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PREFACE

Tlﬂs volume is entitled Hellenistic science and culture, in spite
of the fact that it deals with Roman culture and Latin letters as well as with
Greek letters and the culture of Eastern Europe, Egypt, and Western Asia.
This is legitimate, because Hellenistic ideals were dominant everywhere —
in science, arts, and letters. Even the Latin literature of that time was de-
riving its main sustenance and best inspiration from Greek models.

The gigantic personalities of Alexander the Great and Aristotle stood at
the threshold of a new age. It was an age of unrest, wars, and rebellions, but

it was also an age of scientific and artistic creation. Jealous fortune did not
allow the first to live long; Alexander died in 323 at the age of thirty-three;
the older man, Aristotle, was permitted to live longer and died in the follow-
ing year at sixty-two. This was fortunate, for more time was needed to do
his work than to conquer the world.

The book which I now offer to the teader is devoted to the three centuries
that followed their deaths ard preceded the birth of Christianity. It was a
period of renaissance out of the ashes of pure Hellenism. During the Brst of
those three centuries the main center was Alexandria; during the last two the
leadership was shared by Alexandria with Pergamon, Rhodos, Antioch, and
other Creek cities, and more and more as the years went by with Rome.

The Hellenistic world was international to a degree, polyglot and inspired
by many religious faiths. The outstanding language was Greek, but the im-
portance of Latin increased gradually with the success of Roman arms. Un-

-der Greek tutelage a fantastic mixture was allowed to brew, involving, in the
first place, Hellenic and Roman materials, but also Egyptian, Jewish, Persian,
Syrian, Anatolian ingredients, and dashes of many other kinds — Asiatic, In-
dian, African. During those three centuries, geometry, astronomy, anatomy,
and grammar were established for ever: technology and medicine blossamed
out. The creative work might be done in many places of Western Asia, Narth-
ern Africa, or Europe, but the leaven was always Greek.

Looking at it from a different angle, this age of renaissance and transition
witnessed two gigantic struggles: first, the rivalry between Greek ideals, on
the one side, and Asiatic or Egyptian ones, on the other; second, the rude
impact of Rome upon both sides. Everything was in the crucible, including
religion itself. In this context Greek ideals were pagan and the Hellenistic
age witnessed their death struggle against Asiatic and Egyptian mysteries,
on the one side, and against Judaism, on the other.

Let us move higher still and contemplate Hellenistic science in a deeper

e



PREFACE v

. Modern science was set up during those three centuries upon so
strong a basis because the Greek genius was being grafted upon the Roman
body.! Inbreeding is always dangerous and often sterile; there was no phys-
ical inhreeding in those days and the creations of a genius that might be —
and often was — unhealthy were preserved and protected by Roman vigor.
Thcﬁugumnagcwasapn]jﬁcalclimax,apaﬁndofpmduﬂngwhﬂaﬂm
physical and intellectual conquests of three centuries could be integrated
and secured.

When one speaks of the culture of a nation, what does one mean? The
creators of art and science are very few; they may be encouraged or discour-
aged by the public around them, or they may be left almost completely
alone, If one wished to be mare correct, the intensity of a national culture
should be represented by two factors, the first symbolizing the general edu-
cational level, and the second the exceptional merit of a small elite of pio-
neers, The first of these factors would be a measurable quantity; * the second
a potential very dificult to estimate. In ancient times, there was no public
education, except that of the forum, the theater, and the street, and the gen-
eral degree of illiteracy was very high. In arts and letters these shortcomings
might be minimized by natural gifts. The number of people who could ap-
preciate the beauty of a statue or enjoy a play was certainly far greater than
the number who could take any interest in a geometric proposition, in a
planetary theory, or even in a medical system. In short, the early men of sci-
ence were left very much to themselves and such a phrase as “the scientific
culture of Alexandria in the third century B.c.” does not cover any reality.
There were men of science, but we can hardly speak of a scientific eulture.
In a sense, this is still true today; the real pioneers are so far ahead of the
crowd (even a very literate crowd) that they remain almost alone; yet they
receive encouragements from academies and scientific societies, even as
their ancient predecessors might have received them more capriciously from
kings or from powerful individuals.

Nevertheless, one cannot help speaking of the scientific or artistic culture
of this or that nation at a given time, and when I do so 1 beg the reader to
remember that this is a convenient form of speech which must not be taken
too literally.

Fven if ancient men of science were few and lonely, we should bear in

Tt is illuminating to compare this graft
with a later one. The development of Ara-
hic science in the ninth century was insured
by the grafting of the Persian genius upon
the Ambic body, G. Sarton, “Islamic sci-
ence,” in T. Cuyler Young, ed., Near East-
ern culture and society (Princeton: Prince-
ton University Press, 1851), p. 87. Suach
periodic grafts seem necessary to start

human progress in new directions.

*In modern demoeracies, at least, it
could be measured or estimated by the de-
gree of literacy of the population, by the
proportion of graduates from primary and
secondary schools or from institutions of
higher learning, and by other objective
tests.
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mind that the Hellenic people produced a relatively large share of them.
Its scientific potential, we might say, was exceptionally high.

~ From my days as a student at the University of Ghent in Flanders, my life
 has been dominated by two passions — the love of science, or call it the love

~ of rationality, and the love of humanities. It occurred to me very early that

" one could not live reasonably without science nor gracefully without arts and

i

letters. All that I have done, this book incloded, has been done in order to

satisfy those two passions, without which my life would have become mean-

ingless in my own eyes. 1 hope to communicate them to the reader and make

him feel as I do that Euclid, Hérophilos, and Archimédés were as heroic and

as necessary to our happiness as Theocritos and Virgil

- Humanities are inseparable from human creations, whether these be philo-
sophic, scientific, technical, or artistic and literary. They exist in everything

- to which men have imparted their virtues or vices, their joys or sufferings.
_|;.-_"-' There are blood and tears in geometry as well as in art, blood and tears but
also innumerable joys, the purest that men can experience themselves or ¢ |

share with others. The sharing continues to this very day; the main purpose
of this book is to extend it to my own friends.
It would be very foolish to claim that a good poem or a beantiful statue
' is more humanistic or more inspiring than a scientific discovery; it all de-
pends upon the relation obtaining between them and you. Some people will
be more deeply moved by poetry than by astronomy; it all depends upon
ir own experience, mind, and sensibility.

I shall necessarily devote much more space to ancient science than to
ancient arts and letters but shall often refer to them, because we could never
understand Hellenistic culture without their gracious presence.

When I began my Introduction to the history of science after the First
Warld War, 1 fondly believed, in my innocence, that I would be able to carry
it through to the beginning of our century. Therefore, 1 generally avoided
#eferences to the future of any event I was dealing with; it seemed to me that
it sufficed to explain its causes, that is, its past, and to deal with its fruits,
that is, its future, only when I came to it. In this baok my policy must be
different; I shall try to evaluate the greatness of each achievement and that
cannot be done except by giving some account, however brief, of its tradi-
tion. “Ye shall know them by their fruits,”

Only a small part of the past is known to us. Innumerable scientific mani-
scripts, as well as poems and works of art, have been created only to be lost.
Many have been completely lost; others are known to us only indirectly or in
fragments. Sometimes fate has been more generous and has permitted them
to reach us in their integrity. The extant books and monuments are not

necessarily better than the lost ones, but they are the only ones that we are -
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able to appreciate and

the only ones that belong to our inheritance. The

Iliad, the Elements of Euclid, the Parthendn have never ceased (o influence
good men and to encourage the creation of new masterpieces; men have
never ceased to own them in the measure of their own virtue.

It is very important to replace each deed in its temporal and spatial en-
vironment, but that is not enough. In this book it will be my duty and purpose
to explain not only the ancient achievements but also their transmission.
How were they bequeathed to our ancestors and to ourselves? What were
their vicissitudes? What did our ancestors think of them? The outstanding
event in the tradition of each ancient writing was its first publication in
printed form, for its survival and integrity could not be assured until then.
Therefore, in spite of the fact that I am not primarily a bibliophile, I shall
always indicate the princeps edition of each important book; the
was like a rebirth, a rebirth to eternal life. Without trying to give a full bib-
liography of each item, I shall mention next to the first edition, the best one,
the most convenient for reference, and the first and best translations into

English.

Though I am dealing mainly with ancient science, the account of its tra-

dition will entail short

digressions on the science and scholarship of the

Middle Ages, the Renaissance, and later times. Though T am dealing almost
exclusively with Western science, it will be necessary sometimes to explain
its eastern repercussions with special emphasis on the Arabic and Hebrew

writings which were at

times very closely enmeshed with our own.?®

The whole past and the whole world are alive in my heart, and I shall do
my best to communicate their presence to my readers. A deed happens in a
definite place at a definite time, but if it be sufficiently great and pregnant,
its virtue radiates everywhere in time and space. We ourselves are living

here and now, but if we

are generous enough, we can stretch our souls every-

where and everywhen else. 1f we succeed in doing so, we shall discover that
our present embraces the past and the future and that the whole world is
our province. All men are our brothers. As far as the discovery of truth is

concerned, they are all

working with the same purpose; they may be sepa-

rated by the accidents of space and time and by the exigencies of race, re-

ligion, nationality, and

other groupings; from the point of view of eternity

they are working together.

The history of science, being the history of the discoveries and inventions
that man has completed by the application of reason to nature, is necessarily,
to a large extent, the history of rationalism. Rationalism, however, implies
irrationalism; the search for the truth implies a fight against errors and

superstitions. This was

not always clear; errors and even superstitions are

* Medieval and Oriental digressions readers to extend them easily as far as they
will be necessarily brief, but references to  may wish.
my Introduction will enable inquisitive
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relative. The growth of science entailed the gradual purification of its meth-
ods and even of its spirit. Men of science have made abundant mistakes of
every kind; their knowledge has improved only because of their gradual
abandonment of ancient errors, poor approximations, and premature con-
clusions. It is thus necessary to speak not only of temporary errors but also
of superstitions, which are nothing but persistent errors, foolish beliefs, and
irrational fears. Superstitions are infinite in number and scope, hawever, and

_ we cannot do more than refer to some of them occasionally. It would not do

to ignore them altogether, if only because we should never forget the weak-
ness and fragility of our minds.

The consciousness that superstitions are rife in our own society is a healthy
shock to our self-conceit and a warning. If 1 had to explain the astounding
scientific discoveries of our own time, I would feel it my duty to refer to
the superstitious twilight that surrounds us, but it would be wrong to insist
too much on it. That consciousness is helpful in another way; it leads us to
judge ancient superstitions with more indulgence and with a sense of humor.
We could not overlook them without faksifying the general picture nor
judge them too severely without hypocrisy.

Where is my audience? Whom did 1 have in mind while T was studying
and cogitating? I am writing for historians of science, or, more generally, for
men of science who are anxious to know the origins of their knowledge and
of the amenities and privileges of their social life. Some critics have accused
me of being an adversary to the philologists and to the professional human-
ists. Such a reproach is unwarranted, but I said and repeat that my book is
not addressed so much to philologists as to people whose training was (like
my own) scientific. Hence, I must add bits of information that would be
superfluous for philologists. Fortunately, such information can be given
briefly and I give it with special pleasure. Tt is much easier to say in a few
words what the Muses and the Parcae are, to justify the phrase Berenice's
Hair, or to describe a palimpsest or a pentathlon, than to explain the solu-
tion of spherical triangles, the asymptotes or the evolutes of a conic, or the
theory of epicycles. As far as scientific matters are concerned, I try to say
enough to refresh the reader’s memory but do not attempt to provide com-

plete explanations, which would be equally unbearable to those who know
and to those who don't.

As the whole of Hellenistic science and culture must be covered in & book
of moderate length, which should enlighten the reader without overwhelm-
ing him, it is obvious that the author cannot deal with every part of the sub-
ject nor give every detail about each part. If the book were devoted ex-
clusively to Apollénios or to Lucretius it would be my duty to omit nothing

concerning them, but I am obliged to deal with hundreds of men and to
make them live without killing the reader.
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The main difficulty of a synthesis lies in the choice of subjects. I have
taken considerable pains to choose as well as possible the stories that I was
to tell and the details of each of them. It is impossible to narrate the history
of ancient science completely; but I have tried to be as comprehensive as my
frame allowed and to offer the essential,

The division of the whole book into chapters treating separate fields was
necessary for the sake of clearness, but it involves unavoidable repetitions
because the men of the Hellenistic age were less specialized than those of
our own century. The mathematicians might be also astronomers, mechani-
cians, or geographers. Hence, some great men reappear in many chapters. [
have tried to tell the main story of each man in one chapter and to reintro-
duce him as briefly as possible whenever his encyclopedic tendencies made
this necessary. :

Some repetitions have been left; they are deliberate. There are fewer of
them in this book than there were in my Harvard lectures; indeed, they are
less necessary for the reader, who can refer at any time to any part of the
book, than for the listener who had no such facilities (no table of contents
and no index). Moreover, the lectures were spaced over half a year, while
the reader is free to regulate his own speed.

The illustrations of this book have been carefully chosen to complete the
text and to introduce the kind of intuitive precision that only graphic
means make possible. The meaning, source, and genuineness of each illustra-
tion are explained in the legend attached to it; indeed, an illustration is
worthless without such explanation. There are no portraits, for, as I have
often repeated, ancient portraits are symbolic images without any immediate
relation to the individuals represented; * they are not portraits as we under-
stand them. The “Aristotle” heads of Vienna and Naples (very different but
equally improbable), the “Epicuros™ of New York, the “Menandros™ of Bos-
ton, and others are not even “ideal” portraits from the sculptor’s point of
view but “ideal” attributions by scholars of the Roman age, of the Renais-
sance, or even later. The Naples “Aristotle” was first baptized “Solan™; it
was called “Solon™ by Schefold 5 as late as 1943; then it occurred to some
bright archaeologist who had often seen Solén and Aristotle in his dreams
that that head looked more like the latter than the former! And there you are
— at the moment a new “Aristotle” was born.

It is remarkable that philologists who are capable of carrying accuracy to

*With the possible exception of kin
like Alexander who had E:
painters in attendance. G, Sarton, “Teono-
W.- Isiz 30, 222235 (1939);
its of ancient men of science,”
Lychnos (Uppsala, 1945), pp. 248-258, 1
fig.; Horur (42-43).
*Richard Delbriick, Antike Poririts

{ Tabulae in wsum scholarum, ed. Johannes
Lietzmann, 8§ Bonn: Marcus and Weber,
1912); Anton Hekler, Bildnisse beriihm-
ten Griechen (Berlin, 1939); Karl Sche-
fold, Die Bildnizse der antiken Dichier,
Redner und Denker (Basel: Schwabe,
1843).
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pedanﬁcer&mnesinhemmnfwordsamasmedu]nus as babies when it
" comes to “images.” and yet an image is so full of information that ten thous-
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. and words would not add up to it. The prize specimen of such iconographic

inconscience was given by Studniczka,® who clinched his argument to prove
the genuineness of the Vienna “Aristotle” by remarking that Aristotle was
an “Urgemaner” and did not the Vienna head have some resemblance to
Melanchthon and Helmholtz? Ergo it must be Aristotle!

The rank and file of philologists are sure that the Vienna head is a faithful

portrait of Aristotle, for has not that been proved up to the hilt in Stud-
niczka’s memoir? They have not always read it, but they know of it and its
very existence gives validity to the Vienna head, even as the gold stocked in
Fort Knox bolsters up our bank notes.
_ The cause of such perversion is a weakness deeply rooted in human nature,
Men want to have the likenesses of their greatest benefactors in order to be
closer to them and to show their gratitude. Patricians of the Hellenistic age
‘wanted to surround themselves with the busts of Homer, Sophoclés, Plato,
‘or Aristotle, even as the priests wanted statues of Apollan and Aphrodité in
their temples. Their wishes were satisfied. Similar wishes were made with
the same intensity during the Renaissance and more statues were provided,
‘some of which were Hellenistic or Roman, others brand-new. The whole
iconography of ancient science is simply the fruit of wishful thinking,

To conclude, an “ancient portrait”™ of Euclid or Archimédés should be taken
in the same spirit as we take a portrait of Isis, Asclépios, or 5t. George.

Apart from explanatory diagrams, my illustrations represent ancient monu-
ments and pages of old books, especially the title pages of the first Renais-
sance editions. There are no antiquities more impressive than the principes
‘of the great classics. I would be grateful to the reader if he would examine
them with attention and sympathy (almost every title page contains some
carious information not given in my own text). These glorious pages will
serve to illustrate not only antiquity but also the history of scholarship, the
history of science during the Renaissance and later.

My sources are primarily the ancient writings and the ancient commen-
taries. Full use has been made of other histories, of many more of them than
my references would suggest. In order to lighten my footnotes, I have gen-
erally avoided commonplace references, especially those that can be easily
found in my Introduction. On the other hand, whenever I have drawn in.
formation from a newer publication, I have been careful to give its full title,

*Franz Studniczka (1860-1929), Fin  but shorter— 35 a
- : p-. 3 pls.
Bildniy JEBZ:I Aristoteler (55 pp., 3 pha " 1 simplify uaggeprate. Studnicrka’s
Leipzig: Edelmann, 1808). Not to be eon- ush;ten:ﬁgmluns were not offered by him
fused with another writing having almost as fo proofs, but were swallowed
the same title, Das Bildnis des Aristoteles, such by credulons readers, s
same author, same publisher, same year,
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The reader is thus enabled to continue my investigations (and perhaps
- finally to reverse my judgment), if he is sufficiently interested to do so.
Irrespective of sources and texts, which can be named, some forty years of
experience in my field as a scholar and a teacher have given me great confi-
dence mixed with greater humility.
In many cases 1 have used previous writings of my own, and even used
the same terms when I could not improve upon them, without bothering to
quote myself explicitly. The chapter on Euclid was very largely derived,

| with kind permission, from one of my Montgomery Lectures at the Univer-

! sity of Nebraska,® and the chapter on Hipparchos from my own article in
the Encyclopaedia Britannica.®

>

My first teachers have been listed in the preface to Volume 11 (p. xiv)
and my gratitnde to them grows as I myself grow older. I owe many thanks
] also to my friends of the History of Science Society and of the International
Academy of the History of Science. 1t would take too long to enumerate them.
l It must suffice to name a few who died recently: in 1953, the physicist Henry
Crew of Evanston, Illinois; in 1954, the mathematician Gino Loria of Genoa,
the Semitist Solomen Gandz of Philadelphia, the historian Henri Berr and
the mathematician Pierre Sergescu both of Paris; in 1955, the physician Max
Neuburger of Vienna, the mathematician Raymond Clare Archibald of
Providence, Rhode Island, the historian of science Adnan Adivar of Istanbul.
They are all still alive in my heart.
My gratitude to the Harvard Library has been expressed many times and
I must thank its officers once more, particularly Professor William Alexander
Jackson, keeper of rare books. I owe very much to the late Professor Herbert
Weir Smyth (1857-1937), thanks to whose generosity the Harvard Library
is very rich in early Greck books. Help has been received from other li-
braries, notably the Boston Medical Library (Dr. Henry R. Viets), the
Armed Forces Medical Library in Cleveland, Ohio (William Jerome Wilsen,
Dorothy M. Schullian), the New York Academy of Medicine (Janet Doe),
the Yale Medical Library in New Haven, Connecticut (John F. Fulton,
Madeline Stanton), the Pierpont Morgan Library in New York (Curt F.
Biihler), the Henry E. Huntington Library in San Marino, California, the
Library of Congress in Washington, D.C., the Princeton University Library
in New Jersey, the Laurentian Library in Florence, the British Museum in
London, the Bibliothéque Nationale in Paris, the John Rylands Library in
Manchester, England, and the University Library in Cambridge, England.
I am indebted also to various musenms, notably the William Hayes Fogg

* . Sarton, Ancient science and modern ® (. Sarton, A history of science: An-

civilization (Lincoln: Univenity of Ne- cient science through the golden age of

ka Press, 1954), pp. 3-38. Greece (Cambridge: Harvard Unive

'Enayd{rrpuad}h Britannica, vol. 11, pp. Pmis, 1952} hereafter referred to as Vo
1847
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Art Musenm of Harvard University, the Boston Museum of Fine Arts, the
Metropolitan Museum of Art in New York, the National Gallery in Washing-
ton, D.C., the Vatican Museum in Rome, and the Museo Nazionale in
Naples. I hope this list is complete; at any rate each indebtedness is acknowl-

~ edged in its proper place.

Finally, 1 renew my thanks to the American Philosophical Society of Phila-
delphia for a grant-in-aid awarded to me on 13 October 1952,

GEORGE SARTON
Christmas 1955

NOTES ON THE USE OF THIS BOOK

Chronology. Indications such as (ITI-1 8.c.) or (IV-1) after a name mean
two things: first, that that person flourished in the first half of the third cen-
tury B.c. or in the first half of the fourth century after Christ, and second,

_that a section was devoted to him in my Introduction, where information con-

cerning him and bibliography may be found. When a person was not dealt

‘with in my Introduction, his time is indicated in a different way, for exam-

ple, Lysippos (fl. c. 328 8.c.), Terentius (c. 195-159). In the second case, it
is not necessary to add s.c. Double dates are generally unambiguous; if we
write X (175-125) and Y (125-175), it is clear enough that X Aourished be-
fore Christ and Y after him. In Part 1 of this book, covering the third cen-
tury, the letters s.c. are penerally left out; in Part I1, covering the second
and first centuries, it was sometimes necessary to add them, and the closer
one comes to the end of the pre-Christian age the more necessary it was. For
example, Livy the historian was bomn in 59 and died in 17; it is essential to
write (58 s.c-4.p. 17); he might have died in 17 B.c., at the age of 42, in-
stead of in A.p. 17 at the age of 75.

Geography. 1 am just as anxious to indicate where an event happened or a
man lived as to indicate when. In the past even as now the same place names
were often used in different regions. Many places were named Alexandria,
Antiocheia, Berenicé, Neapolis (Newtown}, Tripolis (Threetown). The
reader is always told (as far as possible) which place was meant and what
was its relation to better-known places in the neighborhood. For example,
it does not satisfy me to say that Polybios hailed from Megalopolis and
Strabon from Amaseia, for does the reader know where those towns were lo-
cited? Probably not. Therefore, I am careful to add that Megalopolis was in
Arcadia in the center of the Peloponnéscs, and Amaseia south of the middle
part of the Black Sea on the river Iris (Yesil Irmak). If possible, 1 add also
some details which will evoke the place more vividly and fix it in the reader’s
memary. I want him to visualize the place as well as to sense the time.

The names of regions, countries, cities, and physical features have changed

* Some of the notes printed in Volume 1, pp. sv-xvii, are not repeated.
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repeatedly throughout the ages. In Western Asia, the same places may have

| names in Assyrian, Greek, Hebrew, Arahic, Syriac, Persian, Turkish, Latin
(with possible variants in each language). I have often preferred for the
reader’s convenience to use a modern term, such as Dardanelles instead of

| Helléspontos, or Red Sea instead of Erythra thalassa. 1 have also preferred

| to write Western Asia or a longer periphrase rather than a weasel expression

like Near East  near to what?). _

References. When mentioning a statement that occurs in a classical text, T
generally do not refer to a definite edition ( which may be out of the reader's
grasp) but rather to book and chapter (say xu, 7) or to the ancient pagina-
tion reproduced in every scholarly edition. For example, the pagination of
the Greek text of Plato by Henri Estienne (Paris, 1578), or Immanuel Bek-
ker's pagination of the Greek Aristotle (Berlin, 1831), are canonized and
available to every reader. Direct quotations of ancient texts have been re-
stricted to the minimum and given in English; ** scholars wishing to have
the Greek (or Latin) original can find it easily enough.

Transcription of Greek type. As the cost of printing Greek type has become
prohibitive, it is necessary not only to transliterate Greek words but also to
transliterate them exactly. This vexed me at the beginning, but 1 am now
reconciled to transliterations, because 1 can see their advantages. A word
written in Greek type is more pleasant to the Hellenist than its translitera-
tion, but it is enigmatic to non-Hellenists; the exact transliteration is equally
clear to everybody. Greek words will be transliterated in the same way that
we transcribe Sanskrit or Arabic ones; there is no loss.™
| The only way to realize an exact transliteration is to transliterate each
Creek letter by the same Roman letter (or the same combination of Roman
letters). In other words, the transliteration must be adapted to the script,
not to the pronunciation. The original spelling of each word is relatively
stable (it has remained the same for over two thousand years), while its
sound never ceases to vary from time to time and from place to place. To
try to reproduce exactly the pronunciation of words is to follow a will-o™-the-
WIsp.

The Greek alphabet is transliterated as follows: a, b (notv), g, d, &, 2, &,
th,i,c,Lm,n x. 0, p rorth (initial rhé ), 5. t. v, ph, ch, ps, . ;
The diphthongs ending in i {ai, ei, oi) are written as in Greek (not ae, i,
oe, Latinwise ). The iota subscriptum is left out. The diphthong ou is wrilten
u, for it has always been pronounced like u in English (as in full or bull) or
in German ( French ou). The other diphthongs ending in upsilon are kept as

R NS o ¢

™

# A few brief quotations of Latin verse  Greek accents, which would have made
ar have heen given in the original as  printing too complex, especially when ac-
well as in English. cents fell upon & or 6. If one wishes to

# There is no important loss. T have not  transliterate exactly Hebrew and Arabic
tried to reproduce the iofa subscriptum, words, greater difficulties occur; yet the
though it remained adscriptum till the thir-  English form is preferable, for it not
teenth century, and have not indicated the lock out the average reader.




B P P e e e L B o yrihes g T

- R - B S R T — - B D

xiv PREFAGE

they are, except when the upsilon occurs between two vowels; it is better
then to consonantize it as in evergetés (benefactor) evagogos {docile)
evornis (auspicious), avos (dry).

The letter gamma before another gamma, or befare ¢, ch, x, is generally
nasalized, and we transliterate it n. Thus, we shall write angelos (not ag-

gelos, angel), encephalos (not egcephalos, brain), enchelys (not egchelys,

anguilla, eel), encyclos (not egeyclos, circular).

The ending -0s of many names has not been changed into -us as the Latin-
speaking people did ( Epicuros, not Epicurus).

Scholars of the Renaissance writing in Latin had some justification for
Latinizing Greek words; we have none when writing in English. To write
Greek words Latinwise is just as silly as to write Chinese in Japanese style.
We are neither Romans nor Japanese; why should we imitate their manner-
ism in English spelling?

The English form Ptolemy is used for the astronomer of international

' fame, while we spell the royal names Ptolemaios. It is the more necessary

to do so because the secand names of kings are obviously Greek. It is better
to avoid such bastard combinations as “Ptolemy Sotér,” and write Ptolemaios
Sotér or Philadelphos, Evergétes, Philopatar, Philométor, Epiphanés.

It is better to keep the final n in such names as Héron, Apollén, Mane-
thén, but long usage makes it impossible to write Platon instead of Plato.
This suggests other inconsistencies which cannot be completely avoided
without pedantry **

No transcription is absolutely equal to the original seript, but we have
done our best within limits. The main point is to help the reader realize the
difference between Greek and Latin and not to confuse the two languages.
This is particularly useful when we wish to avoid confusion between Greek
writers, such as Sallustios, Celsos, Phaidros, and Latin ones called Sallus-
tius, Celsus, Phaedrus.

I have taken great pains to be consistent without pedantry and to guide
the reader, as was my duty, without irritating him. I trust that he will meet
me half-way.

PusLsrEr's Note — The publishers acknowledge with thanks Miss May Sarton’s
generous cooperation during the preparation of the manuseript of this book for publica-
tion. They are also grateful to Duane H. D, Roller and C, Doris Hellman for observing
and correcting a number of slips and oversights, to I. Bemnard Cohen for assisting in the

location of sources for checking references, and to Edward Grant for his careful reading
of the proofs and making of the index.

" For example, the OCD writes Posei- Many other inconsistencies ocour in that
don, and on the following page Posidonios!  carefully edited dictionary.
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4 FOREWORD

\ Ceorge Sarton originally conceived his History of Science in eight or pos-

sibly nine volumes, to present the growth of science and scientific activity
from its earliest beginnings to the present. At the time of his death, on
23 March 1956, he had completed this second volume, had checked and
revised the typescript, and had chosen the illustrations.

The reader of the following pages will be impressed, as is always the
case in Sarton’s writings, with the breadth of Sarton’s interests, the pro-
fundity of his understanding, and the ability to evoke the whole culture of
a past age. Here is to be found the poet Virgil as well as the mathematician
Archimedes, the subject of the fine arts along with the technical aspects of
science. The text thus emphasizes Sarton’s conception of the history of
science as more than “simply an account of discoveries.” lts purpose, he
wrote, “is to explain the development of the scientific spirit, the history of
man’s reactions to truth, the history of the gradual revelation of truth, the
history of the gradual liberation of our minds from darkness and prejudice,” !
He expressed this point of view in another way, as follows: “It is true that
most men of letters and, 1 am sorry to add, not a few scientists, know sci-
ence only by its material achievements, but ignore its spirit and see neither
its internal beauty nor the beauty it extracts continually from the bosom of
nature. Now I would say that to find in the works of science of the past,
that which is not and cannot be superseded, is perhaps the most important
part of our own quest. A true humanist must know the life of science as he
knows the life of art and the life of religion.” Sarton’s wide range of inter-
est was epitomized in the epigram from Terence which graces the first
volume of the monumental Introduction to the History of Science (Camegie
Institution of Washington, 1927, 1931, 1947-48): “Homo sum, humani nihil
a me alienum puto.” And he held that the ultimate aim of the books in the
present series was “to show the growth of the human spirit in its natural
background.”

It is precisely this set of qualities that makes for difficulty in planning a
continuation of this series. Volume Three had never achieved the final state
of planning so that the author’s intentions for it can be known only in the
most general way; the same is true for the later volumes. Harvard Univer-
sity Press is, however, making plans to continue this series, even though it
. is obvious that the work of others will be different in almost every way
from what Dr. Sarton produced. The end result, it may be hoped, will
nevertheless be what he wished: to illuminate “the progress of mankind™

' This and the following quotations are taken from passages reprinted in the Gearge
Sarton Memorial Issue of Isis, containing a bibliography of his writings, published by the
istory of Science Society { September 1857, vol. 48, pt. 3).



| is more important than any other aspect of intellectual progress, for ex-
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by focussing attention on the growth of “systematic positive knowledge, or
what has been taken as such at different ages and in different places.” On
this score he further said: “I am not prepared to say that this development

ample, than the development of religion, of art, or of sogial justice, But jt

| is equally important; and no history of civilization can be tolerably complete
- which does not give considerable space to the explanation of scientific

progress.”
The work that follows is presented to the public just as the author left it,

save for the correction of some obvious typographical errors and slips of the
pen. The proofs were read by Dr. Edward Grant, Instructor in the History
of Science in Harvard University, who has also made the index.

I. BervaRD Comey

L .
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Fig. 1. Alexander the Great making offerings to the god Amon-Ré (Zeus-Ammin).
Alexander at the left is dressed like a Pharaoh and wears the double erown of Upper
and Lower Epypt He carries in bath hands a tray holding four cups. The god on the
right holds the uas scepter in his right hand and the symbal of life Ebmgs from his Jeft.
is bas-relief is in the Temple of Luxor, of which Alexander had ordered the restora-
tion; it probably dates from the end of the fourth century or the beginning of the
third century n.c. The temple itself dates from the time of Amenhotep 111 (ruled

1411-1375). [Photograph borrowed from Friedrich Wilkelm von Bissing, Denkmiler
dgyptischer Sculptur | Munich, 1914}, pl. 114.1
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THE ALEXANDRIAN RENAISSANCE

THE DISINTECRATION OF ALEXANDER'S EMPIRE

'-,[l':e decadence and fall of Greece was completed by the Mace-
donian conguest; the hattle of Chaironeia, won by Philip I1 in August 338,

t an end to its ind ence. Two years later Philip was murdered and
replaced by his son, A xander I11. This Alexander conquered a great part
of the world within twelve years, from 334 to his death in 323, at the ripe
age of thirty-three. The repercussions of this were very deep. The Alex-
andrian conguests put an end to the old Hellenism, but began a new period
in history, the so-called Hellenistic age, which lasted three centuries, from,
say, 330 Bc. to the establishment zﬁ.e Roman Empire by Augustus in
30 B.C.

Alexander the Great closed an age and opened a new one; he created an
empire which was universal and international, umiting under the Mace-
donian yoke peoples of many races, colors, languages, and religions, but the
supreme culture and the supreme language were Greek. As Alexander’s
armies were Macedonian and Creek, he carried Greek culture into the very
heart of Asia; it has been said that he Hellenized Western Asia,! but that
statement must be qualified in many ways. For one thing, not only had
Western Asia been Hellenized before him, but its western edge had been
the very cradle of Creek science. Moreover, Alexander had not dream-
ing only of a world empire but of a deeper kind of unity (homonaia, con-
cordia). He was the first man, ahead of the Staics and much ahead of the
Christians, to think of the brotherhood of man.? For that reason he fully
deserves to be immortalized under the name Alexander the Great. As he
was not a pure Greek himself, but a Hellenized barbarian, it was easier
for him than, say, for Plato to conceive such brotherhood and the fusion
of races that it implied. He set the example, in 327, by marrying the Bactrian
princess Roxana (Rhéxané); * two years later, in Susa, he assigned to about

! Pierre Jou L’im isme maed-  still praised by men in the United

donien. et rm&m e [Orient (Paris, States a ne.nl-uryg:;du and the Civil War

1826; English translation, London, 1928). {1861-1365) had to be fought in arder to
* Brotherhood, but with slaveryl We eradicate it

should not judge him too severely, how- * Ghe fell into his hands when he cap-

ever, becanse that flagitious institution was tured a fortiied place in Sogdiané, be-
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eighty of his generals Asiatic wives whom he had richly dowered. He took a
second wife, Barsing, eldest daughter of Darjos 111, the last king of Persia,
and perhaps a third, Parysatis, daughter of Artaxerxés III Ochos. Soon after
Alexander's death, Barsiné was murdered by Roxana.

As to the Greek soldiers, camp followers, and settlers of every kind, they
needed no persuasion to take native girls as wives or coneubiZles. One should
not exaggerate the importance of such blood mixtures because, however
frequent they might be, they could affect only an infinitesimal part of the
population.

There never were enough Creeks to Hellenize Egypt and Western Asia.
Greece lost a large proportion of her most enterprising citizens and yet that
Greek contingent was lost in the sea of Egyptian and Asiatic humanity, In
spite of their cultural superiority, the Greeks could not help being sub-
merged, and their orientalization was the unavoidable result, The influence
of Asiatic wives and mothers was overwhelming in certain felds, such as
folklore and religion. Therefore, one might claim that the Alexandrian em-
pire helped to arientalize Eastern Europe. Instead of speaking of the Hel-
lenization of Asia or the orientalization of Europe, it is safer to say that East
and West were brought together, and in that region — southeastern Europe,
northeastern Africa, western Asia, they have never ceased to be together,
mare or less,

Alexander died so young (at 33) that he left no heir ( except a posthumous
child}, and no arrangements had been made to carry on the government,
The empire that he had created was so heterogeneous and unwieldy that it
is very doubtful whether Alexander himself could have preserved its in-
tegrity, but he was fortunate in that he died before its disintegration. When
he was dying, he gave his signet ring to one of his generals, the Macedo-
nian Perdiccas, son of Orontés, but soon after his death the intense rival-
ries of other generals created a state of chaos. The end of the century and
the beginning of the following (say 323-275) witnessed a succession wars
between them, the Wars of 5‘1& Diadochoi (or successors), the deseription
of which would be very complicated and does not concern our readers.

Leaving out the eastern satrapies, east of the Persian Gulf and southwest
of the Oxus, the empire was broken into three main parts: Macedonia and
Greece, ruled by the Antigonids; Western Asia, by the Seleucids; and Egypt,
by the Ptolemies. After the constitution of those kingdoms (say by 275),
they continued to be rivals, altcmatcl_y allies and enemies. Any account of
t}‘:m’r jealousies, conflicts, and wars is made increasingly difficult by the con-
sideration of internal secessions or revolts peculiar to each and by Roman
intrigues which began in 212, The Romans used every discord as a pur-

youd the Oxus. Soon after his death, she  and her son were protected by Alexander’s
gave birth to Alexander [V Aigos, who mother, OF mplui:P:he_-,v waby ll?'lli:iﬂl
was acknowledged for a short time as a by C&Saan:?ms in 311. The little Alesander
potential partner in government. Roxans  was only 12 at the time of his death.
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chase for their own imperialism. For example, when the Attalid kings of
Pergamon increased their power at the expense of the Selencid kingdom,
Rome was ready enough to help them (in 212 and later) and she contrived
to be their heir in 130 s.c.

Each of these three or four kingdoms developed in its own way, accord-
ing to its own geographic and anthropologic circumstances. We shall have
opportunities of referring to one or another of them later. In this chapter, we
must restrict ourselves chiefly to the Ptolemaic kingdom in Egypt.

When one speaks of Hellenistic times, however, one has in mind the Hel-
lenized culture which developed all over the large territories that had con-
stituted the Alexandrian empire as far west as Cyrenaica and as far east as
the Indus. Those Hellenistic times may be said to continue roughly until the
time of Christ; they were replaced gradually about the beginning of the
Christian era by the Roman order. As far as the history of science was con-
cerned, the Roman times were still to a large extent Greek, but they are no
longer called Hellenistic; they are called Roman and later (after a.p. 325)
Byzantine,

Indeed, the universality of the Greek language (as the vehicle of higher
culture) was the outstanding characteristic of the Alexandrian world not
only in Hellenistic but also during Roman times, at least in the eastern re-
gions, which were by far the most cultured ones.

ITRANIAN AND INDIAN INFLUENCES IN THE HELLENISTIC KINGDOMS

We shall devote most of our attention to the culture which fourished in
Egypt, but before that it is worth while to insist upon the Oriental influ-
ences that were at play in all the Hellenistic kingdoms, because the reader
is accustomed to the phrase “the Hellenization of the East” and not suf-
ficiently aware of the Oriental reaction. Jewish influences which the reader
would take more easily for granted will be left out at present.

We may take for granted also the local influences, Pharaonic in Egypt
and Babylonian in the Seleucid kingdom. The ancient cultures were still
alive, conspicuous, and impressive. It was an essential policy of the Ptolemies
to pay full attention to the ancient Egyptian religion and of the Seleucids to
respect and even to revive Babylonian knowledge and rites. The very great
differences hetween the Ptolemaic and Seleucid kingdoms were due to
natural conditions and to economic factors, but also and very markedly to
their historical backgrounds, their religion and folklore.

Iranian influences were naturally considerable, because there had been
exchanges of many kinds, pleasant and unpleasant, between the Greek
colonists of Asia and the subjects of the Persian kings. Persian merchants
must have been numerous in Milétos and the other cities of the Tonian con-
federacy. As far away in the West as Syracuse, King Celon (d. 478) re-
ceived the visit of a magos (a mage)* who claimed to have sailed around

* The word “mage” is one of the most interesting in the English language. It is of
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Africa, as had been done by Phoenicians under the orders of Necho and
later of Darios the Great® Ctésias of Cnidos (end V 8.c.) had explained
Iranian culture in his Persica, and had not every educated Greek read the
Cyropaideia of Xenophon (IV-1 s.c.)? This was a political romance but
no one could read it without being aware of Persia and realizing that there
were good and noble Persians as well as evil ones,

Babylonia was a Persian satrapy from 538 and Egypt another from 525 to
the Alexandrian conquest in 332, and during those two centuries many Per-
sian institutions, usages, ideas, and words had taken root.

If we knew Iranian sources better than we do, it might be that many

of Greek culture could be traced back to them. It is possible, for
example, that the theory of elements originated in Persia and was diffused
thence to the Greek world, to India, and to China.® That is mere specula-
tion. About the reality of contacts between the Hellenistic kingdoms and
Iran, however, and their multiplicity there can be no doubt.”

Greco-Indian relations are even more complex than the Greco-Iranian.
They begin in the same way through the lonian colonies, especially Milstos.
Indian traders did not fail to reach those opulent markets, and Indian
(including ideas) were brought also by middlemen. Other Indians visited
Greece for the sake of obtaining wisdom or illustrating their own. The de-
ﬁﬁul story of Socratés’ interview with an Indian sage has already been

® The earliest Greek accounts of India were given by Hérodotos (V
Be.), who recorded their cultivation and use of cotton, and by Ctésias of
Cnidos in his Indica.” Hippocratés’ contacts with Iranians are more dubious,
though they would not have been difficult in the region of Cos, or for that
matter all over the Aegean Sea. The similarities between the Hippocratic
De flatibus and Indian medicine are probably due to accidental con-
vergence.'?

Iranian origin but was promptly adopted
in C-reek {mapoz). It first m:iufva Zor[:ms—
trian priest, then a wise man, especially ane
“I'“bu m,terpr:::lud dreams. Its use in the New
estament { Matthew 11:1) larized it
in Chris!&nﬂom. The magnipﬂ!rcame IJ::
Three Kings. il'l:u: words magic, magician
are ultimately fro . Wis-
dom :mi magic uml}rcnnlmed.g i
. T Festugiére, “Grecs et
orientaux,” Revue de histoire d,e:rel'i;g::‘
130, 2841 (1945), p. 32. Necho {Necis)
was king of E Fmﬂ[ﬁtﬂﬂ&‘},and
Darios, of Persia 521 to 485, For the
two circumnavigations, see Volume 1, D
183, 289, On p. 299, the end of footnote 3,
the reference should be to Necho instead
of Sataspés.
*Jean Pryluski, “La théarie des éli-
ments et les origines de la science” Spi
endis 54, 1-9 (1933) [fsir 21, 434

(1834)]. See also his carlier paper, “L’in-
nee iranienne en Créce et dans Finde,”
Revue de [Université de Bruxelles 37, 283
284 (1831-82) [Isiv 22, 372 (1934.35)1.
" For the interchange of religions ideas
between Iran and Creece, see Joseph Bidez
and anzgjumnnt, Les magex hellénizér.
Zorpastre, Ostanés et Hystaspe d'aprés la
fradition grecque (2 vols.; Paris, 1938)
[Isiz 31, 458489 (1939 40)1, Zoroastrés
(VII n.c?) was the Zarathushira of the
Zendavesta; Ostanés and H pés were
later teachers of the same re gion.
*Volume 1, p- 281,
321’- For details, see Volume 1, pp- 311,

“?fah:}e 1, pp 372-373; for the
meanin CUNVETEENCE, Se¢ 17-18.
]ea:n Fﬁl'm::u. “L'Inde et les ndﬁg.ngﬂ sri-
Eudhﬁqu:z dans Thumanité.” Cahiers d his-
toire mondiale I, 353-367 (Paris, 1953).
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All these Greco-Indian encounters were rare and limited in scope. When
Alexander undertook his conquest of Asia, contacts occurred on a large
scale. He reached the Indus and in the following centuries the northern part
of India (to, say, lat. 22° N} was invaded by Greeks, who established king-
doms and settlements in various places.!! The contact between Alexander
and the Indian sages was the subject of a legendary cycle called “The col-
loquium of Alexander and the ten gymnosophistai,” of which many forms
appeared in ancient times.'?

During the troubles that followed Alexander’s death, an Indian adventurer
named Chandragupta (Sandrocottos in Greek), who had met Alexander in
his youth, managed to control a great part of northern India and created the
Maurya empire, which lasted from his accession in 322 (or earlier) until
An. 185 He established his capital in Pataliputra.'® The sophisticated
Maurya culture was much influenced by the Persian one and hence Iranian
influences might low westward from northern India as well as from Iranian
territories. Seleucos Nicator (king of Syria from 312 to 280) invaded
Chandragupta’s dominion in 305 but was obliged to withdraw. In the peace
that followed, he ceded to Chandragupta the Panjab and the mountains of
the Hindu Kush, but received in return 500 war elephants. In 302, he sent
Megasthenés as his ambassador to the court of Pataliputra. The results of
Megasthen@s’ experience were published by him under the title Indica.
This work is unfortunately lost, and we have only fragments of it, but as far
as we can judge from these it contained a large amount of information on
Northern India. Many of his tales seemed incredible and, therefore, he was
mistrusted by later historians, such as Polybios and Straban. He suffered the
same fate as Hérodotos and Marco Polo, and it is possible that if the full text
of his Indica were available he would be justified on many points, just as they
have been.

At any rate, the Greek-reading people of the Hellenistic age were given
the means of knowing much of that mysterious country; their knowledge
was incomplete and sometimes faulty, but it was considerable.

Among the Indians who app-ea.ru] in Eg}*pt some were merchants or
travelers; others were Buddhist missionaries, especially during the time of
the Maurya king ASoka, who ruled over a great part of the peninsula (above
15°N) from 273 to 232. Akoka was in relation with Ptolemaios Philadelphos
of Egypt, as well as with Antiochos IT of Syria and Antigonos of Macedonia.
On the other hand, Ptolemaios Philadelphos sent an envoy to India in order

* Elaborate account by W. W. Tam, phistes,” Reoue de histoire des religions
The Greeks in Bactria and Indie (ed. 2, 125, 3340 (1942-43). The word gymno-
591 pp., 2 pls., 3 maps; Cambridge: Uni- sophistés means naked philosopher, the
versity Press, 1951; ed. 1, 18938). name given by Greeks to the In iﬂntﬁﬂl

*Summary by A, J. Festugiére, “Trois = Pataliputra was built at the
rencontres entre la Gréce et I'Inde. 1. Le ence of the Ganges and the Son rivers.
colloque d'Alesandre et des dix gymnoso- Modem Patna, capital of Bihar province.
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to obtain elephants and mahouts. The third century was an age of giant
warships at sea and elephant warfare on land. OF course, the Seleucid kings
being nearer to India were richer in elephants, but their Ptolemaic rivals did
their best to obtain more elephants not only in India but also in Africa. Both
species were used in battle; the first battle between Indian and African ele-
phants was that of Rhapheia * in 217; the Africans were outnumbered and
beaten. The trade in elephants implied other and easier forms of trade and
cultural exchanges.

The most famous of the Yavana ( = Greek) kings in India was Menandros.
He is not well known to us and in the little that we know it is not easy to
separate fact from fiction. He was king of Kabul and the Panjab and finally
ruled the whole of Greek India down to Kathiawar (western Gujarat, west
eoast, c. lat. 22° N} until his death, c. 150-143. He was so well known, how-
ever, to his Indian subjects under the name Milinda that he became the
hero of a Buddhist treatise, the Milindapafiha (the “Questions of Milinda™).
It is not certain that he was a Buddhist himself, but, in the fashion of Hel-
lenistic kings, he was friendly to the religion of the people around him. The
Milindapariha is the only Indian book dealing with a Greek king; '® it was
probably written at the beginning of our era and is preserved in Pali and
Chinese versions ( see note below ).

Commercial and cultural relations between Egypt and India were subject
to vicissitudes caused by the enmity of the Seleucid kingdom, but, even
when the Syrian ways were closed, Egypt could reach India via the Red
Sea and Arabia. The sea journey to India through the Bab el-Mandeb and
the Arabian Sea could not be accomplished easily and safely before the dis-
covery of the mansoon. It is possible that oriental sailors had been acquainted
with it for a long time, but that knowledge did not become available to the
Greeks until the time of Hippalos, c. 70 a.c.!®

Creek domination in India had ceased completely before the Christian
era, but trade continued in various ways. The best way of illustrating the
impartance of that trade at the end of the Hellenistic age is to recall Cleo-
patra s suggestion of abandoning the Mediterranean and ruling the Indian

* Rhapheia was a seaport at the South-
west end of Palesting, south of Gaza, on
the edge of the desert,

* Tam, The Greeks in Bactria and India
{ed. 2), chap. 6, “Menander and his king-
dom,” pp. 225260 My dating is derived
from Tarn. In an excursus (pp. 414-436),
Tarn compares the “Questions of Milinda™
with the “Questions of Ptolemaios 11" in
i; - udo-Aristens. 'We shall deal with

ilindapad nit] i i
g paithe presently and with Aris-
*The date is uncertain: it has bean put

as late as ap. 50. I follow Rostovizeff, Isis
34,173 (1942-43), In his account of India,
Megasthenés (III-1 B.c.) called the mon-
soon Etisian winds; later it was called
hippalos after its discoverer. The name
monsoon is considerably later still, because
il is derived From Arahic mawsim
{season). See Henry Yule and A. C. Bur-
nell, Hobson-Jobson: A g af collo-
quial Angle-Indian words and , and
of kindred terms, etymo histarical,
geogruphical and discursive, ed. Willlam
Crooke (London: Murray, 1903), p. 577.
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seas instead! Tarn remarks abont this, “She was not talking folly; she might
have anticipated Albuquerque.” !7 The only successors of Alexander who be-
came legendary were Menandros and Cleopatra; they both deserved their

extraordinary fame.
Miindapaiha

The Milindapaiiha is a dialogue be-
tween King Milinda and the monk Na-
gasena, the king asking many questions
on varipus points of Buddhist trine.
The whaole of it as available in Pali is
very hﬁ% but the an::.:letllhﬁ;mela i:nnlz
sistin a ogue
lhl'ﬁﬁgl}ﬂﬂ]ﬂ?r;l uunsﬁhly oag:!orla.'
That ancient kernel was written during
the frst centuries of our era, certainly
before the Bfth century, because there
are two versions of it in the Chinese
Tripitaka,” versions made during the
Eastern Chin dynasty (317—420). The
Chinese translation was made not from
the Pili text that we have but from a
Prikrit text that is probably more an-
cient.

The takes place at Sagala,
Milinda's capital in the Panjab, in the
presence of a number of Yonakas (or
Greeks), There is no doubt that Milinda
is identical with Menandros; one ma
find in this work a few other G
references [urhewben;srgﬂivbd hmhI; the
Greek)™ and t inning is per a
little more vivacious or less turgid
other Indian writin Nevertheless,
the Mil is definitely Buddhist
and Indian. It is not a part of the canon,
yet it is considered an excellent piece
of Buddhist literature. The reading of
it is extremely instructive. It is as dif-
ferent as can be from Greek writings

of the early centuries of our era, The
comparison of Buddhist writings with
Christian theological treatises of ap-
proximatively the same period, say
some of the early patristic literature,
would not be unfair; it would reveal
ahysmal differences.

The author of the Milindapaiha had
no knowledge of Greek or Creek litera-
ture, and his work remained entirely un-
known in the West until recent times.
On the other hand, its popularity in the
Buddhist world was considerable; wit-
ness the Prikrit, Pali, and Chinese texts
already mentioned and versions into
Singhalese, Burmese, Korean, and An-
namese.

The Pili text was edited by Vilhelm
Trenckner (London, 1880): the Chi-
nese versions by Paul Demiéville in the
Bulletin de I'Ecole frangaise d'Extréme-
Orient 24, 1-258 (1924).

The English version of the Pali text
was published by T. W. Bhys Davids in
The sacred books of the East | 1890,
1594), wvals. 35, 38. A French version
of the ancient was made from the
Pali by Louis Finot (Paris, 1923).

The Milindapaha is discussed in
every history of Indian literature. See,
for example, Moriz Wintemnite, Ge-

schichte Indischen Litteratur (Leip-
zig, 1920), vol. 2, pp. 138-146; Eng-
lish translation (Caleuntta, 1933), vol
2

SOME PRELIMINARY REMARES ON THE EXCHANGE OF SCIENTILFIC IDEAS

The exchanges just dealt with concern literature and the reader may won-
der whether none are relative to scientific ideas. We must bear in mind that

"W. W. Tamn and G. T. Griffith, Hel-
Eaﬂli:glscg;uﬂumﬁm { London: :".rnilnl-:i]T ed.
i : p- 24B. uerque | Affonso
o Grande, %ﬁi—lﬁmmhzumvd a part
of India for Portugal in 1504

"The long Pali text covers 420 full
pages in Trenckner’s edition; the ancient
part stops at p. 89, so [s hardly more than

ane fifth of the whole.

" No. 1358 in the Catalogue of Buny
Manjio (Oxford, 1883; reprint, Tokyd,
1930). On Chinese Tripitaka, see Inéro-
duction, vol. 3, pp. 466468,

™ For example, the word Alasanda in
Book o is probably a corruption of Alex-
andria.
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religious beliefs, literary conceits, or artistic motives are far more contagious
than science, especially abstract science. There may be a popular hunger for
knowledge, but that hunger is more easily satisfied with false knowledge
than with truth. Superstitions, such as astrology, could travel far and wide
but science did not. We shall notice some curious facts, however, in later
l‘.‘!‘l.ap-ters.

The best that Egypt and Babylonia had to offer had been assimilated by
Greek minds in earlier times: they added little or nothing to that in the last
pre-Christian centuries. The extraordinary astronomy developed during the
Seleucid period in Mesopotamia contained many novelties, but these were
not transmitted westward; their lunar and planetary theories remained so
completely unknown in Europe that they were unable to affect astronomical
progress there. Those astonishing discoveries were explained in cuneiform
tablets which were not deciphered until recent days (1881 and later).®
Some Babylonian observations were utilized by Hipparchos (II-2 Bc.),
however, and these will be discussed when we speak of him.

As to the mathematical ideas of the Ancient East, those that had not yet
been integrated into Greek science reached the West via Egypt, but that
was in post-Christian days through two Alexandrians, Héron ** and Dio-
phantos (111-2),

What about the travel of scientific ideas in the opposite direction? There
was very little of it. The Macedonian and Greek soldiers who conquered the
East were more interested in warfare and administration, in political in-
trigues and economic exploitation, than in science. They certainly intro-
duced improvements in what the Germans call “Kriegswissenschaft,” and
we, the "art of war”; they probably introduced technical refnements in the
other arts and industries; and Greek physicians must have accompanied the
soldiers and settlers. We shall come acrass some of them in other chapters.
One remarkable exception was that of the astronomer Seleucos (II-1 B.c.),
who explained Aristarchian astronomical views in Babylonia.

Hlustrious men of science who continued the Greek tradition flourished in
the East, but they belong mostly to post-Christian times, for the main
waves of scientific thought were pushed eastward only by Christian in-
mier?nce_ Greek astronomy did not appear in India until very late; it was
late in starting, because it was chiefly posterior to Ptolemy (11-1), and it

Wwas not published in Sanskrit until the time of the Siddhanta treatises ( V-1,
or before ),

= For an account of them, see Otip [A second edition of thi rk was pub-
Newgebaver, The fxoct sclences in gn-  lished by Brown Unci'vmil:y‘;nrﬁs in 191;17-]
tiquity (Acta historica scientiarum natura). = That is, if we assume that Hérdn is
fam et medicinalium, edidit Bibliotheea ot pre-Christian, as I first thought, and
Eﬂnwmn:m Haunjensis, vol. 1X; Copen- not placed in (I-1 ne.) but rather in
m&*&ém”i’_]“;}“’i?‘}‘:ﬁ lﬂfiig;szlll:'rincﬂnn: (I-2). He fourished probably after 62
Unive ress, [Isis 43, and before : i

69-73 (1852)], and Chapter XIX belony. 39, 243 {19:35;:3' i
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Fig. 2. Amgn-RE, the sun-pod. Part of g5
granite relief of the time of Plolemaios TT &2 =
Philadelphos (king 285-247). It comes |
probably from the temple of Isis at Bahbit |
al-Higara in the central Delia and is now
in the Boston Museum of Fine Arts. This
reﬁmduﬂicm does not show the two
tall feathers above the god's crown whi
help to identify him. His pectoral is a
minizture shrine meaning “protection.” The
ﬁf holding the symbol of life in his left
and was probably holding the scepter
way, meani ip,” in his right one.
[Bemard V., mer in Bulletin of the Bos-
ton Museum of Fine Arts 51, 1-8 (1953).]

In short, the Greek emigrants were too few * in pre-Christian times and
too little interested in science and scholarship to affect and change Eastern
minds and, on the other hand, the Asiatics did not feel the need of Greek
thought (why should they have felt it?); they rejected it instinctively or
assimilated only superficial manners and customs, never the substance and
the informing spirit. Asiatic inertia was immense. As Tarn puts it: “In mat-
ters of the spirit, Asia knew that she could outstay the Greek, as she did.” %

PTOLEMAIC EGYPT

Soon after Alexander’s death, the Macedonian Ptolemaios,* son of Lagos,
became the satrap of Egypt. He was a childhood friend of Alexander and,
perhaps, his half brother; ** he took part in all the campaigns of Asia and
was one of Alexander’s leading generals and best friends. This made it pos-
sible for him to write memoirs, now lost, which were the most valuable
source of Arrianos’ history. He extended the limits of his satrapy by the
conquest of Palestine and Coilé-Syria, c. 320, and by the acquisition of the
southwest coast of Anatolia and of the island of Cas, He assumed the title

= Naot in absolute numbers but in pro-

tional name {or a se te name in each

portion to the Asiatic populace.

:Tam. Hellenistic civilisation, p. 163.
b e Vi

ut when ing of the ki of E

I shall always l.megﬂ:n: Creek fﬁm “thu}g
maios,” reserving the form “Prolemy™ for
the great astronomer of the second century
after Christ. Ptolemy the astronomer is so
great a man that he deserves an interns-

country }; he belongs to the whole world,
while the Lagid kings concem only Eg
and the Near East. The phal form
“Ptolemies” may be used as well as
“Ptolemaioi” to designate all the kings
without ambiguity.

® His mother, Armsino®, had been a
concubine of Philip of Macedonia,
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Fig. 3. Prolemaios I Sotér (ruled from 323, king from 305 to 285) making an affering
to Hathor, goddess of joy and love, identified by the Greeks with Aphrodité. The king's
representation (to the right) is idealized. We know it is the king by the uraens {or royal
serpent) on his forchead as well as by the cartouche hehind him which contains his
prenomen, “The one whom Ré has chosen, the beloved of Amon,” while the nomen,
Prolmis, is written in the left cartouche. The bas-relief was originally at Taraneh, near
Kafr Di'ad in the western Delta. It is now in the Boston Museum of Fine Arts. [Bernard
V. Bothmer, Bulletin of the Boston Museum of Fine Arts 50, 4556 (1952).]

of king in 306, the other diadochoi doing so at about the same time and for
the same reason. He was the founder of the Ptolemaic or Lagid dynasty, the
organizer of Ptolemaic Egypt, He was a good soldier and administrator, the
creator of Egyptian prosperity and of the Alexandrian Renaissance, He
ruled until 285 and was named Ptolemaios Sotér ( the savior).

His last and most beloved wife, Berenicé, had given him a son, Ptolemaios
Philadelphos ( brother-loving ), born in Cas, who succeeded him in 285 and
ruled until 247. He continued the efforts of his father with so much diligence
and merit that when we describe the cultural renaissance it js hardly pos-
sible to separate the father from the son; what the first began or conceived,
the latter completed and realized. He increased his patrimony and his power,
exploring Upper Egypt and developing commercial relations with Ethiopia,
the countries bordering the Red Sea, Arabia, and even India.

The third king was called Ptolemaios Evergetés (the benefactor); he
ruled from 247 to 222 and brought the Ptolemaic dynasty to its climax. He
conquered Mesopotamia, Babylonia, and Susiana. and brought back to
Egypt an immense booty, including the statues of Egyptian gods which had
been taken away by Cambyses I1 {king of Iran 528-522). The decline began
with his son, Ptolemaios IV Philopatér, king from 222 to 205. We need not
consider the others, but we may note that there were altogether fifteen royal
Ptolemaioi. The last ruler is perhaps the best known of all, Queen Cleopatra,
4 woman of great beauty and of superior ability, an extraordinary polyglot.”?

® Everybody knows Cle ays, | i
?mws 1':-1.|1-t:If mae-'.'r- Even as Ieanu?g afzna.:r:: :Sugdh}i?Tmea:a nl':‘:nﬂr ji:nhﬁeqére::i “T;‘:Idh:lm‘;-

. Sherwood Taylor, in The Alchemists toutes proportions gardées, there were
(New York: Schuman, 1849), p. 28, r=- probably as many Cleopatras in Ptolemaic

jectt the ascription of early alchemical Egypt i thes were Victorias in Victorian
Greek texts to Cleopatra, bécause the lutter, Eﬂ 3 'I']-lm}.-‘é,:e of them are Famous
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The Romans paid her, unwillingly, the greatest possible tribute; they feared
her, a woman, as they had feared no one since Hannibal** She aimed to be
empress of the Roman world, and might have succeeded, if her lover,
Caesar, had been permitted to live. He was murdered in 44; she fell back on
Antony, but the battle of Actinm (31 5.c.) put an end to her dreams, and she
committed suicide *® in the following year, lest she be taken to Rome as a
captive. The last Ptolemaios was Ptolemaios XIV Caesarion, the son of Caesar
and Cleopatra, murdered by order of Octavian (Aungustus) in 30 s.c. at the
age of 17, a kind of Hellenistic aiglon. From that ime an, Egypt was simply
a Roman province. The golden age had lasted but a single century, the
third, but, short as it was, it had been long enough for a few men of genius
to create immortal achievements.

What kind of country was Egypt under the Lagid kings? I do not mean
the physical country, which had not changed since Pharaonic days, a mag-
nificent gift of the Nile. The geography and the physical climate were un-
changed; but what about the political climate? One might claim that the
latter had not changed very much either, except that the masters and the
real owners of the land and people were no longer Egyptians but Mace-
donians and Greeks.

The Greeks had been deeply interested in Egypt ever since the time of
Psametik I, first ruler of the Twenty-Sixth or Saitic Dynasty (663-523; he
ruled from 663 to 609). Greek colonies were established in the Delta and
flourished, in spite of Egyptian indifference or hostility.*® During the reign
of the fifth king, Ahmose II (569-525), whom the Greeks palled Amasis, the
Greek merchants were concentrated in a single city, Naucratis, on the
Canopic mouth of the Nile in the western Delta, and that city became very
prosperous. It was in all essentials a Greek city, wherein many Greek states
possessed temples of their own. Amasis was kind and generous to the Greeks
and popular with them; nevertheless, every privilege that the Greeks en-

enough to be discussed in Paunly-Wissowa,
vol 21 (1921), 732-T89. Our Cleopatra
was by far the most famous. She is Cleo-
patra VII, daoghter of Ptolemaios XII
Aulétés; she was born in 62 and ended her
life in 30. When ome writes “Cleopatra”
without qualification, she i meant. Read
Plutarch’s account of her in his life of
Antony.

= Tamn and Criffith, Hellenistic clviliza-
tion, pp. 46, 56. Hannibal, son of Hamil-
car Barca, was the greatest Carthaginian
general (247-183).

= According to the most common tra-
ditions, Cleopatra died from the bite of an
p (Greek aspis) which she held to her
That was a symbolic death. The

ral 58 t, uracns { Greek wraios), com-
E:E?:ed mlzﬂlmthx: sundisk, was the symbaol of
R& (the sun god); it appeared also on the
headdress of E%}J;pt]nn kings, just over the
forehead, The last mative roler of ancient
Egypt was killed by the sacred uraeus.

= 1. H. Breasted in his History of Egypt
(Mew York: Scribner, 1942), p. 578, com-
pares those Greek colonies to the European
colonies in China. “IF he could have had
his way the Egyptian would have ban-
ished the foreigners one and all from his
shores; under E'lu: circumstances, like the
modern Chinese, he trafficked with them
and was reconciled to their presence by
the gain they brought him."
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Fig. 4. Statue of Ptolemaios I1 Philadel-
phos, in the Vatican. The statue i in red
granite, 2.66 m high (without the plinth,
2.40). Prolemaios %.I Philadelphos (308
248), son of Ptolemains 1 and Berenics L
was the second king of the Lagid dynasty;
he ruled from 285 to 245 He married
Arsingé IT about 278, He is identified
two inscriptions in hieroglyphics, the short-
er of which reads: “The king of T and
Lower Egypt . . . =on o Ré,m]mﬁ-
May he live forever” |Ciuseppe  Baoth,
Pietro Romanelli, Le sculture del Muzeo
Cregoriano Egizio (Monumenti vaticani di
archeologia ¢ Larte, vol. O Vatican, 1951),
no. 32, pp. 24-25, phs. xxii and mxiii ]
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Fig. 5. Statuc of Arsinoé Philadelphos, in
the Vatican. The statue in red granite is
270 m high (2.48 m without the plinth).
Queen Arsinoé (c. 316-270), the daughter
of Ptolemaios I and Bereniceé I, was the sis-
ter and wife of Ptolemaios 11. She is identi-
fied by two inscriptions in hieroglyphics,
the shorter of which reads: “The real
daughter, the real sister, the real wife, the
lady of the Two Lands, Trsj . . . Philadel-
phos” [Giuseppe Botti, Pietro Romanelli,
Le sculture :fgr:‘lrfmm Gregoriano Egizio
{(Monumenti  vaticani  di nrcﬁfﬂhlgi& &
d'arte, vol. 9; Vatican, 1951}, no. 31, pp.
22 9% pl. xxii and xxiv.] These two
statues are reproduced with the kind per-
mission of the keepers of the Vatican Mu-
semms. It is clear that they were made al
the same time as companion pieces, but the
photographs made at different times and
under different conditions look very differ-
ent. These statues are not portraits but
symbals of the Ptolemaic king and queen.

15
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joyed was dependent upon Egyptian favor and caused considerable jealousy.
With the accession of the Ptolemaioi the situation was reversed; the
Greeks were no longer guests, welcome or unwelcome, but masters. The
Ptolemaioi continued the Egyptian tradition, however; they were the owners
of the land and of every thing; moreover, they were sacred and divine. The
king was the state. It must be added that the first Ptolemaioi, at least, were
good administrators, and thanks to them Egypt was more prosperous than
ever.
During the first half of the dynasty, the administration was generally effi-
cient. Good order was kept. The annual flood of the Nile was carefully regu-
lated, the irrigation was improved, the crops were controlled, granaries were
made ready to preserve them, new animals and grains were acclimarized,
the cultivated areas were increased, new crafts were introduced, coinage,
trade, and banking %! were better organized. Foreign trade was considerably
extended; Egypt exported cereals, payrus, linen, glass, alabaster. One of the
Ereatest economic innovations, probably due to Ptolemaios 1T Philadelphos,
was the use of camels; the camels themselves may have come into Egypt
before the Ptolemaioi but not long before them. Ptolemaios introduced a
postal service modeled on the Persian, and the camels were unsurpassable
for such a purpose, being capable of great speed and endurance, or of
carrying heavy loads. The one industry that the Greek rulers seem to have
neglected was mining; at any rate, they did not enlarge the mineral resources
and did not exploit the known ones as well as the old Pharachs had done

before them.® All the profits, of course, went to the king and to a small
group of partners and accomplices; the peasants (then as now) received
nothing but the barest needs of existence. At the beginning they did not
revolt, because they were perhaps treated a little better than before and be-

cause they lacked the material and s

piritual possibilities. They would have

revolted only at the edge of death, and even then death was easier,™

™ The inclusion of banking may aston-
Bh some readers, becawse they do not
realize its deep antiquity. There were
bankers in the Oriental empires and par
ticularly in the Persian. Remember that
Egypt had been a Persian province from
523 to 332, and the Greek conquerors
were called to remove or improve Persian
institutions. Hence, the Piolemalol in-
herited fnancial methods from both the
Greek and the Persian sides. An interest-
ing sidelight has been thrown recently on
Persian banking in the Paris thesiz of
Cuillaume Cardascia, Les archiver de
Murashi. Une famille &hommes o affaires
d Iépoque Perse, 455-403 (Paris: Im.
primerie nationale, 1951). The Murashi
house in Nippur was one of the pldest
banks in the world. A few notes on bank-

ing in Tam and Griffith, Hellenistic civili-
sation, pp. 115-118, 250.

*On camels in Egypt, see Volume 1,
P 5l

" The study of agriculture, trade, and
industries in Prolemaic Epypt Is an fme
mense subject which has been pretty well
covered by the late Mikhail Ivanovieh
Rostovtsev ( 1870-1952): The socigl and
economic history of the Hellenistic world
(3 wvols, 1804 pp, 112 pls;  Oxford:
Clarendon Press, 1941) [Isis 34, 173-174
{1842-43)]. Mining is dealt with in an
appendix by Robert Pierpont Blake.

* Revolts were made very difficult and
futile because of the administration, which
controlled everything and was very effi-
cient. It became less efficient, however,
in the time of Prolemaios TV Philopatar

i 3
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Inasmuch as Palestine and Egypt were united under Persian rule and con-
tinued so under the first Ptolemaioi (until 198), it is natural enough that
many Jews emigrated to Egypt andl the more so as that country became more
prosperous and offered them greater opportunities. By the third century,
however, it is probable that the majority of Egyptian Jews were already born
and bred in the country; as the top management of any business was in
Greek hands, the Jews were rapidly Hellenized and some of them forgot the
use of Hebrew; they imitated Greek customs and adopted Greek names,
preferably the names including the word Theos (God), such as Theodotos

or Dirothea.

The coexistence of Greek and Jewish settlements in Egypt is but one of
the aspects, the main one, of a more general situation. Under Greek rule,
Egypt became the most important mixing place of East and West. The
Ptolemaic empire at its high tide did not include Egypt only, but also

naica, parts of Ethiopia, Arabia, Phoenicia and Coilg-Syria, Cypros, and
some of the Cyclades, and it drew elements of its population from all these
countries. The bulk of the people were naturally Egyptian; the top class was
Macedonian and Greek; 3 there were a good many Jews but also other
Orientals, Syrians, Arabs, Mesopotamians, Fersians, Bactrians, Indians, and
Africans like the Sudanese, Somalis, and Ethiopians. From the purely cul-
tural point of view, the most pregnant elements in that mixture, next to the
Greeks, were the Jews. We shall come back to them later apropos of the

SePtuag'iDL

The Hellenistic nations were ready to welcome foreign sages, such as the
Iranian magi, the Indian gymnosophistai, and many others, because of their
spiritual curiosity and even more because of a kind of religious starvation.
The orientalizing Creeks were opening their hearts to the Great Mother of
Phrygia, to Mithras, or to the gods of Egypt, especially Isis and Osiris. We
should remember that the desire for living forms of religion had existed in
Greece from early times; witness the existence and popularity of mystery
cults like the Eleusinian, Orphic, and Dionysiac ones. Since the time of
Aristotle and Epicuros, the ald mythology had lost favor; on the other hand,
the astral religion that had to some extent replaced it was too learned and
100 cold to satisfy the plain people. The Greeks established in Asia or Egypt
were far away from their old sanctuaries, and their religious hunger caused
them to be very susceptible to the Oriental mysteries. They attended or
observed the festivals celebrated around them and were deeply impressed.
Oriental wives were very helpful in bringing those sacred ceremonies closer

{29 05) and later. From 217 to 85 m.c. = The top class included 2 few Egyp-
revolts increased in number, strepgth, and  tians, chicfly high priests.
violence.
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to the hearts of their Greek husbands and the number of conversions
gradually increased.

The religious syncretism was especially clear and strong in Egypt. It be-
gan at the very beginning, in 331, when Alexander the Great visited the
temple of Ammén in the oasis of Siwa * and was recognized by the oracle
as a son of Zeus-Ammon.*® Egyptians had generally admitted the divine
nature of their rulers and, therefore, it was natural enough for the Ptolemaic
kings to assume divinity, to require and obtain divine worship for them-
selves. Their Greek subjects were awed by the elaborate ceremonies prac-
ticed in the Egyptian temples, and the kings were willing enough to eom-
mune with the other gods of Egypt. It was impossible for them not to share
and love a religion that apotheosized them. They adopted Pharaonic man-
ners, such as marriages between royal brothers and sisters; Ptolemaios [1
Philadelphos married his sister Arsinoé IL Divine kings are too exalted to
marry outside of their own family.

Moreover, each Egyptian dynasty had given a new emphasis to one of
the old gods or introduced a new one and in the same spirit the Ptolemaioi
put in the limelight the god Sarapis. They did not actually invent him. The
cult of Osiris had been gradually combined with that of the sacred bull,
Apis.* Osiris and Apis were worshiped together in the “Sarapeion” ** of
Memphis (Saqqara).

The cult of Sarapis was typically Hellenistic, because it combined Egyp-
tian elements with Greek ones, According to Plutarch,* it was formalized

*This is the westernmost of the Egyp-  his Hellenized epi .

tian oases, some 400 miles southwest of
Alexandria. It is 2 hard trip by motar car,
and one cannot help admiring Alexander
for having done it in a much harder way,
The temple of Ammdn was already known
e the Creeks in the seventh century, Its
oracle acquired almost as much prestige
and = ity as those of Dadong and
Delphai, Alexander realized the po-
litical necessity of consulting. it The main
book on Siwa is by C. Dalrymple Belgrave,
Siwa, the oasiv of Jupiter’ Ammon ({Lon-
don, 1823). There is very little left of
the temple. Good photographs of the mins
appear in Robin Maugham, Journey 1o
Siwa (London: Chapman and Hall, 1850),
pk. 13, 15 21, 25 It is said that sal
ammoniac (chloride or hydrochloride of
ammonium ) was first obtained by distil-
lation of can;:i!'s dung near that temple.
We are on safer pround when speakin
of ammonites | fossi] ocphnhpudg?fa;khgﬁ
name is certainly derived from Ammén
becavse of their resemblance to the ram's
ham. The mam was the sacred animal of
the sun-god, Amon-r&, Zeus-Ammén was

" Was Alexander recognized by the
oracle? That is doubtiul, or rather it all
depends on the interpretation of the
oracle’s words by Alexander’s staff, The
oracle may have preeted Alexander with
thgwmdﬂpﬂidiun{ﬂmn}wﬂpd
Dios (O son of Zeus): the two salutations
might easily be confused; the eecond
:‘nlsl;t be conventional ar it might be
understood literally.

*The dead Apis bull was identified
with Osiris and i
infernal deity. Osorapis
Ea.rai:le to, or identical with, Haidés or

hutdin,

*The name Samapi i derived
the combination ﬂsir?:hpin or Gsmil;z
Sarapis and Sarapeion (for the temple)
are the Greek names; Serapis and Sera-
peum, the Latin transcr tions,

“De Istide et Osiride, 25 Manethsn
and Timotheos were both advisers o

Maics Satér. Plutarch gl Timotheos
exégétés (interpreter), for he wat  an
interpreter of Eleusinian teries. Ao-
cording to old traditions, the herg, Eumgl.

')
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by a priest of Heéliopolis, Manethsn (I1I-1 B.c.), in collaboration with Timo-
theos, who was a priest of Deméter, Démétrios of Phaléron, whom Sarapis
had cured of his blindness, wrote hymns in his praise. The assimilation of
Sarapis with Zeus is proved by many Greek inseriptions meaning “There is
one Zeus Sarapis,” somewhat like the Muslim acclamation, “There is no god
but God.”

The Hellenistic nature of that Egyptian cult is put beyond doubt by the
fact that the liturgical language was Creek, and the art (except the hiero-
glyphics) was more Greek than Egyptian, or wholly Greek.

The oldest “Sarapeion” was the temple of Osorapis with the subterranean
tombs of Apis bulls, in Saqgira. These tombs were discovered by Auguste
Mariette in 1851, and the oldest of them date back to Amenhotep LT {1411—
1375), the Greek Memndn. Anpther Sarapeion Was built nearby by Nek-
tanebis 11 (358-341), These two prove the antiquity and long continuity of
the Osarapis cult.

Sarapeia were established during the Hellenistic period in the main Egyp-
tian cities. The Sarapeion of Abugir (at the seashore, east of Alexandria)
was visited by many pilgrims in search of health. The most important Sara-
peion was naturally in Alexandria; it was situated on the hill upon which
can still be seen “Pompey’s Pillar.” ¢ That column may have been a part of
the Sarapeion; it was Presewad, or erected here, by order of Theodosios
( emperor 379-395) or of the Fanatical bishop of Alexandria, Theophilos,**
i order to commemorate the destruction of the Sarapeion in .. 391 and
the victory of Christianity.

By that time, however, the cult of Sarapis had petered out. That cult was
essentially Prolemaic, and in Roman times it had been largely replaced by
the Isidic one. Theophilos™ victory was less a victory over Sarapis than one

gver paganism in general.

“ A LEXANDRIA NEAR ECYET

The Greek colonies where the Hellenistic culture of Egypt developed under
the patronage of the Ptolemaioi constituted but a very small part of the
whole country. In a sense, this was the continuation of an old usage, for
under the Twenty-Sixth Dynasty the king Ahmose II (Amasis) had founded

was the founder of those mysteries Arabs call it simply al-‘Amdd { post,
mmewpmﬁma.mpm column .
who succeeded him were su to be “Thmphikﬁmbhhapuihhmdﬁa
his descendants and were called Eumol- fmmﬂﬂﬁm4lﬂ.ltissaidﬂnalhthaﬂnb—
pidai. Timotheas was an Eumolpidés. See tained from the emperor 2 commission to
Panly-Wissowa, series 2, wol. 12 (1937), demolish the pagan temples of Alexandria,
: not only the Sarapeion but alse the
25, called because of the medieval Mithraion, and others. It is not certain,
legend that it marked the tomb of Pom- however, that the emperor gave him that
pey the Great, Fompeius Magous (106~ . but Theaphilos was despotic and
48 B.c.). I‘ﬂmpe&wwu mu as he fanatical to the paint of nnserupulousTess,
was landing on Egyptian shore. The
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the city of Naucratis and obliged all the Greek merchants to reside there
and nowhere else. Alexander created a new city which was named after
himself, Alexandria; Ptolemaios Satér founded the city of Ptolemais Hermin
in Upper Egypt; and there were other Greek settlements.

While the country was dominated by the kings almost in the way a land-
lord dominated his own estates, the Greek colonies achieved a modicum of
administrative independence according to Greek traditions.

A good many cities were said to have been founded by Alexander the
Great or in his memory, and they all bore the name Alexandria. Some seven-
teen have been identified, practically all of them in Asia, many beyond the
Tigris; two were founded on the Indus, and a third, Alexandria-Bucephala,
on the [helum;  there was one beyond the Jaxartes, called Alexandria
Eschate.** Most of those cities have ceased to exist or have become insignifi-
cant. On the other hand, the only city that Alexander founded in Egypt, in
332, quickly assumed a very great importance under Ptolemaic patronage
and has remained to this day one of the greatest cities of Western Asia and
the leading harbor of the eastern Mediterranean Sea.

It is said that Alexander founded Alexandria. but that can only mean that
he gave general directions for the establishment of a new city at the western
end of the Nile delta. He could not do more becayse he left Egypt soon
afterward. The real founder of the city was Ptolemaios Sotér. When he he-
gan his administration of Egypt, Alexandria was still too undeveloped to be
used as a capital, and the government was first seated at Memphis. Sometime
after Alexander’s death (in Babylon, 323), Ptolemaios Sotér secured his body
and had it brought to Memphis. As soon as Alexandria was sufficiently built
up, it became the capital of the Ptolemaic kingdom, and Alexander’s remains
were removed to it. A temple was erected to receive them; this was called
the séma; it is probable that the kings of the Ptolemaic d}rn&sty were
eventually buried in the same sacred enclosure, and the séma thus became
a kind of national mausoleum. No trace remains of it and
uncertain 4%

Strangely enough, this metropolis of Egypt was nat in Egypt but ontside
of it. Its ancient name in Greek or Latin was Alexandria gd Aegyptum, which
means “Alexandria near Egypt” This was geographically incorrect: Alex-
andria was in the northwest part of the country but

not by any means at the
northwest end. The temple of Ammén which Alexander had visited was far

its location ig

“ The _]'J-:.u:hm:r lE':er is the ancient
Hydaspés, one o Bve tvers of the & huymm]

Panjib. Bucephalos was Alerander's horse. ”srmanb'l:;.psfa:ua o . The ward
See Volume 1, p. 491,

"Msansi;g e i;a'.rthest one. The Jax-  times o
artés (or Daria) is the eastern one of The Ale i = "
the two rivers running into the Ara) Sea, c-abzr] mﬁn 'J"MP:EE:::t e F":hﬂl_‘fi* :ﬂ-
the other being the Oxos; Sogdiané s Daniel Excavations g
enclosed between the two rivers,
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tor the west of it. The words “near Egypt” expressed rather a political fact.
Alexandria was not an autochthonous capital but the seat of royal and colo-
nial administration. It is as if one said "Hong Kong near China” or "Goa
near India,” because the first of those cities is inhabited by a vast majority
of Chinese and a small minority of Englishmen; it is in China yet out of it;
the second is inhabited by an overwhelming number of Indians and rela-
tively few Portuguese; it is in India yet out of it. :

Alexandria was inhabited by a small ruling class, Macedonian and Greek,*®
and by a very large number of native Egyptians. In addition, there was a
considerable colony of Jews (Palestine remained & part of the Ptolemaic
kingdom until c. 198) and an indeterminate number of other Orientals
(Syrians, Arabs, Indians). Come to think of it, Alexandria must have been
a city comparable to New York, the two ruling elements being in the first
place Greek and Jewish and, in the second, British (or Irish) and Jewish.
And just as New York is a dazzling symbol of the New World, so was Alex-
andria of the Hellenistic culture.

The comparisen is valid in another respect because, if one takes into ac-
count the different speeds of sailing and the resulting shrinking of the seas,
the relation of the new harbor to the harbors of ancient Greece was not very
different from that of the New York harbor to the English ones. To sail from
the Peiraieus (Athens' harbor) to Alexandria was almost as much of 2
voyage as sailing to-day from the Mersey to the Hudson. From the anthro-
pological point of view, it is a little misleading, for Alexandria was not only
Jewish but African and Asiatic to 2 high degree.

In that sense, Alexandria was the true daughter of a great king, for Alex-
ander had introduced into the world ‘a new idea of incalculable preg-
nancy; the Greek conception of the city-state had been replaced by that of
a cosmapolitan world, whose ethical and religious heterogeneity was uni-
fied by a lay culture.

Alexandria was not only a metropolis; it was a cosmopolis, the first of its
kind #7 The Greeks were great architects, not only of temples but of whole
cities; the material and spiritual principles of town planning were explained
as early as the middle of the fifth century by Hippodamos of Milétos.*® This
is one of the aspects of the Greek genius. They did not allow new cities to
grow at random in the way our American cities do. It is claimed that the
strects of Boston were outlined by the cows going to pasture and returning
to the stables. The planning of Alexandria was less casual.

@ Plus the chief Egyptian priests who answered, “I am a citizen of the world”

controlled the souls an%v ollaborated with  (cosmopolités). This may have imp

the material rolers. Alexander, if he heard of it, but, even if
% The word cosmopolis was not used Diogenés originated the idea, he could

3 the Greeks in this sense, but Diogengs not advertise & and enforce it as the em-
SinGpé, the Cynic, was the st o use peror did. Diogenés Lagrtios, V1, 63; Vaol-

the word cosmopolites. When he was ume 1. p. 489,

asked where he came from, Diogenés @ Volume 1, pp. 285, 370,

L p— g iy e —
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Alexander entrusted it to Deinocratés of Bhodos, who was the most
eminent architect of his time. It was Deinocratés who had designed the new
temple of Artemis in Ephesos *° and he had conceived the idea of cutting
one of the peaks of Mount Athos into the shape of a gigantic statue of
Alexander.” He was still living under Ptolemaios I, and it is told of him
that he had planned in memory of Arsinoé (the king’s wife) a temple the
roof of which was armed with loadstones so that the queen’s statue appeared
to be suspended in the air.®

The city was built on a narrow piece of land limited on the north side by
the Mediterranean Sea and on the south by Lake Maredtis. It was set out
around two very large avenues, a very long one (the Canopic road) ex-
tending from east to west, and a shorter one perpendicular to it. The center
of the city was at or near the crossing of those main avenues. Other streets
parallel to them formed a chesshoard pattern. The city was divided into five
sections designated by the first five letters of the Creek alphabet, which are
also the first five numerals. A very large part (say a quarter or a third of the

royal guards were all in that royal enclosure called the Brucheion. More
temples and public buildings stood on the Canopic road. On the eastern hill,
now called Kum al-dik, was a great park, the Paneion (Pan's sanctuary ). On
another hill, at the southwest of the ancient city, was the Sarapeion. There
were stadiums and hippodromes. Two vast cemeteries extended to the east
and west ends and suburbs were gradually established eastward in the plain
of Hadra and on the hills of Ramleh 5 The harbors will be described pres-
ently.

The outline and details are difficult to establish with certainty, becanse
the Greek city is like a palimpsest that has been effaced and rewritten by the
Christians, then again by the Muslims. Excavations are made impossible by

the richness of the modern city and the sacredness of many Islamic edifices
or enclosures.

“The old temple of Ephesos was built of American idents the
in the sixth century; it was set afire by ffclkrsmal Mount Rus]:.mpu;:; fnn timmﬁlm:k
Heérostratos of Ephesos, who wished "to  Hills of South Dakpta
immortalize himself,” and succeeded in “ Eliny, Natyral history, xoav, 42
duoing s0. According to the legend, the fire or 147, A similar story was told later
oem:gdaq:;s the very night of Alexander's about the coffin of the Muslim Frophet
birth in 3 (sfm}. That & a hit of i
5 * The reui:lzaﬁnl'l:tg?]f that E;-a.nd[nse fn[kinie. TR O St el gl

€2 was not even f. Thanks to his * For more details th j
Wﬂ. Demn%u-auh:s E:E.];:hbe f;a]leﬂ E. Breccia, Aﬁmndr:;: :dahilq%}u:

e forerunner o e sculptor, (B , 1914),
Bl Thoosiki., (1768-1844) ﬁu : ergama )y the excellent Bg, eker

ed. in E lish; i
designed the colossal linn o Rt b ward Ai::agnder Leipaig, 1929), and Ed-

memory of the Swiss guards assacred i ; ;
1790, and of the Amencar o 5 Library (Amsterdam: Elsevier 1952) [Isis

Gutzon Borglum (1871-1941), who catved > -0 (1952)], including many maps.

g
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THE HARBORS OF ALEXANDRIA AND THE LIGHTHOUSE

The selection of Alexandria’s site for the main city of Greek Egypt was
exceedingly wise. We must assume that Alexander had been guided in this
by the Greek merchants who flourished in Naucratis and had obtained a

good knowledge of the different localities of the Nile delta. The location was

not unknown before Alexander. The island Pharos in the harbor, to which

we shall return presently, was already mentioned in the Odyssey (1v, 355) as.

being a day’s sailing from Aigyptos. The poet probably meant a day’s sailing
from the Canopic Nile, for the island was hardly more than a mile from

the shore. There was a fishing village

"‘unﬂmsite,hutnutnwn.Whyﬂiﬂ

Alezanderse!acttlwtlsul&bed¢utattheweatammdnff&eD&lmPDm
reason may have been that the harbors east of it 3* were always in danger
of being choked by river alluvia; Alexandria’s indirect connection with the

Nile saved her from that peril.

Thﬂnewdtywasplnnedhetwwnthamandthzhkehiamﬁtin which
afforded communication with the Nile. There were thus two harbors, one at
the sea side, north of the city, and the other at the lake side, south of it
Strabon (I-2 8.c.) records that more business came to Alexandria from the
Nile than from the sea, and that is very plausible. Paris is today one of the

clusively on river and canal traffic;
greatest rivers of the whole world.

harbors (if not the very largest) of France, though it depends ex-
Ty ;arg

member that the Nile is one of the

The sea harbor faced the island or Pharos, the existence of which was

probably a determining factor in the

selection of the site. The original plan
of the city implied the building of a
necting Pharos with the shore and thus

mole seven stadia in length** con-
creating two distinct sea harbors, the

eastern or Great Harbor, prﬂtected by another mole on its eastern side, and
the western harbor or Eunostos (Eunostu limén), the harbor of happy re-

trn. ™8

When the Nile was high, it filled the lake instead of creating marshes as it
did elsewhere. Hence, the air of the city, placed between the sea and the
lake and away from marshland, was relatively pure; it was cooled by the
Etésian winds blowing from the north. Another great advantage was the

= Rhacotis, o e the island of
Pharos. The bcu.EEmma have been se-
lected by Cleomenés of Napcratis, who
wis Alexander’s imtendant in Egypt; Cleom-
enés was a clever financier, but his ex-
tortions wore carried so far that he was
put to death by order of Ptolemaios Sotér.

“ The Canopic branch reached the
Mediterranean at Abugir, east of Alex-
andrin; other branches at Rashid (Rosetta)
and further east. Naocratis was on the
Canopic arm but at some distance fram
the sea.

= The mole was 600 cubits long, 20
wide, 3 ahove sea level. At very high tides
the sea might cover it a little, reachin
the ankles of pedestrians. As the B
was higher than the shore, the mole was
attached to it by means of a sloping bridge
made of sixteen arches of decreasing
height.

=5 long description of the harbors
was given by Strabén in his Geography,
xvi, 1, 6-8 He observed the salubrily
of Alexandria.
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Fig. 6. Reconstruction of the Alexandria
i.igirhm (Phares), by M. L. Otero (An-
dalus 1, plate 42 [19347).

ahsence of malaria. It has been
argued that the decadence of Greece
was partly caused by the increasing
occurrence of malarial fevers; the
Delta, or at any rate the western
part of it, was happily free from that
insidious plague ™

The island Pharos provided a
northern sereen to both harbors. A
great lighthouse was built on it
which every homebound sailor could
seg from far off. He saw not the
island but the lighthouse and called
it “Pharos.” *® We shall do the same
from now on.

The Pharos was built upon the
easternmost end of this island during
the rule of Ptolemaios II Philadel-
phos, €. 270, by the architect Sostra-
tos of Cnidos. Tt excited the admira-
tion of every traveler, not only in an-
tiquity but also in medieval times,
for it continued to exist until the
fourteenth century. There are a num-
ber of references to it in medieval

literature (chiefly Arabic), but the only detailed description we owe to a
Hispano-Muslim scholar, Yasuf 1bn al-Shaikh of Malaga (1132-1207), who
lived in Alexandria in 1165. That description was included in his Kitab
alif-ba (meaning abecedary); it is a compendium arranged in alphabetic
order for the education of his son *Abd al-Rahim.*® The Pharos had suffered
much in the course of time and when Tbn al-Shaikh visited it in 1165 it was

"On malaria in Greeee, see Volume

1, pp. 841, 957,
®The Greek word pharos acquired
the meaning “lighthouse™ and served to
designate any one of these. The word has
been tts.;ﬂ:itted to ma!:}r Homance lan-
g re in French, faro in Italian
ﬂgﬁs nish, and s on. The word
t is also used fn English to desig-
mate a light likened to a lighthouse, as a
ship's lantern. Every time we use one of
these words we pay tribute to Alexandria
* Printed in Cairo, IBT0. The descrip-
tion occurs in vel 2, pp. 537-538; its
importance was discovered by Miguel Asin
y FPalacios, who banslated and discpssed

it in Andalus I, 241-300 {1930); Asin's
explanation was completed on the tech-
nical side by the architect, Modestn Lopez
Otero. See also Andalus 3, 185-193 (1935).
The most learned study is the one of Her-
manmn Thicl]:ch (1874-1939), Pharos {266
PP 10 pl., 455 ilk.: Leipziz, 19093,
Thiersch's work is still very ﬁEﬂhh‘, hu:lt
his conclusions must be modified heeanse
of Asin's discovery. That discovery wasg
explained in English by the late Duks af
Alba and Berwick, Proceedings of the
British Academy  ( London) 19, 818
(1833) and again in the Ilustrated Top.
don News, 07 Jamuary 1934,

w
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no longer used as a lighthouse; it must have been in tolerably good shape,
however, for not only was he able to go to the top of it and take many meast:
urements, but he observed in the center of the highest platform a small
mosque, with four doors, surmounted by & dome. He also observed 2 Greek
inscription (on the outside wall just below the first platform) and described
its general appearance but could not decipher it. It is typical of Muslim
thought in the twelfth century that the Pharos was still good enough to per-
mit the erection of a mosque at its very top but was no longer used for its
original and excellent purpose.

From the Arabic description we gather that the lighthouse was erected
upon a heavy stone platform established 12 cubits above sea level; it was
built in three sections — lowest, middle, uppermost — which were of decreas-
ing area and respectively square, octagonal, and cylindrical in shape- The
perimetersnfthethreebasesmeasuredﬁ14= mpaces,lﬂxﬁ = 80
paces, and 40 paces.*® The lower part was 71 meters high; there were hfty
chambers or recesses in its walls. The first platform was reached by an inside
circular ramp,” wide enough for two horsemen to meet on it without
trouble. To reach the second and third platforms one used stone staircases
of 32 and 18 steps. The source of light was probably a fire that was kept
burning at night on the top platform. The total height was at least 120 meters
and probably 140.3 meters. It was a very high tower indeed, and must have
been visible on land or sea from a great distance. The Greeks and Barbarians
sailing to the metropolis were awed by that wonderful sight. It was con-
sidered one of the seven wonders of the world (see below). It was de-
stroyed by an earthquake in the thirteenth century.

The Pharos was the best advertisement of Alexandrian business and the
best symbol of its prosperity. That material prosperity was in great contrast
with the extreme indigence of the fallahin (which has continued to this
day) and also with the commercial decadence of Greece and the poverty
obtaining in the greatest part of it. Athens had been reduced to the status of
an impoverished provincial town, yet its spiritual prestige was as great as
ever; its schools were still the leading schools of the ancient world and it was
till the main center of pilgrimage for every lover of wisdom. Alexandria
was very rich, or, let us say, its kings and leading merchants and fnanciers
controlled the business of the world; the Greek spoliation of Asia and Egypt
had released the enormous wealth accumulated by Oriental kings and the
circulation of gold and silver had increased considerably.

In the markets of Alexandria came together the many products of Egypt
( cereals, papyrus, glassware, woven and embroidered fabrics of many kinds,
carpets, ie.w&ls}. those of Arabia ( perfumes, incense ), and those of the

= We may assume that a cubit equalks u gc in the Giralda of Seville and, the
ahout 60 cm or 23% in., and a pace & t Round Tower of Copenhagen.
70 cm or 274 o @ Frankincense was required in large
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Mediterranean world. Archaeological discoveries have brought to light Alex-

‘andrian objects in Hungary and Russia, not to mention nearer countries,

and, in Alexandria, ceramics coming from Rhodos, Thasos, Cnidos, Crete,
and elsewhere, It is noteworthy that those of Rhodos are the vast majority,
because Rhodos was itself one of the greatest business centers of the eastern
Mediterranean. The “central bank” of Egypt was located in Alexandria.
Every industry and trade was taxed, many were monopolized ® and farmed
out to royal entrepreneurs.

The Pharos was not like the proud belfries of medieval cities, a symbol of
democracy; it was rather the gigantic advertisement of the most pros-
perous kings of the Hellenistic age.

THE SEVEN WONDERS OF THE WORLD

We may pause a moment to wonder at that expression, traces of which
exist in every Western literature: “The seven wonders of the world.” It is
probably an old conceit yet it occurred for the first ime relatively late.
The first literary account is a Greek tract entitled Peri ton hepta theamatén
{ De septem orbis spectaculis) ascribed to Philon of Byzantion. As long as
the author was identified with Philon the mechanician, who fourished in the

third or second century B.C., it might be considered early, but it is certain

that this Philon, the Philan of “the seven spectacles,” Hourished not before
the fourth century of our era, perhaps in the fifth

Itis a short and poor treatise, which contains but litfle information because
it is rhetorical, not descriptive, and which has reached s incompletely (the
end is lacking ). It praises the seven wonders in the following order: (1)
the “hanging pardens” of Babylon, (2) the Pyramids, (3) the statue of
Zeus by Pheidias, (4) the Colossos of Rhodos, (5) the walls of Babylon, (6)
the Temple of Ephesos, and {7) the Mauséleion of Halicarnassos { the end
of six and the whole of seven are lost). This order is stupid; the Great Pyra-
mid was built by Cheops (Khufu, 29th century s.c.); Nos. 1 and 5, the

quantities in the temples of many gods;  wonders had already been listed before
Tam, Hellenistic civilisation, p. 260, his time.

= Much detail concerning this may be “In my Introduction, 1 placed the
found in Bermard Pyne Grenfell, Revenue  mechanician tentatively in (II-2 we),
liws of Ptolemy Philadelphus (358 PP In the article by W. Kroll Pauly-Wissowa,
IGHPT.&; Oxford, 1896 ), Extract from Gren- wol 39 (1941}, 53-55, he is placed at
fells hook conceming the qil monopaly  the end of the third century m.c, and
in G. W, Botsford and E, ¢ Sihler, Hel- Philén of the seven spectacles in the
Ienic civilization | New York, 1815), pp-  fourth or Gifth century after Christ.
607-808. Oil was the preatest royal mo- " First edition by Lep Allatius ( Romia
nopoly and the best organized, but thers 1640); second by [ '

: v lo. C. Orelli (Lelpzig,
were many other monopolies, such as tex- 1816). The best is the one by Budo

tiles and papyrus, Hercher at the end of his edition of
" Strabin (1-2° me.) remarked in his'  Allianogs (HI-1) (Paris, 1858), val, g,

Ceggraphy, xvir, 1, 33, that the Pyramids pp. 101-105. The three editions are Greco-

wete numbered among the seven wonders  Latin,

(en tois hepta theamusi). Hence, those

[
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hanging gardens and walls of Babylon, were constructed by Nebuchadrezzar

(605-561); No. 3, the Zeus, was created by Pheidias (490-432) about the
middle of the fifth century; Nos. 8 and 7 date possibly from the middle of

the fourth century. I say “possibly” because, in his meaningless description
of the Artemision, there is nothing to indicate whether Philon refers to the

old one built in the period 575-425 and burnt by Erostratos in 356 or to the
new one begun about 350 and burnt by the Goths in A.p. 262. King Mausolos

died in 353, and his monumental tomb was erected soon afterward by Arte-
misia, who was his sister, wife, and successor. The latest wonder dealt with
is the gigantic stgtue of Hélios, 70 cubits high, which was the creation of
Charés of Lindos® (fl. 200 B.c.), the favorite disciple of Lysippos. It took
twelve years to build it at a cost of 300 talents. The Colossos, as it was called,
stood at the entrance of the harbor of Rhodos, but the tradition that its legs
hestrode the mouth of the harbor is legendary. It was destroyed by an earth-
quake, c. 224 B.C. The fragments remained on the ground for almost nine
centuries, until they were sold by a general of Mu'awiya ( caliph 661-680)
to a Jew of Emesa, who carried them away on 980 camels in 672 (there are
variants to this story; the number of camels in particular varies from 800 to
30,0001).%%

To return to the seven wonders, this conceit, favored by the sacredness of
the number seven, has reached us across the ages and will never die. There
have always been, and there will always be, seven wonders, but the list

varies from time to Hme.

Tt is very strange that Philon omitted the Pharos, and in that he was cer-
tainly wrong, for it was the most astounding monument of its kind until
modern times and its construction involved the solution of many difficult

problems.®

The list that appears most often is the same as Philon’s except that the
gardens and walls of Babylon count as one item, and the Pharos is added™

# Lindos was one of the three ancient
vities of Rhodos; the city of Rhodos
founded in 408 B.c. was relatively modern.
The sun Helios, was the patron of the
island. arés was not the only Rhodian
artist: Rhodos was famous as an artistic
as well as a commercial center from pre-
historic  times. Rhodian masterpieces of
the Hellenistic oge may be seen in many
places. For example, the “Laocoln” and
the “Biga” (chariot drawn by two spirited
horses) in the Vatican, the “Quadriga of
Hilios” in San Marco, Venice, the
“Famese Bull” in the Naples Museum, and
so forth., Skevos Zervos, Rhodes, capitale
du Dodécandse (folin, 378 pp., 687 ills.;
Paris, 1920), admirably illustrated.

" The best source is the Chronographia

of Theophunés Homologatss (IX-1),
Carnlus de Boor's edition (Leipzig, 1883),
vaol. 1, p. 345, According to Theophanés,
the fragments were of bronee, but it is
hard to belisve that such a large mass of
beonze would have been overlooked for
nine centuries.

® It was the first high tower in a mod-
ern sense as opposed to a pyramid or 3
ziggural.

*1 do not know who was first to in-
chide the Pharos. It & possible that the
list which incledes it is more ancient than
Fhilin's. The vitality of the Pharos list
is proved by the fact that Vietor Hugo
reproduced it in his Légende des sié
(1577-1853).
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Other ancient lists included the Athéné of Pheidias, the Asclépieion of Epi-
dauros, the Temple of Jupiter or Capitol in Rome, the Temple of Hadrian

- (117-138) in Cyzicos, and even the Temple in Jerusalem.

Fate has dealt in her own capricious way with all those wonders; the
anly one that still exists today is the most ancient, the Great Pyramid, two
millennia older than the next in age, while the youngest of them, the Colossos
of Rhodos, lasted hardly more than sixty years.

The two outstanding institutions of the Alexandrian Renaissance were the
Museum and the Library, Whether these were two separate institutions or
only one is a moot question. Both were royal creations; both were established
in the royal part of the city and were entirely dependent upon royal pleas-
ure. Their mutual independence or interdependence is an administrative
matter that does not concern us,

The remainder of Part One is mainly devoted to the Museum and the sci-
entific activities that originated in it or received some help or inspiration
from it and to the Library and the Alexandrian humanities, most of which
were centered upon the Library or inspired by it.

m—




r-ﬂ-

11

THE MUSEUM

The Ptolemies were typically Greek, in that they encouraged
trades and industries and loved the fruits thereof, money, but were not satis-
fied to accumulate it. They were ready enough to keep all the burdens of
Egypt upon the shoulders of the miserable fallahin, yet, at the same Hme,
they wanted to be known as benefactors {evergetai). They were anxious
to raise the spiritual prestige of their kingdom and to emulate in artistic
splendor not only the other Hellenistic cities but Athens itself. Therefore, it
was not enough for them to bring over from Macedonia and Greece mer=
chants and administrators; they called in also philosophers, mathematicians,
physicians, artists, poets. They were Greek enough to realize that prosperity
without art and science is worthless and contemptible.

FOUNDATION OF THE MUSEUM. PTOLEMAIOS 1 SATER AND PTOLEMATOS
Il PHILADELPHOS

As soon as Ptolemaios, son of Lagos had regulated the government of
Egypt and completed the foundation of Alexandria, he showed deep con-
cern not only for the material development of the city but also for its
spiritual welfare. Philanthropy, as we understand it, was as remote from his
mind as could be, but he was conscious of the supreme value of Hellenic

was the Museum.

A Museum is a temple of the Muses ( Musai), who were the daughters of
Zeus and Mnémosyné (memoryl), and the patron goddesses of the hu-
manities, There were nine of them, to wit: Cleid, muse of history; Euterpé,
muse of lyric poetry; Thaleia, muse of comedy and joyful poetry; Mel-
pomeng, muse of tragedy; Terpsichoré, muse of the dance and music; Eratd,
muse of erotic poetry; Polymnia, muse of hymns; Urania, muse of astronomy;
Calliopé, muse of epic poetry. Apollon, god of the lyra, was called their
leader (Musagetés). A good deal of mythology is stupid and dull, but
these gracious inventions are extremely pleasing and help us to understand
and to love the Greek genius. Note that seven of the muses were patrons
of literature, chiefly poetry in all its forms, one of history, and one other

culture and wanted to establish it in Egypt. His main creation to that effect =
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( this is very curious) of astronomy. Thus, this earliest couneil of the humani-
ties made room for at least one branch of science; Urania, it is true, repre-
sented not the astronomers but the glory of heaven. Cleis and Urania,
taken together, were the earliest patrons of the history of science.

A cha;::::]g use of the word “museum” was made by Euripidés, when
he referred to the museia of birds, where they gather to sing! Temples
tnacheMusesoran}rofﬂmneﬁstedinmnnypa:uumeene;ﬂm
was 3 Museum in Plato’s Academy, and the same name was given to a
school of arts and letters founded in Athens by Theophrastos in Aristotle’s
memory, but all those institutions were dwarfed by the Ptolemaic founda-
tion, and, when we speak of antiquity, the name Museum evokes that one
and no other. The Museum of Alexandria was so famous that its name be-
came a common name in every Western language,! and yet we know very
little of its organization.

This is what Strabdn wrote about it

The Museum is also Ebll:.::“t of the seum. This group of men not only hold

‘royal palaces; it has a ic walk, an  property in common, but also have a
Exedra * with i

seats, a large house, priest in charge of the Museum, who
in which is the common messhall of fmeﬂymnggoiutedbythnhng&'
the men of leaming who share the Mu-

Such a description is meager enough, yet it gives some information.
In the first place, the Museum was not only a royal institution but was "a
part of the royal palaces” Nothing could exist in Egypt without the king’s
pleasure, and everything good was to the king's credit (whatever evil
there was was generally credited to the people). The Museum occupied
some of the buildings in the royal city close to the great harbor.* There was
a priest who discharged the religious duties (like the president of one of
our colleges conducting services in the chapel). The members of the Mu-
seum held property in common; that is possible and plausible. In short. the
Museum was a group of buildings equipped for various scientific purposes;
the members lived together like the fellows or tutors in o medieval college.

* Compare other common names: acad. colonnade, wsually of a curved shape and
emy (Plato), lyceum [ Aristotle). Each often provided with seats, for conversa-
BE B an archaeological collection. tion fn the open air and the shade. The
The name Museum lost its original mesn-  Greeks called jt also lesché, as gt Delphai,
ing, however, and today it is used chiely for examnle { Volime 1, p. 2249},
for buildings conlaining archaeological or *Strabén (12 e ) Cengraphy (xvn,
artistic collections. In 1794, the Jardin 1, B). Quated from the Loeb edition and
des Plintes of Paris was renamed the translation [n 8 vols. by Horace Leonapd
Muséom  d'histoire  naturelle, The Paris Jones iCaml:lrjdgc, 1832), vol B, p. 85,
Museurn is perhaps the closest analogy to *For comparison, think of and
tlie Alexandria Museum. The largest mod- seraglio in Istanbul or of the im riafrcm.-
em museums are staffed by Jearned men, in Peking, or fust Imagine all of the -
who give lectures and camy out various  emment and public buildings of 3 em
forms of research and teaching. cepital put together in an enclosed parl.
*An exedra is a portico or covered

B —
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Though we know so little concerning the organization of the Museum,
we can deduce considerably more from the various activities which it en-
couraged. It was probably more like a scientific research institute than a
college; there is no evidence that it was used for teaching purposes, or, to
put it otherwise, the teaching was restricted to the very best kind, the kind
that is given informally by a teacher to his apprentices and assistants. We
may assume that the administration was minimum and casual, There were
no examinations, no degrees, no credits. The main reward was the conscious-
ness of good work well done, and the main punishment (save expulsion from
that paradise) was the consciousness of bad work badly done.

The Museum must have included astronomical instruments, and the room
or building housing them might then be called an observatory; it included
also a room for anatomical dissection, for physiological experiments, and
around it were botanical and zoological gardens. We shall speak of the li-
brary (which is an essential part of every scientific institute) in Chapter
x

The Museum was founded by the first king, but it was developed mainly
by his son and successor, Ptolemaios 11 Philadelphos. It is impossible to
determine more exactly the share of each in the great undertaking, but it is
certain that an immense amount of work was accomplished in the first half
of the third century and this would have been impossible if the second
Ptolemaios had been obliged to begin his own efforts from scratch in 285.

Such a foundation would have been impossible without the example and
stimulus of Greek genius. The founders were not only the first two kings
but at least two other men, without whom they themselves would have been
helpless. These men were, in order of seniority, Démétrios of Phaléron and

Straton of Lampsacos.

Démétrios of Phaléron. Both Démétrios and Stratén were Successors of
Aristotle and more directly of Theophrastos. This reminds us of one im-
portant explanation of the Hellenistic renaissance. The Alexandrian empire
was a material thing which ceased to exist when it was broken to pieces
after Alexander’s death; on the other hand, the Aristotelian synthesis was a
spiritual reality, which was often corrected and modified in the course
of time, yet is incapable of destruction. The Museum of Alexandria was a
distant continuation and amplification of the Lyceum of Athens,
Démétrios, barn in Phaléron (the oldest harbor of Athens) c. 345, was a
writer and statesman who was at one time very popular and at another very
unpopular in his native city; he was absolute governor of Athens, and his
fastuous habits and profligacy must have turned many people against
him. When the Macedonian king Démétrios Poliorcétés (the besieger)
“liberated” Athens in 307, the other Démétrios was obliged to move out.
He took refuge in Alexandria, where Ptolemaios Satér welcomed him. It was
not the first, nor the last, time that political exiles created or improved new

PUPPR -
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Opportunities. Ptolemaios needed just such a man as Démétrios; they
were likely to stimulate one another; we cannot even be sure whether the
first idea of founding the Musenm and Library was the king's own or that
of his protégé, 1t does not really matter. While in Athens, Démétrios had
been too busy with various offices and political oratory to do much i
work. It is believed that the majority of his abundant writings (all lost)
were composed in Egypt. He was perhaps the first director or the founder
of the Library; at any rate his own collection of books was the nucleus
of it. When Ptolemaios II succeeded his father, in 285, Démétrios was
disgraced and exiled to Upper Egypt. According to Diogenés Lagrtios
(II-1), he died of an asp bite and was buried in the district of Busiris
near Diospolis; # that would be sometime after 283

Straton of Lampsacos. The other man, Stratin, son of Arcesilans, was born
in Lampsacos (on the Asiatic side of the Helléspontos, Dardanelles) in the
last quarter of the fourth century; he thus belonged to the Zeneration fol-
lowing that of Démétrios; he was not only, like the latter, a pupil of

* but finally suceeded him. The first Ptolemaios called him to

ceum. He became the head (scholarchés) of it in the 123rd Olympiad (288
284), continued to Ppreside over it for 18 years, and appointed Lycon of
Trbas as his successor, He died o 27T0-268. Said Diogenés Laértios, “He

Personality, We muyst stop to consider it, for Stratan was not simply very im-
portant in himself (as far as cap be judged indirectly, for his writings arp
lost), but it was he who BAve to the Museum its scientific tone. The orator

* Diogenés  Lagrtigs (-1}, Liges of -'I'I-.E-rcmmthauhaeu thers,
eminent phﬂmupherx, ¥, T5-83; Loeh ik B the in:rig*ug meny others p,u:t]}.-

? and miseries of thej
tion and translation by K. D. Hicks {Cam. mother countries droye TJ;::n a:t a:ﬁ-
- 1938), vol 1, pp. 527597 Fre-  partly because 4 xandria

sumably this was Diospolis purva, negr them and beckoning to them,
Luxor. * Dy

0&5 Lagrting ¥, 58-84;
‘Thmphraslns was head of the Lyceum edition, g:ui. L, pp. S08-519, Dmgl;:c:;:
ﬁ:‘n- 35 years tSEE—Hﬁ}; Démétrins was quotes Stratin's wiﬁ in extensg, from the
his pupil at the beginning of his head. collection of guch documents made
ship, Stratdn some 30 years luter. Aristdn of Cefs, who Succeed 5

" Philstas of Cas, Poet and grammarian  Lyeap was head of
{d. c. 280). This is another Grogk Hourish-  ye o B

Ing in young Alesandriy and taking
m the incubation of Hellenistic culture,
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Démétrios and the poet Philétas would have been incapable of doing that,
for they had no knowledge of science nor any interest in it, and, but for
Straton, the Museum might have remained a school of oratory and belles

The presence of Straton in Alexandria between the years 300 and 294 (or
288) is thus an event of great pregnancy. We can imagine the talks between
“the physicist,” his patron Ptolemaios I, and his student, the future Ptolemaios
1. These three men were the main founders of the Museum.

The philosophical and physical views of Straton are but indirectly and
imperfectly known, and whatever we know relates to his teaching in Athens,
after his return from Egypt. We may assume, however, that the general
direction of his mind was already established while he was in Alexandria
helping to shape the scientific policies of the Museum. Diogenés ended his
biography of him with the words: “Straton excelled in every branch of
learning, and most of all in that which is styled ‘physics,” a branch of philoso-
phy more ancient and important than the others.”

In other words, the scientific tendencies of the Lycenm, which Theophras-
tos had stressed, were stressed even more by Stratén. The latter must have
realized that, however noble our metaphysical cogitations might be, they
could lead to no safe harbor; the only road to intellectual progress was
scientific research. Tt was his curious fate to experience the transition from
the Lyceum to the Museum and later from the Museum to the Lyceum. We
<hall see that the Museum encouraged men of science but hardly any
philosopher; it was definitely (thanks to him) a school of science, not a
literary or philosophical academy:

Straton’s physics was but the continuation of the more scientific part
of Aristotle’s. His bent was pantheistic and materialistic, yet he seems to
have objected to atomic conceptions. 1 imagine that many of his contempo-
raries were antiatomic because they were anti-Epicurean. Maoreover, what-
ever might be the ultimate fate of atomism (twenty-two centuries later),
Epicurean atomism was not a sound approach, Platonism much less so.
Straton tried to establish physics on a positive basis and to rid it of a vain
<earch for final causes; as far as can be judged from fragmentary data,
he tried to combine idealism with empiricism in the best Aristotelian vein,
to encourage induction from experience, not deduction from metaphysical

tulates. Stratonian physics was an adaptation of Aristotelian physics
to more detailed knowledge and practical needs; it could not be fertile be-
cause the experimental basis was still utterly insufficient. If it was he, as
1 believe, who advised the Museum to fight shy of Philusﬂph}-, this was
partly due to the endless disputes between the Academy, the Lyceum, the
Garden, and the Porch, which created confusion, more heat than light.

Yet it is not true to say as Cicero did that Straton neglected the most im-
portant part of philosophy, ethics. At any rate, Cicero's reproach is not justi-
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fied by the list of Stratan’s writings as given by Diogenés Laértios (v, 59—
680). As head of the Lyceum, he was naturally obliged to deal with ethical
and even with metaphysical problems; yet he was primarily a physicist
(physicos) and his main creation was the Museum. That is quite enough
for his immortality,

LATER HISTORY OF THE MUSEUM

The Museum continued to exist throughout Hellenistic times. The scholars
and men of science attached to it received salaries from the kings and later
from the Roman governors, who appointed a director (epistatés) or priest
(hiereus) as head of it. After the middle of the second century, the Museum
lost much of its importance because of political vicissitudes and of the
rivalries of other institutions located in Athens, Rhodos, Antioch, even Rome
and Constantinople. The early emperors, chiefly Hadrian (ruled 117-138),
endeavored to restore its glory but with little success. It was all but de
stroyed in A.p. 270, but revived. The last scientists to glorify it were Theon
(IV-2) and his daughter, Hypatia (V-1). The murder of the latter in 415

by a Christian mob was the end of a great institution which had lasted
seven centuries,

To return to the early days of the Museum or to the first century of its
existence, its influence upon the progress of science was considerable, It
was because of its creation and because of the enlightened patronage
which enabled it to function without hindrance that the third century

permitted to undertake and to continue their investigations in complete
freedom. As far as can be known, collective research was now organized for
the first time, and it was organized without political or religious directives,
without purpose other than the search for the truth.

Creat scientists and scholars were free to conduct their inquiries as they
thought best and the cosmopolitan atmosphere of Alexandria enabled them
to take advantage of all the work dose before them, not only by Greeks

but also by Egyptians and Babylonians. This will be fully illustrated in
the following chapters,
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EUCLID OF ALEXANDRIA

EUCLID'S LIFE AND WORK

One of the earliest, as well as one of the greatest, men of
science connected with the new metropolis, Alexandria, was Euclid (III-
1 8.c.). We all know his name and his main work, the Elements of geometry,
but we have no certain knowledge about himself. The little that we know —
and it is very little —is inferential and of late publication. This kind of
ignorance, however, is not exceptional but frequent. Mankind remembers
the despots and the tyrants, the successful politicians, the men of wealth
(some of them at least), but it forgets its greatest benefactors. How much
do we know about Homer, Thalés, Pythagoras, Démocritos. . . 7 Nay,
how much do we know about the architects of the medieval cathedrals or
about Shakespeare? The greatest men of the past are unknown, even when
we have received their works and enjoy their abundant blessings.

The very places and dates of Euclid’s birth and death are unknown. We
call him Euclid® of Alexandria, because that city is the only one with
which he can be almost certainly connected. Let us put together all the
information that has filtered down to us. He was probably educated in
Athens and, if so, he received his mathematical training at the Academy,
which was the outstanding mathematical school of the fourth century and
the only one where he could have gathered easily all the knowledge that
he possessed. When the vicissitudes of war and political chaos made it in-
creasingly difficult to work in Athens, he moved to Alexandria. He Bourished
there under the first Ptolemaios and possibly under the second. Two anec-
dotes help to reveal his personality. It is said that the king (Ptolemaios
Sotér) asked him if there was in geometry any shorter way than that of the
Elements, and he answered that there was no royal road to geometry —an
excellent story, which may not be true as far as Euclid is concerned but

i1 His Creek name was Eucleidss, but  other forms of it (like Euclide} have been
it would be tie to use it, beeanse acclimatized to other languages.
the name Euclid belongs to our language;
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has an eternal validity. Mathematics is “no respecter of persons.” The other
anecdote is equally good. Someone who had begun to study geometry with
Enclid, when he had learned the first theorem, asked him, “But what shall
I get by learning those things?” Euclid called his slave and said, “Cive
him an obol, since he must gain from what he Jearns.” There are still many
idiots today who would jodge education as Euclid’s student did; they want
to make it immediately profitable, and if they are given their way, education
vanishes altogether.

Both anecdotes are recorded relatively late, the first by Proclos, the second
by Stobaios, both of whom fourished in the second half of the fifth cen-
tury; they are plausible enough; they might be literally true, or, if not,
they are traditional images of the man as his contemporaries had seen him
or imagined him to be. The great majority of historical anecdotes are of
that kind; they are as faithful as popular imagery can be.

Was Euclid connected with the Museum? Not officially. Otherwise, the
Fact would have heen recaorded; but if he fAourished in Alexandria, he was
necessarily acquainted with the Museum and its Library, which were the
very heart of intellectual life in all its forms, As a pure mathematician,
however, he did not need any laboratory * and he might easily have brought
from Creece all the mathematical rolls that he needed; we may assume that
good students would themselves copy the texts that they were required
to know or were anxious to keep. A mathematician does not need close
collaborators; like the poet, he does his best work alone, very quietly. On
the other hand, Euclid may have been teaching a few disciples, either in the
Museum or in his own home; this would have been natural and is con-
firmed by Pappos’ remark that Apollonios of Perga (111-2 B.C.) was trained
in Alexandria by Euclid’s pupils. This helps to confirm Euclid’s date, for
Apollonios lived from c. 262 to 190; this would place the teacher of his
teachers in the first half of the third century.,

Euclid himself was so litfle known that he was confused for a very long
time with two other men, one much older than himself, the other considerably
younger. Medieval scholars insisted on calling him Euclid of Megara be-
cause they mistook him for the philosopher Eucleides, who had been one
of Socrates’ disciples (one of the faithful who attended the master’s death
in prison), a friend of Plato’s and the founder of the school of Megara.
This confusion was confirmed by the carly printers until late in the six-

Federico Commandino in his Latin translation (Pesaro, 1572). The other
eonfusion was caused by the fact that Thedn of Alexandria (IV-2), who
edited the Elements, was believed to have added the demonstrations! Tf

*If the optical, astronomical, and  would have been the o la
musical works ascribed to him are gen-  soch were availabls, ﬁmﬂl}lis ]::D‘i-ne{x::
uine, he may have needed technioal aseist. to the Museum, however, in those works,

‘ance and instruoments, and the Museum
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such had been the case, he would have been the real Euclid; the error is

nsdeepasifuueclaimed

that Homer had conceived the Iliad but that

Zanodotos of Ephesos was the real composer of it.

The Elements. My com

with Homer is valid in another way. As

every body knows the Iliad and the Odyssey, so does every body know the

Elements. Who is Homer? the author of the Iliad. Who is Euclid? the author

We cannot know these great men as men. but we are privileged to study
and use their works — the best of themselves — as much as we deserve to.
Let us thus consider the Elements, the earliest elaborate texthbook on geome-
try that has come down to us. Its importance was soon realized and, there-

fore, the text has been transmitted to us in its integrity. It is divided into
thirteen books, the contents of which may be described briefly as follows:

Books 1—v1: Plane geometry. Book 1
is, of course, fundamental; it includes

with triangles; 8 Pm'a]kj:.r-
grams, ete. The contents of Book m
might be called “geometric algebra.”
Book 111 is on the geometry af the circle.

commensurable qfuantities. Book vi is
o

the theory to plane
geometTy.

Books vi-x: Arithmetic, theory of
numbers. These books discuss nmmbers
of many kinds, primes of rime to one
another, least common mu tiples, num-

bers in geometric pr and so
on. Book x, which is Euclid's master-
piece, is devoted to irrational lines, all
the lines that can be represented by an
expression, such as

Viva++'b)

wherein a and b are commensurable
lines, hutxfunmi\-"bmfsu:dsm
incommensurable with one another.
Books x-xim: Solid geometry. Book
x1 is very much like Books 1 and VI 8%
tended to a third dimension. Book X1

applies the method of exhaustion to the

measurement of circles, spheres, pyra-
mids, and so on. Book xut deals with
regular splids.

Plato’s fantastic speculations had raised the theory of regular polyhedra

to a high level of significance. Hence,

a good knowledge of the “Platonic

bodies” * was considered by many good people as the crown of geomelry.
Proclos (V-2) suggested that Euclid was a Platonist and that he had built
his geometric monument for the purpose of explaining the Platonic Hgures.
That is obviously wrong. Euclid may have been a Platonist, of course, but
he may have preferred another philosophy or he may have carefully avoided

* For a discussion of the regular poly-
hedra and of the Platonic aberratipns
relative to them, see vVolume 1, pp- 435
439, Briefly, Plato was so impresse
the fact that there could be on five TegU-
Jar polyhedra that he attached a cosmo-
logic meaning to gach of them and
furthermore, established a connection be-

tween the fve solids and the five clements.
The Platonic theory of five solids was:
fantastic, the theory of five elements
equally so, and the combination of both
was a compound fantasy. Yet, so preat
was Plato's prestige that that com

fantasy Wwas acce gs the climax of
scicnce as well as 2 metaphysical triumph.

37 -.
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philosophic implications. The theory of regular polyhedra is the natural cul-
mination of solid geometry and hence the Elements could not but end with
it

It is not surprising, however, that the early geometers who tried to
continue the Euclidean efforts devoted special attention to the regular
solids. Whatever Euclid may have thought of these solids beyond mathe-
matics, they were, especially far the Neoplatonists, the most fascinating items
| in geometry. Thanks to them, geometry obtained a cosmical meaning and a
. theological value.

Two more books dealing with the regular solids were added to the
Elements, called Books x1v and xv and included in many editions and trans-
lations, manuscript or printed. The so-called Book x1v was composed by
Hypsiclés of Alexandria at the beginning of the second century n.c. and is a
work of outstanding merit; the other treatise, “Book xv,” of a much later
time and inferior in quality, was written by a pupil of Isidaros of Milétos
(the architect of Hagia Sophia, ¢. 532).

To return to Euclid, and especially to his main work, The thirteen books of
the Elements when judging him, we should avoid two opposite mistakes,
which have been made repeatedly. The first is to speak of him as if he
were the originator, the father, of geometry. As 1 have already explained
apropos of Hippocrates, the so-called “father of medicine,” there are no
unbegotten fathers except Our Father in Heaven. If we take Egyptian and
Babylonian efforts intp account, as we should, Euclid’s Elements is the
climax of more than a thousand years of cogitations. One might object that
Euclid deserves to be called the father of geometry for another reason.
Cranted that many discoveries were made before him, was he not the
first to build a synthesis of all the knowledge obtained by others and him.
self and to put all the known Propositions in a strong logical order? That
statement is not absclutely true. Propositions had been proved before
Euclid and chains of propositions established; moreover, “Elements” had
been composed before him by Hippocratés of Chios (VB.c.), by Leon (IV-
1 Bc.), and finally by Theudios of Magnésia (TV_2 B.L.). Theudips'
treatise, with which Euclid was certainly familiar, had been prepared for
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book of geometry can hardly be considered a creative mathematician; he is 1
a textbook maker (mot a dishonorable calling, even if the purpose is more
often than not purely meretricious ), but Euclid was not. .
Many propositions in the Elements can be ascribed to earlier geometers; |

we may assume that those which cannot be ascribed to others were dis-
covered by Fuclid himself, and their number is considerable. As to the ar-
rangement, it is safe to assume that it is to a large extent Euclid’s own. He
created a monument that is as marvelous in its symmetry, inner beauty,
and clearness as the Parthendn, but incomparably more complex and more
durable.
A full proof of this bold statement cannot be given in a few paragraphs or
in a few pages. To appreciaté the richness and greatness of the Elements
one must study them in a well.annotated translation like Heath’s. It is not
sible to do more, here and now, than emphasize a few points. Consider
Book 1, which explains first principles, definitions, postulates, axioms, theo-
rems, and problems. It is possible to do better at present, but it is almost un-
believable that anybody could have done it as well twenty-two centuries

ago.

Postulates. The most amazing part of that is Euclids choice of postulates-
Aristotle was, of course, Fuclid’s teacher in such matters; he had devoted
much attention to mathematical principles, had shown the unavoidability
of postulates and the need of reducing them to a minimum; * yet the choice
of postulates was Euclid's.
In parﬁcu]nr, the choice of Pﬂstu]ﬂte 5 is, perhaps, his greatest achieve-
ment, the one that has done more than any other to immortalize the word
“Euclidean” Let us quote it verbatim:

If a straight line falling on iwo duced indefinitely, meet on that side
straight lines make the interior angles oD which are the angles less than the
on same side less than two right two right angles’

angles, the two straight lines, if pro-

A person of average intelligence would say that the proposition is evident
and needs no proof; a better mathematician would realize the need of a proof
and attempt to give it; it req ed extraordinary genius to realize that a i
pmuf was needed yet impnssihle, There was no way oul, then, from 1
Euclids point of view, but to accept it as a postulate and go ahead.

i Aristotle’s views can be read in Sir camnot be proved or disproved, yet that
l Thomas L. Heath, Euclid’s Elements in  one is obliged to assert or deny in order
English { Cambridge, 1926), vol 1, Ep to go forward.
b 117 ., or in his posthumous book, Mathe- L Far the Greek text and 2 much foller
1. matics _in Arstotle (305 pp-i Onxford:  discussion of it than can be given here,
1 Chrendon Press, 19489) [Isis 41, 328 see Heath, Euclid, vol 1, pp- 0220,
l I . (1950)]. A postulate is @ proposition that
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The best way to measure Euclids genius as evidenced by this momentous
decision is to examine the consequences of it. The first consequence, as
far as Euclid was immediately concerned, was the admirable concatenation
of his Elements. The second was the endless attempts that mathematicians
made to correct him; the first to make them were Greeks, like Ptolemy
(11-1) and Proclos (V-2), the Jew, Levi ben Gerson (XIV-1), and, finally,
“modern” mathematicians, like John Wallis (1616-1703), the Jesuit father,
Girolamo Saccheri (16671733 ) of San Remo in his Euclides ab omni naeva
vindicatus (1733), the Swiss,® Johann Heinrich Lambert (1728-77), and
the Frenchman, Adrien Marie Legendre (1752-1833). The list could be
lengthened considerably, but these names suffice, because they are the
names of illustrious mathematicians, representing many countries and
many ages, down to the middle of the last century. The third consequence
is illustrated by the list of alternatives to the fifth postulate. Some bright
men thought that they could rid themselves of the postulate and succeeded
in doing so, but at the cost of introducing another one (explicit or implicit )
equivalent to it. For example,

If a straight Iirﬁ: intersects one of
two , it will intersect the other
et

Given any figure, there exists a fig-
ure similar to it of any size (John
Wallis)

Through a given point only one
parallel can be drawn to a given
straight line. (John Playfair)

There exists a triangle in which the
sum of the ﬂ}reennglmisequa.ltum

right angles. (Legendre)

Given any three points not in a
straight line, there exists a circle
ing through them. (Legendre)

If T could prove that a rectilinear
triangle is possible the content of which
is greater than any given area, 1 would
be in a position to prove perfectly
rigorously the whole of peometry.
{Gauss, 1799)

All these men proved that the fifth postulate is not necessary if one
accepts another postulate rendering the same service. The acceptance of any
of those alternatives (those quoted above and many others) would increase

the difficulty of geometric teaching, however; the use of some of them would
seem very artificial and would discourage young students, It is clear that a
simple exposition is preferable to one which is more difficult: the setting
up of avoidable hurdles would prove the teacher’s cleverness but also
his lack of common sense. Thanks to his genius, Euclid saw the necessity
of this postulate and selected intuitively the simplest form of it.

There were also many mathematicians who were so blind that they
rejected the fifth postulate without realizing that another was taking its
place. They kicked one postulate out of the door and another came in
through the window without their being aware of it!

*He must be called Swiss because he eration from 1526 to 1798: Lambe
was born in Mulhouse, Upper Alsace, and  from 1798 tg 17 LA rt lived
that city was a part of the Swiss confed- o 1777 [Isis 40, 139 (1849)].
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NON-EUCLIDEAN GEOMETRIES

The fourth consequence, and the most remarkable, was the creation of
non-Euclidean geometries. The initiators have already been named: Sac-
cheri, Lambert, Gauss. Inasmuch as the fifth postulate cannot be proved, we
are not obliged to accept it; hence, let us deliberately reject it. The first to
build a new geometry on 2 contrary postulate was the Bussian, Nikolai
Ivanovich Lobachevskd (1793-1856), who ssumed that through a given
point more than one parellel can be drawn to a given straight line or
that the sum of the angles of a triangle is less than two right angles. The
discovery of non-Euclidean geometry was made at about the same time
by the Transylvanian, Janos Bolyai {1802—13&1}. Some time later, another
geometry was outlined by the German. Bernhard Riemann {IEEB—EEEE].
who was not acquainted with the writings of Lobachevski and Bolyai and
made radically new assumptions. In Riemann’s geometry, there are no paral-
Jel lines and the sum of the angles of a triangle is greater than two right
angles. The great mathematical teacher, Felix Klein (1849-1925), showed
the relation of all these geometries. Euclid's geometry refers to & surface
of zero curvature, in between Lobachevski’s geometry on surface of
positive curvature (like the sphere) and Riemann’s, applying to a surface
of negative curvature. To put it more briefly, Klein called the Euclidean
geometry parabolic, because it is the limit of elliptic (Riemann’s) geometry
on one side and of the hyperbolic (Lobachevski's) geometry oR the other.

It would be foolish to give credit to Euclid for P&ugeurmen‘ic conceptions;
the idea of a geometry different from the common-sense one never occurred
to his mind. Yet, when he ctated the ffth postulate, he stood at the parting
of the ways. His <ubconscious prescience is astounding. There is nothing
comparable to it in the whole history of science.

1t would be unwise to claim 100 much for Euclid. The fact that he put
at the beginning of the Elements a relatively small number of postulates
is very remarkable, especially when one considers the early date, say
300 8.C., but he could not and did not fathom the depths of postulational
thinking any more than he could fathom those of non-Euclidean geometry.
Yet he was the distant forerunner of David Hilbert (1862-1943), even as
he was Lobachevski’s spiritual ancestor.”

Algebra. 1 have said so much of Euclid the geometer that T have but little
space left to show other aspects of his genius as mathematician and physicist:
To begin with, the Elements does not deal simply with geometry but also
with algebra and the theory of numbers.

*For details, see Florian Cajori, His- Reyser, The rational and the superrational

tory of mathematics {ed. 2: New York, (New York: Scripta Mathematica, 1952),
191g), pp. 026-328; Cassus Jackson PP 136-144 Ulsis 44, 171 (1953)]).
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Book o m.l.ght be called a treatise on geometric algebra. Algebra.in prnb-
lems are stated in geometric terms and solved by geometric methods. For

~ example, the product of two numbers a, b is represented by the rectangle

whose sides have the lengths a and b; the extraction of a square is reduced
to the finding of a square equal to a given rectangle; and so on. The dis-

' tributive and commutative laws of algebra are proved geometrically. Various

identities, even complicated ones, are presented by Euclid in a purely
geometric form, for example,

2(a*+b%)=(a+b)*+(a—b)>
This might seem to be a step backward as compared with the methods of
Babylonian algebra, and one wonders how that could happen. It is highly
probable that the clumsy symbolism of Greek numeration was the funda-

mental cause of that regression; it was easier to handle lines than Greek
mumbers! &

Irrational quantities. At any rate, Babylonian algebraists were not ac-
quainted with irrational quantities, while Book x of the Elements (the largest
of the 13 books, even larger than Book 1) is devoted exclusively to them.
Here again, Euclid was building on older foundations, but this time the
foundations were purely Greek. We may believe the story ascribing recog-
nition of irrational quantities to early Pythagoreans, and Plato’s friend,
Theaitétos (IV-1 n.c.), gave a comprehensive theory of them as well as of
the five regular solids. There is no better illustration of the Greek mathe-
matical genius (as opposed to the Babylonian one) than the theory of ir-
rationals as explained by Hippasos of Metapontion, Theodéros of Cyréns,
Theaitétos of Athens, and finally by Euclid? It is impoessible to say just
how much of Book x was created by Theaitétos and how much by Euclid
himself. We have no choice but to consider that book as an essential part
of the Elements, irrespective of its origin. It is divided into three parts each
of which is preceded by a group of definitions. A number of propositions
deal with surds in general, but the bulk of the book investigates the com-
plex irrationals which we would represent by the symbaols
VIVa = \/b),

wherein a and b are commensurable quantities, but
mensurable. These irrationals are correctly divided
which is discussed separately. As Euclid did not use algebraic symbols, he
adopted geometric representations for these quantities and his discus;iun
of them was geometric. Book x was much admired, especially by Arabic
mathematicians; it remains a great achievement but is practically obsolete,

"It & highly improbable that Euclid o :
; ; the tributi i
was nmq,ual-nled' with _thylum;m mathe- Theoddms mdﬂﬂ'ﬁeﬁﬁgﬁm of !-hp
matics. He followed his geometric penins, pp. 289 98 4q7 » see Volume 1,
even as they followed their alpebraie one. B =

va and /b are incom-
into 25 species, each of
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for such discussion and classification are futile from the point of view of
modern algebra.

Theory of numbers. Books vit to 1x of the Elements might be called the first
treatise on the theory of numbers, one of the most ahstruse branches of the

T e T L I
TR AR A )R (TS SN
I'*":i.; LT S el o ‘F;%'*I:m(-fﬁ—}

! C-"'ff:r erecanillimns liber danetom Enchdid peripis
cacilfmizinn grocm S comotncindpl quifochiflime:

A neme eft cums pond ot G L

lanmdne coi

|

D painapj p e notie:s pamo of ofin
rionstng carandan.

Translation from Arabic into Latin, re-
1482). First page of the text proper in

Ar 5, 102, 130-131 (1938), incloding facsimiles of the same
pok m, props. 10-12} in the two incunabula editions, 1482 and

Fig. 7. First edition of Euclid in any language.
vised By Ciovanni Campano | Venice: Hatdolt,
Harvard copy. Sarton, fgsi

page of the Elements (B
1481 (KElebs, 3583).
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Edited by Simon Crynaeus, dedicated to
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vagius ( Johann Herwagen) { Basel, 1533).
Title page of the copy in Harvard College
Library.

mathematical tree, It would be impossible to summarize their contents,
for the surnmary would be almost meaningless unless it covered a good many
pages.’® Let me just say that Book vi begins with a list of 22 definitions,

which are comparable to the geometri

¢ definitions placed at the beginning of

Book I. Then follows a series of propaositions concerning the divisibility of
pumbers, even and odd numbers, squares and cubes, prime and perfect

numbers, and so On.

Let us give a few examples. In 1x, 36 Eudlid proves that if p = 14242

s

4 -. -4 2% js prime, 2° p is perfect {that is, is equal to the sum of its di-

# The Greek text of Books VII to X
covers 116 pages in Heibergs edition
(Leipzig, 1884}, vol. 2. and the English

translition with notes 150 pages in Heath,
vol. 2.
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visors). In 1x, 20 we are given a very
elegant demonstration that the num-
ber of prime numbers is infinite.

No matter how many primes we
already know, it will always be pos-
sible to find a larger one. Consider
the series of primes: Frist T - S
Their product plus 1, that is (abe. . .T)
4 1= P, is either prime or not. If it
is, we have found a larger prime than
L if it is not, then P must be divisible
by a prime p. Now p cannot be iden-
tical with a, b, . . ., or I, because if
it were it would divide their product
and also unity, which is impossible.

The demonstration is so simple
and our intuitive feeling ad hoc is so
strong that one would readily accept
other propositions of the same kind.
For example, there are many prime
pairs, that is, prime numbers packed
as closely as possible, having the form
2+ 1, 2n+ 3; examples are 11, 13;
17, 19; 41, 43. As one proceeds in the
series of integers, prime pairs become
rarer and rarer, yet one can hardly
escape the feeling that the number
of prime pairs is infinite. The proof of
that is so difficult, however, that it
has not yet been completed.”

In this field, again, Euclid was an
outstanding innovator, and the few
mathematicians of our own days who
are trying to cultivate it recognize
him as their master.

THE EUCLIDEAN TRADITION

Fig. 12. Title page of the Frst Arabic edi-
tion of Euclid’s Elements, in the redaction
of Nasir al-din al-Tasi (XIII-2); one of the
first books printed in Arabic. 1t s a folin
volume issued by the Tipographia Medicea
(Rome, 1594 ). Upon the last page (p. 454)
i5 a firman granted by Murdd 111, Ottoman
sultan from 1564 to 1595. [Courtesy of His-
tory of Science Department, Harvard Uni-
versity.]

The tradition concerned with the fifth postulate has already been re-

ferred to;
is only a small part of the tradition,

it can be traced from the time of the Elements untl our own. That
however: the Euclidean tradition, even

if restricted to mathematics, is remarkable for its continuity and the great-

® Charles Napoleon Moore of Cin-
cinnati offered & proof in 1944, but that

proof was shawn to be insufficient { Horus:
A guide to the history of sclence [Wal-
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ness of many of its bearers. The ancient tradition includes such men as
Pappos (I11-2), Thedn of Alexandria (IV-2), Proclos (V-2), Marinos of
Sichem (V-2), Simplicios (VI-1). It was wholly Greek. Some Western
scholars, such as Censorinus (111-1) and Boethins (VI-1), translated parts
of the Elements from the Greek into Latin, but very little remains of their
efforts and one cannot speak of any complete translation, nor of any one
covering a large part of the Elements. There is much worse to be said;
various manuscripts circulated in the West until as late as the twelfth cen-
tury which eontained only the propositions of Euclid without demonstra-
tions.** The story was spread that Euclid himself had given no proofs and
that these had been supplied only seven centuries later by Thedn. One could
not find a better example of incomprehension, for if Euclid had not known
the proofs of his theorems, he would not have been able to put them in
a logical order. That order is the very essence and the greatness of the
Elements, but medieval scholars did not see it, or at least did not see it
until their eyes had been opened by Muslim commentators.

The Elements was soon translated from Greek into Syriac; it was Hrst
translated from Syriac into Arabic by al-Hajjaj ibn Yisuf (IX-1) for
Hirin al-Rashid (caliph 786-509) and al Hajjaj revised his translation for
al-Ma'miin (caliph 813-833). The first Muslim philosopher to be interested
in Euclid was probably al-Kindi (IX-1), but his interest was centered upon
the Optics and in mathematics it extended to non-Euclidean topics, such
as the Hindo numerals. During the 250 years that followed (cent. IX to XI),
the Muslim mathematicians kept very close to Euclid, the algebraist and stu-
dent of numbers as well as the geometer, and published other translations
and many commentaries. Before the end of the ninth century, Euclid was
retranslated and discussed in Arabic by Muhammad ibn Muasa,*® al-Ma-
hani, al-Nairizi, Thabit ibn Qurra, Ishiq ibn Hunain, Qusta ibn Ligi. A
great step forward was made in the first quarter of the tenth century by
Abt “Uthman Sa%id ibn Yaq'ab al-Dimishqi, who translated Book x with
Pappos’s commentary (the Greek of which is lost).! This increased Arabic

tham, Mass.: Chronics Botanica, 1952], ‘Abdallih  Muhammad ihn  Miss al-

B lE.].OfThc ﬁ:ll;'_:fdibtﬂ' complexity of the
theory of numbers can be apprecicted b
Iooking at its history writtmfpby I_marél
Eugene Dickson (3 wvols.: Washington:
Carnegie Institution, 1918-1923) [Isis 3,
46448 (1920-21); 4, 107-108 (192L
23); # 96-94 (1924)]. For prime
see Dickson, vol, 1, Pp- 353, 425, 438

® Greek am:Il Latin editions of the
propositions  only, without fs, were
printed from 1547 to as htuP;TlE&T.

® This js Abii Ja'far (d. B72), ome of
the three hrothers, Bani Miisd, not Aba

Khwarizmi (d. ¢ 850). We must sssume
that the latter was ako a student of
Euclid. See Introduction, vol. 1, pp. 561,
563,

™ Pappes’s authorship of the commen-
tary & now generally accepted in spite of
early doubis. The Arabic version of it was
transluted into German by Heinrich Suter
(Erlangen, 1922} [fsis 3, 492 (1923));
It was edited and Englished by William
Thomson (Cambridge, 1830) " [Isis 16,
132-136 (1931)1.




EUCLID OF ALEXANDRIA 49

ETKAEIAOT

TA ENQZOMENA

pPEU Al D IS8

QUE SUPERSUNT
OMNIA

Ex Recesfone Daviois Guegorit B o
Ao Profofecis Savibmi, & RE3

oXoNIE,
F TuraTeo SEELDoNiane, An Dom wpecim.

Fig. 13. First edition of Euclid’s Opera in
Greek and Latin on parallel columns,
David Gregary (large folio; Oxford: Shel-
donian Theatre, 1703.) David Gregory
{1661-1708) was Savilian Professor of As-
tronomy in Oxford, 1691. His Astrongmice
physicae et geometricae elementa { Oxford:
Sheldonian Theatre, 1702) was the fist
Newtonian textbook. [Courtesy of Harvard
Caollege Library.]
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Fig. 14. Frontispiece of Euclid’s Opera
edited by David Gregory {Oncford, 1708),
It illustrates an anecdote told by Vifrovios
(De architectura, first sentence of Boak vr).
Aristippos of Cyréng, one of Socrates” dis-
ciples, having been shipwrecked on the
cnast of Rhodos, noticed geometrical figures
drawn u the sand an ca.cla'l.mcdi%\"e
may be hopeful for these are human ves-
tges.” Many illustrations of Euclid have
been given to imderling his very great im-
portance. [Courtesy of Harvard College
Library.]

interest in the contents of Book X (classification of incommensurable lines
as witnessed by the new translation of Nazif ibn Yumn (X-2), a Christian
priest, and by the commentaries of Abii Jafar al-Khazin (X-2) and Mu-
hammad ibn ‘Abd al-Baqi al-Baghdadi (X1-2). My Arabic list is long yet
very incomplete, because we must assume that every Arabic mathematician
of this age was acquainted with the Elements and discussed Euclid. For
example, Abi-l-Wafa™ (X-2) is said to have written a commentary which

is lost.

We may now interrupt the Arabic

story and return to the West. The

efforts made by Western scholars to translate the Elements directly from
Greek into Latin had been ineffective; it is probable that their knowledge of
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Fig. 15. First edition of Giralamo Saccheri’s
famous book (Milan, 1733), containing
“the vindication of Euclid and the adum-
bration of non-Enclidean geometry.” It is
very rare, but the Latin text was reprinted,
Englished, and annotated e Bruce
H (1853-1922) (Chicago, 1920).
Saccheri may be called the forerunner of
Nikolai Ivanovich Lobacheveki (1793-1858).

EUCLIDES

AB OMNI NEVO VINDICATUS:
SIVE

CONATUS GEOMETRICUS

QUO STABILIUNTUR
Prima ipla oniverfs Geometriz Principis.

AUCTORE

HIERONYMO SACCHERIO
SOCIETATIS |ESU
Yo Ticioent Univerficats Mathefons Profe(fore,

OPUSCULUM

EX.** SENATUI

MEDIOLANENSI
Ab Aoftore Dicarum.

MEDIOLANI, MDCCXXXIIL
Ex Typogrphls Proli Acnaii Moatasi.  dsperiorsss prrmids

Greek diminished and dwindled almost to nothing at the very time when
their interest in Euclid was increasing. Translators from the Arabic were
beginning to appear and these were bound to come across Euclidean manu-
scripts. Efforts to Latinize these were made by Hermann the Dalmatian
(XII-1), John O'Creat (XII-1), and Gerard of Cremona (XII-2), but
there is no reason to believe that the translation was completed, except
by Adelard of Bath (XII-1).® However, the Latin climate was not as
favorable to geometric research in the twelfth century as the Arabic climate
had proved to be from the ninth century on. Indeed, we have to wait until
the beginning of the thirteenth century to witness a Latin revival of the
Euclidean genius, and we owe that revival to Leonardo of Pisa ({ XIII-1},
better known under the name of Fibonacei, In his Practica geometriae,
written in 1220, Fibonacci did not continue the Elements, however. but
another Euclidean work on the Divisions of figures, which is lost.!8

In the meanwhile, the Hebrew tradition was begun by Judah ben Solo-
mon ha-Kohen (XIII-1) and continued by Moses ibn Tibbon (XITI-2),
Jacob ben Mahir ibn Tibbon (XII-2), and Levi ben Gerson (XIV-1).

¥ The story i simplified for the sake
of briefness; for details, see Marshall
Clagett, “The medieval Latin translations
from the Arabic of the Elements with
special emphasis an the vemions of Ade-
lrd of Bath” Isis 44, 1642 (1953):
“King Alfred and the Elements” 45,

269-277 (1B54).

“The text of that little treatise peri
digiresedn was restored as far as possible
by Baymond Clare Archibald (1875
1955) on the basis of Leonardo's Practica
and of an Arabie translation { Infroduction,
vol. 1, pp. 154, 155).
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The Syriac tradition was revived by Abii-l-Faraj; called Barhebraeus (XIII-
2), who lectured on Euclid at the observatory of Marigha in 1268; unfor-
tunately, this revival of the Syriac tradition was also the end of it, because
Abiui-l-Faraj was the last Syriac writer of importance; after his death, Syriac
was gradually replaced by Arabic.

The golden age of Arabic science was also on the wane, though there
remained a few illustrious Euclideans in the thirteenth century, like Qaisar
ibn abil-Qasim (XIII-1), Ibn al-Lubidi (XIIT-1), Nasir al-din al-Tasi
(XIII-2), Muhyi al-din al-Maghribi (XIII-2), Qutb al-din al-Shirazi
(XIII-2), and even in the fourteenth century. We may overlook the late
Muslim and Jewish mathematicians, for the main river was now Howing
in the West.

Adelard’s Latin text was revised by Giovanni Campano (XI11-2), and
Campano’s revision was immortalized in the earliest printed edition of the
Elements ( Venice: Ratdolt, 1482) (Fig. 7). It was reprinted by Leonardus
de Basilea and Gulielmus de Papia (Vicenza, 1491). There are only these
two incunabula (Klebs, 383),'" both Latin from the Arabic. The first Latin
translation from the Greek was made by the Venetian, Bartolommeo Zam-
berti, in 1493, and printed by Joannes Tacuinus (Venice, 1505) (Fig. 8).
The next edition, also Latin, was printed by Paganinus (Venice, 1509)
(Fig. 9). The Greek princeps was prepared by Simon Grynaeus, dedi-
cated to the English mathematician and theologian, Cuthbert Tunstall,
and printed by Jobann Herwagen (Basel, 1533) (Fig. 10). The first English
translation was made by Sir Henry Billingsley, of St. John's College, Cam-
bridge, sometime lord mayor of London, and published with a preface
by John Dee (London: John Day, 1570) (Fig. 11). The princeps of
the Arabic text as revised by Nagir al-din al-Tasi was published by the
Typographia Medicea (Rome, 1594) (Fig. 12).

T'herestufthestur}rneeﬂnntbetulﬂhcre,'ITlE]isthEudidﬂaneditms,
which began in 1482 and is not ended yet, is immense, and the history of the
Euclidean tradition is an essential part of the history of geometry.

As far as elementary geometry is concerned, the Elements of Euclid is
the only example of a textbook that has remained serviceable until our
own day. Think of that! Twenty-two centuries of changes, wars, revolutions,
catastrophies of every kind, yet it still is profitable to study geometry in
Euclid.'®

* This refers to A. C. Klebs, “In-

conabula scientifica et medica,” Osiris 4,
1-359 (1938); see Volume 1, p. 352, n.15.

would be very foolish to study mathe-
matical astronomy in Ptolemy or celestial
mechanics in Newton. That would require

R, C. Archibald, “The first trans-
lation of Euclid’s Elements into English
and its sources,” American Mathematical
Monthly 57, 443452 (1950).

BTt is well to insist u that, because
it is decidedly nam to study most
of the scientific ics. For example, it

A

a considerable effort and would lead to a
very imperfect knowledge. It would be
much easier to study modern mathematics
and then modern treatises on astronomy
and celestial mechanics; one’s knowledge
would be up to date and could be used
for further progress.

y 4 ™
) A
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IV

ASTRONOMY. ARISTARCHOS
AND ARATOS

ARISTYLLOS AND TIMOCHARIS

’-_[:un Greek astronomers, Aristyllos and Timocharis (1I-1
g.c.), are said by Ptolemy’ to have made astronomic observations before
Hipparchos (11-2). They worked at the beginning of the third century (c.
295 283) in Alexandria; their observatory (if that is not too pretentious
a term) was probably a part of the Museum. Their equipment was very
simple; they probably used gnomons, sundials of some kind, and an armillary
sphere, that is, a skeleton sphere made of great circles adjusted around the
same center and graduated in degrees* (and fractions of degrees); one
of the circles might be in the plane of the equator, and the other, perpen-
dicular to it, would tum around the axis of the world; a rule or alidade
would be attached to the same center in order to determine the direction
of a star; with such a combination of armillaries one could measure its
declination and right ascension. Timocharis’ measurements were useful to
Hipparchos for the determination of the precession of the equinoxes; indeed,
the differences between the longitudes observed by Timocharis and by
Hipparchos amounted to as much as 2°. As the period of time extending
between their observations amounted to 154 or 166 years, this gave for
the precession a value of 434" or 46.8” a year, a better approximation than
Ptolemy’s 36” (the modem value is 50.3757" ).

ARISTAECHOS OF SAMOS?

A far greater man than Aristyllos and Timocharis was their contempora-
ry, Aristarchos (II1-1 B.c.), whose connection either with them or with
may be that Timocharis’ armillaries were

graduated otherwise and that Hipparchas
translated his measurements into degrees.

* Aristyllos and Timocharis are fre-
quently mentioned in Ptolemy’s Synfgzis.
2 (raduated in degrees” is possible but

unesrtain. The first Greek who divided the
circles of his instruments into 360 degrees
$5 =aid to have been Hipparchos (11-2
B.c.), and yet he (or Ptolemy) refers to
measurements in degrees by Timocharis. It

The armillaries were certainly graduated in
one way or nother because otherwise they
would Kﬂ.\-‘ﬂ‘ been worthless.

*gumos is one of the main lonian
slands, not very far northwest of Milétos.
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Alexandria cannot be established. If you look at a map, you will see that
it was easy enough to sail from Samos to Athens, but that sailing to Alex-
andria was a much longer voyage. We know that Aristarchos was a pupil
of Straton of Lampsacos, who had been the tutor and adviser of Ptolemaios
I1 Philadelphos and had helped the latter to create the Museum. Upon the
death of Theophrastos, Stratén succeeded him and was the head of the
Lyceum for eighteen years (c. 286-268). Aristarchos could have been
Straton’s pupil either in Alexandria (before 286) or later in Athens. The
second alternative seems more probable to me, and is confirmed by the
failure of the astronomer Ptolemy (II-1) to mention him. The only fixed
date in Aristarchos’ life is 281-80, when he observed the summer solstice.
If he had done that in Alexandria, Ptolemy would have mentioned him to-
gether with Aristyllos and Timocharis. As a matter of fact, we can hardly
identify an astronomical school in Hellenistic times, because the ohserva-
tions were made not in a single place but in many — Alexandria, Athens,
Sicily, Seleuceia (on the Tigris), Rhodos.

If the place of Aristarchos’ activities remains undetermined, their date
is sufficiently established. At the time of his observation of the summer
solstice, in 281, he must have been at least twenty, hence he was born about
300 or before; on the other hand, Archimédés quotes him in his Sand-
reckoner, written before 216. We may safely place him in the period I11-1
B.C.

Aristarchos wrote a treatise On the sizes and distances of the Sun and
Moon which has come down to us in its integrity, It is written in the Eu-
clidean style and with Euclidean rigor, but is unfortunately based upon
wrong data. The treatise begins with six “hypotheses”:

1. The Moon receives its light from
the Sun;

2. The Earth is in the relation of a
eentral point to the sphere in which the
Moon maves [this simplified view obvi-
ated the complication of a jF

3. At the time of Half Moon, the
great circle that divides the dark por-
tion from the bright one is in the direc-
tion of our eye [see Fig. 16].

4. At the time of Half Moon, the
Moon's distance from the Sun is Jess
than a quadrant by one-thirtieth of a
quadrant [that is, equal to 87°];

5. The breadth of the Earths
shadow (at the distance where the
Moon passes through it at the time of
an eclipse) is that of two Moons; *

6. The Moon subtends one-ffteenth
of a sign of the zodiac (2°).

Assumptions 4 and 6 are very inaccurate. The angle at the Earth is 89° 50/,
rather than 87° —a small difference that makes a large difference in the re-
sult. The angle 89° 50° is so close to 90° that on any drawing, however

It was already a great cultural center in the
sixth century s.c., and Hémdotos consid-
ered it ane of the most civilized places in
the world; it gave birth or hospitality to
many artists, poets, and philosophers, and

to two outstanding astronomers, Aristarchos
and Condn (ITI-2 5.c.),

"As all the orbits were thought to be
circular, the distances of Sun and Moon
from the Earth were constant,




ASTRONOMY 55

large, the two sides e and m would
be indistinguishable from parallels
and the triangle EMS would vanish.
The second error is difficult to under-
stand, because the approximate meas-
urement of the apparent or angular
diameter of the Moon (about 30) was
easy enough and even with poor in-
struments could not be so wide of the
mark.

Aristarchos” method was excellent,
but because of the crudity of his observations the results were grossly er-
TOneous.

The measurements that he tried to ascertain were in the nature of ratios
which could be easily determined by our trigonometric methods, but
trigonometry did not yet exist, and he was obliged to find those ratios
by means of ingenious geometric arguments. The ratios that he found were
not determined except grossly, the result x being stated in the following
form:

Fig. 16. Diagram to illustrate Aristarchos’
hypotheses on the Moon.,

a/b<x<c/d,
the two ratios a/b and ¢/d being sometimes very complex and their dif-
ference large.

For example, the final proposition (No. 18) of his treatise states that
“The Earth is to the Moon in a ratio greater than that of 1,259,712 to 79,507
and smaller than that of 216,000 to 6,859." This means roughly that the
ratio (of volumes) is included between 17 and 31; the true value is 49.

If the angle E equals 87°, as Aristarchos thought it did (instead of
89° 5(r), then the distance of the Sun from the Earth is about 19 times
the distance of the Moon (Prop. 7). The true value is 400.

Inasmuch as the apparent sizes of the Moon and the Sun are about the
same,® he concluded (Prop. 9) that the diameter of the Sun is about 19
times that of the Moon. The true value is about 400.

The ratio of the Sun's volume to that of the Moon exceeds 5832 and is
less than 8000 (Prop. 10). The true value is 106,600,000.

The radius of the Moon's orhit is 264 times the Moon's diameter (Prop.
11). Actually, the mean distance of the Moon is 110.5 times its diameter.

The diameter of the Sun is 6.75 times that of the Earth (Frop. 15).
Actually, the ratio is 109.

* They are ahout the same, but the ap-  it. To put it otherwise, the apparent diam-

parent dismeter of the Moon varies from
2026 to 33'34", while the mean apparent
dizameter of the Sun is 31'597; the apparent
dismeter of the Moon may thus be smaller
or greater than that of the Sun or equal to

eter of the Moon varies by 13.5 percent,
that of the Sun by only 3.5 percent. Sisi-
genés (f. 46 nc.} proved the inzqn:]ily
of the apparent dimmeters by the oceur-
rence of annular eclipses of the Sun.

B S T s s - - - = e



56 THE THIRD CENTURY

The Sun is about 311 times larger than the Earth (Prop. 16). The true
ratio of volumes is 1,300,000,

The diameter of the Moon is to that of the Earth as 9 is to 25, or, say,
the Earth’s diameter is 2.85 times the Moon's (Prop. 17). The real value is
near to 3.7.

Aristarchos” numerical results were very poor, but he was the first to
measure those relative sizes and distances and that was an immense achieve-
ment. If he had known the size of the Earth he could have deduced the
absolute sizes of the Moon and the Sun. His results would have been gross-
ly erroneous, but the very fact of “measuring” those celestial bodies was in
his age astounding. It is possible, by the way, that he knew the size of the
Earth, that is, that he knew the approximation attained by Aristotle or
Dichaiarchos of Messina (IV-2 B.c.), according to whom the circumference
of the Earth measured 300,000 stadia,® but even if he possessed that knowl-
edge, he made no reference to it, and no use of it, in his treatise. The fact
remains that thanks to Aristotle, Dicaiarchos, and Aristarchos it was made
possible to measure the sizes and distances of the Sun and Moon; the ac-
tual numbers are less important than that possibility. It is as #f puny man
had reached those two luminaries of the day and the night

According to Archimédés, it would seem that one of Aristarchos’ wrong
assumptions, the most shocking, was corrected by himself later in life. In-
stead of assuming that the apparent diameter of the Sun and Moon is about
2% he declared it to be about 30, which comes much closer to the truth.
If so— and there is no reason for dishelieving Archimédés’ statement — we
may conclude that Aristarchos composed the treatise that has come down to
us when he was relatively young.

Let me repeat that that treatise is an important landmark in the his-
tory of science, not only because it explained how to measure the distances
and sizes of celestial bodies, but also because it was an anticipation of
triponometry.

And yet, however important we consider that treatise to be, it is less
important than another work by Aristarchos which remained unwritten
or, if it was written, was soon lost. We know it only through his younger
contemporary Archimédés.” It is best to quote Archimédés own words
in his Sand reckoner; a sensitive person cannot read them without emotion
when he remembers that they were written before 216 B.c.:

You® are aware that universe (cos-
mos) is the name given by most astron-
omers to the sphere whose center is the

center of the Earth, and whose radius
is equal to the distance between the
center of the Sun and the center of the

" Eratosthengs gave a better approxi-
mation, 252 000 stadia, but that was later.
Eratosthenes was born at the Hme of
Aristarchos” maturity,

*The ideas that we are poing to ex-

plzin now are not referred to in Aristarchos®
extant treatise, and this confirms ouor be-
lief that he wrote it early in life.

*“You" is Geldn 11, king of Syracuse,
who died before 216, Archimédis died in
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Earth. This is the common account as
you have heard from astronomers. But
‘Aristarchos of Samos brought out a
book consisting of some hypotheses,
wherein it appears, as a consequence of
assumptions made, that the [real] uni-
verse is many times greater than the
one just mentioned. His hypotheses are
that the fixed stars and the Sun remain
unmoved, that the Earth revolves about

57

the Sun in the circumference of a circle,
the Sun lying in the middle of the arhbit,
and that the sphere of the fixed stars,
situated about the same center as the
Sum, is so great that the circle in which
he supposes the Earth to revolve bears
such a proportion to the distance of the
Bxed stars as the center of the sphere
bears to its surface.

This is stupendous, and would be incredible if we had it from another
source, but we have no reason to doubt Archimedes, who was bom within
Aristarchos’ lifetime and might have known him personally. Moreover, why
would he invent such a statement? Or, if he had invented it, it would be

just as stupendous.

To put it in plainer words, Aristarchos of Samos had put the center of
the universe in the Sun (instead of the Earth) and assumed the daily ro-
tation of the Earth around its own axis and the yearly rotation of the
Earth around the Sun. All the planets circle around the Sun except the
Moan, which alone circles around the Earth. The stars are fixed and their
daily rotation is an illusion caused by the daily rotation of the Earth
around its own axis in an opposite direction. The sphere of the fixed stars
is so immense that the Earth’s whole orbit around the Sun is like a point
in comparison. The last hypothesis is the most astonishing of all, for it im-
plied an almost inconceivable expansion of the universe. It illustrated
Aristarchos’ boldness. Having placed the Sun in the center of the universe,
it was necessary to expand the latter immeasurably in order to account for
the absence of parallactic displacements of the stars in spite of the im-
mense size of the Earth's orbit. Aristarchos did not hesitate to accept this
almost absurd consequence of the heliocentric hypothesis. It takes some
effort of imagination to realize his boldness, however, because his universe

was reduced to nothing by Herschel

stellar astronomy of today.

and to infinitesimal smallness by the

Aristarchos had conceived what we call the Copernican universe, eight-
een centuries before Copernicus. The name that has been given to him in
modern times, “The Copernicus of Antiquity,” is fully deserved, because
Aristarchos’ other treatise (the one that was described above) proves that
he was a conscientious astronomer. His astronomical hypothesis was not a
wild one; it was justified by his experience. For example, having realized
that the Sun was enormously larger than the Earth, he found it difficult
to believe that the larger body was dominated by the smaller one. As 1o

212. The quotation s taken from the
Sand reckoner, Heiberg’s Greek-Latin edi-
tion, vol. 2 (1913}, ppe 216-219; Heath's

translation in his Works of Archimedes
{Cambridge, 1897). p. 221,
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the thousands of stars, why should they all turn around the Earth at an
immense distance and yet with the greatest regularity? Was it not simpler
to think that the Earth itself was rotating around its axis?

His hypothesis was extremely bold but not irresponsible. Moreover, it
was not entirely new. An older contemporary of his, Héracleidés of Pon-
tos (IV-2 B.c.), who lived just before him in Athens and whose memory
must have been green in the Academy, had invented a similar hypothesis
though a less complete one. Héracleides had postulated the daily rotation
of the Earth, and claimed that the inferior planets, Venus and Mercury,
rotate around the Sun and that the Sun, Moon, and other planets rotate
around the Earth. It was a kind of compromise between the geocentric
and heliocentric systems, a kind of anticipation of Tycho Brahe; yet it
would be less proper to call Héracleidés the Greek Tycho than Aristarchos
the Greek Copernicus.?

To complete our account of Aristarchos, he was also interested in physical
questions, as was natural enough for a disciple of Stratén, and wrote a
(lost) treatise on light, vision, and color. He devised a sun dial, called scaphé
(meaning a hollow vessel, a bowl) because it was not plane, as the common
dials were, but hemispherical, with a pointer where the radius would be;
the direction and height of the Sun could be read off by observing the
pointer’s shadow with reference to lines drawn on the surface of the cav-

ity. These are very minor achievements, however, as compared with those
already described.

The Aristarchian tradition. This tradition is exceptionally interesting; one
has to consider two separate traditions, the one concerning his extant
treatise, the other the heliocentric hypothesis.

Let us begin with the second. In spite of the fact that the ideas of Aris-
tarchos were almost certainly derived from those of Heéracleidés, and were
superior to them, the Heraclidean tradition was more popular and continu-
ous. It was revived by Thedn of Smyrna (II-1), but this ends the Creek
or scientific tradition. On the other hand, the Heraclidean views were
mentioned by Cicero (I-1 5.c.) and Vitruvius (I-2 B.c.), and this started
a Latin tradition exemplified by a remarkable group of writers, Chalcidius
(IV-1), Macrobius (V-1), and Martianus Capella (V-2). Gecheliocentric
views may be traced in the Hebrew writings of Abraham ben Ezra (XII-1)
and Moses of Leon (XII11-2) or whoever composed the Zohar, and in the
Latin ones of William of Conches (X1I-1), Bartholomew the Englishman
(XIII-1), the astrologer of Baldwin II of Cuuﬂm}f (XIII-2), and Pietro
d’Abano (XIV-1). The diffusion of those ideas was guaranteed by the early
printed editions of Bartholomew and Pietro. The popularity of the geohelio-
centric system was perhaps caused in part by the singular trajectories of the
inferior planets. The views of William of Conches were typical; he did not

* For explanation, see Volume 1, pp. 506-508.

-
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follow Héracleidés faithfully but assumed that the three orbits of the
Sun, Venus, and Mercury had nearly the same radius, their centers being at
short distances from each other and in line with the Earth.

The pure Aristarchian tradition was very different from the Heraclidean
one. It began ominously with the charge of impiety brought against Aris-
tarchos by his contemporary, Cleanthés of Assos (III-1 B.c.),® “for mov-
ing the hearth of the universe and trying to save the phenomena by the
assumption that the heaven is at rest, but that the Earth revolves in an
oblique orbit, while rotating around its own axis.” ' Vitruvius thought
highly of him, however, as one of the men who had an equally deep knowl-
edge of many branches of science. "Men of this type are rare,” wrote Vi-
truvius, “men such as were in times past Aristarchos of Samos, Philolacs
and Archytas of Tarentum, Apollonios of Perga, Eratosthenés of Cyréng,
Archimédés and Scopinas of Syracuse.” ' To return to men of science,
the heliocentric views were supported by Seleucos the Babylonian (II-1
B.c.) but soon after were rejected by Hipparchos (1I-2 s.c.). Hipparchos’
rejection was conclusive, because he was accepted as the test astrono-
mer of antiquity; it was confirmed and perpetuated by Ptolemy (II-1).
It does not seem that either Hipparchos or Ptolemy paid any attention to
Héracleidés, but they stopped the development of any system except the
geocentric one. After an interval of eighteen centuries, the heliocentric
views were reaffirmed by Copernicus (1543), who was well aware of the
efforts made by Philolaos (V Bc.), Hicetas (V B.c.), Ecphantos (IV-1
B.c.),!* Héracleidés, and Aristarchos; he was their conscious and careful

The Heraclidean tradition was of a more literary or philosophical kind;
it was almost exclusively Western, Latin and Hebrew. The Aristarchian one,
on the con , was more scientific and Oriental, Greco-Arabic; it was
defeated on purely technical grounds and was revived by Copernicus in
one of the greatest scientific books of the Renaissance (1543). Then it was

rejected a second time, for the best of technical reasons, by Tycho Brahe

“To be corect, Cleanthés did not
actually make that charge but said that it
ought to be made. Cleanthés was one of
the leading Stoics, head of the Stoa from
284 to 232, the year of his death. He
actoally wrote a tract against Aristarchos.
In their ethical zeal, the Stoics had re-
vived some af the antiscientific prejodices
of Socratés. Cleanthis’ hostility to Aris-
tarchos is revealed by Plutarch in De facie
in orbe lunoe (The face in the moon),
chap. 6.

# According to Thein of Smyma (TI-
1), a similar charge was made implicitly
g one Dercyllidas. See Eduard Hiller's

ion, Theonis Smyrnosi Exposifio rerum

mathematicarnm  ad  legendum.  Flatonem
utilium (Leipzig, 1878}, p. 200

B De ftectura, 1, 1; see also m, 8.
Vitruvius' selection &5 curious. All the men
mentioned are familiar to our readers, ex-
cept the last ome, Scopinas of Syracuse,
who is otherwise unknown.

1 have not spoken of these three in
order not to increase unnecessarily the com-
plexity of my story. Philolaos hailed from
South Italy and the two others from Syra-
cuse, hence they form an Ttalian or West-
em group; all were Pythagoreans. For more
information about them, see my Infroduc-
tion, vol 1, pp. 93, 84, 118, or wol 1,
PP 288, 290
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(1585); and it was finally established forever by Kepler (1609). The
triumph of the heliocentric theory was due to something that none of the
ancients, not even Apollonios, had ever thought of, or that they would
have excluded a priori—the replacement of circular orbits by elliptic
ones.
The distance in time between Héracleidés and Aristarchos, on the one
hand, and between Copernicus and Brahe, on the other, is about the same
(in bath groups, the younger was born at about the time of the older one’s
death ), but their sequence was reversed, the ancient Brahe preceding the
ancient Copernicus. This is easy to explain; the passage from Héracleidés
to Aristarchos was @ progress in abstraction, that from Copernicus to Brahe
one in precision.

The Aristarchian tradition concerning his extant treatise is a much simpler
one, being the tradition of a definite text. It was commented upon by
Pappos (I11-2), who insured its preservation by including it in “The little
astronomy.” This was a group of astronomical writings by Autolycos, Aris-
tarchos, Euclid, Apollénios, Archimédes, Hypsiclés, Menelaos, and Ptolemy,
which were transmitted together, being copied in the same rolls, and were
eventually translated together by Qusta ibn Laga (IX-2) of Ba'albek.
Qusti thus helped to create the Arabic equivalent of the “little astronomy,”
called Kitah al-mutawassitdt bain al-hondasa wal-hai'a, the middle books
between geometry and astronomy (in the course of time a number of
purely Arabic treatises were added to those which had been translated from
the Creek). The main student of the Mutawassitdt was eventually the
Persian Nasir al-din al-Tasi (XIII-2), who paid special attention to the
“Treatise on the sizes and distances of Sun and Moon”; I gather that he
prepared a new edition of it, probably with commentary.

Aristarchos’ treatise was included in a collection of many others, all in
Latin translation, edited by Giorgio Valla (d. 1499), printed in Venice in
1488 by Ant. de Strata, then again in the same city in 1498 by Bevilaqua
(Fig. 17)."* Another and more elaborate Latin edition of Aristarchos with
Pappos’ commentary was issued by Federico Commandino {Pesaro, 1572)
(Fig. 18). The Greek princeps (Fig. 19) was published only a century
later by John Wallis (Oxford: Sheldonian Theatre, 1688). Fortia d'Urban
published a Greek-Latin edition in Paris in 1810, and a French translation
in Paris in 1823. A German translation was given by A. Nokk (Freiburg i.B.,
1854) and a Greek-English edition by Sir Thomas Heath (Oxford: Claren—
don Press, 1913).

ARATOS OF 50LODI

In order to complete our account of astronomy in the early Hellenistic
days (III-1 B.c.), we must still speak of Aratos of Soloi (IH-1 Bc.), a

*Klebs mentions only the second edition (No. 1012.1), but T have made sure
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Fig. 17. First edition of the Latin transla-
tion of Aristarchos’ treatise on the sizes and
distanees of the Sun and Moon as it occurs
in the Collectio of Giorgio Valla of Pia-
cenza, who was its translator (Venice:
Bevilagua, 1498). [Courtesy of the Armed
Foreces Medical Library, Cleveland, Ohio.]
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ARISTARCHI

DE MAGNITVDINIBVS,

ET DISTANTIIS SOLIS,
ET LYMNAE LIFER

C¥FM PAPPI ALEXANDRINT
r:ﬂkﬂiﬂﬂﬁ'ﬂfﬂw.
A FEDERICO COMMANDINO

Vrbinate in latinum conuer(is, ac
commeatarijs illuftratus.

Cum Priuilegio Pome. Max, Imannes X,

e

PISAFRI, qun*{.'nlff-}'rmﬁm
MDD LXXI j

Fig- 18. First independent Latin edition
of the same Aristarchiun treatise. It was
prepared by Fedetico Commandino (4 pp.
plus 38 leaves; Pesaro Camillus Francis-
chinus, 1572). [Courtesy of Harvard Col-
lege Library.]

didactic poet, in spite of the fact that he flourished not in Alexandria, but
in Cilicia and Macedonia, and was not an astronomer in the same sense as
Aristarchos; his kind of knowledge was much closer to folklore and there-

fore very popular.

But first let us get acquahted with him. He was bom in Soloi,'® toward

the end of the fourth century,

perhaps as early as 315, and studied in

Ephesos '* and Athens. He was associated as disciple, anditor {acustés),

that the former is mot a ghost. This was
the Brst time I discovered an omission in
Klehss excellent list.

B Goloi in Cilicia on the sooth coast of
Anatolia, just north of Cypros. Soloi was
the birthplace also of rysippos (111-2
8.c.}, head of the Ston, 233 208: “Without

Chrysippos no Stoa.” Soloi was rebuilt by
Pompey the Great, ¢ 67 ».c., and then
called Pompeiopalis.

= What !cir-cir::cf education would he re-
ceive in Ephesos? We may assume thut
philosophers and  scholars had been at-
tracted to the temple of Artemis and would



82 THE THIRD CENTURY

APISTAPXOY ZAMIOY
Tich pefn § S B o Sontdo,
BIBAION
HAIMIOY AAEZANAPEQX
Ti ¢ Suvaguyss BIBAIOT B

AmrsTme e

ARISTARCHI SAMII
e Magairodinibas & Diftantiis Solis & Lans,
LIBER

Wans prtmum Grace efitns cxm Federicl Com-
trandird werfiae Latina, noti; illine & Editers,

PAPPI ALEXANDRINI

SEcunpi LIBRI
Matuematict CoLLECTIO NI,

Fragmentum,
Haftenus Defiderarum.
E Codice M5, edidit, Latnam freie,
h"mffn .r"llﬁra:.';
EGHJH NESWALLIS 5.T.D. Geomerpix

Frofelor Savilianus 5 80 Besals Sacierada
Loadini , Sedalis.

gXxo nNl1liE,
ETr-aTho SUCLDORIARD,
265H.
Fig. 19, Princeps of Aristarches with Com-
mandino’s Latin translation and Pappos’
commentary, by John Wallis (1616-1703).
{Cnford: Sheldonian  Theatre,  1688.)
[Courtesy of Harvard College Library.]

or friend with many philosophers, the
best known of them being the Stoic
Zénon of Cition (IV-2 B.c). Two
E were his contemporaries,
%fznmp‘otz?uf Syracuse and Callima-
chos; ' he may have met the former
in Cos and certainly became ac-
quainted with the latter in Athens.
He was called to the court of Antig-
onos Gonatas (king of Macedonia
from c. 283 to 239) at Pella, and it
was there that he wrote the Phai-
nomena, c. 275. In the following year,
97473, Macedonia was invaded by
Pyrrhos (king of Epeiros) and Antig-
onos was defeated and dethroned.
Aratos took refuge at the court of
Antiochos 1 Sotér, son of Seleucos, in
Syria, and it was there that he com-
pleted his edition of the Odyssey. As
soon as Pyrrhos died (272) and An-
tigonos was reéstablished, Aratos re-
turned to the Macedonian court at
Pella and died there before Antigonos
(the latter died in 239). Aratos was a
very learned man and wrote many
books but his astronomical poems are
the only ones which are extant.
There are two such poems, the
Phainomene and the Diosémeia
{weather forecasts), the first derived

from Eudoxos of Cnidos (IV-1 8.c.), the second, largely derived from Theo-
phrastos of Eresos (IV-2 s.c.). The Phainomena describes the northern con-
stellations and the Zodiac; he begins with the North Pole and the Bears and
then proceeds southward, then returns to the Bears and works down again
to the Zodiac. He deals altogether with thirty northern constellations and with

enjoy teaching young men. There might
ko be some kind of public education. We
do not know much aEaut that in Ephesos,
but we have an extraordinary docoment
concerning public education at the same
time [111-1 5.} in Teds, a city not very
fur from Ephesos to the northwest of it, at
the seashore. You can read an English ver-
sion of it in G. W. Botsford and E. G.

Sihler, Hellenic civilisation (New Yok,
lQlﬂ},ﬂ{Pp. 500-601. Teds was the birth-
place of Anacrefn, a famous lyric poet of
the VI/V cent.

= Theocritos of Syracuse, the founder of
idyllic poetry, visited Alexandria c. 285
Callimachos of Cyréng was head of the
Alexandrian library from ¢ 260 to 240. We
shall come back to both further on.

Y
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Rfteen more south of the Ecliptic; these descriptions are combined with
references. After a brief allusion to the five planets, which he
Joes not name, he discusses five circles of the celestial sphere, to wit, the
, the Tropic of Cancer, the Tropic of Capricorn, the Equator, and the
Zodiac. The end of the work (1. 558-732) is devoted to the risings and settings
of stars (synanatolai, enticatadyseis), that is, what stars rise with a given
zodiacal sign, or set when the zodiacal sign is rising.'®
The description of the constellations was the kind of astronomy that con-
cerned everybody. It is still popular today and many simple people Jmow
of no other; they believe that the ability to recognize the constellations and
to give them their proper names is the alpha and omega of astronomy.
Yet we would not call them astronomers, any more than we would dignify
with the title of botanist the people who can name every plant but have
no knowledge of plant life. If the description of constellations is still popu-
lar today, we can hardly imagine what it was in ancient times. In the
first place, the majority of the people saw the stars every night, while
the circumstances of city life hardly give us the opportunity of being familiar
with them. Moreover, the astral religion, which every one accepted, at least
to some extent, gave to the constellations an awful meaning. Each was god-
like. The study of heaven's luminaries was not simply astronomy, it was a
survey of mythology, it was theology and religion. What a beautiful illu-
sion that was! Think of it, the book of religion, the eternal Bible, was opened
every night in the sky to everybody who cared to read it.
This state of mind justifies the sacred exordium to Aratos’ poem “Ec
Dios archimestha™
From Zeus let us begin; him do we the havens thereof; always we all have
mortals never leave unnamed; full of need of Zeus. For we are also his off-
Zeus are all the streets and all the mar-  spring.
ket-places of men; full is the sea and

This is Mair’s literal and accurate translation of lines 1-5, the Greek of
which can be read in our facsimile of the princeps, or consider Sir D'Arcy
Thompson's paraphrase:

Let us call upon Ged in the begin- and all the marts of men; the sea also
ning; let us praise His name for ever and its havens are full of His glory.
and ever. All the streets of the cities Every man hath need of Him in all
are Blled with the presence of the Lord things, for we are also His offspring.

The last words are taken from the Acts of the Apostles (17:28), and that
is not as arbitrary as it might seem, but on the contrary was a definite al-
lusion of St. Paul's to Aratos. “For in Him we live, and move, and have our
being, as certain also of your own poets have said, For we are also his off-
spring.” The two poets whom St. Paul had in mind were the Stoic Cleantheés
of Assos (I1I-1 n.c.) and Aratos.!

“Thisiswrﬂerp]alnaﬂ G. B. Mair phrnfgﬂmtm{{:nmh-idge, 1921), p. 377.
h:the[nebadiﬁmyﬂamﬁchm,l.ym 'Tbismppmci‘wnmﬂwsshmihtm
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This Semitic beginning of a Greek poem is not unnatural. Aratos was born
and educated in Western Asia: he had obtained some of his astronomical
knowledge, whether directly or indirectly, from Babylonian sources; he
must have come across many Orientals; T would not go so far, however, as to
suggest that he had heard of the Psalms. That was not necessary; the author
of the Psalms, Cleanthés in his hymn to Zeus, and Aratos in his description
of the glories of heaven were using similar sources, the main one of which
was the religions emotion raised by the contemplation of the starry
heavens,*®

The Phainomena covers 730 lines, the Weather forecasts, 422. Tt is hardly
necessary to point out the interest of the latter poem to every man, and
especially to every farmer. The metrical form crystallized every bit of
weather folklore and facilitated its remembrance. In the same way, the
relative positions of the constellations were engraved in the minds of men
by haunting verses.

It is hardly possible to exaggerate the importance of didactic poetry for
popular education before the age of printing. Such poetry had existed in
ancient Greece long before the time of Aratos — think of Hasiodos (VIII
B.C. ] — but Aratos revived it and his poems were the most popular of their
kind in Roman days. We shall come back to that presently; let me first
remark that didactic poems continued to be written during the Renaissance
and later until our own times, but they became less and less necessary and
more and more artificial. The history of modern Latin literature records
many of them, such as Syphilis by Girolamo Fracastoro (Verona, 1530), the
Anti-Lucretius of Melchior Cardinal de Polignac (Paris, 1747). Some such
poems were also published in vernaculars, for example, the Sgisons of Jean
Francois de Saint Lambert (Paris, 1769), and, to mention one of the most
recent, The Torch-Bearers of Alfred Noyes (Edinburgh, 1922); only one
volume of Noyes's poem has appeared, dealing with the history of astron-
omy from Copernicus to Sir John Herschel. This is history, history of science,
and therefore more humane than astronomy itself, yet I do not see the ad-
vantage of forcing that account into a metrical yoke. Such restriction is
illogical, irrelevant, and retrogressive,

The composition of such poems was a necessity in ancient times; it is
today a preposterous waste of intellectual effart, A scientific poem is gen-
erally poor science and poor poetry.

The Aratian tradition. Aratos’ poem seems to have pleased leamed people,
mathematicians and astronomers, as much as it pleased the literary ones.

attention hr_'r_m old friend, D'Arcy W.  (London: Owford University Press, 1940)
n'l'?mpaan. in his delightful address to the  [luis 33, 289 (1641-42)}1, pp.. 79-113.
Chssical Association of Scotland af St * Compare with Kant's famous state-
Andrews, 1935, “Astronomy in the clas- ment in his Kritik der praktischen Ver-
sics,” reprinted in Seience and the clossics nunft (Higa, 1788): “Zwei Dinge erfillen

~5
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Various commentaries were soon devoted to it, the most authoritative being

that of Hipparchos (I1-2 m.c.). Hipparchos’ concern was the greatest
homage that could be paid to Aratos, By a strange fluke, his commentary
is the only work of his that has come down to us. Would that we had his
own astronomical treatise instead of it! As the Phainomena of Eudoxos of
Cnidos was available to him, he was aware that Aratos had simply versi-
fied Eudoxos' prose and he compared the two texts. Aratos’ poem repro-
duced some of Eudoxos’ mistakes and added new onmes; its popularity
dangerously increased the currency of those errors. This awakened the

solicitude of the great astronomer. Let us quote his own words:

Several other writers have compiled
commentaries upon the Phaoinomena of
Armatos, but the most careful exposition
of them is that of Attalos, the mathe-
matician of our own time™ Now the
explanation of the meaning of the poem
I do not regard as requiring great
range; for the poet is simple and con-
cise, and also easily to be understood
even by readers who are only moder-
ately informed. But to be able to dis-
tinguish in reading what he says about
the heavenly bodies, which of his state-
ments are consistent with the observed
phenomena and which are erroneous,
may well be considered to be a most
useful accomplishment and one -
cially appropriate to a trained mathe-
matician.

Observing, then, that in very many
of the most useful details Aratos is not
in hgﬁgreemenl with the phenomena
which really cecur, but that in almost
all of those points not only the other

commentators but Attalos also agrees
with him, I have determined in view
of your® enthusiasm for leamning and
looking to the benefit of all, to set out
the details which seem to me to have
heen incorrectly given. I proposed to
myself this task, not because I was
desirous of getting credit for myself out
of criticism of others (this would in-
deed be a vain and ungenerous motive;
I hold on the contrary that we should
be grateful to all and sundry who
undertake laborious personal work for
the common benefit of all), but in order
that neither you nor any other enthusi-
asts for learning should Fail to get the
true view of the phenomena occurring
in the universe, as is naturally the case
with many persons nowadays; for the
charm of poetry invests its content with
a certain plausibility, and almost all
who expound this particular poet asso-
ciate themselves with his statements™

This longish quotation has been given because it shows that Hipparchos
was not a vainglorious scholar, but a truth-loving one, a good as well as a

t man.

After Hipparchos, the Greek tradition petered out. There was a com-

das Gemiith mit immer nener und zuneh-
mender Bewunderung und Ehrfurcht, je
dfter und anhaltender stch das Nachdenken
damit beschiiftigt: der bestimte Hirumel
ither mir und das moralische Gesetz in
mir.”

% This Attalos is  otherwise unknown
which is strange for one called by Hip-
parchos “the mathematician of our time”

{Attalos ho cath” émas mathématicos).

=“You" s Hipparchos' friend, Aisch-
ridn, to whom his k was a

= Hipparchi in Arati &t Eudosi Phae-
nomend libri tres, T, 1, 3-8, pp- 47 in Karl
Maniting’ Greek-German ecfitiun {Leipzi
1894). English version by T. L. Heath,
Greck wstronomy (Londen, 1832), p. 118
[Isis 22, 585 (1834-35)].
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mentary by Achilleus Tatios (III-1), and some scholia are ascribed to
Théon of Alexandria (IV-2).

The lasting tradition was not Greek but Latin, this being due mainly to
Cicero (I-1 B.c.), who translated the Phainomena; much of that transla-
tion (475 verses) is extant. Virgil (I-2 8.c,) was influenced by Aratos in
the writing of his Georgica. Ovid (43 Bc—ap, 17) wrote of him an ex-
travagant eulogy, “Aratos will live ae long as the Sun and the Moon” (cum
sole et luna semper Aratus erit). New translations were prepared by the
Roman general Germanicus Caesar (15 B.c—ap. 19) and by Avienus (IV-
2). Thus, the Latin Middle Ages were well acquainted with him.

Aratos” popularity is proved by the incunabula: three in Latin, one in
Creekl The first two date from 1474, the one by an anonymous printer in
Brescia, the other, together with the second edition of the Astronomicon
of Manilius (I-1), by Rugierus and Bertochus in Bologna. The third was
Avienus” translation printed by Strata (Venice, 1488). The fourth was in
the collection Scriptores astronomici veteres, by Manutius (Venice, 1499)
(Fig. 20). This fourth edition includes three different Latin translations plus
the Greek text, and also Thedn's scholia,

Klebs, Nos. 77.1, 6612, 1371, Immanuel Bekker, Aratus cum
4051, scholiis (Berlin, 1828); Emst Maass
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Arati Phaenomena (Berlin, 1883);
Commentariorum in Aratum reliquiae
(822 ;: Berlin, 1898).

Karl Manitius, Hipparchi in Arati ef
Eudori commentaria (410 pp.; Leip-
zig, 1894), Greek and German.

Of the English translations it will
suffice to mention that of the Phae-
nomena by G. R. Mair included in the

67

edition of Callimachos and Lycophron
by A. W. Mair (Loeb Classical Library,
London, 1921), with Creek text on
opposite pages. For the Weather fore-
casts see the verse translation by Ed-
ward Poste (London, 1880) or the
literal one by C. Leeson Prince (Lewes,
1895).

Aratos’ poem might be called a treatise of astronomical mythology, but

it would be confusing to call it astrological.

There was already much as-

trology at the beginning of the Hellenistic age, but that concerned religion
rather than science and will be discussed briefly in Chapters XI and XIX.
Aratos’ purpose was descriptive and didactic; he did not try to explain any
form of divination, except the short-range weather signs that the farmers of

every land cannot help interpreting.

The astronomical investigations of mathematicians such as Archimédes,
Conén, Apollonios, Eratosthenés will be described in Chapters V and VI,
and Chaldean and Egyptian astronomy in Chapter XIX.
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ARCHIMEDES AND APOLLONIOS

P tolemaic Egypt was the main center of Greek scif:nne,'but by
no means the only one; wherever Greek colonies were established lfl_ﬁsla,
in the islands, or in Magna Graecia,! there were definite possibilities of
scientific advance. We shall come across many examples of this, the out-
standing one in the third century being that of Archimédés of Syracuse, It
is out of the question in this book to describe, even briefly, the vicissitudes of
palitics and war, but the historian of science must explain how it happened
that great men of science did their work in one place rather than another,
and why science grew up in this or that environment. It never grew up,
we should remember, in a vacuum,

Now, in order to account for the occurrence of Archimédés in Sicily,
We must give a summary of past events. It has been set forth in Vohmme 12
that the main tensions in the Mediterranean Sea from the twelfth century
on were caused by the incessant conflicts between the Greek colonies on
one hand and the Phoenician on the other. From the sixth century on,

They established new colonies of their own in Africa, Sicily, and Sardinia.
During three centuries, Greeks fought the Cnﬂhagjn_f,ans for the posses-
sion of Sicily, then the conflict was taken over by the Romans. At the end
of the First Punic War (264-241), the Carthaginians had conquered Spain
but Tost Sicily to the Romans? During the Second Punic W' (218-201),

* For a definition of Magna Graecia, see *More exactly, western Sicily, which

Yolume 1, p. 199, was constituted as the firet Provinee of
*Pages 108-109, 293 For 5 map of the  Rome in 227. Fastern Sicily remained up.
settlements about the Mediter-  der the control of Hierdn of § , who

rmman,seep.lm. wun&iem.lmdallyufthn . The
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the battles took place in Spain, Italy and Sicily. One of the events was the
reduction of Syracuse by the Romans in 2124

Syracuse was founded eighty years later than Carthage, in 734, on the
southeast coast of Sicily. Thanks to its magnificent location and to the genius
of its Corinthian founders, it soon became the most important city not only

of Sicily but of the whole of Magna
Carthage and the perils of war caused

Craecia. It was bound to antagonize

the establishment of a dictatorship

from 485 on. In 480 (the year of Salamis!) the tyrant Gelon defeated at
Himera the Carthaginians wha had invaded Sicily. His brother and successor

Hierdn increased the Syracusan empire

and made of this capital one aof the

leading centers of Hellenism. He was a friend of letters and patronized
Pindaros and Aischylos. This golden age ended with his death in 467,
yet one of the most glorions events of the city was the utter defeat of the
‘Athenian expedition in 413 (this was described by Thucydidés in a mas-
terly fashion). The struggle between Syracuse and Carthage continued un-

til the Romans, taking advantage of a

and took it in 212.*

pro-Roman party, besieged the city

The two preceding paragraphs end with the year 212, which is the node
as far as our own narrative is concerned.

As to their spiritual glories, Carthage was the starting point at the be-
ginning of the fifth century of the bold navigations of Hannon and Himil-
con, and Heérillos of Carthage, disciple of Zeénon of Cition (IV-2 BC.),
was the founder of a Stoic sect. Syracuse was the home of two famous as-
tronomers, Hicetas (V p.c.) and Ecphantos (Iv-1 B.c.), of the great poet
Theocritos (c. 310-250) and of his younger contemporiry, Archimédés

(12 B.C.)-

ARCHIMEDES OF SYRACUSE

When the Roman general Marcellus

besieged Syracuse, the difficulty of

his task was greatly increased by the resourcefulness of an engineer named
Archimadés, who was killed during the sack of the city in 212. According
to the legend, Archimédés had invented various machines for defensive

whole of the Hispanic peninsula, rxm[))l
the northern part {above lat. 41° and 427},
was an intrinsic part of the Carthaginian
empire from 450 to 201 =.C.

* For readers who wish to know the
sequel of Carthage’s history, the few fol-
lowing data are given. The third and last
Punic War (149-146) ended with the
utter destruction of Carthage by Seipio
Amnilianus.Thcsibewmugucdtube
abandoned, however; it was colonized by
Caesar and by Augustus and soon gave
mmmtnm:ufthemninciﬁnsufthe
Roman em In 439, Carthage was cap-
tured by the Vandals and was their capital

umiil 533, when Belisarios won it hack for
the Byzantine em ire; i 698, it was taken
by the Arubs. St, Lonis died there in 1270
during the eighth and last Crusade, the
one undertaken by himself,

® Main Facts in the later history of Sym-
ense: After 212, the whole of Sicily be-
came a Roman province and Syracuse was
the capital of the eastern half. Settlers were
sent to Syracuse by Augustus in 2l noc
In anp. 280, Symcuse umm:‘p'lunﬂ:ernd by
the Franks. [t was conquered by Belisarios
in 535, by the Arabs in 878, and by the
Normans in 1085.




70 THE THIRD CENTURY

purposes, catapults, ingenious hooks, and also concave mirrors by means
tfwhiehhedﬂﬁemdgtiﬂmrays and set the Roman ships on fire. The
story is told that a Roman soldier came upon him while he was absorbed
in the contemplation of geometric figures drawn up on the earth. Archi-
medes shouted, “Keep off,” and the soldier killed him. The acconnt of the
inventions by which he tried to save his native city fired the imagination
of people not only during ancient and medieval times but even as late as
the eighteenth century, and he was generally thought of as a mechanical
wizard. For example, Gianello della Torre, clockmaker to Charles Quint,
was called “the second Archimédés” and as late as the eighteenth century,
the inventor, Christopher Polhem, was called “the Swedish Archimadas”
That is as silly as if we were to call Edison “the American Archimadés.”
The absurdity of such nicknames is obvious as soon as one realizes that
Archimédes, though he may have invented various machines and gadgets
was primarily a mathematician, the greatest of antiquity and one of the
very greatest of all times.

Plutarch had already remarked that Archimédés himself did not think
much of his practical inventions.

“although they had obtained for him every sort of art which is directed to
the reputation of more than human use and profit, he placed his whaole
um. he did not deign to leave ambition in those ations the
be him any written work on such beauty and subtlety of which are un-
m. but, regarding as ignoble and  tainted by any admixture of the com-

i ﬂmhusimscﬁm ics and mon needs of life”

Plutarch’s suggestion is plausible, and it is typically Greek. Yet, it is cer-
tain that Archimédas’ fame was based for many centuries not upon the
immortal achievements explained in his own works but upon the legends
that clustered around his name. These legends had a core of truth; he
did invent machines, such as compound pulleys, an endless serew, a hy-
draulic screw, an orrery, burning mirrors, but these activities were secondary

The only fact of his life that can be dated with certainty is his death
during the sack of Syracuse in 212. As he was said to be 75 years old in that
year, that places his birth c. 287, He was the son of the astronomer Pheidias;

his early interest in astronomy and mathematics was thus natural enough.
He was a kinsman and friend of Hierdn II, king of Syracuse, and of

* Christopher Polhem (1661-1751), for madas had prepared for Kin Hieron offen-
wﬁmnmhﬂﬂ,ﬂﬁilgﬁﬂj. sive and defensive mginﬁgimm}rkiuds.
pm;mb,mm Em% HIMUEE“ by For the stories concerning his death, zee

vivid I)r . 487, Mar Claydis Marcellizs the
that Archimédés took in the ﬂﬂf&nﬂm;: 3 — :

Emdthatnamn}wasumﬂﬂmmgmuﬂ
Syracuse  ( Plutarch’s Lices, Loeb Classi- whao besieged and took Syracuse; he died
cal Library, wol. 5, pp. 469-479). Archi- in 208,
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115 According to Dioddros of Sicily
(I-2 B.c.), he spent some time in Egypt and that is very plausible. Alex-

andria was then the center of the scientific world; Archimédés had no equal
in Syracuse, and he would naturally wish to visit the Museum and exchange
views with the great mathematicians who were fourishing in its neighbor-

hood. It was very probably

in Alexandria that he became acquainted with
Conon of Samos (I111-2 B.c.), the latter’s pupil, Dasitheos of Pélusion, and
Eratosthenés.? It was during his stay in
hydraulic screw (“Archimedés’ screw
lived mostly in Syracuse, he helps to

Alexaxndria that he invented his

). Though we may assume that he
illustrate the prestige of the Museum.

One more story. Archimédés requested his friends to engrave & mathe-.
matical diagram on his tombstone. The diagram (or was it a tridimensional
model?) represented a cylinder circumscribing a sphere.’* We know this

through Cicero, who, when he was quaestor
covered Archimédés’ tomb in a ruined state, restored

of Sicily in 73 BC, dis-
it, and described it

The tomb has disappeared and its exact location is unknown.

Now that we know the man Archimédés as much as is possible, let us
consider the extant works that have immortalized him.

Archimadés lacked the encyclopedic tendencies of Euclid, who tried to
cover the whole field of geometry; he was, on the contrary, a writer of mono-
graphs of limited scope, but his treatment of any subject was masterly in its

order and clearness.

As Plutarch remarked in his life of Marcellus, “It is

not possible to find in geometry more difficult and troublesome questions
or proofs set out in simpler and clearer propositions.” That is well put. Until
1907, one might have added that Archimédas did not indicate how he made

*This is chronologically pessible be-
cause Hieran I1 died in 216 at the age of
92. Geldn 11, appointed king by his father,
died before him. It is mevertheless diffi-
calt to understand his friendship because
Hicrin was the ally of the Romans in
thtS-ecun.dP\mi«chJandremaﬁ}edlo{’al
ta them. According to one Moschidn, Archi-
mides built o ship for Hierdn; Moschifn's
elaborate description of it was preserved
by Athénaios of Naucratis, V, 40-44. The
text is o very interesting document for the
history of Hellenistic technology (see
Cha VII).

*He dedicated ane of his boaks to King
Celin, two to Eratosthenés, and no less
than four to Désitheos. These four treatisss
constitute more than T0 percent of the total
of his extant writings. We may thus say
that Dositheos of Pélusion was his best
friend. Pelusion is near the scashore, east of
the Suez Canal; it was the eastern key to
Egypt. It is probably identical with Sin

(Ezekiel 30:15, 18).

# The socalled Archimedean screw is &
strin bent spirally around an inclined axis
mfmm:s in a hollow n cylinder.
The lower end of the cylinder dipped in
water and when it was rotated raised the
water up (o a hjﬁ-l:r level. The device is
not described in the Archimedean writings
which have come down to us, but that does
not prove that he did not invent it. Such
inventions were often realized without be-
ing explained in a literary way.

# Archimédés had established the ratio
of their volmmes and surfaces (3:2). The

f is given in his treatise On the sphere

and cylinder and alkn in his Method.
 Ciern, Tusculangrum disputationzm,
of the relevant
of ancient and
the Renaissance
: University of

v, 23; English translation
lext in my Appreciation
medieval sclence duri

(1450-1800) { Philadelphi
Pennsylvania, 1955), p- 214.

e —
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his discoveries but explained them in the most dogmatic manner, caring only
for order, rigor, and simplicity. We could not say that any more because
in that year Heiberg published the lost Method, wherein Archimédes told us
some of his secrets. We shall come back to that presently.

A dozen works have come down to us, which we shall examine briefly,

adding for each of them a few remarks that will interest every educated
reader, but of necessity leaving out technical details that the nonmathe-
matician could not appreciate even at the cost of tedious explanations. As
Archimédés was primarily a geometer, we shall examine first his geometric
works, then the others dealing with arithmetic, mechanics, astronomy, and
optics.
Geometry. The longest of all Archimédés’ writings is a treatise On the
sphere and cylinder in two books, the Greek text of which covers (in Hei-
berg’s edition} not more than 114 pages. In that treatise he proves a num-
ber of propositions, such as the one to which he himself attached so much
value that he ordered the diagram relative to it to be engraved on his
tombstone, and also the one which every schoolboy knows, that the area
of the surface of a sphere is four times that of one of its great circles (4= r2).
We gather from his Method that he had calenlated the volume of the
sphere (%4 v r*) before its surface, and deduced the latter from the former,
but in his exposition the order was reversed. The treatise begins in Euclidean
fashion with definitions and assumptions. For the determination of surfaces
and volumes, he uses the method of exhaustion, very skillfully and rigorous-
ly. He solved ** the problem, “To divide a sphere by a plane into segments
the volumes of which are in a given ratio,” and similar ones.

His second treatise in order of length (100 pages in Greek) is the one on
Conoids and spheroids, dealing with paraboloids and hyperboloids of revo-
lution and the solids formed by the revolution of ellipses about their major
or minor axis. The third (60 pages) is devoted to Spirals. This third treatise
summarizes the main results of the two preceding ones and hence is also
the third in chronologic order. The spiral he dealt with is the one that is
called to this day the “Archimedean spiral” and which he defined as fol-
lows: “If a straight line of which one extremity remains fixed be made to
revalve at a uniform rate in a plane until it returns to the position from
which it started, and if, at the same time as the straight line revolves, a
point moves at a uniform rate along the straight line, starting from the
fixed extremity, the point will describe a spiral in the plane.” !* That clear
definition would still be used today and would lead to the equation r=a#f,
wherein a is a constant. (There are, of course, no equations in Archimédés,
nor in any other ancient text; our equations hardly date back to the second

®More exactly, he reduced the prob-  solved the equation means of the in-

lem to a cubic equation, which he did not  temsections of Tecty
solve in that treatise. In a fragment known hvr;:riml:. AR e

to his commentator, Eutocios (VI-1), he  “ The definition occurs at the beginning
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finds varions areas bounded by it
cy of its subnormal ( =a). His ability

half of the sixteenth century.) He
nndwhatwewou!dm]lﬂmmmn

T3

to obtain those results without our analytical facilities is almost uncanny.

His fourth treatise, on the Quadrature of the parabola, is much shorter
(27 pages), but deals with a single problem.

These four geometric treatises were all dedicated to his friend, Dasitheos
of Pélusion, who is immortalized by them; they constitute the main bulk of
Archimédas’ available works. His other geometric treatises are much shorter
and less important. There is first the Liber assumptorum ( Book of lemmas),

lost in Greek but known in a Latin translation from the Arabic,

concerned

with special diagrams, such as the arbélos (or shoemaker's knife ). The arbé-
los is bounded by three half circles whose diameters AC, AB, BC are collinear
and coterminous (Fig. 22). The area of the circle whose diameter BD is
pcr‘peudicu.'[artﬂthﬁeisa{ual to the area included between the three

semicircles.

The Measurement of the circle (perhaps 2 fragment of a larger treatise )

Jeads to a good approximation of =, namely, 3% >

. > 3104, (3142 > =

~ 3.141). Archimédés had obtained that result by comparing the areas of
two regular polygons of 96 sides, inscribed in and circumscribed about the

same circle. It is
for example,

difficult to know how he arrived at his approximations,

1t may have been derived from the so-called Heronian formula,

= b
o1

{\;’{u*'xh}{ad:i%,

where a® is the pearest square number to the number whose root is desired.

In this case, /3 = V/(4 — 1), that is,

a=2bh=1L1

The Stomachion (or loculus Archimedius), another fragment, is a kind

of geometric puzzle, somewhat like the Chinese tangram
The problem that it treats is to divide a parallelogram into 14

mitted to various relations.

According to Pappos,'” Archimédés

of the treatise De lineis spiralibus. See
Fig. 21. The spiml is enerated by the
point A, if the di -a:é.lt.—-r}andthn
angle # incresse at a uniform rale. The
Archimedian spiral is the simplest of a
family of plane curves: r= = &~ 8.

# Papnas, Synogdgs, ¥, prop- 19; Creek
ition Ty Friedsich Ftsch (Berlin,
1876), (vol. 1, pp. 351-361); French
transistion by Paul Ver Eecke (Bruges,
1933), pp. 272-277.

but more complex.
parts sub-

had described 13 semiregular poly-

0 Bl

Fig. 21. The spiral of Archimedes.
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Fig. 22, Diagram of the arbélos.

hedra, that is, polyhedra the faces of which are equilateral and equiangular
but not similar. For example, one of them is an octahedron made of 4
triangles and 4 hexagons. The thirteenth and most complicated of these
Archimedean polyhedra is one made of 92 faces, of which 80 are triangles
and 12 are pentagonms; it is a “snub dodecahedron,” each solid angle of
which is formed by 4 triangles surrounding one pentagon.

A study of his on the Regular heptagon, lost in Greek, was translated
into Arabic by Thabit ibn Qurra (1X-2). Carl Schoy found an Arabic manu-
script of it in Cairo and revealed it to the Western public in a German
tramslation in 1926.%¢

This enumeration is more than sufficient to reveal the incredible depth
and ingenuity of Archimédés’ geometric thought. Not only did he ask ques-
tions that were original and obtain results that were almost unthinkable
in his time, but he used methods that were rigorous and unique. For
example, he accomplished quadratures of curvilinear plane figures and the
quadrature and cubature of curved surfaces. By means of a method '7
equivalent to integration, he measured the areas of parabolic segments and
of spirals, the volumes of spheres, segments of spheres, and of segments
of other solids of the second degree. This cannot be explained here and
now; the best way to appreciate these methods is to study his own work in
the Heiberg edition or in Heath’s translation. It is foolish to speak of him
as a forerunner of the inventors of analytic geometry and of the integral
calculus, but the very fact that such claims could have been made for him
is highly significant. When one bears in mind that he had formulated and

¥ Carl Schoy, "Graeco-Arabische Stu- of integration but invented with t

di.l:l':;" Illi! 8, 2140 (1926). ingenuity a special way of solving g;ul;h

It is perhaps misleading to vse the problem. Each solution’ was rigorous but
ward “method.” He had no general method inapplicable to other problems.
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solved a good many abstruse problems without having any of the analytic
instruments that we have, his genius fills us with awe.

Arithmetic. Archimédés’ work in arithmetic and algebra was less bulky and
less original. Was he at all acquainted with Babylonian methods, I
wonder? ¥ He might have heard of them during his stay in Alexandria; it
would not have been necessary for him to hear much, the most meager
suggestion would suffice to excite his mind, At any rate, it is not possible
to recognize definitely Babylonian elements in his works.

Archimédés had been impressed by the inherent weakness of the Greek
numerical system, whether it be expressed with words or with symbols.
That weakness is one of the paradoxes of Greek culture; the leading
mathematicians of antiquity had to be satisfied with the worst numerical
system, the very basis of which was hidden by inadequate symbals.'* His
own genius was wanting in this case, for instead of inventing a better
system (that was the true solution), he tried to justify Greek numerals by
showing that they were sufficient to designate the very largest numbers.*
Of course, every number system, however poar, could be jusﬁﬁed in the
same manner. He explained his views ad hoc in a treatise entitled Archai
(Principles) or Catonomaxis ton arithmin (Naming of numbers), which he
dedicated to one Zeuxippos. That treatise is lost, but another has come
down to us, the Psammités ** ( Arenarius, Sand reckoner), dedicated to King
Gelon, wherein an extremely large number is introduced in a very original
way. “How many grains of sand could the whale universe hold?” It is clear
that that guestion is double, for one must first determine the size of the
universe; this being done, if one knows how many grains are contained in
a unit of space it is easy o calculate how many the whole universe will
he able to hold. It is easy provided we have the necessary number words.
In the decimal system, the question would not arise, because if one under-
stands the meaning of 10°, 10%, 10%, there is no difficulty in understanding
107, irrespective of the size of n. Archimédés’ solution was more com-
plicated. The numbers from 1 to 100 million (10%) formed his first order,
those from 10* to 10'® the second order, and so on; those of the 100-millionth
order ending with the number 10*12*. All of these numbers form the first
period; a second period may be defined in the same way, also a third, and
so on up to the 10°th period, ending with the number (10%1%)1%. The
decimal expression of the last number of the 10°th period would be 1 fol-
lowed by 80,000 million million zeros. The number of grains of sand in the
universe is relatively small, less than 1072,

= Vohmme 1, pp. 74, 118. English metrology.

® Vphme 1, pp. 206-209. The Greek hWe have abeady spoken of the
system of mumbers was as bad as the Prammités or Sand reckoner, which is of
Semitic systems { Hehrew or Arahic). very great importance because it is o 0t

= He reminds us of English mathemati- alone thet we owe our knowledge of the
cians trying to justify the absurdities of  heliocentric theary af Aristarchos of Samos.
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This aspect of Archimédés’ genius is curious; instead of thinking out a
numerical system that would be of use in practical life, he indulged in the
conception of immense numbers — a conception that is philosophical rather
than purely mathematical. Tt reminds us of the fancies of Buddhist cos-
mologists who were tormented by visions of infinity; they defined numbers
{not as large as the Archimedean) and named units of increasing decimal
order, up to 10°, and they invented an immense period of time, mahdkalpa,
long enough for the whole drama of creation and destruction. Each
mahdkalpa follows another one. If one is able to conceive an infinity, one
may conceive an infinity of infinities, and so on. At this stage of thought,
this is metaphysics, not mathematics.®

Another treatise, called the Caitle problem (Problema bovinum,
Probléma) and dedicated to Eratosthenés, was devoted to a problem of
indeterminate analysis. It is a problem of great complexity. One is required
to find the number of bulls and cows of each of four colors; the eight
unknown quantities are connected by seven single equations plus two
conditions.*®

The solution of the seven equations leads to eight numbers of 7 or 8
digits each multiplied by the same coefficient. The conditions increase that
coefficient prodigiously; one of the eight unknown quantities would have
more than 206,500 digits. It is strange again that Archimédés’ interest in
indeterminate analysis was combined with an Indian interest in immense

numbers,

Mechanics. We now come to something that is perhaps even more remark-
able than Archimédés’ geometric investigations, namel}*, his creation of
two branches of theoretical mechanics, statics and hydrostatics. Two of his
mechanical treatises have come down to us, the De planorum aequilibriis
and the De corporibus fluitantibus, both composed in Euclidean style,
divided into two books, and of about equal length (50 pp. and 48 pp.).
They both begin with definitions or postulates, on the basis of which a
number of propositions are geometrically proved.
The first, on the Equilibrium of planes, begins thus:

I postulate the following: 2. If, when weights at certain dis-

1. Equal weights at equal distances
are in equilibrium, and equal weights
at unequal distances are not in equi-
librium but incline towards the weight
which is at the greater distance,

lances are in equilibrium, something be
added to one of the weights, they are
not in equilibrium but inecline towards

that weight to which the addition was
made,

= Faor the Buddhist ideas, see William
Montgomery McGovern, Manual of Bud-
dhist philosophy, vol. 1, Cosmolopy {Lon-
don, 1923}, pp. 38 £ The modem theary
of aggregates has lifted such questions from
the level of futility and metaphysical ver-
hiage to the level of seience,

=The unlmowns are W, w: X, == ¥,
¥ Z, z, where the capitals represent bulls,
the small letters l.'l.'l-w[:: Euch of the four
groups stands for a different color. The two
conditions are that W+ Z =8 square
number and that ¥4+ % = a trizngolar
number.

'..'I' -
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After a few steps, he is then able to prove that “two magnitudes, whether
commensurable or not, balance at distances reciprocally proportional to
them."” The distances to be considered are the respective distances of their
centers of gravity from the fulerum. Therefore, the end of Book 1 (Props.
9-15) explains how to find the centers of gravity of various figures —
parallelogram, triangle, and parallel trapezium — and the whole of Book IT
is devoted to finding the centers of gravity of parabolic segments. The final
proposition (Book 11, 10) determines the center of gravity of the portion
of a parabola between two parallel chords. All these propositions are
geometric ones applied to statical purposes.

The treatise on Floating bodies is based on two lates, the first of
which is given at the beginning of Book I and the second after Prop. T
(out of 9). They read:

Postulate 1.

“Let it be supposed that a fluid is of
such a character that, its parts lying
evenly and being continuous, that part

in nn}-ﬂnn,g and compressed by any-
thing else,

Postulate 2.

“Let it be granted that bodies which

are forced wpwards in a fluid are
forced upwards along the perpendicu-
lar [to the surface] which passes
through their centre of gravity.”

which is thrust less is driven along
by that which is thrust the more; and
that each of its parts is thrust by the
fluid which is aﬁ:va it in a perpen-
dicular direction if the fluid be sunk

On the basis of Postulate 1, he proves (Prop. 2) that “the surface of any
fluid at rest is a sphere the center of which is the same as that of the
Earth.” The main propositions of Book 1, Props. 5-T, are equivalent to the
famous Archimedean principle according to which a body wholly or partly
immersed in a fluid loses an amount of weight equal to that of the fluid
displaced. Tt has often been told that he discovered it when he was aware
of the lightness of his own body in the water, and that he ran out of the
bath shouting with joy “Heuréca, heuréea” (I have found it). This enabled
him to determine the specific gravity of bodies and to solve the “problem of
the crown.” A golden crown made for King Hierdon was believed to contain
silver as well as gold. How great was the adulteration? The problem was
solved by weighing in water the crown itself, as well as equal weights of
gold and silver. Book II investigates the condition of stable equilibrium
of a right segment of a paraboloid of revolution floating in a Huid; there
again the geometer was triumphing over the mechanician.

It would seem that Archimédés wrote at least one other mechanical
treatise,2* wherein he solved the problem “how to move a given weight by
a given force,” and proved that “greater circles overcome lesser ones when
they revolve about the same center.” This recalls his legendary boast to
King Hieron: “Give me a point of support [a fulerum] and 1 shall move

% On levers, peri zygin; on centers of  isorropion. These titles may refer to one
gravity, centrobarica; on equilibriums, peri  treatise or to many.
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fhe world” In order to convince the king, he managed to move a fully
laden ship with no great effort by the use of a compound pulley
(polyspaston). ]

This brings us back to the mechanical inventions for war and peace
which impressed posterity so profoundly that Archimédés' theoretical
achievements were overlooked. The magnitude of his work in pure statics
and hydrostatics can be appreciated in another way. Remember that
Aristotelian and Stratonian physics was absolutely different from physics
as we understand it today. The first physical sciences to be investigated
on a mathematical basis were the rudiments of geometric optics (by
Euclid and others) and, more deeply, two branches of mechanies, statics
and hydrostatics. This was done by Archimédes, who must be called the
first rational mechanician. Nor was there any other at all comparable to
him until the time of Simon Stevin (1548-1620) and Galileo (1564-1642),
who were born more than eighteen centuries later!

We have seen that Archimédés’ mechanical treatises might be called
geometric, and that is true of every treatise of theoretical mechanics, for
mechanics is the mathematical development of certain mechanical postu-
lates. (In the same spirit, geometry is the mathematical development of
certain postulates concerning space.) It is clear that there was little differ-
ence in Archimédas’ mind between the two Belds. This impression is forti-
fied by the study of a treatise of his which was almost completely unknown
until 1906, when the illustrious Danish scholar, Heiberg, discovered it in a
Constantinople palimpsest.®® This is the Method (ephodos) treating of
mechanical problems, dedicated to Eratosthenés.

Few mathematicians explain their method of discovery and, therefore,
their accounts are often tantalizing, for one cannot help wondering, “How
did he think of that? Their reticence may be due to a kind of coquetry
but, in most cases, it is simply the fruit of necessity. The first intuition may
be vague and difficult to express in scientific terms. If the mathematician
follows it up, he may be able to find a scientific theory, but his way to it
is tortuous and long. To describe the discovery in historical order would
be equally long and tedious. It is simpler to explain it logically, dog-
matically, after having thrown out everything irrelevant. The new theory
then looks like a new building, after the scaffoldings and all the auxiliary

= Johan Ludvig Heiberg (1854-1928);

rirnit and biography by Hans Raeder,
sy 11, 967374 (1928). A palimpsest
(palimpséstos, scratched or scraped again)
# the npame given to a manuscript written
(generally on parchment) in the place of
an earlier text which has heen erased, The
practice was caused by the high cost of
parchment; monks would be tempted to

ermce a muthematical text which made no
sense to them, and replace it with another
text of greater intercst. It is often possible
to cause the reappesrance of the emsed
text by meins :1F chemicals and suitable
light ruys. The Archimedean text discov-
ered by Heiberg had been ersed o
vide space for a enchologion (a ritual of
the Orthodox Church ).
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constructions have been taken away, without which the building could not
have been erected.

It is clear that the Euclidean mode of exposition which Archimédeés
used is as dogmatic or didactic as can be, and the order is certainly very
different from the order of discovery. After having discussed the matter,
probably with his friend Eratosthenés, he wrote the Ephodos, for the dis-
covery of which we must be very thankful to Heiberg, because it is one
of the most revealing documents in the history, not only of ancient science,
but of science in general at all times. To illustrate my bold statement,
I would like to compare the Ephodos with a document that concerns the
history of modern physiology, to wit, the Introduction ¢ Fétude de la méde-
cine expérimentale of Claude Bernard (Paris, 1865). It may seem paradoxi-
cal to compare a mathematical book written in Syracuse before 212 Bc.
in the Greek language with a physiological one written more than two
millennia later in French! In both cases, however, a great master tries to
explain to us not his discoveries but his method of making them. Such
books are uncommon in the history of science, and they are exceedingly

us.

One cannot read Archimédés' complicated accounts of his quadratures
and cubatures without saying to oneself, "How on earth did he imagine
those expedients *® and reach those conclusions?” Eratosthengs must have
asked the same question, not only of himself but of Archimédeés. The point
is that the conclusions were reached intuitively and roughly before their
validity was proved, or before it was possible to begin such a demonstration.
the cone is a third part of the cylinder,
and the pyramid of the £rkm, having
the same base and equal height, we
should give no small share of the credit
to Démocritos, who was the first to
make the assertion with regard to the
said figure, though he did not prove it.™

It iz of course easier, when we have
previously acquired, by the method,
some knowledge of the questions, to
supply the proof than it is to find it

ithout any previous knowledge. This
is a reason why, in the case of the
theorems the proof of which Eudoxos
was the first to discover, namely that

This statement is extremely interesting, not only in itself, but also because
of the references to Démocritos and Eudoxos. Démocritos (V B.c.) dis-
covered the volumes of cylinder, prism, and pyramid, but Eudoxos (IV-1
BCc.) was first to prove those theorems® Archimédas remarked that
Eudoxos' proof was facilitated by Démocritos’ intuition and that some
credit should be given to the latter. Now Archimédés was led by similar
intuitions, his own. A kind of mechanical intuition, which he describes
(and which makes us think of Cavalieri's).*® enabled him to conceive the

= The word “expedient” i= used because  statement occurs near the beginning of

there was no general method, each particu-
lar gruhlem being solved in its own wuy.

T. L. Heath, The Method of Archi-
medes (Camhrdge, 1912), p. 13. The

Archimédes’ Ephodos.

* Volume 1, pp. 277, 444,

® Bonaventura Cavalieri (1508-1847),
a disciple of Galiles, published the Geo-
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method to be followed in a definite quadrature. He had a vision of the
result before being able to prove it, indeed before attempting to do so. For
further details, read the Ephodos, and this can be done not only in Greek
or Latin but in English.

We must still say a few words about Archimédeés” work in the fields of
astronomy and optics. He wrote a (lost) book on Sphere-making describing
the construction of an orrery to show the movement of Sun, Moon, and
planets; the orrery was precise enough to foretell coming eclipses of the
Sun and Moon. In the Sand reckoner, he deseribed the simple apparatus
{a diopter) that he used to measure the apparent diameter d of the Sun;
he found that 27" < d < 32'56”. Hipparchos referred to him and remarked
that they had both made the same error in solstitial observations.™ Accord-
ing to Macrobius (V-1), Archimédés determined the distances of the
planets.

His interest in optics is proved by another lost book, Catoptrica, out of
which Thedn of Alexandria (IV-2) quoted a single proposition: objects
thrown into water look larger and larger as they sink deeper and deeper.

Considering the history of CGreek astronomy and optics, it is not surpris-
ing that Archimédés paid some attention to those subjects. During his stay
in Alexandria, he had discussed them with the disciples of Euclid and
Aristarchos. Nevertheless, his own main interest was mathematical and it
is admirably illustrated in the books that have come down to ns,

THE ARCHIMEDEAN TRADITION

This question arises: How did Archimédés’ works come down to us? The
tradition of ancient science is almost as important as its invention, for without
it the invention would have been useless,

The whole story is too complicated to be told here, because one would
have to explain the tradition of the dozen items that have reached us in
various ways. In order to shorten my outline, it will be convenient to
number the Archimedean treatises; I follow Heiberg's order in the second
Greek edition, volume 1 of which, containing the first three items, appeared
in 1910, and volume 2, containing the remaining nine, in 1913:

1. Sphere and cylinder,
2. Measurement of the circle,
3. Conoids and spheroids,

metria indivisibilibus continnorum  nova i la Cavalied” but was not satisBed with
q-mdtim} ratione promola (Bologna, 1635), them until he had proved them by means
vxp g the “method of indivisibles” of the method of exhaustion. Archimedes
hich preceded and helped to prepare the was a deeper mathematician than the
discoveries of Newton and Leibniz. The Ttalian who followed him eighteen and a
method of exhaustion used by Endoxos and  half centuries later.
Archimédes was more rigorous than Cava- * Plolemy, Almagest, m, 1. Clondi
lier'’s. Archimédés made his discoveries Ptolemaei opera quae exstant omnia, vol.
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4. Spirals,

5. Equilibrium of planes,

6. Sand reckoner (Psammités, Arenarius),

7. Quadrature of the parabola,

8. Floating bodies,

9. Stomachion ( geometric puzzle),

0. Method (Ephodos),

11. Book of lemmas (Liber assumptorum),

12. Cattle problem (Problema bovinum).

The ancient tradition of Archimédés is much poorer than the Euclidean.
Strangely enough, the only light in the early darkness was given by Cicero
(I-1 B.c.). We know that Ptolemy (I1-1) and Thedn of Alexandria (TV-2)
read him, but they tell us very little. A collection of administrative docu-
ments made about the middle of the fifth century for Roman officials is
preserved in the Codex Arcerianus, written probably in the sixth century
{(not later than the seventh); the scientific level of it is pretty low, yet it
includes the Archimedean theorem giving the sum of the first n square
numbers.?!

The outstanding monument of the Greek tradition is the elaborate com-
mentary written by Eutocios (VI-1) of Ascalon (on the Palestinian coast).
It is an elaborate commentary covering items 1, 2, and 5. It fills the third
volume (1915) of Heiberg's Greek edition. After that, there are no further
traces of interest except that Archimedean manuscripts were copied dur-
ing the Byzantine renaissance of the ninth and tenth eenturies initiated by
Ledn of Thessalonicé (IX-1). The prototype of the earliest manuscripts
that have come to us was very probably & Byzantine one of the early ninth
century. Those earliest manuseripts date back to the end of the ffteenth
century and the beginning of the sixteenth; they included the old items
1,2 5 plus 4, 6, 7.

The prototype cannot have been later than (I1X-1), for a copy of it made
its way to the Dar al-islam, and was soon translated into Arabic by
Qusti ibn Laga or members of his school and commented upon by Arabic
mathematicians such as al-Mahani, Thabit ibn Qurra, Yasof al-Khird,
Ishag ibn Hunain, all of whom flourished in (IX-2). Some of the Arabic
versions were translated into Latin. For example, item 2 (Measurement of
the circle) was translated twice from Arabic into Latin in the twelfth cen-
tury, the first time by Plato of Tivoli {XII-1) or somebody else, the second

1, Syntaris mathematica, ed. J. L. Heiberg % The Codex Arcerignus is preserved
(Leipzig: Teubmer, 1888-1903), pp- 184, in the Wolfenbiittel library, Braunschweig.
23: Composition mathématique de Cloude See Introduction, vol. 1, p. 557, The sum
Ptolémée, trans. N. B. Halme (Paris: of the square numbers was given by Archi-
Grand, 15813; facsimilé ed. Paris: Hermaon, médes in Conoids and spheroids ( lemma o
1827}, p. 153. Prop. 2) and in Spirals (Prop. 10).
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time by Cerard of Cremona (XI1-2). This second translation established
the text in the Latin world.**

A century later, 2 Flemish Dominican, Willem of Moerbeke (XIII-2),
translated almost every Archimedean treatise directly from the Greek. The
most important of his translations was that of item 8 (Floating bodies)
because that item had been overlooked in the early Greek tradition. This
translation was completed by Brother Willem at the papal court in Viterbo
in 19695 The Greek text of item 8 was lost and did not reappear until
1906, when Heiberg found it in the Constantinople * palimpsest which
contained other Archimedean texts, the most precious being the Method.

At the time when Willem of Moerbeke was translating Archimédés
directly from Greek into Latin, Maximos Planudés (XI11-2) was perhaps
using the Greek text for his own investigations, and the Persian Masir al-din
al-Tasi (XIII-2) was revising the early Arabic versions, In the fourteenth
century, a few mathematicians had access to Archimedean manuseripts —
the Muslim ‘Iraqi, Ibn al-Akfani (XIV-1); Jews like Qalonymos ben
Qalonymos (XIV-1), who translated them from Arabic into Hebrew, and
perhaps Immanual Bonfils (X1V-2); Christians like Nicole Oresme (XIV—
9) and Biagio Pelacani (XIV-2). In the fifteenth century, the number of
Christians increased, the most important being Jacopo da Cremona and
Regiomontanus, Leonardo da Vinci had some knowledge of him.

The Method (item 10) was unknown until 1906-07; it then reappeared
in Greek and was soon translated into many languages. Still another item,
not mentioned in the list above, the treatise on the Regular heptagon, was
discovered by Carl Schoy in an Arabic manuscript and translated by him
into German; it remained unknown until 1926. The chances of finding other
unknown texts in Greek manuscripts is exceedingly small, but some may
still be discovered in Arabic manuscripts, a great many of which are still
uncatalogned.®

= Marshall Clagett, “Archimedes in the
Middle Apes. The D¢ mensura circuli,”
Ogirix 10, 587-618 (1952). Other studies
by the same suthor on the medieval Latin
tradition of Archimédés have appeared in
Isis and Osiris. See his summary in Isis 44,
9293 (1953), and “De curvis superficiebus
Archimenidis. A medieval commentary of
}uhnnu:s de Tinemue on the De sphaera
et cylindro, " Osiris 11, 294-358 (1954).
This John of Tinemue (?) Bourished prob-
ably in the thirteenth ceatury and his
commentary was probably translated from
the Arahic; Isis 46, 281 (1953). [See also
Clagett's Greek Science in Antiquity (New
York: Abelard-Schuman, 1855).]

= Yiterbo (42 miles north-northwest of
Rome) was part of the Patrimony of St
Peter because the "Great Countess”™ Ma-

tilda of Tuscany (d. 1115) had b:quenthr.'d
it. Willem of Moerbeke was patronized
by Clement IV {Guy de Foulgues), the
same who, in 1266, had  ordered Roger
Bacop {XIII-2) to send him copies of his
writings. Clement IV died in Viterbo in
1268,

* For other details on the tradition of
fterm B see Alexander Popo's note, Isis 22,
325 (1934-35) and for the Archimedean
traclition in general, see Horus: A guide to
the history of science (Waltham, Mass::
Chronica Botanica, 1952), 1822 Isis 44,
91-93 (1953}, The palimpsest was found
in 1899 by Papadopulos Kerameus in the
Creek Patriarchate of Jerusalem, but Hei-
berg was first to realize its importance.

= For example, they may E: found in
composite manuscripts, which have been
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The vicissitudes of these Archimedean texts are so many that one may
wonder how it happened that most of them have actually reached us.
Many Greek texts are lost or their rediscovery was due to a fluke, as in the
case of the Method. Think of it, the Method was preserved because some
ancient monks erased it; if they had not tried to destroy it, it would prob-
ably have been lost! Another case that crosses my mind as I am writing is
the one of Aleman of Sardis, a lyric poet who lived in Sparta in the second
half of the seventh century; one of his poems was discovered in 1855 in the
packing of an Egyptian mummy! * Poetry, however, could be transmitted
by oral tradition. That was impossible in the case of mathematics; the sub-
stance of the discoveries of mathematicians might be preserved by a suc-
cession of teachers, but the text of their works was neither remembered
verbatim nor read aloud.

Traditions remained highly insecure until the text was printed. Whatever
may have been the interest of a few medieval scholars in Archimédés, his
works were never popular, and that is proved by the absence of incunabula.
The first printed extract from Archimgdés was in a collection called
Tetragonismus, id est circuli guadratura (Venice, 1503), edited by Luca
Gaurico (Fig. 23). The first important edition of his works appeared only
forty years later, the Latin translation by Niccold Tartaglia (Venice, 1543).
This translation was restricted to items 5, 7, 2, and 8 (Book I only) and
hence it was derived from a tradition unlike the Byzantine one (1, 2, 5 plus
4,6, 7) and from the Moerbeke legacy. Tartaglia’s edition was very imper-
fect but in the meanwhile another scholar, Venatorius, who was more of a
philologist, was studying a manuscript belonging to Pope Nicholas V (1447-
1455), and the translation of it made by James of Cremona and corrected
by Regiomontanus. Making use of these manuscripts, Venatorius published
the princeps (Basel, 1544), which included Latin translations and Eutocios’
commentaries in Creek and Latin (Fig. 24). Tartaglia and, better than he,
Venatorins revealed Archimedean geometry to the Renaissance mathema-
ticians; by the end of the sixteenth century, there were enough of these not
only to appreciate Archimédés but also to discuss his main difficulties.

The Greek text of 1544 was translated into Latin by Federico Comman-
dino of Urbino (Venice, 1558) (Fig. 25), and the hydrostatics was trans-
lated into Latin by the same (Bologna, 1565). The two books on statics
were published in Latin by Cuido Ubaldo del Monte (Pesaro, 1588).

Curiously enough, the statics had been published in French { before
Latin) by Pierre Forcadel of Béziers (2 vols.; Paris, 1565) (Fig. 26). Thesze

iy amal nonmathematical ode for parthenia (mel#), that is, odes to
ﬂmpﬁl:t;.m}}r i be sung by maidens to the fute, with

=Tt was found mear the second pyra- dancing. Thi i ode was written
mid of Saggara. It is a papyrus written by Aleman for the festival of the Dioscuroi,
in the first century of our era, preserved in  Castir and Polydeucés (Castor and Pol-
the Louvre, The text is a fragment of an  Tux).
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etragonifinnsideft circuliquadrarura per £3
fuﬁmbnmdffnrrmnn args bocrium ma
themancae peripicaafiimos adinucnea.
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Fig. 23. Tetragonismus, id ext circuli quad-
ratura per Companum Archimedem Syro-
cusanum atque Boetium mathematicae per-
spicacissimos adinventa (32 leaves, 20 cm;
Venlce: Sesza, 1503), This was the first
Archimedean text to appear in printed
form. It concerns the quadrature of the
parabola and of the circle (leaves 15r-
3lr). Preface by Luca Gaurico (1475-
1558) of Gifoni (Naples). The book in-
cludes alsa the “guadratures™ of Euclid
and Boethins (VI-1). [Courtesy of Harvard
College Library.]

vaolumes were read by Stevin whose own investi
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Fig. 24. The Archimedean pri First
edition of the Greek text uﬁ‘:’g:nédﬁs'
works; it includes also a Latin translation,
and the commentaries of Eutocios (VI=1)
in Greek and Latin. The whale was edited
|?{ Thomas Gechaufl, called Venatorius
(folio, 31 em; Basel: Joannes Hervagius
[Johann Herwagen], 1544). It is divided
into four parts which are generally, but not
always, bound together. Parts 1 and 2 are
dedicated to the Senate of Niimberg, Part
1 (148 ) includes the Greek text of
Archimédés; part 2 (169 pp.), the Latin
translation; part 3 (87 pp.), Eutocios’ com-
mentaries in Greek; part 4 (70 pp. ), their
translation into Latin. [Courtesy of Harvard
Caollege Library.]

gations in statics appeared

in 1586, before the Latin publication of those of Archimédes.
Before the end of the century, all the works of Archimadss were known

in Europe (except the two that were discovered only in our day). They

helped to create or at least to inspire the mathematical innovations of the
seventeenth century.

Modern editions. ]. L. Heiberg edited the Greek text in 1880-81, and
revised it (3 vols. Leipzig, 1910, 1913, 1915). Volume 3 contains Eutocios’
commentaries and tables. New edition (3 vols., 1930). English translation
by T. L. Heath (512 pp., Cambridge, 1897), plus Supplement containing
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ARCHIMEDIS
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Fig. 25, Latin translation of Archimdes
(six treatises) hy Federico Commandino
{(1508-1575) of Urhino (folio, 27.5 cm;
Venice: Paulus Maputiug, 1558). It is
divided into two parts, the first of which
containg the Archimedean text, and the
second the commentaries of Eutorcios and
his own. The fist part is dedicated to
Cardinal Ranncrin Feamese, the second to
another Famese. Commandinog’s translation
is important because of its infuence in
introducing the Archimedean renaissance.
[Courtesy of Harvard College Library.]

the Method (51 pp., 1912).
{ Brussels, 1912).

Lr
LIVRE DARCHIME-
DE DES POIS, QVI AVSSI EST
DICTDESCHOSES TOMBANTES EN LHEHY-
MIDE,TRADYICT ET COMMEN-
té par Pierre Forcadel de Bezies
r ordinaire du Roy =

I]HIE:EI d:nrv_

Paris,

Enfembleceguoi fecroone da Livre JEoclide insi-
itdn k;ﬂ&duptﬁnl eraduilt & com.
menct parle melme Forcadel

A FARIS.
Chez Charles Perier,demourancen a rue
5.1can de Beamnais,an Bellerophon.
L§ 6§
AVEC FRIVILEGE DV ROT.

Fig. 26.. French translation of Archimédés
hydrostatics by Pierre Forcadel (19.5 cm,
35 pp.: Paris: Charles Périer, 1565). The
copy of this little book used by me belonged
to Pierre Duhem. Forcadel also published a
French translation of the statics (same
printer, same year ), which [ have not seen.
This was the first translation of Archi-
médés” statics in any language, The Latin
translation of it by Guide Ubaldo del
Monte appeared only twenty-three years
later {Pesaro, 15388). [Courtesy of Has-
viard College Library.]

French translation by Paul Ver Eecke

A short mechanical treatise ascribed to Archimédés, Liber Archimedis de
insidentibus aguae, was edited by Maximilian Curtze, Bibliotheca Mathe-
matica (1898), pp. 4349 (Introduction, vol. 3, p. 735). It is of Archi-
medean derivation but late medieval (say XIV-1). New edition by Ernest
E A. Moody and Marshall Clagett, The medieval science of weights (Madi-
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son: University of Wisconsin Press, 1952), pp. 3540 [Isis 46, 297-300

(1955) ]-

CONON OF SAMOS

Condn (T11-2 B.c.) was a mathematician and astronomer who lived at the

same time as Archimédés and died young. In the preface to his treatise on

Spirals, addressed to Dasitheos, Archimédés writes:

Of most of the theorems which T
sent to Condn, and of which you ask
me from time to time to send you the
Emﬁl, the demanstrations are already

fore you in the books brought to you

Heéracleideés; ™ and some more are
also contained in that which I now
send Do not be surprised at my
taking a considerable time before pub-
lishing these proofs. This has been
owing to my desire to communicate
them first to persons engaged in mathe-
matical studies and anxious to investi-
gate them. In fact, how many theorems
in geometry which have seemed at first

impracticable are in time successfully
worked out! Now Conidn died before
he had sufficient time to investigate the
theorems referred to; otherwise he
would have discovered and made mani-
fest all these things, and would have
enriched geometry by many other dis-
coveries besides. For 1 know well that
it was no common ability that he
brought to bear on mathematics, and
that his industry was extraordinary.
But, though many years have elapsed
since Conon’s death, 1 do not find that
any one of the problems has been

stirred by a single person.™

Conon must have been a gifted mathematician to deserve such praise
and one would like to know more concerning him. He studied the inter-
sections of conics, and Book IV of the Conics of Apollonios was partly
based upon his work; Pappos (I11-2) referred to him.

He wrote seven books on astronomy which were partly derived from
Chaldaean (or Egyptian) observations, and he may have been the man
who transmitted those observations to Hipparchos.

He compiled a new calendar or astronomical table (parapégma) which

gave the risings and settings of stars and weather forecasts. This table was
based upon observations made in Sicily and South Italy, and this suggests
that he may have associated with Archimédés in Syracuse as well as
in Alexandria.

In any case, he must have flourished in Alexandria, for he named a con-
stellation Comé (or Plocamos) Berenicés in honor of Berenicé, the queen
of Ptolemaios I11 Evergetés® It was told by the poets that she had con-

# This Heéracleides is otherwise un-
known. The name was fairly common, The
eponyms, the Hémcleidal were the de-
scendants of Héraclés (Hercules), who
united with the Dorlans, had conquered the
Peloponnésos, some 80 years after the de-
struction of Troy.

=T. L. Heath (ed.), The works of
Archimedes (Cambridge: The University

Press, 1897), 151

®It is the small constellation which
we call Coma Berenices (Berenice’s Hair),
north of Virgo and between Bodtes and
Leo. Queen BerenicE was the daughter of
Magas, king of Cyrénz. She was put to
death by her own som, Ptolemaios IV

Philopatir, in 221, soon after his acces-
sion,
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secrated her hair to ensure the safe return of her husband, warring in
Syria. A pretty story!

It is suffcient fame for a mathematician to have been praised in the
prefaces written by Archimédés to his Spirals and by Apollonios to Book
1V of his Conics and to have been frequently mentioned in the Almagest.
Yet, very few people knew that, Condn’s popular fame was based npon
the verses of the Greek poet Callimachos (his contemporary) and of the
Latin poet Catullus (c. 84-54).%

APOLLONIOS OF PERGE

There is only one other Greek geometer who can be compared with
Archimédés and that is his younger contemporary, Apollonios (111-2 B.c.).
Some historians would say that the latter was second to Archimédés, but
that kind of enumeration is obnoxious. They were two giants, not simply
as compared with men of antiquity, but even with men of all times. To
say that one was greater than the other does not make sense, if one remem-
bers that genius cannot be measured.

Apollonios was about twenty-five years younger than Archimédés, and
we may assume that, without being his disciple, he was thoroughly
familiar with all his works. His genius developed in another direction,
however. Archimédés was always interested in measurements, such as
quadratures, and he achieved very skillful integrations of plane or three-
dimensional surfaces bounded by curved lines, and also of solids. One
might call him, with proper caution, one of the ancestors of the infinitesimal
caleulus. On the other hand, Apollanios” field of predilection was the theory
of conic sections, which he did not measure but of which he tried to under-
stand the forms and situations, and the various relations that might dis-
tinguish each kind of conic section or might occur when two of the same
kind or of different kinds intersected. To put it tersely, one might call
Archimedean geometry the geometry of measurements, and the Apollonian,
the geometry of forms and situations. These two kinds of geometry, we
should always remember, are not mutually exclusive, but may and do
overlap. It is a difference of emphasis, Archimédés’ on measurements and
Apollgnios” on forms.

Apollgnios was born in Pergg, in Pamphylia,** probably e. 262. We do
not know the name of his parents, but he had a son bearing his own name
(Apollonios the younger). Being very intelligent, he was sent early to

“\We have only a fragment of Callim- the middle of the south coast of Asia
achos" m, Coma Berenices, No. 110 Mimor it is just west of Cypros. The story
in Rudolfus Pleiffers edition (2 vols.; Ox- of its political vicissitudes Is too compli-
ford: Clarendon Press, 1848), vol. 1, I}: cated to be told here. In Apollinics” time
112. This poem was imitated in Latin by it was part of the kingdom of Pergamon,
Catullus (No. 66). and this helps us to understand his his-

# Pamphylia is a small country along tory.

N
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study in Alexandria and he flourished in that city under Ptolemaios IIT

Evergetés (247-222) and Ptolemaios IV Philopatér (222-205). He paid a
visit to Pergamon during the rule of Attalos I Soter (241-197). During the
rule of Ptolemaios IV, Greek power in Egypt was going down; during the
rule of Attalos I, the kingdom of Pergamon was going up.** The date and
place of Apollonios” death are unknown and we have no idea of where
or how he spent the end of his life; in that he was less fortunate than
Archimédes, whose death in 212 was a kind of heroic climax.

Though Apollonios composed almost as many books as Archimédés, he
is more like Euclid in that one of his books was so much more important
than the others that these could be (and are generally) overlooked. Just

‘as Euclid is preéminently the author of the Elements, so Apollonios is

known as the author of the Conica.

The Elements is a textbook on plane and solid geometry; the Conica
is also a textbook, but it deals exclusively with conic sections. Half of it is
a survey and a systematic restatement of results obtained by earlier
mathematicians; a larpe part of the work was either completely new or
else consisted of known propositions explained in a new way and set in a
new context which enhanced their pregnancy. Apollonios’ predecessors
were many: Menaichmos (IV-2 p.c.), Aristaios (1V-2 s..), Euclid, and
Archimédés.

It is remarkable that, in spite of the fact that Apollénios spent most of

- his life in Alexandria, his magnum opus was dedicated to Pergamenians,

and this reminds us of the sad fact that his life ended in complete
obscurity. Did he get into trouble with the Musenm, or more probably
with that debauchee and criminal, Ptolemaios IV Philopatér? Books 1 to
m of the Conica were dedicated to Eudémos of Pergamon* and the
remainder to Attalos T, king of Pergamon from 241 to 197. Apolldnios
wrote a special preface to each of Books v, v, vi, viu (and vin?) and
each dedication is as short as can be: “Apollonios to Attalos, greeting.”
This reminds us of Archimades’ dedication of the Sand reckoner to the king
of Syracuse; it is almost casual: “There are some, king Gelan, who think
that the number of the sand is infinite in multitude . . ™ Now Celon and

* The prosperity of Pergamon was Facil-
itated by Roman protection and that pro-
tection worked so well that in 132 ac.
the third Attalos bequeathed his kingdom
to Bome! Greek Egypt declined during
the second and first centuries but was not
absorbed by Bome until 30 e, Ptolemaic
Alexandria lasted o century longer than
her rival, Attalid Pergamaon,

“For the early history of conics, see
Volume 1, pp. 503-505.

“This Eudémos, a mathematician

otherwise unknown, died before Apol-
lanios wrote the preface to Book 1v of the
Conieg. He should not be confused with
other Eudémoi: Eudémos of Cypros, dis-
L'i{plt' of Plato; the mathematician Eudémos
of Rhodos (IV-2 B.c.); Evdémos of Alex-
andria (111-1 #.e.). The name Eudémos
(good people) was fairly commen; 20 of
ihem a.n:hdealt “;ﬂ:r'm Pauly-Wissowa,
hut not this tic ane {Vol. 11,

894-805), i : Loy



ARCHIMEDES AND APOLLONIOS 89

Attalos were autocrats, holding and using the power of life and death, but
the intellectual freedom and essentially democratic spirit of the Greeks
(even those of the Hellenistic age) were such that it seemed perfectly
simple to address the king like any other man.** A comparison of those
dedications with the extravagant and loathsome ones addressed by Renais-
sance scholars to petty dukes and lords is greatly to the credit of the

ancients.

The Cenica was divided into eight books of which the last is lost. Their
general purpose is so well explained in the preface to his corrected version
of Book 1, that it is best to reproduce it, and the more so because it will
give the reader an idea of Apollanios’ style, which is free from any kind

of affectation and excellent.

Apolldnios to Eudémos, greeting.

[Ep;uu are in good health and things
are in other respects as you wish, it is
well; with me too things are moder-
ately well. During the time I spent
with you at Pergamon I observed your
eagerness to become acquainted with
my work in conics; I am therefore
mding ou the Brst hook, which [ have
corrected, and I will forward the re-
maining books when I have fnished
them to my satisfaction. I dare say
you have not forgotten my telling you
that I undertook the investigation of
this subject at the request of Naucratis
the geometer,” at the time when he
came to Alexandria and stayed with
me, and, when I had worked it out in
eight books, 1 gave them to him at
once, too hurriedly, becanse he was on
the point of sailing; they had therefore
not been thoroughly revised, indeed I
had put down everything just as it
occurred to me, postponing revision ill
the end. Accardingly I now publish, as
opportunities serve from Hme to time,
instalments of the work as they are
corrected. In the meantime it has hap-
pened that some other persons also,
amm:]g those whom I have met, have
got the first and second books before
they were corrected; do not be sur-

prised therefore if you come across
them in a different shape.

Now of the eight books the first four
form an elemen introduction. The
first contains the modes of producing
the three sections and the opposite
branches [of the hyperbola], and the
Fundamental properties subsisting in
them, worked out more fully and gen-
erally than in the writings of others.
The second book contains the
ties of the diameters and the axes of
the sections as well as the asymptotes,
with other things y and neces-
sarily used for determining limits of
possibility (diorismoi),” and what 1
mean by diameters and axes respec-
tively you will learn from this book.
The third book contains many remark-
able theorems useful for the syntheses
of solid loci and for diorismod; the most
and prettiest of these theorems are new,
and it was their discovery which made
me aware that Euelid did not work out
the synthesis of the locus with respect
to three and four lines, but omly a
chance portion of it, and that not sue-
cessfully; for it was not possible for the
said synthesis to be completed without
the aid of the additional theorems dis-
covered by me. The fourth book shows
in how many ways the sections of cones

“1 had been wondering whether the
Attalos to whom Apollnios dedicated the
second half of his Conica was really the
king? I think it is so because any other
Attalos would have required a definition.

* This Naucratés is otherwize unknown.

* Digrismor means delimitation, defi-
nition; in the plural it also means the con-
ditions of possibility of a problem.
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can meet one another and the circum-
ference of a circle; t contains other
things in addition, none of which have
been discussed by earlier writers,
mamely the questions in how many

ts a section of a cone or a circum-

ce of a circle can meet a double-
branch hyperbola, or two double-
‘branch hyperbolas can meet one an-
other

Tﬁrﬁtuf&lebou}:saremumb}r
way of surplusage (periusiasticstera):

THE THIRD CENTURY

one of them deals somewhat fully with
minfma and maorima, another with

and similar sections of cones, an-

with theorems of the nature of
determination of limits, and the last
with determinate conic blems. But
of course, when all of are
lished, it will be open to all who read
them to form their own judgement
about them, according to their own in-
dividual tastes. Farewell

Let us quote also the preface to Book 1v, addressed to Attalos:

Apodllénios to Attalos, greeting,

Some time ago 1 expounded and sent
to Eudémos of Pergamon the first three
books of my conics which I have com-
piled in eight books, but, as he has
passed away, | have resolved to dedi-

-cate the remaining books to you be-

cause of your earnest desire to possess
my works. 1 am sending you on this
occasion the fourth . It contains
2 discussion of the question, in how
many points at most it i possible for
sections of cones to meet one another
and the circumference of & circle, on
the assumption that they do not co-
incide throughout, and further in how
many points at most a section of a cone
or the circumference of a eircle can
meet the hyperbola with two branches
[or two double-branch hyperbolas can
meet one another]; and, besides these
questions, the book considers a number
of others of a similar kind. Now the
first question Condn expounded to
Thrasydaios without, however, showing
Wr mastery of the proofs, and on

is ground Nicotelés of éne,” not
without reason, fell foul him. The
‘second matter has merely been men-
tioned by Nicotelés, in connexion with
his controversy with Condn, as one
capable of demonstration: but 1 have

‘not found it demonstrated either by

Nicoteles himself or by any one else.

The third question and the others akin
to it I have not found so much as no-
ticed by any one. All the matters re-
ferred to, which I have not found any-
where, required for their solution many
and various novel theorems, most of
which I have, as a matter of fact, set
out in the first three books, while the
rest are contained in the present book.
These theorems are of considerable use
both for the syntheses of problems and
for diorismoi. Nicotelas indeed, on ac-
count of his controversy with Condn,
will not have jt that any use can be
made of the discoveries of Conon for the
purpose of diorismoi; he is, however,
mistaken in this opinion, for, even if it
is possible, without using them at all, to
arrive at results in regard to limits of
possibility, yet they at all events afford
a readier means of observing some
things, e.g. that several or so many
solutions are possible, or again that no
solution is possible; and such fore-
knowledge secures a satisfactory basis
for investigations, while the theorems
in question are again useful for the
analyses of diorismoi. And, even a
from such usefulness, they will be
found worthy of acceptance for the
sike of the demonstrations themselves,
Just as we accept many other things in
m;.thematics for this reason and for no
other.*

* Nicoteles of Cyréng is otherwise un-
known; he is different from the Cyrenaic
philosopher of the same name who four-

ished with his brother, Anniceris, IIIIE
Ptolemaios 1.

“ These two prefaces are quoted from
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There is no preface to Book nr; the prefaces of Book m to Eudémos and of
Books v, v1, vor to Attalos are very short.
The contents of the Conica might be summed up as follows:

L Ceneration of the three conic sections.

I Asymptotes, axes, diameters,

m. Equality or proportionality of figures determined by portions of
transversals, chords, asymptotes, tangents; foci of the ellipse and hyperbola.

1v. Harmonic division of straight lines. Relative positions of two conics,
their intersections; they cannot cut one another in more than four points.
As Appollénios put it in his preface to Book 1, Books 1 to v are an elemen-
tary introduction, while the following contain additional theorems for
advanced students,

¥. Maxima and minima. (This is generally considered to be his master-
piece.) How to find the shortest and longest lines to be drawn from a
given point to a conic. Evolutes, centers of osculation,

vi. Similarity of conics.

vi, vill. Conjugate diameters.

Menaichmos and Aristaios generated the conics by means of a plane
cutting a right circular cone, the plane being perpendicular to the gener-
ating line of the cone. According to whether the cone’s angle was acute,
right, or obtuse, the section was elliptic, parabolic, or hyperbolic. Now
Apollonios showed that the three kinds of conies could be obtained as see-
tions of the same cone, and he thus facilitated a better understanding of
their unity;® all the conic sections belong to a single family, divided into
three groups. Menaichmos’ names for each group (acute-angled, right-
angled, obtuse-angled) were no longer applicable to the curves generated
in the new way. The names familiar to us were introduced by Apollonios,
elleipsis, or falling short of areas (ellipse), parabolé, or application of
areas, and hyperbol2, or exceeding of areas. (If p is the parameter, i <
px, y* = px, and y* > px in the three cases respectively.) His recognition
of the two branches of the hyperbola as a single curve enabled him to
show the analogies of all conic sections.

Apollénios could construct a conic by means of tangents (m, Props.
65-67). He could also construct one defined by five points, though his
construction is not stated explicitly.

A discussion of the large number of propositions of the Conica would be
endless, but it is interesting to indicate singular omissions. Apollonios does
not speak at all of the directrix.?* He knew the focal properties of the ellipse

Heath's translation in his History of Greek  unity in a simpler way. The conic sections

!
mathematics (Oxford, 1821), vol. 2, pp.  are represented by equations of the second
128-131. degree with two unknown quantities.
® Analytic geomstry expresses that = And yet Euclid knew the relation of



92 THE THIRD CENTURY
mﬂiiehyperbuh,hutdjdnntrea]izetheeﬁstenceufnfminﬂlﬂ

Such lacunae may seem almost incredible to the reader, because he has
been introduced to the subject in an entirely different way. Apollonios
spoke of the foci of central conics at the end of his Book m, but our young
students hear of them at the very beginning of their course. An ellipse is
defined to them as the locus of a point E, the sum of whose distances a and
b to two given points F; and F: is constant, a + b = k; the points
Fy and F, are the foci. The parabola is defined as the locus of a point P
equidistant from a fixed point F (called the focus) and from a given
straight line d (called the directrix).

As the modern student is introduced to the conics by means of analytic
geometry, his approach is essentially different from that of Apollonios,
which was purely geometric; hence, his fundamental ideas are different.
Yet the ancient and modern mathematicians were bound to discover finally
the same results, and they did so to a large extent.

It would be foolish to study the conics at present in Apollanios, because
the modern methods (whether of analytic geometry or of projective
geometry) are much simpler, easier, and deeper, but the ingenuity that
enabled him to discover so much with imperfect tools is truly admirable.
One can repeat apropos of him what was said above apropos of Archi-
médés; such achievements pass our imagination, they are almost weird.

Many mathematicians are mentioned in the prefaces of Archimédés and
Apollonios. 1 have already named a few of them, not that I expect the
reader to remember them (I do not remember them myself), but they
illustrate the relative abundance of mathematical curiosity in the third
century. Besides tne three kings, Hieron 11 and Gelén I1 of Syracuse and
Attalos 1 of Pergamon,™ the others are Dasitheos, Zeuxippos, Conon of
Samos, Eudémos of Pergamon, Naucratés, FPhilonidés,® Thrasydaios,
Nicotelés of Cyréné. Such a list is tantalizing, because one would like to
be better acquainted with them. The men to whom those two giants
dedicated their books or whom they mentioned were not common men.

The other works of Apollanios, lost in the Greek original, are known to
us only through the collection of Pappos (I1I-2), and one of them was

Forus to directrix. According to Pappos
(Book vii; Hultsch, p. 878 Ver Eecke, P
508), he showed that the locus of a point
whose distance from s given point is in
given mtio to {ts distance from a given
straight line s a conic. It s an :Eipsn,
parebola, or hyperbola according as the
ratio is <7 , = yor =1,

®Would modemn kings be sufficiently

interested in mathematicians to encourage

the dedication of their books? It is true that
(ueen Victoria favored Charles Lutwidpe
Dodgson, but that was not beceuse of his
mathematics but because of Alice’s adoen-
tures in wonderland | 1865),

* Apollanios intreduced this Philonides
to Eudémos at Ephesos. Like every good
Creek who couold afford it, they ;3 prob-
ably made a pilgrimage to the temple of
Artemis.
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preserved in Arabic. This is The cutting off of a ratio (Logu apotomé),
eventually translated into Latin by Edmund Halley. The others are entitled
The cutting off of an area (Chdriu apotomé), The determinate section
(Diérismené tome), Tangencies (Epaphai), Plane loci, and Inclinations
{Neuseis). The contents of these six works are more or less known because
of Pappos’ analysis and quotations. Still other books can bhe ascribed to
Apollonios on weaker evidence: a comparison of the dodecahedron with
the icosahedron; a study of fundamental principles; the cochlias (cylindri-
cal helix}), proving that it is homoeometric; ™ unordered irrationals; burning
mirrors; quick delivery (dcutocion), giving a better approximation of = than
Archimédeés’ but one that is less suitable for practical purposes.

It was natural enough that Apollonios should devote a part of his atten-
tion to astronomical problems. The outstanding problem with which Greek
astronomers had been struggling for two centuries was the finding of a
kinematic explanation of planetary motions that would tally with the
appearances and “save” them (sdzein ta phainomena), for example, one
that would account for the apparent retrogressions of the planets. The first
solution, that of the homocentric spheres, had been invented by Eudoxos
of Cnidos (IV-1 B.c.) and gradually improved by Callippos of Cyzicos
(IV-2 B.c.), Aristotle, and Autolycos of Pitané (IV-2 5.c.).” Tt produced
admirable results but failed to “save” all the phenomena. Something else
had to be found, especially for the inferior planets. The founder of the
geoheliocentric system, Heéracleidés of Pontos (IV-2 Bc.), invented the
theory of epicycles to account for the apparent motions of Mercury and
Venus. In order to account for the apparent motions of the superior planets
(Mars, Jupiter, and Saturn), Apollonios generalized the use of the theory
of epicycles and introduced or helped to introduce a third kind of theory,
the theory of eccentrics. According to Ptolemy,*® Apollonios invented or
perfected those two theories; Hipparchos and Ptolemy used them exelu-
sively and rejected the theory of homocentric spheres. In later times, the
latter theory was revived and the history of medieval astronomy is to some
extent a protracted struggle between epicycles and homocentrics, or be-
tween Ptolemaic and Aristotelian astronomy.™

If we compare Aristarchos of Samos with Copernicus, then we may call
Apollgnios the precursor of Tycho Brahe, though that title may be given also,
with less justice, to Héracleidés himself.

“Eqmlhaﬂnj:’lilpuns. (Leipzig: Teubner, 1907), pp. 450 f;

= Autolycos sh that the theory of Composition mathématigue, vol. 2. Com-
homocentric spheres was not compatible  position m::thémﬂrique ou astronomie an-
with the differences in the apparent sizes cienne, trans. N. B. Halma (Paris: Eber-
of Sun and Moon and with the variations hart, 1816; facsimilé ed. Pars: Hermann,
in the brightness of the plancts (Volume 1927), pp. 512 f Full discussion by
1, p- 512). Otto Neugehaver, “Apaollonius’ planetary

= Almagest, xm, 1; Claudii Ptolemaci theory,” Communications on pure and ap-
opera Qquae exstent amrua, val. 2, Oﬁm plied muthematics 8, 641-648 (1953).
astronomica  minors, ed. J. L. Heiberg “ For an outline of that stmggle, see
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In any case, Apollonios would deserve a very high place in the history
of science even if his Conics had been lost. He paved the mathematical way
for Hippﬂrchus and Ptolemy and made the composition of the ."U.ﬂugﬂ't
pnssil}]c:, Itis pa.radﬂxiea.'l that his main contribution to mathematical astron-
omy, the theory of conics, was not exploited until more than eighteen cen-
turies later, by Johann Kepler.

THE APOLLONIAN TRADITION

As far as the theories of epicycles and eccentries are concerned, enough
has been said already, by referring to the use that Hipparchos and Ptolemy
made of them. The rest is identical with the Ptolemaic tradition itself.

We shall thus focus our attention at present upon the Conics. Thanks
to its logical strength, clearness, and comprehensiveness, that treatise was
recognized at once as the standard one in its sphere (just as Euclid’s Ele-
ments was in another), and it was eagerly studied by the Greek epigoni.
As in the case of the Archimedean tradition, we do not know what hap-
pened during the first centuries (say from the second s.c. to the third after
Christ, a pretty long period ). The first commentators were Pappos (11I-2),
thanks to whom the substance of many of Apollonios’ minor works was
preserved, Thedn of Alexandria (IV-2), his famous daughter Hypatia
(V-1), and finally Eutocios (VI-1).% After that, the story of the Archi-
medean tradition is repeated.

The lost prototype of the extant manuscript ® was probably copied during
the Byzantine renaissance, set under way by Leon of Thessalonicé (1X-1),
the fruits whereof appeared before the end of the ninth century, not in
Byzantion, however, but in Islamic countries. Books 1 to v of the Conics
(Kitah al-makhritat) were translated into Arabic by Hilal ibn al-Himsi
(IX-2), and Books v to vir by Thabit ibn Qurra (1X-2). It would thus seem
that Book vint was already lost; did Apollnios complete it? In the following
century Arabic mathematicians, such as Ibrahim ibn Sinan (X-1) and
al-Kiihi (X-2), were already writing commentaries and discnssing Apollonian
problems, and a better translation of the Conics, together with a com-
mentary on Books 1-v, was prepared by Abi-l-Fath Mahmiid ibn Muham-
mad (X-2) of Isfahan.

Many Greek books are known to us only through Arabic translations,
the originals being lost, but this is the outstanding case, There is no other
book of comparable importance the preservation of which we owe to the
Arabic detour. Another treatise of Apollanios (on The cutting off of a ratio)

my Introduction, vol, 2, pp. 16-19; vol. 3. Conics dates hack only to the twelfth or
pp.llﬂhl?]?. 1105-1121. thirteenth century, bul a manuscript of

Eutocios commentary was very elab- Eutocios’ commentary is as early as the
orate. In Heiberg's Greco-Latin edition  tenth century, The Greek manuscripts of
of Apallanios, it covers 194 pp., vol 2, the Conicr are restricted to Books 1 to 1v;

pp. 168-361. Books v t ilable in Arabic manu-
*The best extant manuscript of the 3L“1-.;pts:‘ PFEAE i iy
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was, as we have already mentioned,

preserved in the same way; Edmund APOLLONII PERGZAI

Halley published a Latin translation DE

of it from the Arabic in Oxford in
1706 (Fig. 27). SECTIONE RATIONIS

The Latin tradition began only in LIBRI DUO
the twelfth century with a transla- Ex ARarico MS", Latine Verfi
tion from the Arabic ascribed to
Gerard of Cremona ( XII-2), and the 1 ACCEpUNT
Hebrew tradition only in the four-  Ejufdemde Secrione SeaTm
teenth century with Qalonymos ben Libri Duo Reftituri,

lonymos (XIV-1), who translated Sk ¢
S:Iacimfmm Arabic into Hebrew Som Sy S e
(this is not certain}. We may over-
look other details of the medieval
tradition.

The weakness of that tradition is
illustrated (as in the case of Archi-

PREEMITTITUR
Parrr Arexaxprini Prefatio
ad VII™ Collettionis Mathematicee,
nunc primum Grece edita:
Comn Lemmaribos ejufdem Parer ad hos

médes) by the lack of incunabula. ;

The first printed edition (Fig. 28) of Opera & fiudio Eouunol Hatrex
the Conics (restricted to Books = Apsd Oxowiznses
v ), was the Latin translation as pub- Geomerriz Profelfocis Saviliani
lished by Giovanni Battista Memo 0X0NII

Liﬁehiﬁa;i r:;mb:;s?ﬂz I$ E TuEaTRO SHELDONIANO
Federico Commandino (Beologna, i MECEVE :
1566), including the lemmas of Pflp- : :.i mhrdm %ﬂéf:.:é“m {h;;t:;’, %’5
pos, the commentary of Eutocios, pp. . 1706). Dedicated to H
and elucidating notes (Fig. 29). Aldrich, dean of Christ Church, Oxford.

As Books v-vi are available only in  [Courtesy of Harvard College Library.]
Arabic, their publication (or rather
the Latin translation) did not occur until a century later. It was based upon
the Arabic version as revised in 982 by Abi-l-Fath al-Isfahani and was pre-
pared by the Lebanese Maronite Abraham Echellensis (= Ibrahim al-
Hagilani) together with Giacomo Alfonso Borelli (Florence, 1661).

The Greek princeps we owe to the genius of Edmund Halley (Fig. 30),
a splendid folio edition containing the Creek of Books 1-1v, plus the Latin
translation (revised by him from new Arabic manuseripts) of Books v—vir,
a conjectural restoration of Book v, and the commentaries of Pappos and
Eutocios ( Oxford, 1710).

The mathematicians of the Renaissance could study the theory of conics
in Memo's edition of 1537, ar better in Commandino’s of 1566, From 1566
on, they had a good knowledge of Books 1-1v. In addition, they could use
the restoration of Book v (maxima and minima) attempted by Francesco
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TICTQVE sXCRLLENTISSIMI
OpcraPer Dodtiffimi Philefophum
loannem Bapafiam MemumPas

erinium Vencoum, Marhemans
charomp Aroum in Vibe
Veneta Ledfotem Publis

s o JERGIE - HORAT

& Novirerlm
peeifa,

Fig. 28. First printed edition of Apollimios, being the Latin translation of the Conics,
Books v (folio, 30 cm, 89 leaves; Venice: Bemardinus Bindonus, 1537), by Giovanni
Battista Memao, patrician of Venice. This was edited after Memo's death by his son who
had not enough mathematical knowledge to do it well The book was dedicated to
Cardinal Maring Grimani, patdarch of Aquilein, [Courtesy of Harvard College Library.]
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PEREGAE] CONICORYM
LIERI QVATTVOR.

YHMAE CVM FAPPI ALEXANDRINE
LEMMATISVEL ET COMMENTARILS
E¥FTOCLI1 ASEALOMITAL.
SERENT ANTINSENSIS
PHILOSOPHT LIBEI DVD
E¥NEC PEIETE id L¥CRam ADIFL.

Q. V AE ﬂH_'NIJq. MYPER FEDERICYS

faa & Graoo conuersr, & mmmes-

Ltr

C¥M PEIVILEGIO FITIIIL PONT. MAX
IN ANNOS X.

BEQMNOMNIAE,
X OFFICINA ALEXANDRI BENATIL

M DLXEXVL

Fig- 29. Second Latin edition of Apal-
Ionins” Condcs, 11V, Federico Com-
mandine, together with the lemmas of
Fappos (III-2), the commentaries of Eu-
tocios (VI-1), and the two books on conics
by Serénos (IV-1). { Two parts, folio, 27.5
em, 3 + 114 leaves, 1 + 35 leaves; Bo-
logna: Alexander Benatius, 1566.) Part 2
eontains Serénos. Each part was dedicated
to a different member anthe Guido Ubaldo
{ family, dukes of Urbino. [Courtesy of Har-
vard Caollege Library.]
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APOLLONII GONICORUM

LIBRI OCTO

ET

SERENI ANTISSENSIS

DE SECTIONE

CYLINDRI & CONI

LIER] DUO

oXoNTE,
E Turates SweLoosisso, An Dom. woccc

Fiz. 50, Princeps of Apallinios, edited
from the Greek manuseripts by Edmund
Halley (1656-1742]). Splﬂn&id folio (40
cm; Oxford, 1710) divided into three parts
bound together, The first (254 pp-) ocon-
tains Books F-1v in Greek and Latin, with
Pappos’ lemmas and Eutocios’ commen-
taries. The sccond (180 pp.). Books v to
vit tramslated from Arabic fnto Latin, plos
restitution of Book virt. The third (58 pp.)s
the freatises on sections of the cylinder and
the cone by Serenos (IV-1), in GCreek and
Latin. Each of the parts i dedicated to a
different person. The beautiful copperplate
frontispiece is the same used in the Greek-
Latin Enelid (Oxford, 1703), shown in
Fig. 13. [Courtesy of Harvard College Li-

brary.]

Maurolico of Messina on the basis of Pappos, and they could use also the

| Libellus of Johannes Werner (Niirnberg, 1522). This was the first hook on
conics to appear in Europe; note that it was printed before Apollonios.

The knowledge of conics was applied by Johann Kepler (1609] to celes-

tial mechanics. Just as Archimédés excited Descartes (1637), Apollonios

gl — e el
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excited Girard Desargues (1636) and indirectly Pascal (1637).%° Many
other mathematicians of the seventeenth century investigated his writings:

Fermat, Franz van Schooten, James Gregory, Adrianus Romanus, Princess

Elizabeth (Descartes’s disciple). A complete list would be very long. The

 waorks of Archimédés and Apollénios acted like strong ferments from the

end of the sixteenth century throughout the seventeenth. The first to put
together the accumulated knowledge on conics was Philippe de La Hire,
professor at the Collége de France, in three treatises (Paris, 1673, 1679,
1685).81

After that, the Apollonian tradition was lost in the new geometry, like

| ariver in the ocean.

Recent editions. All the Greek texts by Paul Ver Eecke (708 pp., 419 figs;

‘were edited, with the ancient Bruges, 1924},

commentaries, ysg. L. Heiberg (2 For Books v—vm of the Conics, Hal-
vols.; Leipzig, 1891-1883). English leys edition (Oxford, 1710) has not
translation by T. L. Heath (426 pp.; yet been superseded.

Cambridge, 1896). French translation

The history of mathematics is continued in Chapter XVIII.
*I=z 10, 16-20 (1928); 43, 77-79 were in French: the third and maost impor-

{1952), tant in Latin, Sectiones conicae in novem
*La Hire's treatises of 1673 and 1670  Libros distributae { Paris, 1685).




VI

GEOGRAPHY AND CHRONOLOGY
IN THE THIRD CENTURY _
ERATOSTHENES OF CYRENE

Thﬂrugh Archimédés and Apollonios were interested in astron-
omy and physics, they were primarily mathematicians. The case of their con-
temporary, Eratosthenés, is very different. His mathematical work is origi-
nal, but of secondary importance in his own life; he was primarily a geodesist
and a geographer, but he was also a man of letters, a philologist, an encyclo-
pedist or polymath.

ERATOSTHENES OF CYRENE |

Eratosthenés son of Aglaos was born in Cyréné in the 126th Olympiad

(276-273), ¢ 273; he was educated in Athens, and finally was called to

Alexandria by Ptolemaios I11 Evergetés (ruled 247-222), and spent in that

city the rest, more than half, of his life. He died there at the age of 80,

c. 192. We must try to see him in a triple background, Cyréné, Athens,
Alexandria.

| He received his first education in his native city from the grammarian

' Lysanias and the poet Callimachos.! Cyrenaica, just west of Egypt, was a

1 cultured and ancient nation, founded by citizens of Théra (Santorin) and

' Crete, c. 630;* the elite of its people were completely Hellenized. It was

often called Pentapolis because its main cities were five in number: Cyréng,
Apollonia, Ptolemais, Arsinog, and Berenicé. In particular, the capital,
Cyréné, was one of the most cultured cities of the Hellenistic world. A num-

! Lysanias of Cyréné wrote studies on  and Egypt to the east. Alexander the Great

Homer and on the fambic poets. For Cal-
limachos, see Chapter X.

* The founder assumed the title of king
{battos in Libyan). The early kings were
called Battos or Arcesilas. Early Cyréné
was a center of Hellenism placed upon
the north African coast between the Phoe-

nician Tripolis (Syrtica Regio) to the west

made Cyréné an ally and Cyréné remained
enfeoffed to the Macedonian king of
E , with periods of rebellion, until one

of the last Ptolemaioi bequeathed it to

Rome in 86 n.c. After 22 years of chaos, it

became a Roman province, to which Crete |

was added in 67 B.c.
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ber of distinguished people hailed from there: Aristippos, disciple of Socratés
and founder of the Cyrenaic school; his daughter Arété, who succeeded him

‘a5 head of the school; her son and successor, Aristippos I1, nicknamed Métro-

didactos (mother taught); Anniceris, who modified the teachings of that

school so much that it was called Annicerian; Callimachos and Eratosthengs,
“hoth of whom we shall soon learn to know more intimately; furthermore,

Carneadés, second founder of the New Academy, and Apollonios Cronos,
the dialectician.?

During Eratosthenés’ youth, Magas, governor of Cyrenaica in the name
of his uterine brother, Ptolemaios 1T Philadelphos, revolted against him and
assumed the title of King (he died in 258). Yet Cyréné remained subordi-

“mated, politically and culturally, to Ptolemaic Egypt.

Athens, like Cyréné, was struggling to recover its political independence,
‘but in spite of repeated failures it was still the educational and philosophical
center of the Greek-speaking peoples. It was thus natural for Eratosthenés
to proceed to Athens in order to complete his education. He studied there
at the feet of Arcesilaos of Pitang (Mysia), founder of the New Academy.*
of Ariston of Iulis (Ceds)® head of the Lyceum, and of the Cynic Bion.*
It should be noted that his studies were mainly philosophical, but mathe-
matics and science never ceased to be taught in either the Academy or the
L !

After the middle of the century Eratosthenés” education was complete; a
few philosophical or literary books had attracted some attention to his
name and about 244 he answered a call of Ptolemaios 111 Evergetés. He
remained in Egypt at least fifty years, under the rule of three kings, Ever-
getés, Philopatdr (whose tutor he was), and Epiphanés (ruled from 196
to 181). We need not describe his Egyptian milien becanse this has been
done in previous chapters. His life was spent in active studies in three
great centers of Hellenism, Cyréné, Athens, and Alexandria; it is as if one
of our contemporaries were spending his in Oxford, Paris, and New York.

Soon after his arrival in Alexandria he began his tutorship of Philopatér *
and was appointed a fellow of the Museum (the tutorship of a prince and

~ *These glories of Cyréné are enumer-
ated after Strabon, Geography, xwvm, 3,
93 (Loeb Classical Library, vol. 8, p. 205).
See alko Volome 1, pp. 282, S8R,
* Also ?efhg the S-;;Ftnd oc;‘ Miﬂdlg
Academy. For post-Flatonic histo
the Academy, see Volume 1, P SHE_I:':(H],
ENot to be confused with the Stoic

‘Ariston of Chios, disciple of Zéndn of

Cition. It is remarkable that Eratosthenés

‘does not seem to have paid attention to

the Stoa. For Aristin of Chios, see Volume
1 E;asﬁ'-'d-; for the history of the Lyceum,
. Aristin of Chips fourished o 260;

- Aristin of Ceds a generation later, e, 230,

*Could this be Bion of Borysthenss
(Dnieper) who Hourished in TI-1 B
and was a popular philosopher or “Wander-
prediger™?  See von Amim, in Paoly-Wis-
sows, Vol. 5 (1897), pp. 483-485.

*We must imagine that that tutorship
was nominal; it does not seem to have im-
proved Philopatdr, whose dissipation and
crimes are s discreditable to Eratosthenss,
as those of Nern (d. a.0, B8) were to be o
Seneca the Fhilesopher. Seneca was mur-
dered by Nem's order in 63, but Eratos-
thengs survived Philopator’s criminal life.
It must be added that Philopatir was a
patron of arts and sciences.
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fellowship were in many cases correlative appointments ). He was then or
later a senior (or alpha) fellow. Upon the death of Zenodatos (e, 234) he
became chief librarian.

His education in the three cities was to a large extent philosophical and
literary, yet he was a member of the Lyceum and the Museum, and was
thus submitted to the influence of Aristotle, Theophrastos, and Straton. As
a member of the Museum and Library he could not help having a share in
every scientific project in addition to his own scientific investigations, to
be described presently.

The earliest documents concerning him are three epigrams preserved in
the Greek Anthology® The first was composed by himself and placed by
him at the end of his letter to Ptolemaios Evergetés on the duplication of
the cube:* the second was addressed by Archimédés to his friend Eratos-
thenés; the third was composed by Dionysios of Cyzicos ( Propontis). The
first two are contemporary, the third a bit later, yet Hellenistic.

Eratosthenés received two nicknames that are significant with regard
both to himself and to his time. He was called béta and pentathlos. The
frst means number two or second-rate; the second name was given to
athletes who had distinguished themselves in the five games,'! and meta-
pharically to men who tried their hand at everything ( Jacks-of-all-trades ).
From the social point of view these names are witnesses to the growing
specialism of the Hellenistic age; not only were scientists and scholars
specialized in this or that branch of knowledge but they were already be-
ginning to despise their colleagues whose intellectual ambition was less
exclusive than their own and who tried to understand as much of the world
as they could. Eratosthenés was a polymath by temperament, but also by
training; his geographic investigations had been preceded by philosophical
and literary studies; moreover, he was a victim of the endless opportunities
that were opened to him as librarian in chief of the greatest library of an-
tiguity.

The first nickname, béta, shows that the scientists and scholars of that
age were already very jealous of one another and all too ready to deflate

* Anthologies (enthologia = houguet )
of Greek poems were co at varjous

* Frederic  Diibner, Epigrammatum
Anthologis palating (Greek-Latin ed., 3

times From the fourth century on. The main
one is the Palating anthology collected by
Constantings Cephalas e 017 it was re-
edited in 1301 by Maximos Plinudés
(XI11-2}; see my Infroduction, vol. 2, p.
874, Modemn editions of the Anthologia
Paloting genemally contasin a Planudian
supplement.

* For the history of that problem, which
Erutosthenés himself connected with Délos
{hence its alternative name, Delian prob-
lem), ses Volume 1, pp. 275, 440, 503

vols.; Paris, 1864-1880). The three Era-
tosthenian epigrams are in vol. 3, L ep.
119; iz, ep. 5, and vol. 1, vi, ep. 78.
Erglish translations by W. R Paton in
The Greek anthology ({Loeb Classical Li-
brary, 5 vols, 1516-1918).

" The five games { pentathlon} were
halma (jumping), discos (discus  throw-
ing), dromos: (runming}, palé | wrestling,
lucta), pygmé (boxing, pugnus ). The last
might he replaced by acomtisis or acin
(javelin throwing).




102 THE THIRD CENTURY

those whose superiority they misunderstood and resented.™ Now the pro-
fessional mathematicians might consider him as not good enough in their
field and be displeased with the abundance and variety of his nonmathemati-
cal interests. As to the men of letters and philologists, they could not appre-
ciate his geographic purposes. Eratosthenés might be second-rate in many
endeavors, but he was absolutely first-rate in geodesy and geography; he was
indeed the earliest outstanding geographer and is to this day one of the
greatest geographers of all ages. This his critics could not even guess, and
therefore they pooh-poohed him. There was among them a man of genius
but as he was working in a new field they were too stupid to recognize him.
As nsual in such cases, they proved not his second-rateness but only their
own.

PRE-ERATOSTHENIAN GEOGRAPHY

In order to understand Eratosthenés’ contributions, a flashback to earlier
geographic endeavors is necessary. Not only had a large amount of geo-
graphic knowledge been accumulated by the middle of the third century
B.C, but that knowledge was of many kinds. For example, knowledge of
human geography had been gathered by historians like Hérodotos and
Ciésias in the fifth century, Ephoros in the fourth, Megasthenés (I1I-1 sc.),
by travelers and explorers such as Hannén (V 5.c.), Xenophén (IV-1 8],
Pytheas and Nearchos (IV-2 s.c.), Patroclés c. 280. The last-named is not
as well known as the others. He was an officer of the Seleucidae {c. 280)
who explored the southern parts of the Hyrcanian (Caspian) Sea and be-
lieved that it was connected with the Arabian Sea’® This was a travelers
tale, perhaps of Chinese origin, but travelers’ tales, however wild, might in-
clude fragments of geographic knowledge and acted as ferments.

Another kind of information was provided by the writers of land itiner-
aries, coasting voyages (periploi), traveling sketches (periégeis, periodoi),
by the compilers of empirical maps, charts, or schemas ( pinaces, tabulae).

Still another kind was more theoretical and more ambitious, as exempli-
Eud in the works of Anaximandros and Hecataios, both Milesians of the
sixth century, or with more precision by Eudoxos of Cnidos (IV-1 B.c.), by

et T:hel't:m\::f aps an added sting in  hin, Sir Darya) and Oxos { Jayhiin, Ami

an alpha fellow of the Museum. His ene-
mies might say, “In spite of his being an
‘alpha he is really a béts.”

* Aristotle and Alexander were aware
of the existence of two interior seas, the
Hyrcanian (our Caspian) and the Cas-

{our Aral), but Alexander had won-
whether the Caspian was not con-
nected with the Arabian Sea. That was alkso
Fatrocles” idea. As to the Aral, it van-
ished from .'mnrwlndge; the ancients be-
lieved that the two rivers, Jaxartés (Say-

use Eratosthenés was Daryi), flowed not into the Aral but into

the Caspian. There may have been com-
munications between these two lakes In
very ancient days. The Araxés of Hérodo-
tos may have been one of those rivers, or
the Valga, which actually flows into the
Caspian. Such confusions were unaveid-
able as long 2= one depended not on astro-
nomical coiirdinates but ooly on travelers'
E‘u_em.n?rzﬂ H. F. Tozer and M. Cary,
intory of ancient geography | Cambridge,
1935), pp. lﬁﬁ—lﬁﬁ,g?vﬁi. 8
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Dicaiarchos of Messina (IV-2 B.c.) — this one is often mentioned as Era-
tosthenés’ forerunner —and by Timosthends, admiral of the fleet of Ptole-
maios Philadelphos, author of a treatise on harbors and student of winds.**

The spherical shape of the Earth had been recognized by the early
Pythagoreans and had remained a Pythagorean tenct, but it does not follow
that all the geographers accepted it. For many of them, travelers and writers
of itineraries, it was of no pracl:ica] importance. It beecame crucial, however,
as soon as attempts were made to develop mathematical geography and
to draw a world map. One of Eratosthenés’ main achievements was precisely
to establish the mathematical geography of the spherical Earth.

ERATOSTHENES CEOGRAPHIC WORKS

Eratosthenés’ works were many but none has come down to us in its
wholeness and most of them are known only in the form of fragments the
genuineness of which cannot always be ascertained. Hence the interpreta-
tion of them is full of conjectures and the cause of endless controversies.
The main user of his geographic works was Strabén (1-2 B.c.), who criti-
cized his facts and methods and quoted him when he had to state his dis-
agreement, but seldom when he agreed with him. Sometimes Eratosthenes
is named ( Eratosthenus apophaseis, Eratosthenés phési); more often he is
not.

The main works, to be discussed presently, are, in probable chronologic.

order, On the measurement of the Earth (Anametrésis tes gés), Geographic
memoirs ( Hypomnémata geographica), Hermés, a geographic poem.

In view of Eratosthenés considerable fame in antiquity, how is it that
his works were allowed to disappear? They were absorbed and improved
by his followers, especially Strabon and Ptolemy. One of his early critics,
Hipparchos, suffered the same fate and for the same reason. The results of
ancient geography and astronomy were put together by Ptolemy and the
works of Eratosthenés and Hipparchos were replaced by Ptolemy's Gedgra-
phicé hyphégésis and Almagest.

THE MEASUREMENT OF THE EARTH

Eratosthenés is supposed to have written a treatise on “geometry” (mean-
ing “measurement of the Earth™), but this is not certain. The treatise is not
referred to in his Hypomnémata (see below); it is mentioned by Macrobius
(V-1), a late witness. The subject itself is treated in the second part of the

“In Homer's time four winds were
already recognized — Boreas, Euros, Notos
and Zephyros — corresponding  more  ar
less to the four cardinal points (N, E or
SE, S, W or NW). Aristotle introduced
eight more {Mﬁmbﬁiw 2, &) but his
wind points were not like the vertices of
a regolar polygon but were arranged in

groups of three to each right angle. H. F.
Tozer and M. Cary, History of oncient
geography (Cambridge, 1935), Ep. 164,
ixiv. The traditional division, however,
was octagonal. It is represented in the
Horologion of thﬁﬂsip‘lan Andronicos Cyr-
thestés, the so-called Temple of the Winds
in Athens (first century s.c.).
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Hypaomnémata, but that treatment might be a summary of the “geom

It is certain, however, that Eratosthenés measured the Earth, and his
measurement was astoundingly accurate.

His method consisted in measuring the distance between two places
located on the same meridian. If the difference of latitude of these two
places is known, it is easy to deduce the length of 1° or of the whole
meridian. I do not say 360° because Eratosthenés divided a great circle into
60 parts; Hipparchos was probably the first to divide it into 360°.

Eratosthenes’ was not the first estimate: according to Aristotle the cir-
cumference of the Earth amounted to 400,000 stadia: according to Archi-
médés, 300,000 stadia; accurdi.ug to. Eratosthengs, 252,000 stadia.) Tt is

said by Cleomédeés that his result was 50 % 5000 = 250,000 stadia, but he

made various measorements and accepted 252000 as the final resalt. These
measurements were not accurate in the modern sense; they were approxi-
mations and the final result was probably made more acceptable for non-
experimental reasons (252 = 2% w 3% w 7).

In order to determine the latitude, Eratosthenés used a gnoman or a

sciothéron.’ In Syéné,'" at the time of the summer solstice there was no
shadow at all and he concluded that that place was located on the Tropic

of Cancer; Syéné and Alexandria were, he believed, on the same meridian,
their difference of latitude was 7219 {1/50 of a great circle) and the dis-
tance between them amounted to 5000 stadia. Thus the length of the cir-
cumference was 250,000 stadia, a result which he corrected eventually to
252.000. These assumptions were not quite correct. The differences in longi-
tude and latitude of the two places are 3°4' (instead of 0°) and 7°7"18
(instead of 7°12’); the distance 5000 stadia is obviously an approximation
in a round number. The distance was measured by a bématistés (a sur-
veyor trained to walk with equal steps and to count them), It is clear that
Eratosthenés was satisfied with approximations: the original figures, 1/50
of the circumference and 5000 stadia, are too good to be true.

It is said that he determined the position of the Tropic by means of a
deep well; the sun at noon on the summer solstice would light up the well
right down to the water and cast no shadow an the walls. That is not im-
possible, though a well would hardly be a better instrument than the
seiotheron. The “well of Eratosthends” is not in Syéné proper but in Ele-

*1t does not follow that those estimates
were in the ratios 400:300:252 for the
stadia might be different in esch case.

* A sciothéron §s a kind of sundial It
had the shape of 3 bhowl {scaphé) with
B gnimin standing in the middle of i
{like the radius of a hemisphere}. Lines
drawn inside of the howl would enahbls
the observer to measure fhe length of the
graman’s shadow immediately,

"Syéné (Ambic, Aswin) in Upper

Egypt on the Nile, just below the Fimst
Caturact. Its latitude is 24°5° and the
obliguity of the ecliptic was then 23°43°
It is probable that Eratosthenss sssymed
the obliquity to be 24°, yet even then
Syéng was a little above the Tropic of
Cancer.

* dlexandria: 27"31'N, 31°12E;

Syémné; J0°35'N, 24°5E.

differences; 3°4, o i
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phantine, an island in the Nile (Jazirat Aswan), opposite Syené just below
the First Cataract: this makes no difference.’* The well which can be seen to
this day in Elephantine is probably the nilometer (migyas) described by
Strabdn.

If we admit the measurement 252 000 stadia our difficulties are not yet
over, for how long was a stadium? There were differences between the
various stadia in different times and places, and ancient geographers were
hardly conscious of them.* Perhaps the most aceeptable solution of that
insolvable puzzle is the one given by Pliny (xmu, 53), according to whom
one schoinos equals 40 stadia. On the other hand, according to Egyptologists
the schoinos equals 12,000 cubits and the Egyptian cubit equals .525 meter.
If so, the schoinos equals 6300 meters and Eratosthenss’ circumference
equals 6300 schoinoi or 39,690 kilometers.®' That result was almost un-
believably close to the real value (40,120 km), the error being not much
above 1 percent* On that basis, the Eratosthenian stadium equaled 157.5
m, shorter than the Olympic stadium (185 m) and than the Ptolemaic or
Royal one (210m).

There were about 9.45 Eratosthenian stadia to a mile; according to an-
other interpretation, his stadium was even smaller, 10 to a mile.*® The other
stadia were larger (9, 85, 8, Th to a mile). The smallest of these (Btoa
mile) would give a circumference of 41,664 km (too large by less than
4 percent) and the others would increase the error. That does not matter
very much, however. Eratosthenés” achievement lies in his method; which-
ever the stadium used it would give a not implausible value of the Earth's
size. That was a great mathematical achievement.

Not only was the spherical shape of the Earth vindicated, but the sphere

® Howard Payn, “The well of Eratos- majority of learned people were blessedly
thenés,” O 37, 9RT-288 (1914), unaware of them. For a discussion of the
with photograph of the well. Criticism by stadia, see Aubrey Diller, “The ancient
]. L. E. Dreyer, ibidem, 352-353). For measurements of the Earth,” Isis 40, 6-9

comparison, Aydin Sayli, “The ohservation  (1948). For numerals, see Sterling Dow,
well™ Actes du VII* Congrés international “Greek numerals,”  American Journal of

d"Histaire des Sciences ( Jerusalem, 1953 ),
pp. 542-550. Elephantine {called Yebu in
Egyption, Jazirat Aswan in Arabic) wus
an important military and religious center
in Pharonic times, it was also an impor-
tant business center for trade with Ethiopia.
What is mare remarkable is that it was a
Jewish center where an abundance of Ara-
maic papyri of the fifth century a.C. have
been discovered; EMgEIﬂpﬂﬂJiﬂ Judaica,
vol. 6 (1930), pp. 446-452. Jewish colonies
were established in Egypt long before Hel-
lenistic times.

= There were all kinds of differences in
weights and measures, calendars, chrono-
Iogical scales, even numeralk, and the great

Archaeology 56, 21-23 {1952 ).

= The cpincidence of the two nom
8300 s curious: 1 schoinos = 40 stadia =
12,000 E%\éptian cubits = 6300 meters;
and 40 stadia are included 6300 times in
252 DO stadia.

=30 /90 km = 24,662 mi The corme-
sponding diwmeter i 7,850 mi, only 50 mi
Jess than the true value of the polar diam—
rler,andﬂmihsstlmnﬂmeq
dipmeter.

= On that basis (10 stadia to a mile),
the circumference of the Earth would
equal 37,497 km, more than 6 percent too
small
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was measured. The correctness of his results was partly accidental, for it
was based upon very adequate measurements,

Eratosthenés' main geographical work was the Hypomnémata geégrnzﬂﬂm.
As far as can be deduced from the fragments and from Suidas’ description
it was divided into three parts: (1) Historical introduction; (2) Mathe-
matica] geography; measurement of the Earth and of the inhnhil:e_d _Purtmn
thereof, hé cicumens (g2); (3) Mapping and description ( periégésis) of
the countries. As the table of contents has not survived, the ascription of
this or that fragment to part 2 or 3 is sometimes arbitrary, but that is of no
importance.

The historical account (part 1) went back to Homer and Hesiod and ex-
plained the geographic views that preceded and gradually prepared the
conception of a spherical Earth. It reviewed old ideas on the size of the
Earth, the proportion of land areas to sea areas, the shape and size of the
gicumené, the circumambient Ocean, the Nile sg vastly different from the
other rivers and its mysterious inundations. Aristotle and Eratosthends
were the first to give the true explanation of these — tropical rains of spring
and early summer in the extremely distant highlands whence the Nile
‘waters come.

Part 2 was a mathematical geography based upon the hypothesis of
sphericity. It contained perhaps a summary of his older treatise on “geom-
étry.” The geographic zones ** were established and measured, This hinged
on the measurement of the obliquity of the ecliptic, for which Eratosthenés’
estimate was probably the same g5 Euclid’s, 24°. %5 the tropical Tegion was
then 45° broad, being limited by the tropical circles of Cancer and Capri-
corn. The two polar circles were 24° distant from the poles, and the tem-

He realized that the Mmountains were too small, the valleys tao shallow,
and the catastrophies (foods, earthquakes, volcanic explosions) too weak
to affect the sphericity of the Earth, According to Thedn of Smyma {111},
he thought that the highest mountains were only 10 stadia high (1/8000
part of the diameter), but even jf he had known much higher mountains his
judgment of their relative smallness would still hald.

The oicumené known to Eratosthenés extended in breadth from the lati-
tude of Thulg, revealed to hip by Pytheas, which he placed near the
Arctic Circle, to the Indian Ocean and Taprobané (Ceylon), and in length

* His notion of zones was thus essep. femember, 5 not constant throughout the
tially different from the carlier fifth-cen- centuries. It is now ahout 23°28’, whereas
try one of Parmenidis of Velia (Elea, b was 23°43° in Eratosthenss’ times,
Hyele) and of Démocritos of Abdéra an- = The result 24° was very acceptable to
tesior to the discovery of the obliquity of  anedent astronomers because 24° was the
the ecliptic (Volume L pp. 288, 392 angle subtended by the side of o regular
The obliquity of the ecliptic, we shonld polvgon of 15 sides.
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ﬁomthe&ﬂnnﬁcﬂueanmCm&alﬁﬁaan&&cBayofBengalThis gave a
rectangle of about 38,000 by 78,000 stadia, that is, twice as long as it was
broad; the estimate of length. however, was exaggerated by at least one-
third. The coexistence of tides everywhere confirmed the hypothesis of a
circumambient Ocean.

The views of Aristotle and Timosthenés on winds have been mentioned
above. It is possible that Eratosthenés was acquainted with them and with
those of Bidn the astronomer.2® He himself wrote a treatise or chapter on
winds (peri anemdn),* and established a new diagram of the winds, or
wind rose. It had eight sectors: aparctios (N, boreas (NE), euros (E),
euronctos (SE), notos (S), lips (SW), zephyros (W), argestés {(NW)-
( There are variants of those names, and the history of each of them is fairly
complex.) Note that among the names given only one, euronotos ( east-
south), is constructed in the modern way. He distinguished between uni-
versal winds ( catholicoi) and local ones ( topicoi).

The third part of the Hypomnémata dealt with mapping and descriptive
geography. It may seem strange to have the treatment of maps here and
mot in the mathematical section, but the mathematical principles of map
making were not yet understood. This weak point in Eratosthenian knowl-
edge was sharply criticized by Hipparchos, but Hipparchos’ criticisms and
new theories were lost as well as those of Marinos of Tyre (11-1) and did

not emerge and survive except many centuries later in Ptolemy’s Geogra-

phy. Eratosthenés rejected the continental division (Asia, Europe, Africa)
and divided the inhabited world by means of two perpendicular lines or
bands, crossing each other in Rhodos (there was an old observatory on its
highest mountain, Atabyrion); the horizontal one (above 35°N) passed
near the Pillars of Héraclés (Gibraltar), followed the length of the Medi-
terranean Sea, and then, a little higher, of the Taurns chain; the vertical
line followed roughly the Nile. That was very rough indeed and therefare
it is better not to give to those perpendicular lines and to the lines parallel
to them the names of latitude and longitude. These conceptions had not yet
been formulated with sufficient clearness and rigor, and no wonder, for it
was not yet possible to determine Jatitudes with great precision and longi-
tudes with any. These two lines or bands were simply two lines of refer-
ence, permitting a rough classification of countries in four sectors. He did
not try any mathematical definition of the countries, but a purely human
one, Egypt is the land of the Egyptians. What is exceedingly typical of the
post-Alexandrian age, he refused to speak of Creeks and Barbarians. There
are among the latter some very civilized nations, such as the Indians, the

= Rign ho astrologos, Strabin o, 2, 91 ‘Wissown, Vol 5 | 1B67T), 4B5-487.
{Loeb Classical Library, vol. 1, p. 106). = Many tests edited by Georg Kaibel,
This was perhaps Bién of Abdéra who “Antike Windrosen,” Hermes 20, 579-
fourished c. 400. See Hultsch, in Pauly- 624 (1885).
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Romans, and the Carthaginians; on the other hand, there are some con-
temptible people among the Greeks. 3

His map was not based on an astronomical network (circles of latitude
and longitude ) but on a number of sphragides vaguely placed in each of ﬂ:e
four mean sectors.™ It is easy to understand Hipparchos' scom. A sphragis
(seal) or plinthion (small brick) meant to Eratosthenés a distinctive shnpe.,
the general appearance of each country being likened to a familiar object.
The idea was not new. The actai of Hérodotos 2 were of a similar kind. It
is a popular idea rather than a scientific one. Spain was compared to an ox
hide, Italy to a foot and leg, Sardinia to a human footprint, and so on. He

may have been inspired. by the constellations, the general shape of which

was easy to observe. Note that we ourselves think of foreign countries in
terms of sphragides; we “see” India, Indo-China, Spain or Italy. Our best
references are in those terms. The most exact way of defining the position of
a star is to give its cobrdinates, but in most cases it will be more helpful
to be told that it is in this or that part of a known constellation; then we
know immediately where it is. In the same way we would be very em-
barrassed to have to indicate the degrees of latitude and longitude that
would frame Italy, but we “see” Italy, we see the boot.

1 cannot help wondering, however, how such a conception could grow
in ancient minds. We know the Italian boot well enough because we have

seen it in atlases and maps from childhood on, but if we had no maps, what

then? How could Eratosthenés conceive the general shape of Iran? In de-
fault of astronomical cobrdinates all he knew to guide him were travelers’
reports, the distances and relative orientation of definite places. That was
not very much.

On the other hand, Eratosthenés had accumulated much information con-
cerning the natural products of each country and the people living in them.
The bulk of that is preserved in Strabén but we are unable to recognize
the Eratosthenian elements, except in the not infrequent cases when Straban
advertises the errors of his predecessor and criticizes him.

To sum up, Eratosthenés had a pretty good knowledge of human geogra-
phy, his knowledge of descriptive geography was empirical and poor, but
he was the first to put together all the methods and facts that had accumu-
lated down to his time. Abave that, he was the Brst theorist and synthesist of
the spherical Earth, the first mathematical geographer.

‘_-} to Tozer and Cary, His-
tory of ancient peography, p. 181, Eratos-
thengs concefved Eaﬂiug p'].raﬂc!s corre-
sponding to the Cinnamen gion, Meros,
Syeneé, Alexindria, Rhodos, the Troad,
Olbia near the mouth of the Borysthenés
(Duieper), Thulé, and varlons meridians
corresponding to the Pillirs of Heracles,
Carthage, ndria, Thapsacos on the
Euphrates (near the westernmost part of

it). the Caspian Gates, the mouth of the
Indus, the mouth of the Ganges. May be,
but Eratosthenés’ knowledge of such mat-
ters. was wvague., He realized that some
places were located at about the same lati-
tude or longitude; but it would be incor-
rect to speak of definite peographic co-
ordinates,
= Hérodotos, v, 37-30.
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ASTRONOMTY

According to Galen,®” an unexpected witness in astronomy, Eratosthenés’

“geometry” dealt with “the size of the equator,

the distance of the tropie

and polar circles, the extent of the polar zone, the size and distance of the
Sun and Moon, total and partial eclipses of these heavenly bodies, changes
in the length of the day according to different latitudes and seasons.” This
chows that Eratosthenés had not restricted himself to geodaisia (geodesy,
itself a part of astronomy) but had contemplated the main astronomical

problems of his time.
He estimated the
780,000 and 804,000,000 stadia,

distances of the Moon and Sun from the Earth to be
According to Macrobius (V-1), he said

that the measure of the Sun was 27 times that of the Earth; does “measure”
mean volume? Then the diameter of the Sun was thrice that of the Earth.
Such measurements are mentioned for the sake of curiosity; the main addi-

tion to knowledge was the bald

idea of making such measurements, and

the real innovator was not Eratosthenés but Aristarchos of Samos.
Eratosthenés was naturally interested in the calendar. He wrote a treatise

on the eight-year

period, octaetéris, and did not consider the treatise ad

hoc of Eudoxos of Cnidos (1V-1 Bc.) as genuine.

He was probably consulted by FPtolemaios TI1 Evergetés in

238 when a

reform of the calendar was he:’r]g deliberated by a synod of the Egyptian
clergy. The reform was accepted by the synod on March 7, 238 and is gen-
erally called the decree of Candpos.™ It is known through various inserip-

Hons, especially

one written in three scripts

( hieroglyphic, demotic, and

Greek) found at Kam al-Hisn in 1851 and preserved in the Cairo Museum.

MATHEMATICS

The most remarkable mathematical

achievement ascribed to him is the

invention of the famous “sieve of Eratosthenés,” ** for the purpose of finding

the prime numbers. Suppose that
cancel the even ones, then those

remaining integers will be primes. That is simple

the integers are Wri
divisible by 3, 5, 7, 11, and so on, The

tten out in & series;

and easy but would not

lead one very far. Some of our contemporaries have been able to discover

prime numbers so large that “sieving

would have to be carried out by

legions of men working during an incredibly long time, even if their sieve
were replaced by a machine that would cut off automatically all the mul-
tiples of the successive primes.™ Just try to solve a relatively simple preb-

= Galen, Institutio logica ( Eisagigé din-
lecticél, ed. Carolus Kalbfleisch (98 pp.
Leipzig, 1896]), chap. 12, p. 26, This text
is not in Kithn's edition.

# Candpos s near the mouth of the
westernmost branch of the Nile, a little
cast of Alexandria, It was Alexandria’s play-

ground.

=The sjeve or coscingn was a teel
familiar to farmers and craftsmen, abo to
diviners, A coscinoTnandis was a man who
used the sicve for the purpose of diviea-

L.
= The largest prime discovered to this

day = 180{2= — 1)* + 1, Nature 168,
838 (November 10, 1951). Could you
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lem, to sift out the prime numbers of the first million, and you will appre-
ciate the difficulties.

He wrote a book entitled Platonicos, which was probably a commentary
on the Timaios or on other Platonic dialogues. It is twice mentioned by
Theon of Smyma (11-1) in his mathematical introduction to Plato. Tt dis-
cussed principles of arithmetic, geometry, and music. It told the story of
the Delian problem: in order to stop a plague, the priestess of Délos ex-
pressed Apollon’s wish that his cubic altar be doubled. It is the problem of
the duplication of the cube which had exercised the minds of many mathe-
maticians from the fifth century on.* Eratosthenés proposed a new method
which he described in the letter to Ptolemaios Evergetés ending with the
epigram mentioned above.®® This was written not long before the end of
Evergetés’ rule (247-222). In order to express his gratitude to the king,
Eratosthenés caused a column to be erected upon which the epigram was
inscribed as well as a drawing of the contrivance (mesolabion) which he
had devised to solve the problem.? Let us pause a moment to consider
that. Eratosthenés wished to thank and flatter the king, his own Evergetés,
and the best that he could think of was to dedicate to him the solution of
an abstruse mathematical problem. There have been courtesans in all ages
and places, but have you ever heard of another king and another courtier

who behaved like that? This happened in Alexandria near Egypt shortly be-
fore 222 n.c.

PHILOLOGY

It is very curious that Eratosthenés, who was primarily & man of science
and whose fame is built on his geography, was the first man to be called
& philologos (or perhaps criticos, grammaticos). Of course he was not by
any means the first to deserve that name, but why was it given first to him,
who was essentially something else? It is as if Newton were called the
theologian, or Ingres, the violinist. The name would have been more fitting
for other librarians, whose philological interests were supreme and exclo-
sive,

It is probable that Eratosthenés” appointment (e. 234) as chief librarian
of the Museum was clinched because the need of a librarian familiar with
mathematics and science was beginning to be felt. An alpha fellow of
the Museum seemed to be a good choice. Yet men of science were

e e

prove that that number s prime? H. S,
Uhler, “Brict history of the investigations
on Memsenne numbers and the latest im-
mense primes,” Scripta mathematica 18,
122131 (1952). According to Larousse
Mensuel [ Paris, Auvgust 19553, p- 691,
the largest prime number then known wats
(2= —1), cbtuined by electronic com.
puoter.

™ Volome 1, pp. 278, 440, 503,

= Bee note 10,

®In order to solve the equation
= = 2", one has to find two mean propor-
tionals in continued propartion between g
and 2a, that is, such LE::::."I =x/y =y/2a
The mesolohion {or mean-finder) was a
mechanical device for doing that.
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still relatively rare and the great majority of learned men were philologists
or men of letters and nothing else. They were unable to appreciate the new
kind of learning which Eratosthenés was representing, and therefore they
did not call him geographos or mathematicos but philologos.

Their numing him philologos was not arbitrary, however, for he deserved
that name from his school years in Cyréné and Athens when he studied
belles-lettres and philosophy. Later his duties as librarian could not help
but aggravate his philologic as well as his encyclopedic tendencies. Was he
not in charge of all the books and of all the scholars who visited the Library?
And were not the overwhelming number of books literary or philosophical
and the great majority of scholars men of letters rather than of science?

His masterpiece in philology was an elaborate study of the old Attic com-
edy %7 (Peri tés archaias comadias) which was much used by Aristophanes
of Byzantion (II-1 8.c.) and by Didymos of Alexandria (1-2 B.C).

It is doubtful whether Eratosthenés prepared a corrected edition of
Homer ( diorthasis Homéru), but he studied Homer as did every educated
Greek. Homer, we should remember, was honored by them almost like a
superhuman being. The Iliad and the Odyssey were read in the same spirit
as the people of other nations read their sacred hooks. Criticism of these
writings was almost as shocking to the Greeks as criticism of the Qurian
would be to Muslims. To a man like Strabén, Homer was the founder (arché-
getés) of Greek culture. It would seem that Eratosthenés was particularly
interested in Homeric geography, which was admirable in some respects
(accuracy of local epithets) but less so in others. Was his criticism too
sharp and indiscreet? Was his estimate of Homeric geography published
in a separate treatise or only in the first part (historical ) of his Hypomné-
mata? We do not know for certain, but it seems pmbable that the Hypomneé-
mata contained only a summary of a more elaborate study; that summary
was preserved by Strabon.®®

Another query rises in my mind. Was not Eratosthenés’ study of Homeric
geography the seed of his geographic investigations? That is quite possible.
He would not be the first man of science whose vocation was determined
by romantic circumstances. A vocation is always an act of faith much an-
terior to the knowledge that would justify it. It is pleasant to think of Homer
guiding the steps of the first mathematical geographer.

Eratosthenés comes very close to us in another way. He was a historian,
he wrote a histary of philosophy, and part 1 of his Hypomnémata was & his-

tory of geography.

= The “old comedy” was largely an- 385), but there is an abundance of frag-
terior to the fourth century. The only play- ments from other plays.
wright some of whose plays have survived = Gtraban, Ceography, 1, 2, 3-22.
entire is Aristophanés of Athens (c. 450-
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He was not the first historian of science, yet one of the very first.®

In the geographic field, one of his fundamental problems was the de-
termination of localities. He could not really solve it because the latitude
of a place was not easy to measure, and the longitude, exceedingly difficult.

The corresponding problem in the historical field is the determination
of dates in a single time sequence. Each country or city had its own means
of registering deeds with reference to local standards, but it was very diffi-
cult if not impossible to harmonize different chronologies. Eratosthenés tried
to establish a scientific chronology from the war of Troy to his own day
and wrote two treatises on the subject, the one entitled Chronographiai
and the other Olympionicai. This second was a list of Olympic victories.
Both dealt with the Olympic scale introduced by Timaios about the begin-
ning of the third century. Timaios has established concordances between the

kings and ephoroi of Sparta, the Athenian archontes, the priestesses of

Argos,'" and the Olympic victories. As the scope of those famous games
was international (in the Greek world, at least), their enumeration pro-
vided an international frame of-reference. Instead of saying that an event
occurred in the seventh year of the rule of a local king or tyrant in Rhodos,
Samos, or elsewhere, one might say that it occurred in the first, second,
third, or fourth year of this or that Olympiad. The Olympionicai were super-
seded by the similar work of Apollodaros of Athens (T1-2 Bc.). T do not
know how much Eratosthenés added to Timaios and how much Apolloddros
to Eratosthenés, because all those treatises are lost. The best information

ad hoc is given by Clement of Alexandria,** who fourished a few centuries
later.

The third century was a time when didactic poetry flourished. There were
always epic and lyric poets, but the main demand of the reading people
was for knowledge, easy knowledge expressed in verse. The reader has
already been introduced to two didactic poets, two Greeks of Asia, Aratos
of Soloi and Nicandros of Colophén. Eratosthenés wrote many poems, a
short epic poem, Anterinys, describing Hesiod's death and the punishment
of his murderers, an elegy, Erigong, celebrating Icaros and his daughter
Erigoné, and others, but we are more interested in two didactic poems,

®For earlier ones, beginning with
Eudémos of Rhodos (IV-2 ac.), ses Vol
ume I, p. 578.

" The ephoroi (singular, epharos) or
overscers of Si)u.rta, a body of five magis-
trates controlling even fhe kings. The
archontes. were the chief magistrates of
Athens, nine in number; the fist. or leader,
wis called the archin, also arehan epiny-
mas, because he gave his name to the eor
rent year. The priestesses of Argos [ north-

east Peloponnésos) were in the service of
Héra, poddess of marrlage and women
(Juno to the Romans).

“Titus Flavies Clemens (o 150-
c. 214), bom in Athens, converted to
Christisnity, head of the Catechetical
School of Alexandria which provided Chris-
tian education (as against the pagan educa-
tion of the Museum and Serapeum ). It was
a schoaol for Christian neophytes, or cate-
chumens (Calatians 6:6).
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Hermés and the Catasterismoi. Hermes Trismegistos was of special concern
to the Greco-Egyptians because he was the Greek avatar of Thoth, Egyptian
god of the sciences. The poem Hermés is astronomical; the extant part (35
lines) deals with zones and is the only Eratosthenian text explaining the
poet’s views on the subject; these have been summarized above. The Catas-
terismoi * describes constellations and their mythology. This was an essential
part of astronomy from the Hellenistic point of view. 5till another didactie
poem has already been mentioned, the epigram on the duplication of the
cube. According to ancient critics who knew the whole of it, Hermés was
his masterpiece. Such poems satisfied the scientific curiosity as well as the
love of metrical words of the Ptolemaic aristocracy; they also pleased
Renaissance scholars but they are not very acceptable to modern readers,
be they astronomers or poets.

THE ERATOSTHENIAN THRADITION

The activities of Eratosthenés were very complex and each of them had
its own tradition. To many ancients he was primarily the critic of Homer.
To others he was the founder of mathematical geography, or of descriptive
geography, or even (it must be admitted, in a very imperfect way) of map
making.

His mathematical and astronomical knowledge was severely criticized by
Hipparchos (11-2 s.c.) but his good fame had been supported by Archi-
médes, who dedicated to him his Cattle problem and his greatest work,
the Method. Surely if the greatest mathematician of antiquity chose to honer
him in such a manner, there must have been qualities in him that Hip-
parchos failed to see.

His descriptive geography was often corrected and completely assimilated
by Strabon (I-2 B.c.). His geodesy and geographic ideas were criticized
and transmitted by Polemdn ho Periégétés (II-1 B.c.), Poseidonios (I-1
B.c.), Cleomédss (I-1 B.c.), Strabon (I-2 Bc.), Dionysios ho Periégétés
(I-2), Galen (11-2), Achilleus Tatios (11I-1); in the Byzantine world by
Marcianos of Héracleia (V-1), Stephanos of Byzantion (VI-1), Suidas
(X-2), Tzetzés (XII-1); in the Latin world by Vitruvius (I-2 s.c.), Pliny
(I-2), Macrobius (V-1), Martianus Capella (V-2) . . . Lambert of Saint
Omer (XII-1); in the Arabic one, by al-Qazwini (XIII-2).

This list is very impressive, much more so than it deserves to be. Many
names are mentioned, becavse if one mentions one, one cannot leave others
out. In reality, the Eratosthenian works were soon reduced to fragments, and
their tradition lost in the traditions of Strabén and Ptolemy. Many Renais-
sance scholars were fascinated by these fragments, however, and tried to
solve the many puzzles that they created. Their faith in him was astonishing,
Let me give two examples of it.

= Or Astrothesia, with the same gen- genuineness of that work has been ques-
eral meaning — placing of the stars. The tioned.
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When the Dutch physicist, Willebrord Snel, wished to explain his method
of measurement of a part of a meridian he published it under the title Era-
tosthenes batavus. De terrae ambitus vera quantitate (Leiden, 1617). The
French humanist, Clande de Saumaise, was called by his many admirers
“the prince of learning” and also the Eratosthenés of his time.**

The Geography of Strabon was printed six times in Latin during the
fifteenth century * and, as Eratosthenés is quoted in them hundreds of times,
men of learning using the incunabula were well acquainted with him, but
there was no separate edition or important discussion of his geography until
Pascal F. . Gossellin, Géographie des Grecs analysée ou les systémes dEra-
tosthéne, de Strabon et de Ptolémée comparés entre eux (4to, 175 pp;
Paris, 1790) (Fig.31).

For the modern editions see my Introduction, vol. 1, p. 172. The poems
were edited by Eduard Hiller (140 pp.; Leipzig, 1872) and the gwgraphic
fragments, by Hugo Berger (401 pp.; Leipzig, 1880).

Alessandro Olivieri, Pseudo-Eratosthenis Catasterismi in Mythographi
graeci (vol. IT1, fasc. 1, 94 pp.; Leipzig, 1897); divided into 44 chapters,
from 1. Great Bear to 44. Galaxy; index.

NOTE ON THE OLYMPIADS

The Olympic games, which took place in Olympia ( Blis, northwest
Peloponnésos) every fourth year, were events of international importance
throughout the Greek world; we might almost say throughout the oicumené,
because Greek influences were felt almost everywhere. The victors of these
games were international heroes; oral tradition preserved the names of the
Olympic victors in chronologic order and eventually lists of Olympic vic-
tories were written down. On the other hand, local events were recorded
in local annals called horographiai,® and those events were dated from the
beginning of each local kingship, magistracy, or priesthood. Timaios of
Tauromenion (Taormina, eastern Sicilian coast) was the first to compare
local chronologies, and it occurred to him that the dates of the Olympic
games would afford a common standard of international validity. His work
was continued and completed by Eratosthenés; Olympic dating was used
or referred to by Polybios (II-1 B.c.), Apollodoros of Athens (II-2 B.c.),
Castor of Rhodos (I-1 B.c.), Diodéros of Sicily (I-2 B.c.), Dionysios of
Halicarnassos (I-2 8.c.), but it was never popular and was not used on
eoins or inscriptions (except a few Olympic ones).

The origin of the Olympic games is immemorial, but the first Olympiad
(776-7T73) was reckaned from the victory of Coroibos of Elis in the foot

“5nel van Hoijen in Dutch, Snellius in
Latin (1501-1626). Saumaise (1588
1653) was better known under his Latin
name, Claudius Salmasine. He was half a
Dutchman, being professor at the Uni-
versity of Leiden from 1631 to 1650,

“Klebs, No. 935.1-8; first in Rome,
1469,

“ Horg means a limited period of time,
8 season, o yesr, an hour (hora in Latin}.
Annals were called harographia and the
annalist, harographos,

e ———
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race of 776. The Olympic festival
occurred in the eighth month of the
Eleian calendar, corresponding to
the second Attic month (Megageit-
nion}, July-August. Thus, OL 1.1
covers the period from July (or Au-
gust) 776 to June (or July) 773. In
general, it suffices to say OL 1.1 =
776 B.c., but it is well to remember
that the Olympic year (or the Attic
year) did not begin on January 1.4
The dating by Olympiads was used
moderately in Hellenistic times but
seldom in Christian times. It was re-
vived by Hadran (emperor 117-
138) in the year a.p. 131 (Ol 227.3),
when he dedicated the Olympieion
in Athens; that year was sometimes
called Ol 1.1, which was very con-
fusing if no explanation was added.
A list of Olympic victories com-
piled by the Christian chronologist
Julios Africanos (IlI-1) was pre-
served by Ensebios (IV-1). It covers
the period 776 .. to a.n. 277. The
Olympic games were finally abol-
ished in 393 by Theodosios the Great
(emperor of the East 378-395).
Olympic datings were superseded
by the Roman ones ab urbe condita

GEOGRAPHIE DES GRECS
ANALYSEE;
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Fig. 3l. This book by Pascal Francois
Joseph Gossellin of Lille (1751-1830) was
the first scientific study of Eratosthengs
(29 ¢m, 180 pp.. 8 tables, 10 maps; Faris,
1780). Su uent in igatinns Gos-
sellin a under the title Recherches
sur la géographie mystématigue et positive
der anciens (4 vols., 28 cm, 54 1;1‘:{:5; Paris,
1798-1813), [Courtesy of Harvard College
Library.1

and by consular dates. The foundation of Rome beginning the era was sup-
posed to have taken place in the year corresponding to 753 B.c.¥

Tables giving the concordance of the three chronologies (0L, v.c., and
B.c.) are available in the treatises on chronology and those on classical

“ Christian years did not always begin
nuggla.uua:)r 1, { Circumcision ). The wyear
might begin on March 1 ar March 25 [An-
nuncintion ), on December 25 ( Christmas ),
or worst of all on Easter, the date of which
changes every year. The calendar style
la nacitate, ob incarnatione, etc.) varied
from time 1o time and from place to place;
Isix 40, 230 (1849).

# There were many determinations of
the Roman era, ranging from e 870 to

728 B.c. The one genemlly accepted 