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\°\§(°\ ABOUT PYTHAGORAS'S HAMMER EXPERIMENT.
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There is a widely spread story about Pythagoras, which
describes how by chance he found a means of demonstrating the
simple numeric proportions that govern the musical intervals
of the fourth, the fifth, and the octave. Our oldest source
for this story is Nicomachus from Gerasa (2nd cent. A.D.), and
since his time the story has been told again and again, by
Greeks and Romans alike.1 It was one of the few 'facts' about
Pythagoras which were remembered in the Middle Ages, cf. the
lovely woodcuts in Franchino Gafori' Theorica Musicae from
1492 which illustrate a number of acoustic experiments, in-
cluding Pythagoras's hammers.2

According to Nicomachus, Pythagoras one day passed by a
smithy (napd 1L xaAwotunelov) and heard the sound of hammers
against iron on an anvil (énfxouce darothpuv oldénpov €n' Gu-
povi daidviwv). In their different sounds he recognized the
octave, the fifth, and the fourth. Full of joy he ran into
the smithy (td xaAuelov) and tried to f£ind out what produced
these intervals. A number of experiments made on the spot
made him realize that the difference in the sounds was pro-
duced by the weight of the hammers (napd tdv év TOiG darotiip-
owv 8ywov). It was not produced by the strength of the vari-
ous blows (mapd& TAv T@V dardviwv Blav), nor by the shapes of
the hammers (t& oxfuara IdV Ogupdv), nor by any change of the

1. Of Nicomachus's musical works, only the short Enchiridion ('Apuove-
#3v &yxeupl6uov) has been preserved, see C. Jan, Musici Scriptores
Graeci, Lips. 1895, pp. 209-82. The anecdote {Enchiridion ch.VI, p;
245 sqq. Jan) must also have been included in his lost Eloaywyh wo.
ound; for it is told by Boethius in De institutione musica I1,10. T!
dependency of Boethius on Nicomachus's lost treatise has most rece:
ly been demonstrated by Calvin Bower in his article on 'Boethius a:
Nichomachus: An Essay Concerning the Sources of De institutione m
sica' (Vivarium 16, 1978, pp. 1-45).

2. See illustration, opposite.



position of the iron (% 100 £Aauvouévou oiLdipou uetddeoig) .
In the following, Nicomachus tells how Pythagoras now took
four strings of identical length and structure, weighed them
down with weights proportional to the weights of the hammers
in the smithy - and was thus able to produce intervals of a
fourth, a fifth, and an octave, and to demonstrate the simple
numeric relations that existed between these basic intervals.
Nicomachus then goes on with a detailed description of the
stringed instrument which Pythagoras constructed for purposes
of demonstration. With this instrument Pythagoras was able
to check a series of other acoustic experiments - bv means of
blows on pots (Aexibwv wpoborg), of flutes, monochords, trian-
gular harps etc. - all of which experiments led him to observe
the same simple numeric relations.

Any physicist can tell us why the story about Pythagoras
and the Hammers cannot possibly be true. The physical truth
of the story was believed until quite recently -~ 1634, if I
am not mistaken. Now it is generally explained as a legend
based on ancient - and probably sound - information on a num-
ber of Pythagorean experiments. One such experiment is men-
tioned in a scholion to Plato, Phaedon 108D, where Aristoxenos
is quoted for a story about the early Pythagorean Hippasos,
who is said to have produced the fourth, the fifth, and the
octave by means of four brazen Sloxo.. The disks which Hip-
pasos used had all the same diameter, but differed in thick=-
ness.

In 1847 A.J.H. Vincent published five extracts from the
musical treatise in the Paris manuscript Ancien fonds grec
360, the so-called Hagiopolites.3 One of these texts ("Frag-

: Notices et extraits des manuscrits de la biblioth2que du roi et
autres biblioth2ques, XVI,2, Paris 1B47., pp. 259-281. For the Hagio-
polites, see Christian Hannick, Byzantinische Musik (in Herbert Hun-
ger, Die hochsprachliche profane Literatur der Byzantiner, Bd. 2,
Minchen 1978 = Byzantinisches Handbuch im Rahmen des Handbuchs der
Altertumswissenschaft, 5. Teil, 2. Band), po. 200-01 and my forth-
coming article in Texte und Untersuchungen zur Geschichte der Alt-
christlichen Literatur Bd. 125 ("The Manuscript Tradition of the

Hagiopolites: A Preliminary Investigation on Ancien Fonds Grec 360
and Its Sources").
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ent V", Vincent pp. 266-73) contains the Pythagoras anecdote
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in a form which differs considerably from all ?ther known sour-
ces. It runs as follows {(Hagiop. fol. 234v-235r)f .
*1ottov olv bg utv Adyog &oxalog ov 90padev’ & map )
#aanor 9pniloduevog nudaydpag napd TLVL xaluet? TOALT LKA
wadelouevog” nal Sravdpwv fixwv ¢F avtob &uolwv uaf
tabta utdg GAng obGong, thg yainevoutvng® wual 1ol abtol
wal 2vég ouevoug TOD xaAxevovrog® nal 100 attol duumfoc
¢v Snep HAiavvovio & yxaAxevdueva' onondv EIETO Tﬁ? va
&noteiovpévay fixwov Sravopdv &9ev yl{vetaL watoiabeiv nat
&% noAld owonhocag wal ¢peuvihoag” Télog modg 1&g owalpag
tvéounbev” &g nal otadudoag, nal ebphv Th\a.uév, Baputé-
pav" Thv 6%, wougotépav, Eyve Eviebdev npotecbfn 2 {¢) Eav
fixwv Sidoopov” nual avardYwe TAV TE HOLYOTNTG THOV GWVLV
fiyouv T@V cYaLPBV &vt.nadeiv BaovrntL, xal T4 annyxtuata
siLdvwopa yeyeviicdal. °‘EE abTol xal adtde napopundelc,
nateoneVaogev &ud xopbdv teocdowv ral udvov Spyavov, o) .
wéuAnke uovoixhv’ elta &veBipaoev adbtd elg énid xooffg
xadhe & mudayopindg ouadraog, Ev TLVL noviuatt G?TOU ‘
npdc TLva yvvaixa nudayopetav EéntLdéuovog YpdweL ™ mMEPL
the dpuovikiic vLAccoviag, obtw Q&oKwv’ &o?oviug4ueyéaoug
ocuvAraBfic 6. &Eela uellwv 1ac ouliaPag éneiyn...
In this version we again find the smithy, the different sound:
coming from it, the metal (B OAn h xainevoutvn) , and the anzi.
But in the Hagiopolites version there is only one hammer (T
onebog 1d xaixedov), whereas several pieces of metalware are
being forged (t& xoAxeuvdueva). Pythagoras makes, as usual,ce
many experiments and finds out in the end that the differen :
of sound (higher or lower) was due to the different weight o
IOV oVaLPDV.
Now, the word ovalpalL comes SO close to the ocwbpat of
the standard version that it suggests, at first, that Tag

; s a
. The corrupt Philolaos quotatiog i=)Ph1;o;aozhfrixaog)Nizoazzzzzfz
in Stobaioe Ecl. 1,21 7d (p.188,1%) and in W.lter ol
hiridion (Jan. pp. 252-54). Acc?rdzng to Wa )
E:g Sc;ence in Ancgent Pythagoreanism, Cambridge Hais.197§, p.ggis
note 11, the Hagiopolites neyidently" quotes from Nicomachus.
is less evident to me than it was to Burkert.



owaipac is nothing but a scribal error for tdg owdpag (the
hammers), However, the Hagiopolites says clearly enough that
there was only one hammer - or, at least, one type or size of
hammer (vo0 altrob uai tvdg oxcloug 1ol yaiuevovrogc) - and the
plural (td¢ ovaipag) for that simple reason makes this first
explanation impossible. The only interpretation which does
make sense, is to take al cvaipat to be synonymous with t&
xaixevéueva. The smiths were obviously working on some ovai-
pav of different size or different weight. Exactly what does
ovalpa mean in this context? Hardly any of the meanings list-
ed in LSJ ("ball, globe, sphere, pill"). Let us postpone the
question for a moment and look instead for eventual traces of
opatpatr in connection with Pythagorean acoustical experiments.
In the Harmonics of Ptolemy (2nd cent. A.D.), the de~
scription of the Monochord (the demonstration instrument) is
introduced by a short description of some imperfect methods
of demonstrating the numeric relations between musical in-
tervals. Having described allol, obpiyveg, and strings with
attached weights, Ftolemy continues with sounds produced &6.a
T@v 4dviooBapdv ovupdv fi Sionwv (by cobpa. or disks of differ-
ent weights), and from empty or filled vessels.5 In his crit-
ical apparatus to this passage Diiring mentions a variant read-
ing ovaipdv (for owupdv), found in the text of V (Vatican gr.
192, 13th-14th cent.) and as a vyp-reading in G (Vatican gr.
198, 1l4th cent.). Now, the manuscript G is the best repre-
sentative for the edition which Nicephoras Gregoras made in
the 14th centurys, and V seems to have a special position
within the m-family7; so the testimony of these two sources
should not be too readily disregarded. Besides, OuaLP®v is
an obvious lectic difficilior which a scribe might easily
correct into the traditional hammers (coupdv). The reading

5. Die Harmonielehre des Klaudiecs Ptolemaios, herausgegeben von Ingemar
Diiring, GStebcrg 1930 (= GSteborgs hdgskclas &rsskrift XXXVI,1930:1),
pp- 16-17.

6. "mdglicherweise das Originalexemplar der Redaktion des Gregoras oder

eine Abschrift davon" (Diiring, Die Harmonielehre... p.LXII).
7. Cf. Dlring's stemma codicum, ibid. p. LXIX, and his description of
m, pp. XLVIII-LIV).
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of vgYP is further supported by a scholion (pro?ably from G,
cf. Diiring p. C) which concerns Ptoéemy's description of thf
pars of the monochord (the uaydbéeg) . These Maga?es are de
scribed by Ptolemy as being navtaxd9ev loar Te uai duoiat,
so that their surfaces are as round (cwaipiLudg) as possible.
about the use of the adjective owaLpindg (for the. s?r?ace
of a cylindrical body), the scholiast says: "Spherical is im-
properly used for a body which is oblong and rounded, exactiy
as he has just used cvaipdv and &6{oxwv about the same thin?
(totéov 8ti xatd napdxpnoiv coaLlptxdv odua AEYEL ?ai 1o é?u-
unxeg uév, TETOPELUEVOV &¢, dbc nal avotepov owano?v noi éLO‘
wov elnev £ni tob ab1ob onualvouévou). The scholiast - in
all probability Gregoras himself - thus suggests that oealpar
and SloxoL are synonyms. In this connection it is to be no-
ticed that in the text which we have just quoted from.PtoleTy
(p. 17,16-18 piiring), the two words are coupled not with uai
but with f; this conjunction can hardly go with hammers and
disks, but would be appropriate to connect 2 pair of synonyms
for round objects of some kind. .
Ptolomy's Harmonics were commented by Porphyrz ?n the 3rc¢
century.9 In his commentaries (pp. 120 and 121, Diiring) we .
find the decisive proof that Ptolemy spoke of ocvailpat, not of
opbpat. 1In the preceding (p. 119,12sqq.) Porphyry has mén-
tioned experiments with flutes, strings with attached weights
and empty or filled vessels. He then continues (p. 120,13~
15) : Goadtwg 6& wal €&v T &lonoue xaAxobe moinoag Suniaoitdor
Satépov tdV Etepov, cuvupwvolol xpovdueva 5ud noaodv. The con-
text leaves no doubt that Porphyry's brazen disks correspond
to the "spheres or disks" of Ptolemy. At the end of this pas
sage Porphyry gives a paraphrase of Ptolemy's reasoning about
the insufficiency of such acoustical experiments. I quote

Ptolemy's text and Porphyry's paraphrase:

uri Die Harmonielehre, p. 17,27 sqq. . i
g. 23:;:5;105 Kommentar zur éarmonielehre des Ptolemaios, herausgege

ben von Ingemar Diring. Gteborg 1932 (= Géteborgs hdgskolas ars-
skrift XXXVII1. 1932:2).



PTOLEMY (p.l17,16-20):

PORPHYRY (p.121,10-14)

1d napanificra 6¢ ocuvuBalvet T4 napanifoia 6& ouuBalver

®wénl 1@V KaTd obyupouoiv Yivo- wal éni oV Yivouédvuv Gdowv
névov ddowv,

énotoug £nivoolor Tobg 6ud
AV AviocoBopdv

opupdv fi 8lonwv

KaTd oUYKpouoLV

. ‘ ocpaitpdv vaotdv fi S{ouwv noliwv
nal tobg 4nd wov TPUBALlwv HE- f &yveiwv [owv wal duolwv xevdv
vdv TEe wal nenAnpwuévov,
tovydboug Svrog mdvu TO0 Tn-
petv &v &naoiL toltOLC
v év taig Glarg wal toig
oxfuaocLyv dnapaiiaEl{av.

Te nal AapBavdviwv 06w,
Suoxepolg Svrog ndvu 1oL Tnpetv
£v &naot tolroLg
xal 1o év taig Glarg ual toic
oxfuaoLv adtdv &5L&popov.

It is quite clear that the text which Porphyry commented upon
dealt with "spheres" and not with "hammers". But it seemspe-
qually clear that Porphyry did not quite understand this text
As we have already seen, the two expressions used by Ptolem .
must be synonyms, relating to the same physical object. Bui
Porphyry's use of adjectives ("soiid spheres or Aclicwy disks")
makes sense only if he took the two words to refer to differ-
ent-objects. The inference is that he did not know the word
ogaipa as a synonym to &{onog.

. We have now met a number of different objects associated
with Pythagorean acoustical experiments: xaAxol &lonor (Rip~
pasos of Megapont, according to Schol. in Plat. Phaedon 1085)
owatpar fi &{oxor (Ptolemy), gwaipa. vactol A &CLoxo. xoLAot '
{Porphyry), ocvaipat (Hagiopolites), culpar {(Nicomachus; most
Ptolemy MSS), daiorfipeg (Nicomachus). We may combine ;hese
traditions into a coherent though hypothetical description of
how Hippasos's brazen disks were gradually transformed into
Pythagoras's hammers:

At first, the story was told about Hippasos and his ex-
periments with some brazen objects that were once called ooai-
p?L, but by the scholiast (or his source) were referred tow:;
6toxoL. At some later time the description of these experi-
ments was converted into an anecdote about Pythagoras; the
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metalware objects were still called opaipat. Still later,
the anecdote was rewritten, from a source in which owatpar had
pecome owbpaL by mistake. Once the hammers had been intro-
duced, there was a possibility to use another word for them,
parotfipeg. This successive transformation of the story had
produced the famous anecdote about Pythagoras and the Hammers
already in the 2nd century A.D. (the date of Nicomachus from
Gerasa), though Ptolemy in the same century still had access
to a opaipa-version and knew that the word in this con-
text was a synonym to &(oxou. In the following century, Por-
phyry no longer knew its exact meaning, but had to rely on his
understanding of the context in Ptolemy.

Evidently, this reconstruction implies a considerable age

for the version of the Hagiopolites.lo It furthermore implies

that the word owaipa once denoted some kind of object which
could be manufactured in a smithy, but that later on this
méaning of the word became obsolete. Now, if we combine an
jdea of Burkert's with a couple of places in Athenaeus's Deip-
nosophists and pPlato's Republic, I think that a case can be
made for taking these objects to be some kind of vessels or
bowls.

Let us begin with Burkert. In his treatment of the Py-
thagoras anecdotell, he concludes that "the claim that Pythag-
oras discovered the basic law of acoustics in a smithy is a
rationalization - physically false - of the tradition that
Pythagoras knew the secret of magical music which was discov-
ered by the mythical blacksmiths.“lz This explanation leaves
no room for Hippasos's four brazen disks. To Burkert, they
belong to the same tradition as the story about Lasos's exper-
iments with vessels filled in varying degrees - going back,
ultimately, to a tradition “"that Lasus and Hippasus, in study-

10. According to Vincent, op.cit. p.267, its author "doit &tre antéri-
eur, non seulement 3 AristoxZne, mais peut-&tre méme 3 Aristote;
et il se trouverait &tre ainsi le plus ancien écrivain sur la mu~
8ique, dont les ceuvres ne sont pas entidrement perdues." (My Ital-
iecs).

11. Burkert, op.cit. (cf. note &), pp.375 saq.
12. ibid. p. 377. The 'mythical blacksmiths' are the ldaean Dactyls.



ing phenomena of resonance, learned the numerical laws, and
that a subsequent restatement in somewhat cruder form tran-
formed their action to one of striking the vessels."13 The
resonance which Burkert speaks of here, is the one which in
Greek theatres was produced by empty vessels, #xetla.

In Book XI of the Deipnosophists - which deals profusely
with different kinds of cups, arranged in alphabetical order
~ Athenaeus quotes Asclepiades from Myrlea (lst cent. B.C.)
for the following remarks on Nestor's famous cup: "The an-
cients, who were the first to ordain for men the things per-
taining to civilized life, being convinced that the universe
is spherical in shape (tdv uéouov elva. opailpoeLsf) ... thought
it was only right to make the things pertaining to their own
food like the element which encompasses the earth, according
to the shape it seemed to have (1§ mepLéxovit uatd ThHv [&éav
to0 oxhuarog dpouciolv). Hence they made a table round (Thv
Tpdnelav xuxAoeLbf xateoxevdoavto).... Hence, too, the cup,
which contains liquid food, they made circular in imitation
of the universe (ual 10 notApiov odv 1d &exduevov THV Uypdv
TPo®NVv kuUMAOTEPEg énolnoav xatd ulunua Tod uécuou)."14 Nes-
tor's cup, as Asclepiades points out, is a particularly good
example of this; for its ornamental studs (the golden #Ao. of
A 633) are set like stars on the firmament - in other words:
Nestor's star-spangled cup imitates the celestial sphere with
its fixed stars.

Older - and much more interesting than this "curious pas-
sage, wherein philology distorted by allegory and astrology
is seen at its worst"l5 - is Plato's Spindle of Necessity, the
model of the universe described in the Myth of Er near the end
of Book X of the Republic (616C sgq.). For although this de-
scription contains no mention at all of any ocvatpa., the eight
whorls (oodvbudoL) of the spindle clearly refer to the planetary
and celestial spheres.16 The way in which these whorls are fit-

13.  ibid., p. 377-78.

1.  Athenaeus, Deipnosophistae XI, 489c-d, translated by C.B.Gulick (Loeb).
18. Gulick, vol.V, p. 170, note a.

16. The Harmony of the Spheres is alluded to in 617B.
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tion, Plato repeatedly refers to objects wfll-known. g
the whorl is said to be shaped like an ordinary whorl (T
oxfina otanep A tob évdd4ée), and in the comparison betweenhows
ocpbvburotr and ndbot Plato's use of the definite article :
that he is thinking of some objects which he and his readers

know from their daily life: waddnep ot nddou ol clc &AlfAovg

4opdTTOVIEG.
The celestial sphere(s) which Er and Asclepiades had in
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no means stranger than the English 'bowl'.

rgotten, so that
meaning later on fell out of use and was forg ¥

nobody any longer understood the metaphor 's?here‘ for th?t
firmament. For this is where our investigation ends: Isn :
it more likely that the celestial sphere was named af?er its
being similar to a powl than that these bowls got their name

from their likeness to the firmament?



