A NEGLECTED VERSION OF THE ANECDOTE
ABOUT PYTHAGORAS'S HAMMER EXPERIMENT,

By Jergen Raasted, Roskilde.

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.l 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 (mapd tTL xaAnotuneiov) and heard the sound of hammers
against iron on an anvil (émfuovoe Pparocthpwv olénpov én' &u-
uovi pardvtwv). In their different sounds he recognized the
octave, the fifth, and the fourth. Full of joy he ran into
the smithy (td xaixetov) and tried to find 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 (mapd tdv év Tolg darotiip-
owv 8ynov). It was not produced by the strength of the vari-
ous blows (mapd ThHv THV Pardviwv Blav), nor by the shapes of

the hammers (td oxfiuata TV oeupdv) , nor by any change of the

1. Of Nicomachus's musical works, only the short Enchiridion (‘Appovu-
#dv  éyxeLpl6Lov) has been preserved, see C. Jan, Musici Scriptores
Graeci, Lips. 1895, pp. 209-82. The anecdote (Enchiridion ch.VI, pp.
245 sqq. Jan) must also have been included in his lost Elooywyli povu-
ouwud; for it is told by Boethius in De institutione musica I,10. The
dependency of Boethius on Nicomachus's lost treatise has most recent-
ly been demonstrated by Calvin Bower in his article on 'Boethius and
Nichomachus: An Essay Concerning the Sources of De institutione mu-
sica' (Vivarium 16, 1978, pp. 1-45).

2. See illustration, opposite.



position of the iron (# ToD £Aavvoudvou cgudhpouv netddeoig) .

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 - by means of
blows on pots (Aeulbwv upodoirg), 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 &(ouoL. 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-

3. Notices et extraits des manuscrits de la biblioth&que du roi et
autres biblioth&ques, XVI,2, Paris 1847, 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), pp. 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'").



ment V", Vincent pp. 266-73) contains the Pythagoras anecdote
in a form which differs considerably from all other known sour-
ces. It runs as follows (Hagiop. fol. 234v-235r):
*Iotéov oOv &g utv Adyog dpxalog TdV SVpadev” & mop'
EAANOL dpniioluevog mudaydpog mopd TLVL XAAMEL(W TOALTLU®
nadelduevog” nal Srapdpwv Axwv £E adtod duodwv’™ ual
Tabta pLdc BAnc obong, tfic xainevouédvng® nal tod adtod
watl &vdgc onelouc tol Xaiuedoviog®™ ual Tob adrod dnuwvog
gv dnep AAavvovIo TA YaAreLOuevo® onomndv EdeTo THV THV
&noteilovuévov fixwv Sroapopdv 89ev ylvetal wataraBeiv” ual
8% moAAd ouomAoog nal épeuvvicag” Téiog mpdg TAC ovalpag
évéounvev” &g nal otadudoag, nal ebpdv Tthv uév, Boputé-
pav’' THV 6¢&, nouvpotépav, €yvw &vteddev npofso&au td TV
fixov SLdopopov’ ual &dvardywg Thv TE uovedtnta TOHV GLUVEV
fivouv TV coaLpdv dvtinadelv PapdTnti, wal Td Annyiuota
SLdopopa veyeviiodoL. ‘EE abtod ual adtdc mapopundelg,
uaTeouevaoev and xopddv teocodpwv ual udvov Bpyavov, 8
uénAnue uwovoLunv’ elta &veBiBacev adtd elg &ntd xopddc®
waddg & mudayopLudg @LAdiaog, &v TLvL moviuott adtol”
nedc TLvo yuvaiuna mudayopetav é&utiLdéuovog yodoel ' mnepl
tfic dppoviufic eLtAcocoplag, obtw @donwv® dpuoviag ueyédovug
cuvArapfic 6L' dEela pellwv TAC OLAAABAC énetvn...4
In this version we again find the smithy, the different sounds
coming from it, the metal A %n N xoirevoudvn), and the anvil.
But in the Hagiopolites version there is only one hammer (Ttd
onebog T xaiuedov), whereas several pieces of metalware are
being forged (Td xaiueuvdueva). Pythagoras makes, as usual,
many experiments and finds out in the end that the difference
of sound (higher or lower) was due to the different weight of
TV oPaLp®dV.
Now, the word ogatlpal comes so close to the coplpar of
the standard version that it suggests, at first, that tdg

4. The corrupt Philolaos quotation (= Philolaos fr. B 6) is preserved
in Stobaios Ecl. I,21 74 (p.188,1%) and in ch. IX of Nicomachus's
Enchiridion (Jan. pp. 252-54). According to Walter Burkert, Lore
and Science in Ancient Pythagoreanism, Cambridge Mass.1972, p.24l
note 11, the Hagiopolites "evidently" quotes from Nicomachus. This
is less evident to me than it was to Burkert.



ogpalpag is nothing but a scribal error for tdg coedpac (the
hammers), However, the Hagiopolites says clearly enough that
there was only one hammer - or, at least, one type or size of
hammer (tod adtol nal Evdg oreldoug tod yoiuedovrog) - and the
plural (tdg owalpag) for that simple reason makes this first
explanation impossible. The only interpretation which does
make sense, is to take al opalpatr to be synonymous with t&
xaiurevdpevo. The smiths were obviously working on some ocpatl-
paL of different size or different weight. Exactly what does
opalpa 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
opalpat 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 adAol, oOpLyyeg, and strings with
attached weights, Ptolemy continues with sounds produced &ud
Tdv dviocoBapdv opupdv A Slonwv (by opbpal or disks of differ-
ent weights), and from empty or filled vessels.5 In his crit-
ical apparatus to this passage Diring mentions a variant read-
ing cpailpdv (for ogpupdv), found in the text of V (Vatican gr.
192, 13th-14th cent.) and as a yp-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 1l4th centuryG, 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, ocopaiLp®dv is

an obvious lectio diffiecilior which a scribe might easily

correct into the traditional hammers (ocpup®v). The reading

5. Die Harmonielehre des Klaudios Ptolemaios, herausgegeben von Ingemar
Diiring, G&teborg 1930 (= Gdteborgs hdgskolas &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. Diiring's stemma codicum, ibid. p. LXIX, and his description of

m, pp. XLVIII-LIV).



of VG'P is further supported by a scholion (probably from G,
cf. Dliring p. C) which concerns Ptolemy's description of the
bars of the monochord (the uaydéeg)s. These Magades are de-
scribed by Ptolemy as being mavtaxdédev toat te ual Suorar,

so that their surfaces are as round (ogatptudg) as possible.
About the use of the adjective cwaLpLudc (for the surface

of a cylindrical body), the scholiast says: "Spherical is im-
properly used for a body which is oblong and rounded, exactly
as he has just used ogatpdv and &6(onwv about the same thing"
(lotéov 8TL natd mnapdypnoLv cpalpLudv oduoa Aéyel ual 1o &ni-
unrec uév, Tetopevuévov 8¢, d¢ nal dvdtepov cwaLpdv nol &lo-
uov elnev énl tobd adtob onuaivoudvouv). The scholiast - in
all probability Gregoras himself - thus suggests that ocopalpatr
and 6louoL are synonyms. In this connection it is to be no-
ticed that in the text which we have just quoted from Ptolemy
(p. 17,16-18 Diiring), the two words are coupled not with ual
but with fi; this conjunction can hardly go with hammers and
disks, but would be appropriate to connect a vair of synonyms
for round objects of some kind.

Ptolomy's Harmonics were commented by Porphyry in the 3rd
century.9 In his commentaries (pp. 120 and 121, Diliring) we
find the decisive proof that Ptolemy spoke of ocgaipoL, not of
opbpaL. In the preceding (p. 119,12sqgg.) Porphyry has men-
tioned experiments with flutes, strings with attached weights,
and empty or filled vessels. He then continues (p. 120,13-
15) : ooadtwg 6& nal &adv TuLg &lonoug xainobg moLnicag SLTAACLAOCT
datépouv OV Etepov, cuvupwvolor upoudueva SLd macidv. 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:

@
.

Dliiring, Die Harmonielehre, p. 17,27 sqq.

9. Porphyrios Kommentar zur Harmonielehre des Ptolemaios, herausgege-—
ben von Ingemar Diiring. Gdteborg 1932 (= Gdteborgs hdgskolas drs-
skrift XXXVIII. 1932:2).



PTOLEMY (p.17,16-20): PORPHYRY (p.121,10-14):

Td mopaninioio && ocuvupalvel Td mopanAifoia 6& cuvuBalvet
w&nl THV natd odywpouvolv yivo- ual &nl T@V vivouévav dbdowv
uévov wdowv, 1atd oOYUPOLOLV
dnolovg &miuvooboL Tobg &Ld
@V AdvicoBapdv
opupidv A Slonwv opalpdv vacTtdv fi 6lonwv noliwv

nol Tobc &nd TV TPuBAlwv ne- fA Adyvelwv lowv nal duolwv nevdv

viv TE nal TETANPWULEVLVY, Te nal Aoupavdviov Bdwp,
toyddoug &vtog mdvu tol Tn- svoxepoldg Svtog mdvyu tol Tneelv
petv &v dnaoc. tTodToOLC ¢v dnooLr tolTOoLg
hv &v Talg Giairg ual tolcg ual 0 &v talg drarg nal tolg
oxAuaotv anapaiiagliav. oxhuaoLv adtdv 48Ldpopov.

It is quite clear that the text which Porphyry commented upon
dealt with "spheres" and not with "hammers". But it seems e-
qually clear that Porphyry did not quite understand this text.
As we have already seen, the two expressions used by Ptolemy
must be synonyms, relating to the same physical object. But
Porphyry's use of adjectives ("solid spheres or hollow 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

ogalpa as a synonym to &lonog.

We have now met a number of different objects associated
with Pythagorean acoustical experiments: xaAuol 6lonor (Hip-
pasos of Megapont, according to Schol. in Plat. Phaedon 108D},
ocpaipaL fi 8louoL (Ptolemy), ogalpatr vactol i &lonoL unotiot
{Porphyry) , ovolpol (Hagiopolites), oce¢bpatl (Nicomachus; most
Ptolemy MSS), paiLotficec (Nicomachus). We may combine these
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 opal-
palL, but by the scholiast (or his source) were referred to as
S5ClonoL. At some later time the description of these experi-

ments was converted into an anecdote about Pythagoras; the



metalware objects were still called ocgalpair. Still later,

the anecdote was rewritten, from a source in which cypalpar had
become ocplpalL by mistake. Once the hammers had been intro-
duced, there was a possibility to use another word for them,
poLotfipeg. 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 opalpa-~version and knew that the word in this con-
text was a synonym to &(owot. 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 ocpalpa once denoted some kind of object which
could be manufactured in a smithy, but that later on this
meaning of the word became obsolete. Now, if we combine an
idea of Burkert's with a couple of places in Athenaeus's Deip-
nosophists and Plato'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. 1In 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-

nl2 This explanation leaves

ered by the mythical blacksmiths.
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 & Aristox&ne, mais peut-&tre méme 3 Aristote;
et il se trouverait &tre ainsi le plus ancien écrivain sur la mu-
sique, dont les oeuvres ne sont pas enti2rement perdues." (My Ital-
ics).

11. Burkert, op.cit. (cf. note 4), pp.375 saqq.

12. ibid. p. 377. The 'mythical blacksmiths' are the Idaean 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, fHxela.

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 udouov elvar ocparpoetdfi) ... 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 (T§ mepLéxovtiL uatd THv (&€av
10D oyhuatog dgouoiLodv). Hence they made a table round (Thv
Tpdnelav uuvnAoeldfi nateonevdooavto).... Hence, too, the cup,
which contains liquid food, they made circular in imitation
of the universe (xal 10 mothprov olv Td Sexduevov THV bypav
TpoeHv nvnrotepte £&nolnoav watd uwlunua tod uéouou).“l4 Nes-
tor's cup, as Asclepiades points out, is a particularly good
example of this; for its ornamental studs (the golden fAoL 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“15 - 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 sqgg.). For although this de-
scription contains no mention at all of any ogalpa., the eight
whorls (opdvduior) 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.

14, Athenaeus, Deipnosophistae XI, 4839c-d, translated by C.B.Gulick (Loeb).
15. Gulick, vol.V, p. 170, note a.

16. The Harmony of the Spheres is alluded to in 617B.



ted into one another is compared to a set or nest of bowls (udéoi),
their rims forming a continuous flat surface. In his descrip-
tion, Plato repeatedly refers to objects well-known. Thus,
the whorl is said to be shaped like an ordinary whorl (td uév
oxfiua otanep # tod £vd46e), and in the comparison between
opdvéuvrol and uddor Plato's use of the definite article shows
that he is thinking of some objects which he and his readers
know from their daily life: naddmnep obi uddoi ol elg &rArfioug
dpudtTOVTEC.

The celestial sphere(s) which Er and Asclepiades had in
mind were compared to drinking vessels, not to balls. With
Burkert's explanation of the nature of the acoustical experi-
ments carried out by Lasos and Hippasos we once again encounter
vessels, and Hippasos's 6loxoL are to be understood as a trans-
formation of these. ZXZgpalpa as a name for some vessel is by
no means stranger than the English 'bowl'. Apparently, this
meaning later on fell out of use and was forgotten, so that
nobody any longer understood the metaphor 'sphere' for the
firmament. For this is where our investigation ends: Isn't
it more likely that the celestial sphere was named after its
being similar to a bowl than that these bowls got their name

from their likeness to the firmament?



