo direction by 1.1 degrees. Having com-
pared this to the annual shift value for Arcturus
(2.285"), Goloubtsova and Zavenyagin perform the
following simple calculation, writing that “if we are
to divide 1.1 degrees by 2.285 angular seconds per
year, we end up with 1733 years. Finally, once we sub-
tract 1733 from 1690 (or the year when Flamsteed’s
catalogue was compiled), we shall come to the con-
clusion that the Almagest catalogue was compiled in
43 B.c. The discrepancy error rate for the coordinates
of neighbouring stars is a lot smaller than the error
of the actual coordinate, since the subtraction re-
moves the systematic error. Therefore, the average
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error rate in the positions of bright stars in relation
to their neighbours in the Almagest does not exceed
0.1 degrees [? — Auth.]. The implication is that the
possible dating error rate does not exceed 150 years”
([179], page 75).

Thus, if the authors of [273] date the catalogue to
250 A.p. by Arcturus (and even to 310 A.D. after mak-
ing their “adjustment”, estimate precision equalling
+360 years in this case), the authors of [179] per-
form a single solitary arithmetical calculation and
date the Almagest to 43 A.p., also by Arcturus, with
the much greater precision rate of +150 years.

However, the text from [179] as quoted above is
oriented at the reader who will not bother checking
the real stellar configuration on the celestial sphere.
The calculations of the authors of [179] are based on
the taciturn implication that the own movement vec-
tor of the modern Arcturus is directed exactly at its
Almagest location. Had this indeed been the case,
their calculations would have some sort of reasoning
to back them up. However, this doesn’t appear to be
the case. In fig. 3.1 one sees the real movement di-
rection of Arcturus in relation to its position as spec-
ified in the Almagest. One can plainly see that Arctu-
rus moves visibly “sideways” from its Almagest posi-
tion. Therefore, it isn’t the value of 1.1 degrees that
has to be divided by 2”, the way it is done by the au-
thors of [179] for some reason, but one that is a great
deal smaller, and shall yield the dating of approxi-
mately 900 A.p., albeit with a significant possible error
rate due to the rough nature of the method itself. See
our considerations in re the precision of this method
above.

Thus, dating the Almagest to 43 A.D. with the pos-
sible discrepancy rate of +150 years, as Y. S. Goloub-
tsova and Y. A. Zavenyagin claim to have done, is
completely out of the question.

Let us also point out that the very “concept” be-
hind [179], which implies the random errors in the
Almagest to be a result of proper star movement, is
perfectly erroneous. Its absurdity is all the more ob-
vious if we are to consider the examples of slowly
moving stars which are almost immobile. The divi-
sion of a non-zero error of the Almagest in the posi-
tion of a star might yield any “infinitely ancient” ob-
servation dating.

The claim made by the authors of [179] in re the
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error in the bright stars’ positions in the Almagest
not exceeding 0.1 degrees, or 6', isn’t based on any-
thing whatsoever. Why 6' and not 2' or 15'? Having
said everything about the precision estimation prob-
lem of the Almagest stellar coordinates, we deem a
deeper study of this issue superfluous.

The authors of [179] did not limit their research
to the study of Arcturus and its behaviour. They also
attempted to date the catalogue by another “fast” and
well-known star — Procyon. Let us quote: “We get a
similar result once we date the Almagest by the proper
movement of Procyon, namely, that the Almagest cat-
alogue was compiled in 330 B.c., with the possible
error rate of +300 years. .. The Procyon dating serves
as a perfectly independent corroboration of the Arc-
turus dating, both of which take us to the last cen-
turies before the new era” ([179], pages 75-76).

However, just as they had done in case of Arcturus,
the authors did not take the direction of Procyon’s
movement into account for some reason. Let us see
what “dating” we shall get if we are to use their
“method” for our own accurate calculations which
take real stellar positions into account. It turns out
that the real trajectory of Procyon’s movement is such
that a rough Procyon dating is the X century A.p., no
less (see section 1). It goes without saying that the
issue of this dating’s precision remains standing.

4.6. The “secondary analysis” of the Almagest
dating in the “Samoobrazovaniye”
(“Autodidactics”) magazine

In the first 1999 issue of the Muscovite magazine
“Samoobrazovaniye” ([263]) we find a publication
by A. S. Doubrovskiy, N. N. Nepeyvoda and Y. A.
Chikanov entitled “On the Chronology of Ptolemy’s
‘Almagest’. A secondary mathematical and method-
ological analysis” which deals with our dating of the
Almagest by proper star movements in particular.

Unfortunately, the authors of [263] failed to fa-
miliarize themselves with the necessary astronomical
issues and thus made the false conclusion that the
dating of the Almagest by proper star movements is
unreliable in general, as the speeds of proper star
movements are known rather badly, which is pre-
sumably reflected in great controversy one finds in as-
tronomical literature.
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Further in [263] we encounter a comparative table
of proper movements as taken from the “Astronomi-
cheskiy Yezhegodnik” (“The Astronomical Yearly”)
and the catalogue [1197]. For instance, the reader is
invited to compare the values contained in both cat-
alogues (-0.1098; -0.2001) and (-1.155; -1.998) re-

spectively. These are the proper movement speeds of

Arcturus.

The authors of [263] tell us exactly the following
in this respect: “As for the analysis of the “fast” star
motion, we must point out that the data concerning
the stellar speed taken by Fomenko’s group from the
catalogue... [followed by a reference to the bright
star catalogue ([1197]) — Auth.] differ considerably
from those contained in the “Astronomicheskiy
Yezhegodnik” ([263], page 23).

Having cited this remarkable table on page 24 of
[263], its authors come to the following conclusion:
“As one sees from the table, estimating the age of the
catalogue by proper star movements is a more than
dubious activity which doesn’t stand up to criticism”™
However, the speed vector compounds which are
compared in this table weren't just given in different
coordinate systems, but also in different measurement
units! This is easy to observe from the above exam-
ple — we’re dealing with the equatorial coordinate sys-
tem for the epoch of 2000 A.p. in one case and the
equatorial coordinate system for the epoch of 1900
A.D. in the other. These coordinate systems differ from
each other. The above example demonstrates the scale
discrepancy. According to the Pythagorean theorem,
the given vector speed components of Arcturus suf-
fice for the calculation of said vector’s length which
shall already be independent from the coordinate sys-
tem. However, in the first case it is ten times smaller
than in the second, which stems from the fact that dif-
ferent catalogues use different proper movement
scales. In one case the measurement unit used equals
1/1000th of a second per year, and in the other it is 1
second per century. The units differ by a factor of ten.

One needs no commentary here. It is obvious that
before suggesting that the reader should compare any
values of any kind, said values need to be given in the
same scale.

We shall refrain from discussing the authors’ own
attempts of dating the Almagest ([263]), merely stat-
ing that we are of the opinion that the dating of the
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Almagest has to be preceded by an in-depth study of
certain rather complex issues from the part of the re-
searcher. It actually requires a great deal of time and
effort, even from a specialist.

5.
CONCLUSIONS AND DIRECTIONS FOR
FURTHER RESEARCH. OUR APPROACH AND
A BRIEF SYNOPSIS OF OUR MAIN RESULTS

5.1. The three problems one is confronted with:
identifying the Almagest stars, defining the
nature of possible errors, and analysing
the precision of the catalogue

Sections 1-3 contain accounts of several attempts
to date the Almagest on the basis of the numerical
material contained in Ptolemy’s star catalogue. All of
these attempts has proven futile. We have discussed
them in such great detail for two reasons — firstly, the
reader can get a better idea of what the complexities
of the “self-sufficient” dating of the star catalogue re-
ally are — the dating that would be based on nothing
but the catalogue’s numerical material, that is. Sec-
ondly, we wanted to provide some basis for raising the
issues that we shall relate in more detail further on.

The main corollary that we come to at the pres-
ent stage is as follows. The dating of the Almagest re-
quires a meticulous preliminary analysis of the cata-
logue. This analysis must relate to the following issues.

1. Identifying the Almagest stars as the ones ob-
served on the contemporary celestial sphere. In sec-
tion 1 we demonstrate that this problem doesn’t al-
ways have an unambiguous solution; furthermore,
the solution in question might depend on the alleged
dating of the catalogue. Therefore, before we can pro-
ceed with dating, we have to find and reject all cases
of dubious identification of the Almagest stars as their
modern counterparts.

2. The nature of possible errors contained in the
Almagest catalogue. The error rates in stellar coordi-
nates characteristic for the Almagest lead one to the
conclusion that the dating of the catalogue cannot be
estimated with more precision on the historical in-
terval as based on proper star movements. However,
this statement becomes generally false if we manage
to discover the systematic compound in the errors of
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the Almagest star positions. In this case we may get
an opportunity to compensate it, thus raising the pre-
cision of the catalogue, which, in turn, may allow us
to date the latter regardless of the error in question.

3. The precision of the Almagest catalogue attained
with different stellar subsets. The goal of this analy-
sis is the choice of the star group from the Almagest
whose coordinates must have been measured by Ptol-
emy with some guaranteed precision level 8. Once
we manage to locate such a group, it shall define the
set of possible Almagest datings, namely, making fea-
sible the datings that will allow the guaranteed pre-
cision level 3 to be attained for the stars of this group.
If the resultant dating interval proves to be a great deal
shorter than the a priori known historical interval, we
shall obtain purposeful information about the date
when the Almagest star catalogue was compiled. This
concept shall be used below (see Chapters 5-7).

Let us briefly discuss each of the three issues as
listed above. Their more detailed rendition can be
found in the chapters to follow.

5.2. The identification of the Almagest stars

There is a rather large amount of handwritten
copies as well as several mediaeval printed versions
of the Almagest where the ecliptic coordinates of in-
dividual stars differ from one another. Most of these
copies and editions (although not all) were brought
to roughly 60 A.p. by precession. The implication is
that if one were to compare the stellar longitudes
from a given copy of the Almagest with the precisely
calculated stellar longitudes for 60 A.p., the average
discrepancy rate shall equal zero. Such a comparison
is only possible due to the fact that identifying most
of the Almagest stars with those on the modern ce-
lestial sphere leaves no room for doubt.

The source text that we used was the Almagest
catalogue containing over a thousand stars in the
exact same form as it is given in the fundamental
work of K. Peters and E. Knobel ([1339]). Several co-
ordinate variants from [1339] were also included in
the list of stars under analysis. In the preliminary
stage we neither doubted the veracity of stellar coor-
dinates from the Almagest, nor the fact that they were
given in ecliptic coordinates rendered to 60 A.D. due
to precession.
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As it has already been mentioned, [1339] contains
the identifications of the Almagest stars as their mod-
ern counterparts. Nevertheless, we have conducted
the identification process from scratch in order to se-
lect the stars to be analyzed, see Chapter 4. The iden-
tifications contained in [1339] were thus confirmed
for the most part.

However, we have discovered several modern stars
that can be identified as different Almagest stars for
different epochs t. Such are o? Eri and p Cas, for in-
stance. These stars were identified in [1339] under the
assumption that Ptolemy’s observations were con-
ducted around the beginning of the new era. Basing
the dating of the Almagest catalogue on the analysis
of such stars makes no sense, for we shall simply end
up with a vicious circle. All such stars were excluded
from further consideration.

Let us also point out that the identifications and
coordinates of the stars o Eri and . Cas are consid-
ered doubtful.

5.3. Various types of errors in the catalogue

We have demonstrated above that a simple com-
parison of the calculated stellar coordinates to those
contained in the Almagest catalogue doesn’t permit
to estimate the dating of the latter. This is explained
by the huge discrepancy rates inherent in the Almagest
catalogue for the most part. Therefore, we can only
succeed if we analyze the Almagest errors of differ-
ent nature meticulously.

We shall divide the errors into three types: group
errors, random errors and “rejects”.

Under group errors we shall understand various
data distortions resulting from observations or re-
calculations and leading to the shift of a star group
on the celestial group as a whole.

Random errors are of an individual character and
owe their existence to imprecise observations rang-
ing within the grade value of the measurement in-
strument for the most part. A distinctive trait of such
errors is that they shift each star on the celestial sphere
by a random value which has a zero average.

Rejects are a product of circumstances which were
either unforeseen by the compiler or unknown to
him: copy errors, refraction etc. They also affect the
coordinates of individual stars, and their values are
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usually much greater than the measurement instru-
ment scale precision. Rejects are a rather scarce type
of error.

The most important task is to define and com-
pensate the group errors. Suitable methods are dis-
cussed in Chapter 5 where, apart from providing the
formulae necessary for their calculation, we also
demonstrate how to determine the precision of the
resulting values.

The estimation of different types of errors in the
Almagest stellar coordinates is dealt with in Chapter 6.
We find out that the coordinates of stars as given in
the Almagest do indeed contain significant group er-
rors manifest as the shifts of the respective stellar con-
figurations on the celestial sphere as a whole.

The values of group errors may in fact differ for
various stellar groups — constellations, for instance,
hence their name. However, we shall witness that in-
sofar as large enough celestial areas are concerned,
group errors of the Almagest and other old star cat-
alogues coincide for various constellations and equal
the single error for the entire area. We shall refer to
such an error as the systematic error of a given cata-
logue for a given celestial area.

Each of the shifts defining a group error can be de-
scribed by three parameters. We shall choose the fol-
lowing base errors as such, qv in fig. 1.1, Chapter 1.

Error 7 in the location of the vernal equinox point
Q(t,) made by the observer in the observation year
t, in the ecliptic direction. In other words, T is the pro-
jection of the Almagest catalogue vernal equinox
point shift sideways from its real position over the
ecliptic.

Error P in the location of point Q(t,) in the di-
rection of the meridian, or the projection of the error
vector over the ecliptic meridian.

Error yin the angle € between the ecliptic and the
equator. The change of a star’s ecliptic coordinates by
the ground observer needs to be preceded by the es-
timation of the angle € between the ecliptic and the
equator, regardless of the measurement method. If
the observer made the error yin the estimation of said
angle, the edliptic of the catalogue shall be shifted in
relation to the position of the real ecliptic in the ob-
servation year by the value of .

The possibility that group errors may be inherent
in the Almagest has been discussed by many re-
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searchers — see [1339], [614] and [544], for instance.
We shall merely mention possible reasons for the ex-
istence of such errors here.

Error T might result from the fact that the observer
or a later compiler of the catalogue had for some rea-
son “adjusted” the catalogue to make it fit a dating
that would differ from that of the real observation. It
is possible that this operation used to serve some
methodological end - for instance, making the cata-
logue conform to some round or important date. It
could also have been used for a deliberate distortion
of the real observation date ([614]), or, alternatively,
it may result from changes in the initial longitudinal
reference point. We have already demonstrated that
ancient astronomers could count longitude from var-
ious points on the ecliptic. A change of the initial ref-
erence point would naturally lead to some constant
being added to all ecliptic longitudes and hence the
alteration of the catalogue’s “dating’, if it were to be
dated by longitudinal precession.

It is understandable that the latitude of a star is in-
dependent from error T. This makes latitudinal co-
ordinates more reliable, which is the very reason why
we shall be considering longitudes and latitudes sep-
arately. The consideration of latitudinal discrepan-
cies requires just two parameters to define a group
error — 3 and v, for instance.

What is there to say about the values of f and y?
Equatorial latitudes of stars are easy enough to de-
termine from actual observation with enough sim-
plicity and precision ([75]). Therefore, one should
expect error 3 to be small enough for the moment of
observation, provided the observer was accurate
enough. Error v is of a principally different charac-
ter. The determination of the ecliptic position is
achieved as a result of rather complex observations
and calculations, qv in Chapter 1. Therefore, the value
of error y might be significantly greater than that of
error f.

The works [544] and [1339] contain indications
at the fact that the systematic error 7y is indeed in-
herent in the Almagest. Moreover, some of the Alma-
gest’s researchers estimated the value of this error as
roughly 20'. Our calculations confirm this, qv in
Chapter 6.

We shall occasionally use parameters ¢ and 7y in-
stead of P and 7y since they are more convenient from



118 | HISTORY: FICTION OR SCIENCE?

Catalogue ecliptic

Real ecliptic
for year t,
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Parameters 7, B, ¢
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Fig. 3.14. Specifying the parameters of the systematic error in the ecliptic coordinates of the stars with the aid of the parameters

Yand @ or yand P. In the present example T = 0.

the point of view of calculation. Their meaning is
clarified in fig. 3.14. Inasmuch as the latitudinal dis-
crepancies are concerned, the group error is rendered
to a mere misplacement of the ecliptic plane, which
we shall be referring to as the “catalogue ecliptic”
One can define the mutual disposition of the cata-
logue ecliptic and real ecliptic plane for catalogue
compilation epoch ¢, if one is to fix angle ¢ between
the equinox axis QR for epoch ¢, and the plane rota-
tion axis CD, as well as fixing the plane angle y be-
tween the two ecliptic planes — the true and the false.
We shall hereinafter define the parameters of group
errors with the values of ¢ and 7y for the most part.

Generally speaking, the compiler of the catalogue
may have made different group errors in his study of
different celestial areas. Possible reasons include in-
strument readjustment, the choice of a different ob-
servation point etc.

In Chapter 2 we discover seven parts of the Alma-
gest star catalogues which are naturally distinctive as
seen on the celestial sphere, and differ by their relia-
bility characteristics in the Almagest, see fig. 2.14. In
Chapter 6 we shall see that the same celestial areas in
the Almagest also differ in group error values and
precision characteristics.

To sum up, one can say that the reasons for the ex-
istence of group errors and other discrepancies as
listed above only serve to explain the possible mech-

anisms of error genesis. Calculations allow the dis-
covery of errors themselves but tell us nothing of how
and why they were made — possible reasons may dif-
fer from the abovementioned.

5.4. The discovery of the systematic error
in the Almagest catalogue. Its compensation
confirms the correctness of the declared
catalogue precision

The real moment ¢, of the catalogue’s compilation
remains unknown to us. Therefore we should calcu-
late the values of parameters y(t) and @(¢). The cal-
culation method is a combination of the minimal
square method and the spherical regression problem.
Its precision properties are discussed in Chapter 5.

The results of our calculations can be represented
as graphs Y,,,,(t) and @,,(t), qv in fig. 3.15. These
graphs were built after the processing of the Almagest
stellar coordinates for large celestial areas. The “stat”
index indicates that the corresponding values were
educed by methods of statistics. They are actually es-
timates of discrepancy parameters inherent in the
positions of the Almagest stars, and demonstrate said
discrepancy to be uniform for several large areas of
the celestial sphere. The estimations were made under
the assumption that the catalogue was compiled in
epoch t, and are thus ¢ functions. We shall be using
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the term “systematic errors” for the error in question
as well as its compounds, parameters y(¢) and @(¢).

What is the relation between these errors and
group errors? If the large celestial area under study
consists of several constellations, systematic errors
discovered with the aid of statistical methods shall
represent averaged group error values for different
constellations. It is only in case when all group errors
equal each other that they coincide with the respec-
tive systematic error.

This is the only case where we shall not differen-
tiate between the definitions of “group error” and
“systematic error’.

We have built confidence intervals I, and I, of ac-
ceptable y and @ values around each value of Y, ,,(t)
and @,(t). Let us clarify that v,,., and @,,,, are but
punctual statistical estimations of unknown param-
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