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ESSAY REVIEWS

A NEW EDITION OF THE METRICA
OF HERON OF ALEXANDRIA*

JEns Hoyrup okl

Roskilde University — Denmark

Quoting a letter to the Emperor from February 1865, Emmanuel Miller an-
nounced in 18682 to have been shown in the library of the Old Serail of Constan-
tinople “a very beautiful manuscript from the 11* century, containing the writings
of Heron of Alexandria,” which it “would be very important to compare with an
edition of this famous mathematician, and in particular with the excellent mem-
oir of M. Henri Martin, of Rennes, about the writers that have carried the name
of Heron.”

The Old Serail library was not easily accessible — visit to the Serail was grant-
ed to foreign ambassadors taking their leave and normally to nobody else.* A few
years after Miller’s announcement, however, Anton Dethir, director of the Impe-
rial Ottoman Museum, included a (fairly complete) list of the titles contained in
the same manuscript in an inventory of such manuscripts as had already seen by
foreign scholars — ascribing it now to the 12" century”’ Then, in 1887, Friedrich
Blass was admitted, and in the next year® he first said about the manuscript in

* Essay review of FaBIo ACERBI, BERNARD VITRAC (eds., trans.), Héron d’Alexandrie, Metrica,
Pisa-Roma, Fabrizio Serra, 2014.

** Jens Hoyrup, Section for Philosophy and Science Studies, Roskilde University, Box 260,
DK-4000 Roskilde, Denmark — jensh@ruc.dk.

1 Published according to Miller (p. I, n. 1) in Le Moniteur (probably Le Moniteur Universel), 13
March 1865.

2 MILLER, 1868, p. V.

3 That is, MARTIN, 1854. My translation into English, as everywhere in the following where
nothing else is stated.

4 ABEL, 1878, p. 564.
5 Ibid., p. 565.
6 Brass, 1888, pp. 220, 222.
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question that it contains “The Geometry of Euclid — Heron of Alexandria on Mea-
sures,” dating it again to the 12" century; next he quoted Dethir’s more complete
description via Abel. Only Richard Schéne was competent and interested enough
in such matters to discover in 1896 that the manuscript contains Heron’s Metrica,
so far only known from a reference in Eutocios and from a fragment which Paul
Tannery had identified in 1894.” In 1903, finally, Hermann Schéne (son of Rich-
ard) published the first critical edition (with a German translation) of what turned
out to be the only mathematical work certainly written by Heron (excepting some
aspects of the Dioptra); 8 he returned the date of the manuscript to the 11th centu-
ry. In the same volume he also published the Dioptra.

These editions constitute the third volume of Heron’s Opera quae supersunt
omnia. The remaining mathematical treatises of the Serail manuscript (which I
shall henceforth designate S, following a convention going back to J.L. Heiberg)?’
were published as volumes IV and V of the same series (similarly with German
translation) together with most of those that had been published by Friedrich
Hultsch in 1864.1° Vol. IV contains the Definitiones,'! and vol. V De mensuris.'* Most
of what remains is collected under the headings Geometrica and Stereometrica; both
names go back to Hultsch, but Heiberg combines what comes from the man-
uscripts used by Hultsch (mainly A, written in 1183, and C, from c. 1300) with
those parts of S that do not belong to the Metrica, and with supplements belong-
ing to a Vatican manuscript labelled V. Where the two manuscript groups A+C
and S+V deal with approximately the same subject-matter, their contributions
are arranged in parallel columns; ** matters dealt with only in S+V are inserted
into the text where Heiberg found it fitting.!* The outcome should not be taken
as reconstructions of works from Heron’s hand — Heiberg is emphatic about that.
In the preface to vol. IV '* he says to have found it adequate (because of the partial
thematic overlap) “to pile up, so to speak, everything geometric and everything
stereometric into two huge bulks” (omnia geometrica et omnia stereometrica in duas
quasi moles congerere); the prolegomena to vol. V (p. xx1) repeat this warning, and
insist that the material contained in the Geometrica does not come from Heron'’s
hand (ab Herone profecta non est — p. xx1), and that the same holds for the Stereomet-

7 TITTEL, 1912, col. 1013.
8 SCHONE, 1903.

° HEIBERG, 1912a, p. XIIL
10 HurrscH, 1864.

11 HEIBERG, 1912a.

12 HEIBERG, 1914.

13 The objection of Fabio Acerbi and Bernard Vitrac (henceforth A&V) on p. 442 and else-
where that the parallels are forcés is thus beside the point.

14 Heiberg had taken over the task after the death of Wilhelm Schmidt in 1905, as explained
in HEIBERG, 1912a, p. 1. Schmidt was responsible for much of the copying of manuscripts, but the
editorial decisions appear to have been Heiberg’s own.

15 HEIBERG, 1912a, p. IIL.
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rica (p. xx1x). What Heiberg has published are thus presented as two collections
of “matters geometric” and “matters stereometric” which should not be under-
stood to have any global coherence, and whose relation to Heron is at best highly
dubious. Over the years, unfortunately, these cautious statements, formulated in
Latin in introductions, have been overlooked by a number of colleagues jumping
directly from the title pages to the texts.

No mistake of this kind was involved when Otto Neugebauer took “the geo-
metrical writings of Heron, whether authentic or merely ascribed to him” !¢ to
represent the second of two

separate types of “Greek” mathematics. One is represented by the strictly logical approach
of BEuclid, Archimedes, Apollonius, etc.; the other group is only a part of general Helle-
nistic mathematics, the roots of which lie in the Babylonian and Egyptian procedures,'”

to which may be joined a quotation from a slightly later publication from Neuge-
bauer’s hand,'® namely that

one can no longer doubt that the discoveries of the Old Babylonian period had long sin-
ce become common mathematical knowledge all over the ancient Near East. The who-
le tradition of mathematical works under the authorship of Heron (first century A.D.),
Diophantus (date unknown), down to the beginning Islamic science (al-Kwérazmi, ninth
century) is part of the same stream which has its ultimate sources in Babylonia.

This became the general tenor of the reception of Heron and the pseudo-Her-
onic corpus; in spite of the well-known animosity of Evert M. Bruins against
Neugebauer he agreed with him on this point, and even gives the discovery of
cuneiform mathematics as a main reason that a new edition of the Metrica was
needed.' He also points out that

the desire to give as many texts as possible often resulted in a compilation of the material
from different codices which can be compared to editing one book in which all the diffe-
rent revised editions of different books of the same author on the same subjects have been
interlaced.

Therefore, in 1964 he published a complete edition of § in three volumes —
one containing a facsimile, one a Greek transcription, one an English translation
and a commentary.

16 NEUGEBAUER, 1957, p. 80. Elsewhere in the book (pp. 47, 52), indeed, Neugebauer quotes
the Metrica precisely and correctly, while p. 146, also correctly, refers to “writings which go under
the name of Heron of Alexandria” but are not his.

17 Neugebauer adds the caveat that “Of course, since the Hellenistic period, even the writ-
ings of Heron and related documents show the influence of scientific Greek geometry.”

18 Namely NEUGEBAUER, 1963, p. 530.
19 BRUINS, 1964, 1, p. IX.
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Now, after another fifty years, A&V have published a new edition of the Metri-
ca, which is actually much more than a mere edition of that work — the reason for
the preceding protracted introductory exercise, which will serve in what follows.
Following Giancarlo Prato (whose work I have not seen, and whose arguments are
not reported), A&V identify the copyist of S as Ephrem, also known for a good
copy of the Elements, and accordingly date the manuscript itself to c. 960 (p. 92).

As it turns out, getting a digitized copy of the manuscript is as difficult today
as it was getting access to the manuscript itself in the 19th century; in conse-
quence the edition is based on Bruins’ facsimile.

Apart from that, A&V have no kind words for their predecessors. What
Schone had produced is characterized on p. 97 gratuitously as “a bad edition” (une
mauvaise édition), neither argument nor specification being offered. As concerns
Bruins, they go on, “one cannot even speak of an ‘edition’ of the text and the
scholia;” in this case at least a sham argument is given, namely a quotation from
Bruins concerning his translation principles (thus not the edition at all) supposed
to reveal his total incompetence.?” On p. 96 he is further quoted for the opinion
that the “copyist clearly did not understand what he was writing,” for which Bru-
ins indeed gives the

striking example [that] on fol. 77 he copied for the area of the equilateral triangle 43 '/ '/,

'/, '/, splitting up the indication of the next section Anupa into the fractions a2t

To this A&V object (p. 96, n. 124) that

the writing An p pa [...] cannot indicate the fraction '/ s !4 '/, as Bruins pretends, but at
most the numbers 38 40 41, since none of the former [i.e., the unit fractions] are marked
by a horizontal stroke.

Whoever inspects the facsimile will see that the preceding '/ is written v, that
is, exactly “marked by a horizontal stroke” ?* — see the figure. In any case, wheth-
er the copyist meant one or the other thing (or nothing at all), it is obvious that
the word Anppa has been transformed into a sequence of numbers or fractions,
which is essentially Bruins’s point.?? Why this should be contradicted by Heiberg’s

20 Jbid., 1, p. x. According to my own experience with Bruins, he certainly made mistakes.
But the reason was not incompetence (he sometimes had very good ideas) but an extreme stub-
bornness; once he had conceived an idea, it would take months and many letters to make him
understand an underlying blunder (even when what was to be proved was that he had been right
himself 25 years ago). When he finally understood, he would regularly switch position and im-
pute the error on the discussion partner.

21 Jbid.

22 Obviously, we all make mistakes, but that this should be one strains credulity. If against
all odds it is a mere mistake, one should perhaps question the reliability of the edition as a whole.
The reviewer, having no training in Greek palaeography, shall not persevere.

23 All three modern editions make the reverse correction and restored Anuuo. Since the
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observation (quoted with approval as if it were an objection to Bruins) that the
manuscript is written in a “beautiful and skilful hand” (pulchra peritaque manu) is
an enigma.*

None the less, one can still hope the present work to be better than the pre-
decessors, and not only because it draws (as also said on p. 97) on Schone’s work
as well as on the proposals of those who had offered him advice or commented
philologically upon his edition.?® It also contains much more.

A general introduction of 125 pages starts by discussing what we know and
what we do not know about Heron’s date, about his works, and about the general
character of his work. It goes on with an analysis of the Metrica — its contents,
its lexicon, its operatory terminology, and its numerical notations — and with a
description of the manuscript and of the principles governing the edition and the
translation. This is followed by a number of appendices pertinent to the preceding
arguments. The first of these — the text of Dioptra 35 with translation and com-
mentary — has to do with the determination of Heron’s epoch, and the second
with Heron’s format for cross-references etc. Two regard Heron’s methods for
extracting square and cube roots, in the Metrica and as reported by Theon in the
Prolegomena to the Almagest; one presents Dioptra chapters 28-29 — theorems con-
cerning the division of areas (here only the Greek texts are given, as rather often).

copyist did not do so, he cannot have thought about what he was writing, irrespective of whether
his original was mistaken or not. As can be seen in the figure, the word Anppa here, beyond being
split up and carrying the superscript strokes, follows immediately after the preceding numerical
result without punctuation. The two other occurrences of the word are written either on a new
line (fol. 78") or after punctuation and a very large break (fol. 84%); both also begin with a some-
what enlarged A.

24 As A&V observe on p. 86, the copyist meticulously renders lacunae or corrupt passages in
his original by blank spaces. This does not exclude that he understood the mathematics of the text
but at least demonstrates that he did not use such understanding as a basis for repairs.

25 Bruins is not mentioned here, and in fact only his geometric reconstruction of the taking
of a cube root is drawn explicitly upon on p. 124.
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A third appendix compares the ways “Heron’s formula” for the area of a triangle
is presented in Dioptra 30 and Metrica 1.8; two, finally, inform about some details
characterizing manuscript S.

The edition itself, with facing French translation, apparatus and notes, takes
up 216 pages. In comparison, Schone’s edition with translation and more mod-
est apparatus?® takes up 184 much smaller pages, and that of Bruins (edition
alone) 54 pages. This reflects the choice of A&V to let all text chapters begin
at a new page, and to let diagrams follow after the text chapter where they be-
long (not quite as done in the manuscript, whose copyist could hardly afford a
similar waste of parchment); the aesthetic impression is pleasant. The diagrams
themselves respect the principle of conformality; since they are well made in the
manuscript, this is meaningful. It is certainly somewhat disturbing for a mod-
ern reader that angles that are stated to be right are sometimes conspicuously
oblique (etc.), but it is healthy for understanding the original thinking about dia-
grams. Schone, or rather his typesetter, inserts the diagrams in indentions, in the
manner of the manuscript (not necessarily towards the end of the corresponding
text, as does the manuscript in most cases, but as it fits the page); he also draws
them conformally, but in many cases he omits numerical values written into oth-
erwise lettered diagrams.?”

The translation also aims at being conformal, at least as regards the fro-
zen formulaic expressions characterizing Greek mathematical style and its use
of logical connectors and other particles (p. 98). It is attentive to the gender of
the definite article in elliptic phrases, since this reveals which noun is omitted
but presupposed (for instance, showing whether simply the number “17” or “17
units” is meant).?® It does not promise to treat the terminology for operations
and the tense and aspect of verbs consistently, but as far as I have observed it
does so; the choices can be read out of section 5 of the general introduction,
“La terminologie opératoire dans les Metrica” (pp. 74-81). Only one choice seems
objectionable to the reviewer: the translation of piav as “au moins une” (pp. 181,
189, explained in note 121) where one and no more is asked for mathematically
and by Heron.

The edition is followed by three complementary studies. The first discusses
“analytic procedures in the Heronian geometric writings.” In the end of Metrica
I.6, Heron announces indeed that he is going to change the style of his exposi-
tion; what has so far been found by calculation (referred to until 1.5 and even
a few lines earlier in 1.6 as péfodog, in this connection “procedure” rather than

26 Unlike A&E after all, Schone had no earlier readings with which to compare.

27 Bruins omits all the diagrams but one (illustrating I11.8) in the edition and translation, and
this one is rendered in true proportions, not in those of the manuscript; but all diagrams can be
seen in the facsimile.

28 Formulaic expressions and the character of elliptic phrases are analyzed in Aujac, 1984

and NEerz, 1999, pp. 127-167. None of these publications are ever mentioned by A&V, not are
their authors.
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“method”), will henceforth be produced by analysis through “synthesis of num-
bers.” And indeed, in what follows this use of pébodog disappears (with a sole
exception in I11.3), and Heron tries to display devotion to the method of analysis
and synthesis.? In the analysis parts of his demonstrations (which are indeed
the demonstrations), he often proceeds in steps “since this is given, even that
will be given.” Sometimes these correspond directly to propositions of Euclid’s
Data, sometimes they only follow from combination of a whole “chain” of such
operations.’® The first complementary study accordingly investigates the use of
such knowledge in the Metrica and in Heron’s commentary to Elements I1.2-10 (as
known through al-Nayrizi), finding “chains” in the former but not in the latter
case. The absence of chains from the proofs of the commentary is explained
from the purpose of that work; since it thus does not illuminate the Metrica, one
may ask why the commentary is at all discussed. An appendix to the study (37 of
its 47 pages) lists the linguistic formulae determining the format of all proposi-
tions that indicate a procedure.

The second complementary study (17 pages) describes “the stylistic codes of
ancient Greek mathematics and their manifestations” ! in the Metrica — first in the
demonstrative parts, next in the “algorithmic procedures” (a notion to which we
shall return), where however only the stylistic codes in the Metrica are dealt with,
not their relation to those of Euclidean-Archimedean mathematics nor their links
to the codes of other works (Greek or otherwise) belonging to Neugebauer’s sec-
ond type.

The third complementary study, by far the most weighty and also the longest
(160 pages), deals with “The afterlife of the Metrica. The Greek metrological cor-
pus” (that is, roughly speaking, the writings contained in volumes IV and V of the
Opera quae supersunt omnia®* — but initially A&V point out that using these bulks
(Heiberg’s moles) as if they were works would be misleading, for which reason they
uncouple the constituent parts in their discussion. This is reasonable and helpfull:
the user of the texts as contained in the Opera will only be able to do as much by

29 One may have doubts whether a numerical rule, even if mapping more or less precisely
a preceding analysis, can really be considered a synthesis, and A&V occasionally express such
doubits (e.g., “more or less like a geometric synthesis” — p. 365); but justifiable or lip-service, this
is what Heron does.

30 To make things clear: chains as such are not in the text, not even hinted at. A&V use the
term when “several theorems from Euclid’s Data must be mobilized in order to reach the conclu-
sion” (p. 167 n. 74, commenting upon 1.8); they are reconstructions needed if one wants Heron's
argument to build on the Data. By using the concept A&V seem to intimate that Heron uses the
Data, but they do not claim this directly. As far as the reviewer can see, the need to introduce the
“chains” might rather suggest Heron to use what could be considered general knowledge and
not the Euclidean treatise — for example (Metrica I1.6, see p. 265 n. 47), that a triangle is given if all
three sides are given.

31 Avatars — maybe the word used by A&V is inspired by contemporary pop/computing
culture and thus to be translated instead as “stand-ins.”

32 HEIBERG, 1912a, 1914.
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making intensive use of Heiberg’s descriptions of the manuscripts in the introduc-
tions — the reviewer speaks from proper experience.??

Before describing the make-up of the corpus, A&V give a sketch of its edito-
rial history from the 16th century up to Heiberg, and a “summary inventory” of
the main manuscripts. Then follows analysis, first of the main constituents of the
corpus, then of minor components.

All of this serves as background for more properly historical inquiries:

—the questions whether the pseudo-Heronic writings are derived from the
Metrica;

— the problems of chronology and attribution;

—the relation of Heron and the pseudo-Heronic material to the Roman
agrimensors;

— the question how much of the corpus reached the Islamic Middle Ages, and
the various appearances of “Heron’s formula” for the triangular area in the
Islamic and Latin Middle ages.

Eight pages about the familiarity of the Byzantine Jewish scholar Mordekhai
Comtino (1402-1482) with the Heronic as well as the pseudo-Heronic parts of S
closes the study proper. However, once more there are a number of appendices.
One lists “the so-called school papyri of geodesic character,” others describe the
contents of the pseudo-Heronic corpus or confronts (select aspects of) it with the
Metrica.

In the end come, beyond the bibliographic references, a number of indexes:

— of Greek words and verbal forms;
— of names;

— of geographical locations;

— of manuscripts and papyri;

—and of technical terms and notions.

In particular the index graecitatis (29 pages, listing all grammatical forms that
occur in the Metrica edition with page and line)?# and that of terms will be useful.
In my scattered checks, all index references were correct, and no occurrences were
omitted.

So, the volume under review will be an important tool for everybody work-
ing on or in the vicinity of Heron’s mathematics — though certainly, as regards

33 That A&V disregard Heiberg’s prefaces and only complain (p. 432) that he has “produced
two philological ‘monsters” which the contents of the manuscripts now known by him [namely,
after the discovery of §] did not impose,” on the other hand, suggests mauvaise foi.

34 Even the definite articles — which, as we know at least since (NETZ, 1999, pp. 92, 96 and
passim) are important because the nouns they refer to are often omitted but in the context deter-
mined unambiguously by the gender of the article; cf. above, note 28. Schéne’s edition contains a
similar index, which I have not checked for completeness. Bruins offers none.
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the “vicinity,” only if one has the editions of the pseudo-Heronic writings at
hand.*®

However, because of a number of problematic features of A&V’s work, it
should be used with care. In agreement with the pseudo-Aristotelian principle
amicus Plato, sed magis amica veritas, they have to be discussed.

Perhaps not really problematic but still somewhat objectionable is the absence
of translations of a number of Greek terms and passages; this omission implies
that the reader who is not well versed in Greek will have to take many of the
conclusions derived by A&V on faith, being unable to judge this aspect of the
argument.

Next, the book refers throughout to a notion of “algorithms”. As far as I am
aware, the description of early mathematics in terms of algorithms goes back to
an article by Donald Knuth entitled “Ancient Babylonian Algorithms.”?¢ As Knuth
saw things (p. 622), the

Babylonian mathematicians [...] were adept at solving many types of algebraic equa-
tions. But they did not have an algebraic notation that is quite as transparent as ours;
they represented each formula by a step-by-step list of rules for its evaluation, i.e. by an
algorithm for computing that formula. In effect, they worked with a “machine language”
representation of formulas instead of a symbolic language.

This was an adequate description of the translations of the time, but as it has
turned out since then not of what goes on in the texts, which actually describe
manipulations of geometric configurations involving measured entities. Be that
as it may, in the present context it is more interesting to see what characterizes the
texts (as Knuth understood them) as algorithms: namely to be “step-by-step list[s]
of rules” for evaluating supposedly underlying “formulas.”?” What Knuth found
was of course not rules but the actual numerical calculations of paradigmatic ex-
amples; but as indeed intended by the Babylonian writers, he understood these
steps as representing general procedures — quite in agreement with the charac-

35 Fortunately, at least for the time being they are accessible on the web. Links to all vol-
umes of the Opera will in the moment of writing (20 February 2015 — and still 8 April 2018) be
found on http://www.wilbourhall.org/index. html#thero (a sub-page of a site in memory and
honour of David Pingree). Also for the time being, volumes 3, 4 and 5 can be downloaded from:
http:/ / gallica.bnf.fr/ark:/12148/bptek251883.r=1angEN; http:/ / gallica.bnf.fr/ark: /12148 /bpt-
6k25553j.r=.langEN; http:// gallica.bnf.fr/ark: /12148 /bpt6k25160q.r=.1angEN.

36 KNUTH, 1972.

37 This is in full agreement with the explanation of the concept in a recent textbook and
thus with what the word means to those who use it professionally (CORMEN, 2009, p. 5): “Infor-
mally, an algorithm is any well-defined computational procedure that takes some value, or set
of values, as input and produces some value, or set of values, as output. An algorithm is thus a
sequence of computational steps that transform the input into the output. We can also view an
algorithm as a tool for solving a well-specified computational problem. The statement of the prob-
lem specifies in general terms the desired input/output relationship. The algorithm describes a
specific computational procedure for achieving that input/output relationship”.
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terization of such calculations as epesum (“doing”/“making”), as péfodog in the
beginning of the Metrica and in the pseudo-Heronic writings, and as regula/regola
in medieval Latin and Italian writings of the same kind.

Knuth complains on p. 674 that he only finds

straight-line calculations, without any branching or decision-making involved. In order to
construct algorithms that are really non-trivial from a computer-scientist’s point of view,
we need to have some operations that affect the flow of control.

This linearity, of course, corresponds exactly to the Babylonian, Greek and
Medieval “rules.” It is very difficult to find anything like the “if” or “until/ while”
prescriptions of modern algorithms — the most obvious exception being certain
medieval explanations of the double false position, which state what to do if the
required result falls between and what to do if it falls outside the interval deter-
mined by the two guesses.

So, why speak of “algorithms” instead of “rules” or “procedures,” as histori-
ans of mathematics would do until a few decades ago? The reason is probably that
culture of euphemism that goes under the name “political correctness” (itself a
euphemism). “Rules” were sometimes (though hardly by those who were really
acquainted with the material in question, which is often too advanced for that)
“assimilated to a scarcely rational empirical approach” (thus A&V, p. 31),°® where-
as “algorithms” have a fancy ring of being modern mathematics. The easy objec-
tion is that even modern users of algorithms (not least the algorithms embedded
in their computers and smartphones) almost without exception take them as they
are, without understanding how or why they work.

The most obvious advantage of the algorithmic terminology in the analysis
of early mathematics is probably funding: it makes applications sound up-to-date —
which research council would give money to a project about “rules” or “proce-
dures?” The book under review is indeed the outcome of work under a grant and
project ANR ALGO [ANR-—-09— -BLAN- - 0300—-01],” as stated on p. 11.

In most of history, scholarship (when not, as rarely, the hobby of wealthy
amateurs) was conditioned by the possibilities of patronage. That is reflected in
dedications beyond number but rarely in the works themselves. But times are
changing — they always are — and for scholars the present times are perhaps less
free than were those of Luca Pacioli, Galileo and Leibniz. There may be good
reasons that patronage nowadays is reflected not only in the dedications but also
in the scholarly texts.>® But then, at least, one might expect a minimal elaboration

38 A&V go on to claim that this approach “belongs to the prehistory of algebra,” which, if at
all, can probably best be explained as an acceptance of Knuth’s understanding of the Babylonian
texts as he read them as “algebra.”

39 However, Erich KASTNER, 1965, p. 157, recommended that

Was auch immer geschieht:

nie diirft ihr so tief sinken,
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of the concepts that are accepted, and here there is none. A&V, when adopting
the notion of algorithmicality and in order to avoid ambiguity (p. 58), introduce
a reasonable distinction between the paradigmatic example and the rule which
it exemplifies. Unfortunately, the term “algorithm” is identified with the numer-
ical example,*® while the rule formulated without specified numerical values is a
“procedure.” Anybody who has ever learned modern programming to the level
where “if” or “until” statements are introduced will know that an algorithm with
branchings cannot be derived from a numerical example — at most from a plu-
rality of numerical examples with commentaries explaining the choices made.
But that is exactly what Heron (and so many others) avoid to present. Metrica
L5 explains how to find the height of an acute-angled triangle, and 1.6 that of an
obtuse-angled triangle. These stand in parallel, with no superior level leading to
a choice. Introducing this superior level and the explicitly determinable choice is
exactly what announces the beginning of algorithmic thought.*!

A&V try to display their algorithmic idiom as a new insight of our own times.
On p. 506 they claim not to be sure that “one knew how to compare texts of algo-
rithmic character as such [...] in the epoch of Heiberg and Heath,” as if compari-
son of calculational steps, numerical parameters etc. were not known. The prob-
lem, then as now, was and is to decide their pertinence for particular questions, as
well as the statistical significance of observations; on that account, our choices, as
those of our predecessors, may be disputable and even mistaken.

My next objection is that the reading of the volume is simply unpleasant. The
tone is generally rude and arrogant, and the presentation often distorts what other
workers have done — note 17 and the above characterization of Schéne’s and Bru-
ins’ editions present modest examples. This rudeness is not only unpleasant (in
which case it should perhaps not be discussed in a review) but also a way to entrap
the reader. One of the more glaring examples is found on pp. 521-523.4> On p. 521
Yves Guillaumin is quoted for this statement:

It is clear that the Podismus, as also the extracts “from Epaphroditus and Vitruvius Rufus,”
function as kind of translation/adaptation of a Greek original which we must search for in
what has been conserved of the Heronian tradition under the title Geometrica.

von dem Kakao, durch den man euch zieht,

auch noch zu trinken!

But that was in 1932, during (the last year of ) Weimar liberty.

40 Strictly speaking, the algorithm is “mis en oeuvre sur des exemples numériques,” but
since it has no existence outside this “being put to work™ and is supposed distinct from the ab-
stract set of prescribed steps, identification though packed in verbal cotton must be meant.

41 ‘That is, the beginning is exactly in what was once called algorism, computation with Hin-
du-arabic numbers. Adding (for example) a number with digits abc to one with digits defintroduces
a first choice: if c+f1is smaller than 10 you do one thing, if 10 or more you do something different.
And you go on moving toward the left until there are no more digits. Quite some work, of course,
to formulate this in FORTRAN, but that is what genuine algorisms are about (as Knuth knew).

42 Please note that this has nothing to do with the question whether Guillaumin (and, pres-
ently, Heiberg) are right or wrong; it concerns the arguing style of the book under review.
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Already on p. 517, n. 194, this has become in anticipation the “disputable as-
sertion of Guillaumin, according to which the Podismus should be a translation of
the Geometrica.” The distortion is repeated on p. 522; and on p. 523, showing de-
finitively their intellectual superiority, A&V list four criteria needed to recognize
a translation-adaptation of a Greek problem (which is not what Guillaumin deals
with, he speaks of texts in their entirety; “functions as kind of”/fonctionne comme
une sorte de has completely disappeared). A&V dictate that:

— it deals with the same geometric object;
— the numerical data are the same;

— the question(s) is/are the same;

— the resolving procedure is the same.

That is more or less what the rest of us would call a translation simply, and
definitely not what Guillaumin speaks about.

Heiberg is the victim of a sequence of similar distortions. On p. 498, in con-
nection with the discussion of the possible “derivation” of the pseudo-Heronic
writings from the Metrica, his popular exposition Naturwissenschaften und Mathe-
matik im klassischen Altertum* is quoted for the opinion that the Metrica was “re-
shaped by the Byzantines, who left out the theory,* as elementary textbooks [Re-
chenbiicher] and problem collections.” From this A&V conclude that “derivation”
(a term Heiberg does not use) “should thus have consisted in suppression of the
demonstrations and conservation of the examples and the numerical procedures.”
This interpretation, reminiscent of Petrus Ramus’s royal road to geometry, is then
basis for a polemic that continues until p. 504.

On p. 517, the same popularization is quoted for the opinion that the Metrica
“is oriented toward practice, namely that of surveyors, which since times imme-
morial was important in Egypt,” and concerning the Dioptra that “one cannot
avoid the assumption that the author was somehow connected to the education
of surveyors.” A&V reply with this scornful pearl:

To think that the surveyors would justify the procedures by which they measured the
terrain by giving themselves to the pleasures of geometric analysis of chains of givens®
while using “a very complicated precision instrument,” delicate and requiring a long pre-
paration, that is really to express great optimism regarding the level of the demands and
the formation of the practitioners of Antiquity.

Firstly, this disregards Herons’s claim that the dioptra has “many and imper-
ative” practical applications*® — maybe Heron’s claim is nothing but publicity, but

43 HEIBERG, 1912b.

44 “Unter Weglassung der Theorie,” not “durch.” “Unter” refers to an accompanying cir-
cumstance, not the cause or means.

45 A pedantic aside: A&V forget that the chains are their reconstruction, following from
their wish to connect the reasoning in the Metrica to the Data, and not in Heron's text.

46 Ed. ScHONE, 1903, p. 188.
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that has to be argued; secondly, should we characterize the builders of the Parthe-
non (and all the other temples) as clumsy bunglers unable to perform precise mea-
surements (A&V speak of “practitioners” in general)?#’ Finally, are A&V ignorant
of the sophisticated level of mathematics taught in the early Ecole polytechnique,
far above what the students were later to use in their practice? Mathematics teach-
ers of future practitioners often go beyond what the students will eventually
need — after all, the practice with which the teacher is most familiar is teaching.*

On p. 534 (n. 239), I have the honour to come under (definitely milder) attack
myself. As pointed out by A&V, the phrase practica geometriae was apparently first
used by Hugh of Saint-Victor in the 1120s and a century later by Leonardo Fibo-
nacci. The phrase means “the practice of geometry,” an expression that hints at a
specific epistemological stance: namely that geometry is a scientia, to which belongs
a practica. A&V (mis)translate it as géométrie pratique, that is, practical geometry,
and claim that the latter concept cannot be legitimately applied to other epochs
and cultures (just after having said that it covers the same as Arabic ‘ilm al-misaha,
which is not completely true); it is also quite unclear, thus A&F, “what one should
understand by it” (after which follow six lines of proposals).* It is therefore by
“retroprojection” that I speak in a title about “Near Eastern Practical Geometry.”
Alexandre Vincent (who has the honour of an exclamation mark on his opinion) is
similarly censured for having dared in 1858 to present an extract of the Dioptra as
one of several specimens of la géométrie pratique des grecs (both of us are castigated
on p. 534, n. 239). One wonders whether A&V are aware that Dominicus de Cla-
vasio’s Practica geometriae (ed. Busard 1965, pp. 535-537) deals with the quadrant,
also a measuring instrument.

Exclamation marks are, in general, an important component of the rhetoric
of the book. There are some 200 of them, mostly indicating that A&V find some
opinion or statement funny/obviously mistaken/ ..., and that the reader is expect-
ed to take over that evaluation. The trick has the advantage that its user never
needs to specify whether funny or scandalous or whatever, nor to explain why.

Sometimes, of course, attacks are justifiable though their use is not. P. 28
quotes B. L. van der Waerden for this (in English in the book under review):

He [scil. Héron] also wrote [...] a number of works on areas and volumes, the most
popular of which is called Metrics. It is a very childish little book. Imagine: first 10 exam-
ples on the calculation of the area of a square, then 4 on the area of a rectangle, 14 on right
triangles [ ...]. Nothing but numerical examples, without proofs. Just like a cuneiform text.

47 'The next page, on the other hand, first identifies Heiberg’s Feldmesser with the French
term arpenteur, which is unobjectionable; but next the arpenteur is believed to be, not the one who
performs actual measurement but a specialist of the cadastre, a fiscal office.

48 T once taught physics to future building engineers; I had to explain to my students how
the general Hilbert space theory they were taught could be transformed so as to serve (some of
the physics teachers were no less ambitious on behalf of their discipline, of course).

49 May I suggest “geometry of practitioners;” what practitioners are they must be supposed
to know, since they use the word with neither explanation nor reservation on p. 519.
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As a [sic; correct in original/JH] example let us take the way in which the well-known “He-
ron’s formula” for the area of an arbitrary triangle is explained: [sic/JH] And, after all, it is
not very important. It is mankind’s really great thoughts that are of importance, not their
dilution in popularizations and in collections of problems with solutions. Let us rejoice in
the masterworks of Archimedes and of Apollonius and not mourn the loss of numberless
little arithmetic books after the manner of Heron.

As A&V justly observe on p. 29, one “needs only read, even cursorily, the be-
ginning of the Metrica in order to question the description offered here.” Strangely
however, A&V do not reveal that van der Waerden is simply speaking about the
Geometrica collection, which the words fit. A&V must have seen this — they point
out that the account of the triangle formula [omitted here as well as in their quo-
tation] comes from there, and not from the Metrica. Even here, A&V pick the
most unkind interpretation one can find.

Amusing is that A&V make a mistake of exactly the same kind themselves. They
refer the quotation to “Van der Waerden (1950, pp. 277-278).” As everybody famil-
iar with the publishing history of Science Awakening knows, 1950 is the date of the
first, Dutch edition.’® The quotation instead is from the first edition of the English
translation, dated 1954 (the bibliography has the same mistake).’!

Precision of references is, generally speaking, not a strong point of the book.
Stumbling on this English quotation from a Dutch book provoked me to make
my first check of a reference. The next two were also less than precise: on p. 223,
“Knorr, 1989, 507 n. 4” should refer to note 24; and on p. 54, n. 92, “Heyrup, 1997”
should be “Hoyrup, 1997a” %2 (the error is repeated on p. 55, n. 94). Then things
went better, most of those references which I tried to follow (only that minority
where I felt urged to inspect the source) were correct. However, on p. 493, n. 144,
“Vitrac, 2005a, pp. 13-15” should point to p. 16.

More problematic than arrogance and occasional lack of precision are delib-
erate blind spots and prejudice. Since the mid-20th century it has been a common
assumption that there are not only similarities but also links between Heronic and
Pseudo-Heronic calculational geometry and Near Eastern, not least Babylonian
mathematics (see quotations above from Neugebauer and Bruins; both underpin
their opinions with precise text references). Some of the similarities may be ex-
plained as the outcome of similar tasks under the constraints of mathematics, but
hardly all of them. In any case, A&V do not attempt any such explanation, instead
they make an effort to avoid that the reader discover the possible non-Greek back-
ground to the Heronic and pseudo-Heronic kind of mathematics. In some cases
there is no doubt that this is done quite deliberately. So, on p. 223, Heron states

50 See, if documentation beyond library catalogues is needed, So1rer, 2015, pp. 404, 465 (but
disregard the mistake on p. 235).

51 In the first German edition from 1955, after a correction due to Bruins, the reference is
corrected.

52 Here Hoyrup, 1997b.
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(Metrica 1.30) that a certain way (ascribed by him to “the ancients”/oi dpyaiot)
to find the area of a circular segment seems to come from those who take the
perimeter of the circle to be the triple of the diameter. In note 287 A&V then ex-
plain “as to the approximation n= 3, see Knorr, 507 note 4” (which, as mentioned
above, should be “note 24”). The reader who is curious and stubborn enough will
find that Wilbur Knorr simply mentions as a matter of course that “circle mea-
surement via the constant 3” is “Babylonian.” So, A&V avoid the dirty word by
hiding it in a reference the reader can be supposed not to control or not to find.
Worse, this six-line note in [Knorr 1989], discussing the same Heronian passage,
points to the appearance of the same segment rule in Egyptian papyri from early
Ptolemaic time, and to the mixture of Babylonian and Pharaonic methods which
characterizes Demotic mathematics in general. It is unthinkable that A&V have
not seen this, so if they did not know it already (hard to believe) they should have
discovered that elucidation of Heron’s project requires comparison with at least
Demotic mathematics; not mentioning it looks like betrayal of the reader.

Interdum dormit Homerus. Had this been the only case, it might perhaps be an
honest mistake. However, on p. 493 there is a remark about problem 3 of Geo-
metrica, chapter 24 (a separate treatise, already itself a conglomerate of disparate
origin).”® This problem states a square area together with the perimeter to be 896
feet, and asks for separation of the area and the perimeter. A&V state that this is
“one of the most discussed problems of the Geometrica.” An appurtenant note
(143) runs “See, for example, Vitrac, 2005a, pp. 13-15” (as mentioned, this should
be “p. 16”). However, Vitrac does not “discuss” the problem, what one finds is
a listing of the numerical steps and a parallel explanation of the calculation in
symbols.’* The reference thus only serves to disguise that other discussions of the
problem type point to its appearance in the Old Babylonian mathematical cor-
pus,” and show that it lives on until Luca Pacioli’s Summa from 1494.

Page 493 also mentions problems in the same conglomerate that state the
sum of circular diameter, perimeter and area and ask for their separation (also
found, in different wording, in Geometrica/A+C). Here too, literature known to
A&V would inform them and the reader that this problem is of Old Babylonian
(or earlier) origin — and here too, the reference is to “Vitrac 2005a, pp. 10-13,”
which only sees a “possible manifestation of the perversity of mathematics teach-
ers, known since long,” or perhaps “an effect of the absolute primacy of the geo-
metric figure in the whole of Greek mathematics, including that of algorithmic
type.”¢ On p. 454 it is suggested that the same problem type when found in Geo-
metrica/ AC may have been found by the compiler in “another book™ — according

53 Hovrup, 1997a, p. 93.
54 VITRAC, 2005, p. 16.

55 One at least in found in an article A&V certainly know (Heyrup, 1997a), since they list it
in their bibliography as (Hovrup, 1997b) and polemicize against it on p. 534, n. 239.

56 Thus VITRAC, 2005, p. 16.
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to the context by Heron. Even without knowing the Old Babylonian occurrence
A&V should have seen that the inhomogeneous nature of the problem points to
Babylonian or Demotic mathematics. However, they merely would “have liked to
know which demonstrative justification” Heron would have given for it.

Many — not all — of these problematic features of the book grow out of and
illustrate two fundamental tenets of A&V.

The first of these is revealed by the statement (p. 41) that “we know rigorously
nothing” about possible sources of the Metrica, which is only true if “we” refers
to A&V and to what they (accept to) know — cf. above on the Demotic calculation
of the circular segment and on Heron’s own reference to “the ancients” —and by a
general refusal to mention any source that might illuminate how the Metrica and
the metrological corpus were embedded in a Near Eastern tradition transcending
the Greek world (and let us not forget that Hellenistic mathematics was also Near
Eastern geographically). Beyond what was already mentioned it is remarkable
that the Liber mensurationum is solely mentioned (p. 546) because it contains “Her-
on’s formula” for the triangular area. A&V refer to Marc Moyon'’s forthcoming
edition, and appear not to know about H.L.L. Busard’s edition from [1968] (quite
astonishing, it is used in publications they list). If they had looked into it they
would obviously not have found any direct source for Heron — after all, the lost Ar-
abic original is no earlier than the late eighth century cg, and perhaps to be dated
several centuries later; but they would have discovered a puzzling parallel (namely
the use of semper) to the use of xafoAiov (and in the various constituents of the
Geometrica xabolxdg, del, mavtog and wavtote) when a calculation makes use of
numerical constants that do not depend on the given parameters. They would
also have avoided repetition (on p. 546) of the fable that Fibonacci draws heavily
on Savasorda’s Liber embadorum for his Practica geometrie — a fable that originated
when the Liber mensurationum was not known.>”

Similarly, when P. Genev. gr. 259 is listed among the “so-called school papyri
of geodesic contents,” only select aspects of the terminology are mentioned, not
its affinities with certain Seleucid and Demotic problems, nor with the Liber men-
surationum (whence also Fibonacci) and the Liber podismi.

Various other deliberate oversights contribute to a picture of Greek mathe-
matics, even of the Heronic and pseudo-Heronic type, as the outcome of cultur-
ally immaculate conception.

The other fundamental tenet is that Heron was a “scholar” (un érudit) and no
mechanic or artisan (Bédvavcog) —no doubt correct at a certain level, but stated on
p. 26 as a premise which earlier workers have erred by missing, well before A&V
present the arguments for their view. The difficulty with this conviction resides in
the lack of differentiation when it comes to arguments around the two categories
(in spite of a warning on p. 519 against too rigid distinctions concerning social
and/or literary categories). If, for parallels, we look at Renaissance mathematics,

57 CurtzE 1902, p. 5, if not before.
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we find many kinds of “scholars” writing about practical mathematics. Pacioli
and Tartaglia were both teachers of abbacus mathematics who worked them-
selves into the role of Euclidean scholars; Cardano was a physician and philoso-
pher who took up abbacus mathematics, in part “from a higher vantage point,”
and who made vital discoveries; and Ramus was a literary scholar who wrote a
little within mathematics without understanding much, and much Humanistic
lore around the topic. Characterizing any of them merely as a “scholar” tells
us very little. Similar, what do we learn about Heron and his work by putting
him into a family which encompasses not only Archimedes but also Plutarch,
Iamblichos and Macrobius — not to speak of the unknown author of “Aristotle’s
Mechanics,” who paraphrases the Metaphysics by declaring that wonder may be
excited by the works of art no less than by that which happens in accordance
with nature?

So, one might have wanted A&V to look closer at what goes on in the Metrica;
that would have forced them to discover conspicuous fault lines within the work
which cannot be explained away by assumed alterations of the text, and which tell
us something about Heron'’s approach.

The very first proposition (p. 150) runs “let there be an oblong area ABTA
having AB of 5 units and AT of 3 units.” Then Heron states that a right-angled
parallelogram is said to be contained by the two segments containing a right an-
gle, and that the area contained by AB and I'A is right-angled; therefore the area
will be 15 units. As proof he suggests to divide the sides into 5 respectively 3 parts
and to draw parallel lines through the dividing points. The area is then declared
to consist of 15 unit areas, with no intervening argument. Nothing is said about
multiplication (although a link to Euclid’s definition of that operation would be
easily made on the basis of the diagram), nor about what to do in case the sides
are not integer. Apart from the (indeed missing) reference to Euclid’s terminolo-
gy, Socrates would easily have guided Menon’s slave boy to construct this “proof.”
Later — namely when the term péfodog has given way to “synthesis” — we find
genuine proofs in Euclidean style. It would seem worthwhile at least to inves-
tigate whether Heron was rewriting an “illiberal” handbook for practical action
in more scholarly style (more or less as Cardano was to do in later times); even
though we have no information about such books dealing with practical geom-
etry in Greek before Heron'’s times, we know from Aristotle that they existed in
other fields (Politics 1258°39-1259°2, mentioning agriculture and fruitfarming as
examples among others).

Even after péfodog has given way to synthesis, there are indications that the
text consists of several layers. This can be seen in the sequences I.5-9 and 1.27-33.
Since I have discussed these in [Hoyrup, 1997b], and since the argument in com-
plex, I shall abstain from details here, noticing only that A&V distance themselves
on p. 55 from my observations that the presentation of “Heron’s formula” in 1.8
(with a theoretical lemma in 1.7) is an interpolation borrowed from Dioptra 30
interrupting the coherent flow of the text between 1.6 and 1.9 (no doubt made by
Heron himself but still, textually seen, an interpolation); on p. 56, however, they
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change their mind, suggesting Heron to have borrowed from an already finished
redaction of the Dioptra, and that the context of the Metrica asked for the insertion
of the theoretical lemma, which had not been needed in the Dioptra (exactly as I
had explained).

Finally, there are a some puzzling mistakes that cannot be explained from
some parti pris; I shall mention only two examples. On p. 195, n. 189 (referring to
Metrica 1.18), it is observed quite correctly that a calculation corresponds to the
approximation V5 ~ 2'/ . Then it is stated that “in a perspective where approxi-
mations to square roots are necessarily linked to side- and diagonal-numbers, this
choice is inexplicable.” What is inexplicable is A& V’s statement: side- and diagonal
numbers, indeed, only serve (and can only serve) to find approximations to V2.
2'/,, on its part, is the value that follows from the algorithm explained in Metrica
L.8.

On p. 54, as one of the arguments that Metrica 1.4 is inauthentic’® it is stated
that a circularity in the argument would not have escaped Heron. Actually, there
is no circularity, only a tacit assumption that an acute-angled triangle has internal
heights only, whereas an obtuse-angled triangle has external heights. Then follows
(and that is what is seen by A&V as circular) inversions of simplified versions of
Elements 11.12—-13°>°

In obtuse/acute angled triangles the square on the side subtending the obtuse/acute angle
is greater/smaller than the squares containing the obtuse/acute angle.

Heron first summarizes the inversion, and then gives the proof for the case
of “smaller:” namely that if the angle were right, the sum would be equal, and
if obtuse, greater. This double reductio ad absurdum is certainly both trivial and
pedantic, and no practitioner would have felt the need for it; but it is not circular,
and if anything, it proves the author of the passage (whether Heron or somebody
interfering with his text) to be a scholar rooted in the silver age of commentaries
and pedagogical redactions — the age of “Deuteronomic texts,” in Reviel Netz’
words.®°

All in all: A&V have produced a valuable edition, and anybody working on
Heron's Metrica will be grateful to them.®' When it comes to their further consid-
erations, be it concerning the nature and conditions of Heron’s project, be it con-
cerning the metrological corpus, their very selective choice of and use of available
evidence calls for caution; for the same reason I have abstained from reporting
these opinions as if they had been results. A&F should be listened to attentively
but also critically.

58 The others arguments, of a philological nature, are not necessarily more pertinent; but
they are not mistaken in themselves.

59 1 follow (and curtail) the translation in HeatH, 1926, [, pp. 403, 440.
60 NETZ, 1998.
61 However, Bruins’ facsimile should still be kept at hand. Cf. note 8.
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ADDITIONAL NOTE, JULYy 2018

Three months after delivering the final manuscript I have got access to the
article in which Giancarlo Prato identifies the copyist of S as Ephrem (Due postille
paleografico-codicologiche, pp. 279-291, in F. Berger et al. (eds.), Symbolae berolinens-
es fiir Dieter Harlfinger, Amsterdam, Hakkert, 1993). Prato goes no further than
stating this as his “opinion” (“a mio avviso”), basing himself on the style of the
handwriting; at the same time he observes deviations from the habits of Ephrem
as known from other copies from his hand. I shall leave undecided whether this
can justly be counted as irrefutable evidence in spite of Prato’s own more cau-
tious words.

Prato turns out to share Schone’s and Bruins’s opinion about the copyist’s lack
of mathematical competence, and quotes the same striking example as Bruins.

BIBLIOGRAPHY

E. ABEL, 1878, Die Bibliothek des Konigs Matthias Corvinus, «Literarische Berichte aus Un-
garmy, I, pp. 556-581.

G. Aujac, 1984, Le langage formulaire dans la géométrie grecque, «Revue d’Histoire des Scien-
ces», XXXVII, pp. 97-109.

E BLass, 1888, Die Griechischen und Lateinischen Handschriften im Alten Serail zur Konstantino-
pel, «Hermes», XXIII, pp. 219-233.

E.M. Bruins (ed., trans.), 1964, Codex Contantinopolitanus Palatii Veteris No. 1, Three Parts,
Leiden, Brill.

H.L.L. Busarp (ed.), 1965, The Practica geometriae of Dominicus de Clavasio, «Archive for
History of Exact Sciences», II (1962-65), pp. 520-575.

— 1968, L’algeébre au moyen dge: Le «Liber mensurationum» d’Abii Bekr, Journal des Savants»,
1968, 2, pp. 65-125.

T. CoRMEN et al., 2009, Introduction to Algorithms, Cambridge, MA, MIT Press, 3rd ed.

M. Currze (ed.), 1902, Urkunden zur Geschichte der Mathematik im Mittelalter und der Renais-
sance, Leipzig, Teubner.

TH.L. HeatH (ed., trans.), 1926, The Thirteen Books of Euclid’s Elements, translated with In-
troduction and Commentary, 3 vols., Cambridge-New York, 2nd revised ed.

J.L. HEBERG (ed., trans.), 1912a, Heronis Definitiones cum variis collectionibus. Heronis
quae feruntur Geometrica (Heronis Alexandrini Opera quae supersunt omnia, IV), Lei-
pzig, Teubner.

— 1912b, Naturwissenschaften und Mathematik im klassischen Altertum, Leipzig, Teubner.

— (ed., trans.), 1914, Heronis quae feruntur Stereometrica et De mensuris (Heronis Alexan-
drini Opera quae supersunt omnia, V), Leipzig, Teubner.

J. Hoyrup, 1997a, Hero, Ps.-Hero, and Near Eastern Practical Geometry. An Investigation of Metri-
ca, Geometrica, and other Treatises, in K. DORING, B. HERzHOFF, G. WOHRLE (eds.), Antike
Naturwissenschaft und ihre Rezeption, Band 7, Trier, Wissenschaftlicher Verlag, pp. 67-93.



410 JENS HOYRUP

— 1997b, Sulla posizione della «formula di Erone» nei Metrica (con una nota platonica), «Bollet-
tino di Storia delle Scienze Matematiche», XVIIL, pp. 3-11.

E HurrscH (ed.), 1864, Heronis Alexandrini Geometricorum et Stereometricorum reliquiae.
Accedunt Didymi Alexandrini Mensurae marmorum et anonymi variae collectiones ex
Herone Euclide Gemino Proclo Anatolio aliisque, Berlin, Weidmann.

E. KASTNER, 1965, Wieso Warum? Ausgewdhlte Gedichte 1928-1955, Berlin-Weimar.
W.R. KNORR, 1989, Textual Studies in Ancient and Medieval Geometry, Boston, Birkhiuser.

D.E. KNuTH, 1972, Ancient Babylonian Algorithms, «Communications of the Association of
Computing Machinery», XV, pp. 671-677, with correction of an erratum in XIX (1976),
p. 108.

TH.-H. MARTIN, 1854, Recherches sur la vie et les ouvrages d’Héron d’Alexandrie disciple de Cté-
sibius, et sur tous les ouvrages mathématiques grecs, conserves ou perdus, publiés ou inédits, qui
ont été attribués d un auteur nommé Héron, Paris, Imprimerie Impériale.

E. MILLER, 1868, Mélanges de Littérature grecque contenant un grand nombre de textes inédits,
Paris, Imprimerie Impériale.

R. NErz, 1998, Deuteronomic Texts: Late Antiquity and the History of Mathematics, «Revue
d’Histoire des Mathématiques», IV, pp. 261-288.

— 1999, The Shaping of Deduction in Greek Mathematics: A Study in Cognitive History, Cam-
bridge, Cambridge University Press.

O. NEUGEBAUER, 1957, The Exact Sciences in Antiquity, 2nd ed., Providence, RI, Brown Uni-
versity Press.

— 1963, Survival of Babylonian Methods in the Exact Sciences of Antiquity and Middle Ages,
«Proceedings of the American Philosophical Society», CVII, pp. 528-535.

H. ScHONE (ed., trans.), 1903, Herons von Alexandria Vermessungslehre und Dioptra (Hero-
nis Alexandrini Opera quae supersunt omnia, vol. III), Leipzig, Teubner.

A. SOIFER, 2015, The Scholar and the State: In Search of Van der Waerden, Basel, Birkhduser.

K. TirTEL, 1912, Heron von Alexandreia, Paulys Real-Encyclopddie der classischen Altertums-
wissenschaften, Neue Bearbeitung, Bd. 8, Sp. 992-1080.

B. VITRAC, 2005, Peut-on parler d’algébre dans les mathématiques grecques anciennes?, «Ayene-ye
Miras», n.s. 111, pp. 1-44.



Direttore responsabile: prof. Vincenzo Cappelletti

Registrazione del Tribunale di Firenze n. 4026 del 6 novembre 1990

ISSN 0031-9414

FINITO DI STAMPARE
PER CONTO DI LEO S. OLSCHKI EDITORE
PRESSO ABC TIPOGRAFIA « CALENZANO (FI)
NEL MESE DI APRILE 2019



ISSN 0031-9414

INDICE

G. CmMINo, La seconda serie di «Physis» (1991-2018): un breve rapporto/
The second series of «Physis» (1991-2018): a short report. . .........

M. D1 GianpoMEeNIco, Cinquant’anni del Seminario di Storia della Scien-
za dell’Ateneo barese (1967-2017) .. ... .ottt

Studi e ricerche

A. Croccr, Le proporzioni e il moto dei corpi: I'eco della scuola francesca-
na di Oxford in tre problemi di cinematica della Summa di Pacioli . . .

FA. MEscHINI, Esitazioni cartesiane: embriologia e anti-finalismo . . . ...

F. BaLpassarRI, I moti circolari nella meccanica della vita in Descartes:
embriologia e nutrizione nella medicina e nella botanica . .........

E. GIaNNETTO, Pascal’s Physics, Mathematics and Cosmology...........
G. Paretr, L'impegnativa eredita della metafisica del calcolo infinitesimale

S. VENERONI, Osservazioni fisico-teoriche attorno al primo scritto di Kant
sulle forze vive del 1746 (1749). ... ... ot

E. Luciano, I contributi di Giovanni Vacca alla storia della logica matema-
tica fra erudizione e critica storiografica. .. ........... ... ... ..

A. VoLPONE, Paolo Della Valle ed Edmund B. Wilson sulla natura dei cro-
mosomi: concezionia confronto. .. ...,

E. CiccioLa, Scienza e massoneria: storia e storiografia .. .............

N. Arrocca, E. DE CaroLl, Introspezione e metodi psicologici. Il contri-
buto di Francesco De Sarlo in «Psiche» .. .......................

S. DEanr, 1I contributo di Renata Calabresi allo studio sperimentale del
‘presente psichico™. ... ... i

R. PasSIONE, Psichiatria e condizione umana: il contributo di Silvano Arieti

A. MoLaro, Il corpo e l'istituzione: Franco Basaglia dalla fenomenologia
alla psichiatriaradicale . . ....... ... ... ... L il

Note e discussioni

M.A. RANCADORE, La parola chiave «infinito» nello studio della natura svi-
luppato dai presocratici .............. ...

C. GENNa, Il concetto di infinito nel contesto del ‘Rinascimento scientifico’

R. CEsAREO, Il progetto dei servizi segreti americani di assassinare Werner

Heisenberg ... ...t
Essay Reviews

J. Hoyrup, A New Edition of the Metrica of Heron of Alexandria.........
M. INNaMORATI, Recenti edizioni italiane di opere di Carl Gustav Jung. . .

pag.

»

23

37
59

77
95
111

143

175

201
221

251

281
309

331

361
371

381

391
411



