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EXPERIMENT IN EARLY GREEK PHILOSOPHY
AND MEDICINE

Anyone that attempts to tackle the question of the role of experiment in Greek science
must first come to terms with the extenslve modern lierature on the subject, and what
strikes one first about this lterature {s that ever since the Novum Organum of Bacon
(1620) much of It has been highly polemical In tone, Bacon’s judgement is well known:
“Atque ex philosophils lstls Graseorim, ot derlvationibus earum per particulares
sclentias, jam per tot annorum spatia vIX unum experimentum adduci potest, quod ad
hominum statum levandum et juvandum speciet, ot philosophiae speculationibus ac
dogmatibus vere accepium relerel vo.-s.... Apalnat Avistotle In particular Bacon
adopts a different line of artack, for he oncedes that In some of Aristotle’s works
references to experiments are 10 be found, but sceuses Avlstotle of twisting the data
of experlence to fit his pre elve dﬁg.ng_an 10 Bacon, then, Aristotle
was more blameworthy than his modern adherents who neglected the data of experi-
ence entirely 1 * 1o enim privs decreverst, neque experientiam ad constituenda decreta
et axiomata rite consulult) sed postguam pea aebltelo suo decreviset, experlentiam ad
sua placita tortam clreumduelt ot captivim  ut hoe etlam nomine magis accusandus sit,
quam sectatores ejus modernl (seholasticarum philosophorum genus) qui experientiam
omnino deserverunt,”® Now there were, of course, good reasons why a seventeenth-
century sclentist should reaet strongly agalnst contemporary Aristotelianism. - But
vimilar exaggerations mar much of what was sald about Greek sclence in general, and
Aristotle’s contribution I partieular, by nineteenth-century historians of science,
., H. Lewes® quotes John Playfule's Dissertation, prefixed to the 1842 edition of the
Encyclopaedia Britannica, W the view prevailing in the mid-nineteenth
century on the subject of the physleal sclence of the Greeks and the reasons for its
shortcomings. ‘Extreme credulity disgraced the speculations of men who, however
ingenious, were little acquainted with the laws of nature, and unprovided with the
great criterion by which the evidence of testimony can alone be examined. Though
observations were sometimes made, experiments were never fnstltuted; and philo-
sophers who waere little attentive 1o the fnets which spontaneously offered, did not seek
(o increase thelr number by artificial combinaons.'t Tn more modern diseussions of
this topie, 100, the view has often been expresied that there iv a fundamental distine-
tion between anclent and modern selence In that the anclents fulled to employ the
experimental methad, §, O, ‘Thorson, for example, put it that ! the Greeks were nearly
always too ready to theorlze, and had little of the modern will 1o collect and sift facts,
ot of the inseruments and technlques necessary for this purpose: they tried to explain
things without first studying and describing them properly, preferring instead o

v Novum Organumy 1y 7 Y Op, elna 1y 63,

Y Aristorle, A Chaprer from the Hiswory of Seience (London, 1864), P A%

4 1, Playfalr, * Dissertation . , . Exhibltng general view of the progress ol mathematical and
physical science, slnce the revival of letters in Europe’y Encyclopaedia Britannica (7th ed., 1842),

1, pp. 45311

! Sapiontiae, Cambridge, 1958, Py 4),
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analyse their own words and notlons, 80 they intriated selence but falled o sustaln i,
and never disengaged *physica’ from the general philosophiy tn which (¢ began. There
was a fatal neglect of detall and exper ; partly because
most craftsmanship was left to slaves. Thus modern selence, which rests on experi-
ment, is in a sense not really contlnuous with anclent.” —

Many other commentators have lald a similar igt%“ the Greeks
o use experiment, or at least on thelr fallure 1o use it systematoally,* On the other
hand what one may call the *positivist’ school of Interprettion has « a very
different view on this question, Burnet, as Is well known, attempted to defend the
Greeks against the charge that they made no use of i..—.—ﬁ vise of the
experimental method dates from the tme when the medical sehools began to Influence
the development of philosophy, and secordingly we find that the first recorded
experiment of a modern type s that of Kmpedoeles with e e in-
conceivable’, Burnet went on, ‘that an Inquisitive people shou applied the
experimental method in a single case witheur extending It 1o other problems’, and
elsewhere he argued that the resson why we have so Hitle information about thelr
observations and experiments s that .ssp___v. all that we know on this stibject comes
from compilations and manuals componed sonturion Iaey, by men who were not
themselves interested in aclence, and for readers who were even less o' According
to Burnet, then, *if we can point to indubiuble examplos of the e of experiment and
observation, we are justified In supposing that there were athers of which we know
nothing because they did not happen 10 lnerest the lers on whom we are
dependent’, and a similar lne of argument hias boen used both by Heldel® and, in more
recent years, by Blih,* i Tl

Several of the theses which have been malntalned :it' this controversy
seem implausible or exaggerated, but (o examing these in further detall would serve no
uselul purpose, There i, however, one Impos whieh 1 hope emerges from
the quotations 1 have given, and that In 'ﬁ. gommentator have shown a
remarkable tendency 10 generalipe on the (uestion &_i,_ti! the Greeks

' History of Anclent Geography Aniat. 194 o

" A number of authorities are olied by Thomson, Igbe: , swilddonedsi
recently H, D, P, Lee, for example, n b _si.!.h.s r -_..tv . ﬁ&gﬁ.‘.ﬁoﬁ:@ﬁ
logica (1952), p. xxvily, puts It that the experimentsl mothod eluded the Crskas ' They observed
but they did not experiment, and botween observation and exparlment thes _..  fundamental
difference, which it is essential to recognine if the history of Cireek it 18 10 be understood,!
Compare the mther more cautions judgement of Sumburly, 7he World of the O.?..t..
trans, M, Dagut (1 v 1996), poat " With very few exceptions, the t Cireelon thpoughout
" —“.._._..x_ of elght hu o years mude no WHEMpE at aystematie 3!!!!_3_.

s...;‘? Greek Philosophy (ath ed,, London, 19qh), p, a9
Y Bisays and Addrosses (London, 194g), pp, —_—ﬁ (of, Comfurd's vemmks n Principium

_3.2....\.9.?? .‘!H-anmm..quﬂn;
Spirit and \ﬁ..iﬂzﬁ York M. ."..m_._m. h m:. lwsrllnstel:&kt.f.?
, _.!}:1.... ... 3
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experimented. Much of the discussion has been carried on as if the important thing
was to decide the answer to this global question, and in attempting to settle this
question one way or the other it has too often been forgotten that experimentation is
of varying usefulness and relevance in different fields of scientific investigation, or
even on different problems within the same field: indeed the role of experimentation
may also be said to vary (in certain respects) at different levels of scientific develop-
ment, that is according to the level of knowledge attained in a particular field at a
particular time. To my mind, then, the question that needs to be asked is not the
global one ‘did the Greeks experiment ', not even 'how far did the Greeks recognize
the value of the experimental method ?' Rather we should ask the more concrete, and
at the same time much more difficult, questions ‘what experiments were open to the
Greeks on different problems or In different branches of sclence which they did not
perform?* and on the other hand * what tests did they actually carry out, in different
fields, and with what success?’ 'T'o these questions there Iy, of course, no simple yes
or no answer, Rather we must try to assess the Greek performance in each department
of science, indeed on each problem, independently, and to do this generally requires a
thorough knowledge not merely of the contributions made in a particular field at
different stages in antiquity, but also of the history of subsequent developments, that
is of how thought developed on the subject in modern, post-Renaissance times.

Of course the extent of the subject 1 have outlined precludes anything like a full, let
alone an exhaustive, treatment here, and 1 shall confine myself to making certain
tentative suggestions concerning some of the problems which occur when we
consider the earliest perfod of Greek sclence, that is, roughly speaking, from the sixth
to the fourth century n.c, 1 shall take in turn each of the main departments of inquiry
on which the earliest Greek Investigators were engaged, and consider what evidence
there is in our extant sources (principally the Presocratics, the Hippocratic Corpus
and Aristotle) which will enable us to answer the two questions 1 have propounded.

The first point that may be made Is the obvious one that much of the speculative
effort of the earliest Greek natural philosophers was concentrated on a department of
sclence which, strietly speaking, 8 not experimental at all: 1 mean, of course, astro-
nomy. Astronomers can and do attempt to verify, by further observations, the pre-
dictions they make on the basls of theorles or hypotheses, but in the nature of things
they cannot conduet experiments, that Is they cannot vary or govern the conditions of

the objects they are observing, Anclent astronomy I8, no doubt, In certain respects
less rigorously empirical, more apriovistle, than modern, but how far we can talk of a
fundamental difference in method between the two Is more difficult to decide. While
many of the explanations which Arlstotle, for Insance, put forward are, we should
say, highly arbitrary, it i worth vecalling that on more than one occasion he draws on
the results obtained from many years of observations by Egyptian and Babylonian
astronomers," that a passage in the Meteorologica suggests that his own observations
extended, in some cases, over a period of fifty years,* and that in a striking passage in
the de Caelo, where he introduces one of his more fanciful explanations of a highly

Y Caol, 3930, 703 Mate, 3436, oIV, and a8 (T, and cf, also Cael 3708, 1301,
Y Mate, yyaa, 381, (referring to the rare occurrence of moon ralnbows),
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obscure problem," he prefaces his account with this disclaimer: * Perhaps to tey to give
an explanation about some things, or about everything without exception, may sem
to indicate a high degree of simple-mindedness or a high degree of zeal, But’, he goes
on, *this objection s not always just: one should consider the reason for speaking,
and also what kind of convieton is belig almed at, whether marely human or some-
thing stronger. Whenever anyone lights upon more exact proofs, then we must be
grateful to the discoverer, but for the present we must state what seems plausible
However, my immediate polnt Is not thae In awsensing the work of early Greck
astronomers we should welgh aggalnat the abvious dogmatle and teleologlcal features
their use of empirical datad and cortaln passugon in which they draw attention to the
tentative nature of some of thelr theorles, but mther this, that to speak of a ‘fillure to
conduct experiments' in this fleld would bhe qulte Inappropriate,

One may, perhaps, go further, If In astronamy ft wan physically impossible for the
Greeks to carry out experiments, the lﬂi! them, at least, in a large part
of what they called ‘meteorology’, Nowadays, It In true, It {s possible to manufacture
a lightning-flash artificially, But that the Gresks did not attempt 1o do wo Iy hardly
surprising (they got no further than notlelng certaln examples of static electricity,
such as the attraction of amber when rubbed), For the Greeks most of the problems
of “meteorology’, the nature and causes of lghtning and thunder, meteors, winds,
earthquakes and so on, were beyond the reach of direct experimental investigaton,
But if the theories put forward in this fleld hy the Presoceaties and later writers are
generally highly dogmatic and speculutive, this Is not 1o wny that no attempt what-
soever was made to adduce emplrical support for some such docteines, 1 have in
mind the occasions when the explanation of an obseure natuml phenomenon was
illustrated or supported by an appeal 1o an !Eé drawn from famillar experience,
The comparison between the flash of lightning and the flash made by an oar or some
such object on striking the water, which Is mentioned by Aslstotle at Mare, y70a,
roff., seem to have been used by Anaximenes to biuck o theory orlginally advanced
by Anaximander concerning the nature of lightning Cnamely that It Is due 1o a cloud
being split by the force of wind) Arlstotle hmself, in his aceonnt of thunder, com-
pares it with the crackling of logs In u five, ateeibuting both phenomena to z... ‘dry
exhalation”.s And when he tackles the question of whether shooting=stars are actual
projectiles, or whether this phenomenon Is due 1o u tealn of fire passing rapidly from
one thing to another, he draws on two analogles either, he suggests, It may be like
what happens when an unlit lamp Iv placed below another one which Is alight and the

' Cael, B, ch, 5, a894, 2211, The problem In question (s why the heavens revolve In one direction

rather than the other, or, as we should put ity why the enrth vevolves on [ axls In one divection

...:.__2.. than the :._...m_ (w0 far o 1 know, the problom has selll not been solved),

L Cael, .._q:. .ﬂ “_ .z_.n. ..._ o slmilar disclaioer ar Cod, B, oh, 13, 4914, 3411, where Aristotle
LEUTE [}] —03 om of w WO ’

motions, y some of the heavenly bodies have ‘complex’, others 'simple

1 Sambursky, op. elt, pp, yo il has deswn ateention : Improvemen
ments that took place In .n- m.l.r 'ltmT.l n‘t.ﬂ-in -Shﬂr;fe -ﬂhah-_ﬁ.nﬂ
the wolar year,

t__._nn were mace of the length of
at, 11y 3, 1=a) DK, 13a09, 1
Y Mate, u.ao.-. apll, ; .
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lower lamp is lit by a flame travelling rapidly downwards from the upper one, or else
the shooting star may be a solid body forced downwards under pressure, and here he
compares them with such objects as the stones of fruit being shot out from between
the fingers, in order to illustrate how things may move, under pressure, in a direction
contrary to their natural tendency.! Now many of the illustrations used by Greek
writers to suggest or support explanations of meteorological phenomena might strike
us as rather far-fetched, though this is not always the case: one might cite, for example,
the passage in which Aristotle explains why we see the flash of lightning before we
hear the sound of the thunder by referving to the experience of watching a ship at sea,
where the oars are already going back agaln by the time the sound of their striking
the water reaches us.* But the point I should like to suggest is that in ‘meteorology’,
where direct experimental investigation was often physically impossible, the appeal to
analogies drawn from more familiar experience served the Greeks as a Belrrepos AolUs,
a next best method, indeed in many cases the only empirical method open to them.
Moreover some of the illustrations they use refer not to well-known facts or common
experience, but to quite rare phenomena, and in certaln instances it seems that the
analogy may even have involved the deliberate undertaking of a plece of research, 1f
we take the illustration of the two lamps which Aristotle uses to suggest one of two
possible explanations for the phenomena of shooting-stars, it is fairly clear that
Aristotle himself had observed quite closely the way in which one lamp may be lit
from another: ‘the speed with which this happens’, he notes at Mere, 3424, 5fL, “is
extraordinary, and it resembles the projection of a missile, rather than fire passing
from one thing to another’. And a second passage which shows how fine may be the
distinction between an illustration drawn from familiar experience, and a deliberate
piece of research, comes in Aristotle’s discussion of the rainbow (Mere. I, ch, 4):
there one of the illustrations which he adduces to support his suggestion: that the
rainbow is due to a reflection caused by minute drops of water is what happens when a
man sprinkles water in a room which is so placed that it faces the sun and is partly
illuminated by it and partly in shadow. ‘Then if one man sprinkles water in the room,
another standing outsice sees a ralnbow at the place where the sun’s rays stop and the
shadow begins.") The invention of prisms was necessary before the spectrum could be
fully investigated under strict experimental conditions.t But it is apparent that at an
early stage the Greeks explolted thelr knowledge of rainbows formed under other,
artificial conditions, in trylng to explain the meteorological phenomenon.

In astronomy, then, and in much of what the Greeks called ‘meteorology’, we are
at liberty to suggest that the early theorists were often uneritical, or that they seriously
underestimated the complexity of the phenomena; but where experiment is impossible
for objective, physical reasons, the eriticlim that they fuiled to use the experimental

' Meata, yana, 310, of, 3440, 251, on comets,

Y Mate. 369 b, B11, The expression that sight wperepelv +iis dwofis might be thought rather odd
in view of the fuct that elsewhere Arlstotle flatly denies (againut the opinlon of Empedocles) that
light travels at all (e.g. Sens, 446a, 3y 11, 4, a711),

Y Mate. y74b, 111, He vefors, also, to the rainbows formed under certaln conditlons when an
oar |s ralsed out of the water (3744, 2011,

1 ﬁﬂ was fiest achieved by Newton In his Opricks (1704), following on the work of Descartes
and 1
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method is, clearly, wide of the mark. But we have now to deal with the more

ing and more difficult problems of the role of experiment in ather fields, and f
in the sciences we know s physies and chemistry, Fiest physics, and 1 may |
considering briefly those departments of physics, such as optics, acor i
hydrostatics, in which the achlevements of Greel science are by no means ne
Concerning, the Greek contribution to the study of opties, in particular, |
comparatively good information, since there are several treatises extant ofth
original or in Latin translations which are speclally devorted to the subject, ¢
important being Kuclid's Opeles, the D¢ Speeulis med 1o be u diges
Catoperies of Hero of Alexandrin) and a Latin translation of an Arable ve
another Greek treative on opties which there s no good reason to doub fs the
Prolemy." These works make It abundantly elear notonly that the Greeks were
ful'in their application of geometry to the study of reflection and refraction, |
that some investigators undertook quite extenslve experiments to corroboy
principles of optics which they formulated. Some passages from Prolemy's o,
worth quoting to illustrate one Investigator's methods, At the beginning of
(ch. 3, 88, off. Lejeune) the wrlter sets out three elementary prineiples or |
reflection. These are (1) that objects that are seen In mirrors are seen in the dj
of the visual ray which fally on them when reflectod by the mircor; (2) that this
are seen in mirrors are seen on the perpendioular which falls from the object
surface of the mirror and is produced; and (3) the posttlon of the reflected ray
the eye to the mirror and from the mirror 1o the &’ In wuch that each of
parts contains the point of reflection and makes equal with the perpen
to the mirror at that point.* The truth of these prinelples, he goes on, is confier
the phenomena, and he proceeds to clte a serlos of simple experiments 1o coreo
his laws. Thus to confirm his fiest prinelple he vemarks (i, oh, 4, 89, 51y
case of all mirrors (that is plane, convex and concave) we find that If we ma
points on the surfice through which the Images are seen, and cover thess poing
the image of the object will certainly no longer be visible, But then when we us
the points one by one and look at the uneovered polni, both the polnes and the
of the object will be seen together on the stealght line deawn 1o the summic

visual ray (ie. the eye)." Further experiments follow: one which Is pareic
remarkable involves the use of thres mirrors, one plane, one convex and one €|

" This s the conclusion of the most recent editor, A, Lejeune, &'Oprlgue de Clauds P
(Louvain, 1936), Introduction, pp, 1446,

* With reference to the diagram where AR In the miveor, A the uye, # the object. 2*
O the point at which the visul ray sirikes the mieor, !.i 35 ny v.._he.:.:ﬁ*s..-.”.“

mirror, these three principles arer (1) A4° liew on 40 prod
77 T o e A

1948, p. 269, n. 1.)
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and confirms very neatly that the angle of incidence is equal to the angle of reflection
in each case.
These are simple, but generally very effective, tests undertaken to corroborate the
elementary laws of reflection, but elsewhere the author carries out experiments of a
greater complexity, notably in his discussion of refraction in Book v. There (v,
ch. 3, 224, 10f1.) he first points our that as in reflection, 50 100 in refraction, the image
is seen at the intersection of the line of the visual ray and the perpendicular drawn from
the object to the reflecting or refracting surface, and here he refers to an experiment
which goes back at least as far as Archimedes," in which a coin is put into an opaque
vessel in such a position that (¢ is just hidden by the lip of the vessel, but comes into
view when water is poured into the vessel. But not content merely to state certain
general principles of refraction, he undertakes detalled Investigations to measure the
amount of refraction which takes place at different angles of incidence, and in different
media. First (v, ch, 7, 227, tfl) he describes the setting up of his apparatus. To mea-
sure the angles he uses a clrcular disk, each quadrant of which Is divided into ninety
parts (Le. like o protractor)s thiy disk I8 set up in a bowl of clean water wo that the
water just covers the bottom half of the clrcle, He then describes how a coloured
marker is 1o be placed at different polnts along the clrcumference of one or other of
the two quadrants which are ahove the water level, and how sightings are to be taken
so that the coloured marker and the centre of the disk are aligned with the eye. The
next operation is to move a small, thin rod along the circumference of the opposite
quadrant which is under the water until the extremity of the rod appears in line with
the coloured marker and the centre of the disk, This enables one to determine both the
angle of incidence and the angle of refraction, and when these are measured, we find
that the angle of incidence Is always greater than the angle of refraction, and that as
the angle of incidence increases the amount of refraction becomes progressively
greater. The results obtained by Prolemy are given in detail: when the angle of
incidence is 10 degrees, the angle of refraction will be about 8 degrees; when the angle
of incidence is 20 degrees, the angle of refraction will be 154 degrees, and so on for
angles of incidence up to 80 degrees, Concluding the passage with the remark that
‘this is the method by which we have discovered the amount of refraction in the case
of water', Prolemy adds the notet *we have found no perceptible difference in this
respect between waters of different densities or rarities’ (ch, 13, 230, 4f.). Itis worth
drawing attention to the point that Prolemy evidently tried the same experiment with
different kinds of waters to see whether this gave different results, and elsewhere in the
Optics we find set out in detail the results of his Investigations of the refraction of other
media, namely from air to glass and from water to lans,*
In investigating the problems of reflection and refraction Prolemy carried out
extensive experiments (0 corroborate his general laws and in particular to establish
that there is a definite quantitative relationship between the angle of incidence and the

' See Lejeune, op, eit. n, 9 10 22y, 9,

* Tt should w..:hza_ that Ptolemy Mo..._._.a the ray from the eye, not that from the object, the
incident ray. For his results, which are expressed to within half & degree, compare the tables
given by Brunet and Miell, Histoire des sciances: Antiquird (Patis, 1935), pp. Bag i1,
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angle of refraction, Both the problems in question, and the experiments used to study
them, are, of course, quite elementary, But I have chosen this example deliberately in
order 10 indicate that|where the clreumstances were favourable, that i where the
problems are relatively simple and where they could be investigated emp

without too great y, we do find evidence that detailed experiments were some-
times carried out in antigquity, | But i this the case, perhaps, only in quite late antiquity ?
Are we to conslder the ments of a Prolemy In opties, or of a Philo or a Hero in

pneumatics, as quite exceptional, as marking, in fact, a radical break with the methods
of investigation used in earlior perfods? Or i what distinguishes Prolemy from earlier
writers on optics merely the suceess or thoroughness with which he applied techniques
of investigation which had been used, though not fully exploited, before? Without
entering into the varlous problems ralsed by the development of each one of the
branches of physics in antiquity, I may hrlefly consider the question in so far as it
concerns the earliest perlod of Greek for poor though our information is,
there are grounds for belleving that some of physics had already begun to
be investigated with the help of simple tests In the Presocratic period or in the early
fourth century. Some of this evidence ln well known, We are all acquainted with the
legends that purport to describe the experiments which led Pythagoras to discover the
numerical relations between the musleal lntervals of the octave, fifth and fourth, One
story has it that he made this discovery by measuring the welghts of hammers which
made different notes when struck, another that he did 0 as a result of experiments in
which he attached different welghts to & stelng and observed o relationship between
tension and pitch, a third that he filled jars varylng amounts of water and noted
a relation between the quantity of water and the sounds the Jar made when struck,
fourth that he measured the lengths of o pipe which gave varlous notes,
These accounts, as is well known, contaln mueh that s pure fantasy (" n the majority
of cases when the test is carried out in the manner deseribed In our sources, it does not,
in fact, reveal the simple relations between the various musieal intervals, Nevertheless
we should not dismiss these stories ws entively worthless, for all thele obvious in-
accuracies. For one thing the very faet that such legends elreulated abour this dis-
covery in antiquity suggests some recognition (if only a theoretieal recognition) of
the value of the experimental maethod, for example in determining which are the
causative factors governing a particular effect,* Secondly, If most of these supposed
tests do not, in fact, yield the resulis reported, excoptions must be made of two of the
investigations referred to, those with the monochord and with the columns of air in
pipes, for here, of course, other things belng equal (e the thickness, material and
tension of the string) the relations between the musical Intervals are readily determined
with reference to the lengths of the string or plpe, We have other evidence, too,

' See, for example, Guthrle, 4 Mlstory of Gresk Eﬂm o
esp. 32311, who gives the Greek sources and z t’ﬁu‘

storles contaln, Guthrle coneludes shas I the

indoed Pythagoras’, It was no doubt on the Do vareled out his experiments,
* O, the judgement of Zubov, p, et aag) * Alleln dio Tamache, daf) elne solche Legende in
der Antike aufkam, seuggt von dem Verstindals des Wesens des Experimentes als elner rationalen

Untersuchung der Wirklichkelt,'

)
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besides the stories which refer to Pythagoras himself, which tends to confirm that the
early Pythagoreans carried out certain empirical investigations in acoustics, There is
the interesting, though admittedly obscure, report that Hippasus constructed bronze
disks of varying thicknesses to produce certain harmonies,' and in a fragment pre-
served by Porphyry, Archytas refers to a variety of phenomena in an attempt to
establish his theory relating the pitch of a note to its ‘speed’, and some of the evidence
he cited seems to derive from first-hand investigations (e.g. the variations in the pitch
of the sound produced when a stick is moved at different speeds, and the notes pro-
duced by different lengths of pipe)* Finally it {8 worth recalling that Plato too
provides evidence of early empirical investigations in acoustics, for in the Republic
Socrates is made to refer (with disapproval) to those who ‘ measure the harmonies and
sounds they hear against one another’ (331 A, 111.) and who ‘look for numbers in these
heard harmonies' (¢, 1£),

Acoustics, then, is one field in which the Greeks both observed and conducted
rudimentary empirical tests from a very early period, and the same may be said
of pneumatics and of what was later to become (with Archimedes) the science of
hydrostatics. Beginning with Empedocles and Anaxagoras we find a whole series of
Greek theorists who Investigated the phenomena of air pressure by observing the
behaviour of alr enclosed In the clepsydra and other vessels, both repeating and
modifying the simple experience described by Empedocles himself (fr. 100). The
author of the pseudo-Avistotelian Problemata, for example, objects against Anaxagoras
that it is not enough simply 1o say that air is the cause of the water not entering the
bulb of the clepsydra when the tube at the top is blocked, for in some circumstances,
viz. when the clepsydra is immersed obliquely in the water, this does not happen
(9145, 9ff.). In the Hippoeratie Corpus there are several texts which refer to simple
investigations of air and water pressure, as for example the creation of what we should
call a partial vacuum by inverting a narrow-necked vessel containing water or oil, and
the release of the vacuum by plercing a hole in the vessel.) But two rather more
elaborate tests are worth mentioning particularly, One writer describes a test which
demonstrates that water finds its own level: this involves setting up an apparatus of
three or more intercommunicating vessels on level ground (this point is stressed), and
the writer describes how the whole system may be filled or emptied by filling or
emptying any one of the vessels (though he then uses this plece of information to
support a highly speculative theory of the interplay of the humours in the body).4

Y A scholium on Plato, Phaedo voll v (DI, 1A 13) contalng a report of Arlstoxenus which refors
to Hippasu' construction, and it seems possible that this may have been designed (s Burnet
suggosted (o a note o his ed, of the Phasds wd loe,) 10 provide a model 1o ihastrate the harmony of
the spheres,

y m_.. 1, The significance of this fragment for our understanding of the role of experiment in
Presocratle, particularly Pythagorean, philosophy, has been discussed by G, Senn, * Uber Horkunft
und Stll der Beschreibungen von Experimenten im Corpus Hippocradeum’, Ared. fi Geseh, d,
Madigin, xx11 (1939), pp. 27111,

Y On Diswases, v, el 57, L iy, 653, 661 (on which see Senn, op. cit, pp. 24811) and ch, 51,
88, 1711, Cf. also On the Nawure of the Child, ch, 18, yaa, af,, and ch. 15, 533, 20fl, (on which see
Senn, pp. 245 f1.).

4 On Diseases, v, ¢h, 39, L. vir, 556, 1715, on which Senn commented (op. it p, 232): ‘wieder
eine anschauliche Beschrelbung elnes elnwandfrel durchgefthrten physikalischen Experiments’,
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And another quite ambitious test is described in the treatise On the Nature of
(ch. 17, L. vi1, 498, 17(T.). Thix lnvolves putting three different substances (ear
and lead-filings) into a bladder full of water and agitating them by blowing ¢
through a wbe let down {nto the vessel, The author refers to this test to supj
theary that the various parts of the body are formed by the action of like cor
like, but it seemn probable that this test was originally designed not to illust
action of like-to-like, but to sudy the reactions of substances of different

gravities in partial suspension In water, and that the author of On the Natur
Child artempted to adapt this experiment o sult his own purposes.'

Further examples of simple physical experiments might be mentioned not onl
the Hippocratic Corpus but also from Arlstotle,* but it is apparent from those v
considered that in some branches of physies, where the problems are fairly elen
and where tests could be carrled out without any great difficulty, certain rudin
experiments were conducted even as sarly as the (fth or the fourth century .
if these are neither so precise nor 4o complex a8 those conducted later by Ph
Hero in pneumatics, for instance, or by Prolemy in opties, In some fields, ther
is a definite (if only a quite slow) progress, In antiquity, in the application of
mental methods to the study of certaln physical phenomena, and in some ca
beginnings of this development can be traced already in the Presocratic pet
shortly afterwards. But is it not the case that in dynamics, at least, the efforts
carliest Greek scientists, and Indeed of Greek selentists as 8 whole, were quite
by their failure to experiment? 1t s all very well, I shall be told, to point tc
exceptional cases where the Greeks did conduet some simple tests, but the signi
of these pales by comparison with the manifest fallure to investigate the probl
motion experimentally. Can we deny that the maln reason why Aristotle in pa
failed to formulate adequate laws of motlon, and why Galileo was so mucl

successful in this field, was simply this, that the fiest quite ignored the expert
method, while the second wan indefatigable in devising and conducting practic
to corroborate his theories? To assess how much truth there I in these judie
we should first consider the early history of dynamics and the relation b
Aristotle's theory of motion and earller views. 1t Is hardly an exaggeration to s
before Aristotle himself there {s nothing that ean be called dynamies at all in
science. The Presocraticy refer In varlous contexts to the attraction of like th
one another, but this generalization embraces a very wide range of phenomen

" Senn, ap. eir pp. aqafl, concludes that the st deseribed was probably In origin
mentierungaversiich’, which the Hippoeratic author applied 1o support his theory of the a
the “breath® causing lke substances to come together n the L-u_?.ge.

* Perhaps the best known example in the Hippocratie o I the tent dencribed In (
Waters, Places, ch, 8, CMG, 1, 1, 63, 1341, In which & bowl of water i left out of doors ¢
and when the wator Is thawed It {8 found on belng remensured (o be loss than the arlgloal «
(a test which the writer supports his contention that freeaing causes
finest’ part of the water to ﬁ delod up and disappe
roforences to the fact that If u vessel (s heated and then
cools it contracts and some of the water Is drawin up Into the vessel, though It may be
unlikely that Acistotle himself originated this !Jg yiah ..m.
revikd with Plate, for dwdvira), = s e ,
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action of gravituiona| forces may be included under this heading, but so 100 may the
behaviour of aniny; i a fragment quoted by Sextus Empiricus, Democritus refers
explicidy to bothyimate and inanimate examples to illustrate how like s drawn to,
and known by, fie, tha is on the one hand to certain gregarious species of animals
(pigeons and cra yre mentioned in particular) and on the other to the separation of
seeds according i heir kinds in a winnowing-basket, and to that of pebbles according
to their different jupes on the sea-shore.! It Is Arlatotle himself, then, who makes the
first serious atteny 1o formulate general theorles in dynamics in which the relevant
factors governing e yelocity of s moving object are Interrelated. In various passages
inthe Physics an he de Caelo he Inolates two maln factors which gover the speed of
a moving object mmely it welght (which In the case of objects of the same kind
varies directly wil o yize) and the ‘density’ of the medium.* And he puts m....ﬁ_:_
theories concerniy he relation between these factors and velocity in ‘natural’, and
in “forced', motiy, Ty n natral motlon, that Is in the case of freely falling or
fieely rising bodi, yeloclty s mid 10 be direetly proportional to the weight of the
body and inverse propartional to the denslty of the medium, while in forced motion
velocity is sald to}y directly proportonal to the force applied and invenely propor-
tional to the mayf he hody moved? (and Aristotle also suggests that s:.oa.._. in
natural motion iy ypeed of the object Increanes the nearer it comes 10 its “natural
place’, in forced myjon the velocity decreases as the object progresses further away
from the propelly agent?).

These, the mais eorjes of Aristotelian dynamics, represent, then, the first attempt
to formulate bty *Jaws’ of motion, to establish the relation between the various
factors which deumine the speed of moving objects, while discounting irrelevant
considerations, Argtoyle assumes, for example, that the medium is completely homo-
geneous, althoughi iy never so In fict,® and while he notes that the speed of an object
is influenced by i hype, he laves this 00 out of account when proposing his general
doctrines of natunlnd forced motion, But then the next point that should be made
is that the theors e guggests corespond to observed phenomena much more
closely than migh o firyt sight seem likely in view of the discrepancy between
Aristotelian and Nygonjan dynamics. Axistotle has often been taken to task for
assuming that thelocity of a freely falling body varies directly with it weight, but
it is s well t0 be dur here his mistake Hew, The fact is that in alr heavier bodies do
fall more rapidly tuy fighter ones of the same shape and size (though this is not
true, of course, ingyacuum), Aristotle was correct in assuming that there is some

" Sext. Adv. math vy, 19 (DK, 640 164), of, also A, 1v, 19, 13 (DK, A1) Plato uses o
wimilar model to 1wy ._aq.mg..h.,_:: of ﬂ:"c 1 ike In the Neceptacle at 71, §38-134.

! Mo alio notes, a4 Cugl, 3130, 141%, that the speed of an object ts Influenced by it shape,
P e n._.n. nm&. vs;x? 2776, 1.5 Ph, a1y a, ag {1, Con natural moton) and P 2496, 27T, (on

orced moton),

* Phoayody ufl, wi Caal, 370, 3711 At Cael, 3884, 19T, It Is sugggested thit In some cases
the highest apeed iy /44 ae“: .:.N point from which flight begins nor where It ends but évé
wkoov, but IF this mes what it appears to mean, namely that the highest speed I8 attained in the
middle of the fligh, It hardly possible 1o nterpret it connistently with Ariatotle sknown doctrines,
See the notes of Stody jy he Oxford Translation and of Guthrie in the Loeb edition of the de

Caslo. ! S0 Cohen and Drablkin, op. eit. p. 203, 0. 1
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 relatjonship between weight and veloelty in motion that takes place In a medium,
although the relationship s not a simple one of direct ~Then 100 f¢ Is sn
obvious fact of experlence that motion th dense me o E

; o relationship between
force, mass and velocity, Arlstotle nssumes his diseussion that motion
must take place through a medium,

The ‘laws’ of motion which Avlstotle proposes are not utterly ar varlance with
experience: rather they are hasty generalisations based on superficial ol ebony
His discussion of the problems of n I the Phywies and de Caelo s highly
theoretical (it is not often that he 3.1....-%3'- 10 emplrieal evidence In this connec-
tion at all), but even so it in at loast arguable that In -.Ea_:- that motion necessarily
takes place through a medium, he stayed o elose, rather than not close en ough, to
the data of experience. Yet this does not alier the et that he quite fuiled 1o vorify his
theories experimentally, for if emplrieal avidence (s only seldom referred to in this
context in the Physics and de Caelo, experiments, whether his own or those of his
predecessors or contemporarios, are mentloned even more rarely. Furthermore,
nothing precluded the carrying out of eertaln simple tests which would have indicated
the falsity of his general theorles of nutural and foreed motlon (even If they would not
necessarily have suggested a better altornative seeount), tn the Diseorsi, published in

1638, Galileo describes in detall his experiments with o ulum and with an inclined
plane (down which he rolled bronse bills) wnd he refers 10 the more famous
experiment of dropping balls of different from u conslderable helght (though
several scholars doubt Viviani's veport that he eareled our this exporiment from the

Leaning Tower of Pisa). None of these tests wis hoyond the range of what was
technically possible for the ancient Greaks,! wnd any of them might have been used to

" Ph A, ch. 8, esp. anga, 24/ ) a16a, il

' Anotable excoption Is the passage at Cued 311 d, o, Whore lie
excapt fire, hay welght in it own ' natual v_-l.. L—F " ‘-'.Q-““- n -otn_-.&_u--.._ch“"ﬂ..
more when inflated than when empty, This experiment lins beon ‘ e by R
Introduction to his ed. of the Physies, pp, s8I, on the wrounds (1) Y spposed experimenta
fuct is not correct, and (2) that Aristotle’s theory Iy not e 1o the experimental fuets he thongh

he had at his command, But whether op not o dor will wal s whaei |
on, smong other things, (1) whether ix I Influted with -zac.n“{- wle oy g_..r&eu““__ M_“J_..””_

containg u higher proportion of earbon dioxide), (4) (08 Inflaved under prossure or not
und (3) the amount of water vapour in the 1l whiih s Js At Jonst-thres &a.-..-:h
attempts were macle to carry out this test In sl | 3 ﬁ wnd !-:v:&c.
w00 Simp. in Cael. 710, 241, and of, also Anon, Lond, xxx1, 14 1), 1§l ' 3.::..

waere obtained Is, perhaps, r-lnﬂ i
and the number of factors which might
) The Greeks had no precise means of
he describes the method he employed fuy 1
~ that of welghing the amounts of water wh
~of the principle of the watarsclook, Gl

t
:

_..._.ia
ol thi i, sl e
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demonstrie the inadequacies of Aristotelian dynamics (and in particular the doctrine
that in naunl motion velocity is directly proportional to weight). Here, then, it
seems thatwe have a clear case in which the earlier Greek investigators might have
carried outcertain tests in conjunction with thelr theorles, but quite failed to do so;
but if this julgement is true in the main, two reservations should be added, First we
must repes hat what Galileo understood, but Aristotle falled to appreciate and indeed
would have denied, was that in studying the conditions of uniform or accelerated
motion, thedflects of friction and of the resistance of the medium should be discounted.
Thus whileit was certainly open to Aristotle 1o perform the three types of experiment
I have mentioned, yet so long as the necessary corrections were not made to offset the
effects of fricion and air resistance, the actual results obtained from such experiments
would ceruitly be difficult to Interpret and perhaps even positively misleading.
Second, and more important, while It I undoubtedly the case that Aristotle himself
failed, in general, to undertake practical tests In connection with his theory of motion,
this is much s true of wome of his successors, Some of the examples of objects in
motion which are discussed In the Problemata appear to derive less from common
experience hin from deliberate investigations,! and Strato too carried out certain
tests in this field, for example to establish the fact that falling bodies undergo
acceleration Such empirical investigations as are recorded are all quite rudimentary
(Strato apparently observed the impact made by stones dropped from different heights,
and the way In which when water falls from a considerable height, its flow is conti-
nuous at the (op, but broken at the bottom of its fall), but they may be taken to indi-
cate that the possibility of carrying out practical tests to illuminate the problems of
dynamics was not wholly ignored by Arlstotle’s immediate successors. Nor should
we fail to note that this method was used with much greater success in later antiquity.
Philoponus, for example, challonged the fundamental assumptions of Aristotelian
dynamics on borh theoretical and empirical grounds. Arguing against the doctrine
that the speed of a falling body s proportional to its weight, he says ‘but this is
completely filie. And this may be confirmed more foreibly by actual observation
than by any sort of verbal demonstration’, and he then proceeds to adduce (as a
thousand years luer Galileo was to adduce) the evidence of what happens when you
drop two diflerent weights from the same height: ‘you will see that the ratio of the
times required or the mation does not depend on the ratio of the welghts, but that the
difference in time is a very small one,'s
The next fild we must discuss I chemistry, or rather what passes for chemistry in
antiquity, tut by, the study of the constituent elements of substances and their

"l the weount of objects rebounding from a plane, and that of the figures described by
certaln wolids, mmely the cylinder and the cone, when these are revolved (Probl, xvi, 4 and :..
913k 6fF. and 9154, 18fF,, and xvi, 5, 9134, y7M), A passage In the Mechanios (Ryha, _ua._v "
worth quoting & It llustrates the difficulty which the writer experienced In mckling the prob .:M.
of 'why abjeco which are hurled come to u standstill’, * Does it stop when the foree which starte
it fulls, or bocause the object Is drawn In o contrary divection, or is It due to ls downward 82_.%.3
which Iv stronge thin the force which threw it? Or is It absurd to discuss such questions while the
principle excapes W () &romov 10 raOT dmropelv, dpivra Thy dpx vt (tans, B, S, Forster),

* Sco Stmplius,in Ph, 916, 10fl, (Wehell, Straton von Lampsakos, fr. 73)s

Y Philaponus in Ph, 68y, 1641,
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ineractions, Here the Presocratics made several very important contributions, thoug]

pearly all of them relate to the conceptual framework of ' chemical’ theory, rather thar

wthe discovery of facts, Thus it was one of I
that he explained how a variety of dif
wmber of primary elements by
another in different w1’ somet

portions’, which states that ehemieal compo ulways contaln thele constituent
lements in fixed and invarlable proportons by v win In fact assumed long
before it could be demonstrated experimentally, Avlstotle, in wn, succoeded, for
example, in distinguishing varlous of mixture and combination, Including
oWvO1s (e, an aggregation of different con In what we should term a mecha-
nical mixture, for example u pile of batley and wheat wralng) and uifis (in which the

sa%_sa.:E_.%a.ae.&su?%,geiiﬁis properties,
for example when tin and copper combine to form bron ugh It should be noted

that not all of the examples which Arlstotle uses 1o Wlusteate u(fis rofer to what we
should class as chemical compounds),* Bt then one sk, how far {s it the case that
early Greek theories concerning the constituent elements of things were merely a
series of conjectures which they never attempted 1o verify or faluify by means of
experimental investigations? Now as In the early histary of dynamics, so too in the
development of theories about the constituent elements of things, attempts were made
to formulate systematic general theorles before much emplrical research had been
undertiken, But by the time of Arlstotle or alterwards detalled ompirical
investigations had begun to be carrled out In this fleld, Avistotle's discussion of the
nature and number of the elements In the o § " § In -.-.ﬂo—!
dogmatic,? but if we turn to the Meteorologlen, t;gtg—&a. which it
displays concerning the reactions of different wubstances 1o varlous slmple tests Is
remarkibled It is true that Aristotle tends o present his vesulis in the form of
generilizations, for example *of things which are nolidified by hoat or cold, those that
are solible are dissolved by their opposites, Fop thowe that are solidified by dry heat

' Setfir, 96 and o8 on the formula or composition of hone, blood and ‘other forms of flesh’,
* Unéer wifys Aristorle includes the wpdeng of Neulds wieh a anel Mo here 100 an

interacton may take place and the ronultant componnd be i oh, 10, esp,
3284, 1, and 4, 341.), On Aristotle’s theory on&ar—_.a"_‘% i gl zeﬂ. -.v-
esp WL, Joachim, Journal of Philology, XX1% (1904), pp. q-ﬂ Bpaiig

* Thw in GC, B, chs, 1 ff, when he vets out to dotermine the m i wer of the elements,
he argues (1) that coming to be and pussing away are lim without perceptible hodies
(3284, nt), which in turn cannot exlst apart from contrneletlons for & sly must bo olther heavy

or lght elcher hot or cold (3290, 10fl.), (2) that the prinetplos
contrurloy, (1394, 71), and (3) that the tangible eontmeleties i

Cv_z_._:a.__::.:.es_n_.....:_ig;za dry, but these sannot be #
3300, ufl,), > Ty

hody will be tangible
10 two pales of

iy farthor Cyagd, aq il

* Forthe purposes of this paper I shall nclude the | utt Us-;{i i this Is
o_.z._v..gi%:& ?n_. the work c%-mm._ﬂ.oa..- el wome have denled that _" I
an awtlintie text of Aristotle himwelf (e, Mam W Crpry L, and Gores
schalk,(Q, na, x1 (1961), ppe 07 1y anl conig E.B‘“Fr Muigoro-
logica, lok 1v (Goreborg, .55. [UOREL the Loeh editlon, pp. xili i1,
and Pituco 10 the second editlon, 1 m there are no good reasons

E for mtwccopting the book as Wi

.
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are dissolved by water (which is wet and cold) and those thatarewldied by 8.__“._5
dissolved by fire’ (Mete, A, 3826, 33ff). But much detailed Ei_ﬂ_uamca mr.
these generalizations. Aristotle evidently collected a good dal of in M_..n.rs- on
concerning the physical properties of a wide varlety of sbstascs (- which sub.
stances are ductile, which malleable, which fissile and so on) and soconcerning their
reactions to fire and to water, to being burned, boiled or dissolved in various amx.a
liquid. Much of what is contained in Meteorologica & wis no doubt common :«ﬂf
ledge. Some of his more specialized information comes from s‘_d,___._.__ﬂ_nou_ th
such contemporary industrial processes as Iron-making.' But sont? is _on“ edge
clearly derives from deliberate investigations (whether or not it s.z___:”“ a_ melf
who originally undertook these), Thus he says that salt and soda are %0 =e au n -o%n
liquids, such as water, but not in others (he specifies olive oll, Mete. 3 u_. :_ ).
Among the substances which he says freeze solid with cold are not oaw ur ”.,
vinegar, whey and lye (xovle, the alkaline solution used as  deergent), “_." n_o
Ixcop (serum) (389a, off). And he distinguishes between diflt .weamw Mua
according to their combustibility and thelr readiness 10 frees (870, 9tt.; 388

33L).
. have discoveredof proved somg.
Sometimes, indeed, Aristotle explicitly claims to hav e

thing by a practical test, although the experiments w -
Meteorologica have often been severely criticized by modern schobis? In one cue

At 158, 34, when be vishes to shay
these criticisms are probably quite justified 1584, 34 s ot

that the saltness of the sea is due to an admixture, he descti e
a wax jar is let down into the sea with its top securely ..-.s:&..a__:.s_. _n w
the jar is recovered, fresh water will be found to have percolard thoug :M wix
walls,) But, as many scholars have pointed out, this does not, in ,ﬂ.g_cﬁ__.._nsm ad
have concluded that Aristotle never undertook this experiment il "E_ "” 5 ahw_
repeating the story on hearsay, This is, no doubt, the most v_.:_,._v_,aw .._-ﬂ~ o:-.a___
yet it seems just possible that he did carry out the test, and that he o”s oﬂ. -
quantity of fresh water inside the jar which was the result of the ezga.m“”“ucnr h

vapour which the jar had contained before it was let down into the sea
the watercame to be thee

would not, of course, alter the fact that his theory as to how

is quite incorrect). Another passage in which he claims to hae arrled out ,ﬂx
experiments occurs in the same chapter at 3§84, 161, ' We have prowd e_ﬁ_”ve.n_ ._,_
(memeipogabvor)’, he says, ‘that salt water when evaporated heot® ._m h
vapour does not form sea water when it condenses again. ui==_, T m. _
Atistotle clearly deserves full marks both for the method he is_.m_o“ ﬁ,”“.”:m __,_

X rue In other cas
obtained, But he then goes on: ‘and the same i ¢ e Inolqidagin, becon

other xuuol,(flavoured liquids) that evaporate and co

water,” But it is far from being the case, s editors of the k.x%ﬂ.ﬁ.:“_io,”

have pointed out, that when wine is evaporated n a still it hecon VitEE — _
' Soa Mate, 3834, 33T, (with Loe's useful note) and cf, y#34, 14f on themeuliture of potty

and 3834, 711, on that of millstones.
Y B HL Diels, Hormes, x1. (190y), pp. ytofl,
1 Cf HA, s90u, 2411, Aristotle’s statement wis apparen

and by Aclian (1x, 64).

dly accepted on by Pliny (XXX1,

~ that are solidified by cold and melved by s

~and ale or wvelpe (Mo, 10y

EXPRERIMENT IN BEARLY GREEK PHILOSOPHY AND MEDICINE ]

for one, concludes that * Arlstotle had apparently only pe
water’, But in gﬁai ¢ g%ﬁ ther exi \‘ ‘W{un‘HV”m
more likely. It i commonly assumed, I beliove, that if

treatise On Hreaths velers 1o the
account of how sweat Is formed

method of distillation employed {n u
ser, the vapour being collected In an aly

held over the boiling lguid.* But If wine s s -Bu the ‘ collected on a

plate or some such object held over EE; the liquid + cond b
colourless, almost lavourless fluld of low aleoholie content which would pass for
‘water” as naturally as the lquld eollestod fhom evap soa=water, To my mind,

then, it seems probable enough that this Is whst Arlstotle fs teforring to when he says
that ‘wine and flavoured liquids' hesome water, und we should not nocessarily
conclude that he is simply repeating something on learsay,!

The Meteorologica itself In the first extant work which deals in any great detail with
the properties of different substances or thele renetlons 1o certaln simple tosts,* but
thereafier Aristotle’s work in this field was followed up and extended by other In-
vestigators. Theophrastus’ book On Swones, In E- Inan Important collection of
data concerning; the properties and kinds of minesl substances, and On #re containg
a quite detailed discussion concerning the specles of flee and the effects of different
forms of heat. It appears, indeod, that In the luter part of

inquiries were undertaken in the field we should sl stry which were parallel to,
though less intensive than, the researchos o o and botany, But why,
then, one may ask, did these inves [ _

to any radical advance in doctrine, or at lewst 1o
theory of Aristotle? Now the fact Iv thut thy
an increase of factual knowledgge and 1o the s

Aristotelian doctrine, Aristotle himself conced
pounds according to whether sarth or wae
problems which he found difficult o resolvet

prosominate n the
Mt then the work of Theophrastus

Y Flat, ch, 83 CMG, 1, 1, 96, 1511

" This method of disdllaton i deseribed In Dlossrides, ‘?’ Med.

' Tt may be noted that elsowhere in Mare, & difforent soris of wine sie Ak ueearding
to their reactions to being heated or frosent new whie, fur sxample, s sald 1o most under
the influence of heat and to solidify loast under the e | [ ol My 3310 of, also 3840,

41, and 1874, ofl),
4 Mate. A does, however, owe u good dual 10

varleties of water and of earth and of thelr s
5 In general, Aristotle conslders mont

that are solidified by heat to sontln Mo
present difficultion which he u

5 ;



66 Gl R LLOYD

‘earth’ (On Stones, chs. 481L., especilly) which implicitly raised the problem of the
basic nature of this ‘simple body’, and then in On Fire (chs, 1 L) he explicitly raised the
question of the nature of fire and drev attention to certain important respects in which
it differs from the other ‘simple bodie’ (notably in that it always exists in a substrate).
If the four-element theory as a wholesurvived these and other challenges in antiquity,
this was due to a complex of reasons, partly no doubt because the methods of investi-
gation used were still fairly rudimenary (in particular insufficient use was made of
quantitative measurements, even though the Greeks were accustomed to distinguish
different types of waters, and indeed ilso different solids, by their weight®), but partly
also because of the nature of the fourelement theory itself: this provided at once an
extremely comprehensive, and a quiteimprecise, theory embracing each of the different
states of matter, solid, liquid and gaseous, 5o that the effect of much of the research that
was undertaken was to modify the gplication of the theory in detail rather than to
show that a more adequate general heory was needed,

S0 far 1 have dealt entirely with the physical sclences, bearing in mind that it is to
these that reference is usually made to substantiate the view that there is a radical
difference in method and outlook between ancient and modern science. My remarks
on biology and medicine must be eve more compressed than my discussion has been
so far. In the biological sclences, the key method of research, from Alcmaeon on-
wards, was dissection, including not ouly the dissection of dead adult animals, but also
(as time went on) the dissection of embryos and vivisection.) Now dissection is
always an experimental procedure inthe weak sense in that it involves not simply
divect observation, but ‘observations provoquées’, that is, a piece of research deli-
berately undertaken to discover fact. But sometimes we find dissections used not
merely to uncover facts but to proveor disprove suggested theories, At G4, 764a,
33f%., Aristotle is able to refute the dotrine which we find expressed in various forms
in earlier writers, that the sex of the mbryo is determined by the side of the womb
on which it is conceived. ‘Male and female twins are often found together in the
same part of the uterus’, he says, * Thi we have observed sufficiently by dissection in
all the Vivipara, both land-animals wd fish* And in another passage (GA, 7464,

19f1.) he again refers to the evidenceof dissections to disprove the notion that the

' The author of On Airs, Waters, Plaw (b, 1, CMG, 1, 1, 36, 711) for example, notes that
waters differ a good deal from one anothe both In taste (bv @ avéuarn) and in weight (bv ¢
oradud), while in On Stones (chw, 23 anl 19) Theophrastus refors to differences in ‘density’

(rurvdrng) and welght (Pépos) an method of distingulshing hetween different types of ‘stones’
(Including, o.g., ores).

' 1 have dealt solely with the fourselemen theory, But i may be noted that its main rival in the
fourth century, the atomistic theory, was egilly comprehensive and vague, and equally incapable
of belng corroborated or falsified by meanof practical tests,

' The hisgory of the use of dissection b antlquity has been deserlbed by L, Edelstein, ‘ Die
Geschichte der Sektion In der Antike', Qull: u. Swid. ¢, Geseh, dor Nawrwissenschafien u, der
Madigin, ux (1933), pp. 100ff,

At G, 765 a, a1 i1, Arlstotle refers to tose who held that the sex of the embryo Is determined
by whether the seed of the male comes fom the right or the left testicle, and who apparently
thought that If one of the testicles In tied wor exclned, the offapring produced ate all of the same
sex—a passage which indicates that some arlier writers were aware of the possibility of putting
this theory to the test, even if they evidenly ssumed the results of such a test to be a foregone
conclusion,

i ehy 17) and among the passagon e oltes (e o okt

7R TT SRR
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~ embryo derives nourishment from sucking the side of the womb,* From the Hippo
~ cratic texts one may mention first a passage in On the Sacred Disease where the write
 refers tothe evidence of post-mortem dissections of goats to establish that the ‘sacred’
 discase has a natwral, that bs & pathologleal, origin, But two experimental dissection:
described in On the Heart are especlally wordh notlng, tn eh, 3 (L. 1%, 8o, 9ft) the
writer considers the question of whether any drink passes from the oesophagus via
the trachea into the lungs, He remarks that the eplglottin covers the larynx exactly,
but suggests neverthelos that & small part of what we drink penetratos by this route
into the lungs. This he proves, 10 his own satisfbetion at least, by an experiment in
which he stains some water, glves It 10 a plig to delnk, and then cuts apen the pig's
windpipe as it drinks: *you will find It stalned with the deink’, he says, although he
notes that *this is not an operation that the mun In the street can undertake’, The theory
the writer believes he has proved I in fhet Ineorrect (If the plg's throat was stained,
this was no doubt because the antimal choked), but the method he wses 1o verify his
theory is exemplary. Nor is this use of the experimental method an isolated example
in this work. Later on he refers to another more complicated experiment which met
with greater success. Having described the general structure of the heart (where he
notices, among other things, that the ventrlcles and the auricles do not contract
simultancously)* he turns ln ¢l 1o 1o i “hidden membranes’, giving o brief but
exact description of the semi-lunar valves which le at the base of the aorta and the
pulmonary artery. But he not only deseribes thele strueturer he lnvestigates their
function, showing that if on removing the heart you attempt 1o force water down efther
the aorta or the pulmonary artery, the semishunar valves will prevent any fluld passing
into the ventricles of the heart, and he even nottoes thut the seal formed by the valves
is more effective on the left side of the heurt (Le, at the buse of the aorta) than on the
right (at the base of the pulmonary artery),? 1t s perhaps not out of place to note that
this demonstration of the irreversibility of the flow of the blood out of the heart was an
essential (it only a preliminary) stop towards the diseavery of the elroulation of the
blood.* _
Many other experiments (whether Involving the use of dissection or not) might be
cited from early Greek investgators In the blologleal selences.t But while the extent

..:__._.__!.J.__..:_S.E.&.sca?;.? !'_..
.E.__E...a. _ﬂw. various arguments, e thit the a:!...r":i. ‘g lnown se“_“.-:.hr..-
Ch 8, Lo 1x, 86, 41,

Y Choro, K6, 1y < 8, 9. At 6, the welter waserts (hat not even ale oun be pumped back
through the aorta or pulmonary artery I thie hewrt, bt b quatifion s o el 1a, 9o, 14 - 93, 1,
by suggesting that a Hede ale can and does penete fiio the lesst
* 1tis notable thit in the D mom cordis et sanguinis in wolminlibus
not only to Galen, but also 10 Ardsotte and 1o 1 s (e "

' GalottIn whigh

"_ﬁe._sa___.::. vilves placed at the opening of the sorm provens .k..._m,_, ‘_,)_.o:__. blood Into the
. : |1I|t\> n“hl = ﬂﬂv-h. =%

5 Adatotle, for Instance, refam aften 10 apscimens of differs animals
wore, apparently, deliborutely n 'n&! oy of ek - “__-_rs_ -_.gv‘.zlo"

.cz_s(:_.ssﬁ...._..oi-::;i,is is.io._._t
method of locomotion of different ;f.‘.ﬁ»& -ﬂ@ﬁs sy M y190, ar ity
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of the researches which had been carrled out in such fields as anatomy, zoology and
botany by the end of the fourth century n.c. Is generally recognized, it is often z.mcnu
that this is, as it were, the exception that proves the rule—that the fact that men w .ﬂ
were mostly trained in the practical art of medicine successfully applied oBon-m
methods to the study of biology shows up all the more dramatically the failure o
other Greek theorists to do the ame in other fields, Now it is well known that some
of the most rigorously empirical texts of early Greek science come from the medical
writers (the collections of cue historles presented almost without interpretative
comment in the Zpidemics are the most obvious examples), though equally some of
the physiological and pathologicl teatises of the Hippocratie Corpus are as mcmas_“_n
and speculative as any of the cosmologleal writings of the philosophers. But that
some medical theorists, at least, belleved there were important differences muaesn
their own methods of research and those used In such fields as ‘meteorology” is clear
from On Ancient Medicine, even though It should be pointed out that in practice, in his
own physiological and pathological doctrines, this writer hardly lives up to Zu
expressed ideal of excluding all unwarranted assumptions *..33 the study of medicine.
Yet notwithstanding the evidence of On Anclent Medicine, the differences between
Greek medicine and Greek philosophy in the matter of the atttude towards, and the
use of, empirical verification and experimentation may not be so great as is sometimes
made out. On the one hand 1 have already suggested that we should not under-
estimate the extent to which simple practical tests were carried out in some branches
of the physical sciences: the early Greeks ook some, if not all, of the most obvious
opportunities for experimentation that presented themselves. Nor, on the other hand,
should we overestimate the extent to which the medical theorists were able to devise
experiments to illuminate the more difficult problems that faced them.* We have a”n.:
that some problems in the biologieal sclences were investigated experimentally with w
good deal of success at an early period. But there were, of course, whole areas o
physiology, embryology and pathology where the Greeks posed major questions
which could not be resolved by the use of dissection or the carrying out of simple
tests. It is instructive, then, to consider the methods used, and the results obtained, by
the medical theorists in attempting o determine the constituent elements of .ﬂ.e
body, for example, and to compare these with the work of men who were primarily

, he hot, the
' Thus although the writer attacks those who based their pathological theorles on ¢ ’
cold, the wet ..:.._a the dry, he himself numbers such things as .:a 4-_2. the !Mﬂw. the Mﬁﬂ.._.q.“um
acld and wo on among the constituents of the body (eh, 14, € MG, ".. h.. A%, 2 ¢ _.v. ”5 : u__.‘v :
criticizen his opponents for oversimplifylng the cunmal prinelples o tl.._ ¢ ._ ,.,_,.u_,,.a :._..2..
similar eriticlim might also be levellod agalnat his own v.:.:._"i_%_ theorles, =_,! ich i .__ : .n
for example, to the discases which arise from ‘depletion (wbvewosg) und from ‘repletior
A 15) (eh, 10, 42, 1111),

A . ;%ﬂm ___w.uz. _a...h..c... a_zwa the Greek blologlsts might have carried o:.-w.saaﬂu ..an_..._c.u—hs_“.
without great difficulty, but failed to do so, s in Investigating hybrlds (although it ..6 _ e.w.
remarked that for all the Interest in heredity in post-Renalssance times the slimple !vm» ﬂ-: “. .
cromsing peasplants which led Mendel to the discovery of the law of the -.!.--so:mo “ E_._-.”o h._
were not _u-.,.ﬁ:s& until the mid-nineteonth century). Equally ..__‘s_ta the ._ouﬂ_-_h :-ﬂ__ “80 s
generation was challenged by Redi in the seventeenth century, experimon 8 Bion snd 5on
show that the worms found In decaylng meat derive directly from the droppings w
from the putrefaction of the meat iself, were not technically impossible In antlquity.
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cosmologists on the similar, though more general, problem of the eleme
physical substances as a whaole, =

Several Hippocratie writers cite practical tests
concerning the elements of the body, although 1
inconclusive, The author of On s on, for In
various substances among which * the glutinous

are particularly important, but he suggests tha .
these in any part or organ of the body Is to cook It (when what is * glutinous’ w
readily cook, while what is *fatty " will)." ‘This seoms to be strietly comparable wi
type of observations which appear In the fourth book of the Mereoro whe
reactions of different substances 10 belng bolled, burned, frosen, ete., are noted
Then the author of On the Nature of Man vefers 1o certain rather more ambitioy
carried out with drugs to back his theory that the primary constituents of the boy
the four humours. First he nays that ane may discover that these exist as differen
stances in the body by giving a man different types of druggs, which will draw out ph
bile and black bile respectively (eh §, Ly vi, 48, 611), But then he says that the ‘¢l
proof” that the humours alternate In the body In u eyele secording 1o the seas
that *if you will give the same man the same deug four thmes in the year, his vom
be most phlegmatic in winter, most Nguld In spring, most billous n summey
blackest in autumn'.* Now it Is unl that the resuls of the various tests 1o
this writer refers would correspond ut all precisely with those which he describe
even if the tests produced the results he mentions, they would not, of courne, |
what he was attempting to establish, for he assumes what Is the polnt at lssue, th

humours he had observed, or thought he hud o worved, In a man's vomit, ar
mental. Many other ingenious, but quite undem: tents are found |
Hippocratic Corpus relating to sugh i’t\ formatlon of the parts of the
or the pathogenesis of various diseases,) Son wslmple tonts are carrled out diy

on organic substances from the body t one example has been given from On 2%
and elsewhere the same author describes tests on blood ke a sacrlficlal v

in connection with his theory that the lver Is i : i process of coagulat
But more often attempts were made to derlve IL!!: the behay
of substances in the body by ::m.ﬁ.!éﬁi erally simpler, suba
outside the body under condiclons which were (very roughly) stmilar, The tests
the intercommunicating vessels, and with different substances put Into o bladde

' Ch, 4, L. vini, 488, a5 = 190, 4
' Ch7, eap, o, off Elsewhere oo thiv wrlter deseribes the effeets of different druge

ch, 6, 44, 11115 46, 311,
Hony, O the N ..A*,htt-:aaaﬁr

¥ Several examples from the trontises On Ganara

1v are discussed by Senn, ap, elt, pp. a9 i, andd of; wlag | Ol
antiker 2-23_..38_:.:.. nc.h W h!\.a,. : o ik \ﬁnah._
1 (1931), pp. 1311, : = ol .

4 Ch. 8, L.vin, 94, o1, He notes that | | but
he alwo observes that it does not congulag | Gl ) 4 Where he ven
that when the 'skin’ {s removed from , " forms sl
afterwards (an observation whieh he uses 1o sup WO
{8 formed), RS



70 G, B R LLOYD

of water and blown on, have already been mentioned, but the Hippocratic writers used
these in the former case to illustrate a theory concerning the passage of the humours
from one part of the bady to another," and in the latter case to suggest how the parts
of the body are formed by the breath causing like substances to come together.!
Similarly we find the author of On the Diseases of Women for example, illustrating his
theory that the flesh of women is more absorbent, because rarer, than the flesh of men,
by referring to a test in which equal quantides by weight of unwoven wool and a
made-up garment are left suspended over a bowlof water, and the greater absorbency
of the unwoven material is shown when the two are collected and reweighed.) A
number of medical writers undoubtedly recogalzed the desirability of undertaking
tests to corroborate thelr theorles, and Indeed ired to do this in practice (even though
the accuracy of their observations often leaves much to be desired), In investigating
the structure of the body, for example, they ued empirical technicues such as dis-
section most successfully, Yot on such Intracuble problems as the constituent ele-
ments of the body, the formation of the different organs, the origin of diseases and so
on, their attempts to fake use of practical tess met with litde success, for the tests to
which they refer were at best Inconcluslve, and at worst quite lrrelevant, Yet if they
failed to devise crucial experiments on the more complex problems of physiology,
biochemistry and pathology, this was evidently not always for lack of trying: rather
their failure must be considered to u large extent inevitable, given that the successful
experimental investigation of many of the questions they raised had o wait for
(among other things) the development of chemlitry.
In conclusion 1 should summariee the maln points 1 have tried to make in this very
compressed discussion of certaln features of the role of experiment in early Greek
philosophy and medicine, Flrst it seems to me that the question of whether the Greeks
experimented cannot be meaningfully discussed in global terms: what we must try to
do is to assess the achievements and fllures of the Greeks in each branch of scientific
inquiry and at each period independently. Secondly, I suggested that even where the
failure of the Greeks to experiment Is most notorious, that is in the physical sciences,
we find that in such fields as acousties, opties, pneumatics and hydrostatics, quite
successful experimental investigations were carried out n antiquity, and if the most
striking successes are all the products of the Alexandrian period or later, the first
attempts to undertake simple tests n those filds can be traced back to the fifth or
fourth century n.c. Here, where the problems investigated are relatively elementary,
and where tests can often be carcled out without great difficulty, the Greeks were far
from ignoring the experimental method. The erly history of mechanics and what we
should call chemistry seems to tell a rather different story, but In ehemistry the later
' On Diseases v, ch. 39, Lo vit, 556, 1 1, sugggonts that s all the vessals may be filled or emptied

by filling or emptylng any one of them o the reservolis (ryyel) of the humours in the body are

filled or emptied by the stomach being filled or emptled,

* On the Naturs of the Child, ch, 17, L. vi1, 496, 19l arigues that growth takes place when the
breath, Tve0pa, in the body separatos the different whitances according 10 thelr kinds (the dense,
the rare and 80 on), just as the substances put into the bladder (earth, sand, londl<filings) will be
found to be sorted according to thelr kinds when the bladder fs loft to dry and opened.

3 Ch, 1, L, virs, 13, off, Tt is worth remarking that this test, like that in On dlirs, Waters, Places,

ch, 8, mentioned above, p, §9, 0. 3, involves the use of quantarlyve measurements,
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partof the fourth century n.c. sees the firs collections neerning
different properties of substances and ﬁh Hﬁn o %om%ﬂ = E._a—_“
collections of factual information were no negligible E—E&&i e

lead 10 the founding of chemical selence on & flem basis, bhgr ““ __Mn“w.nﬁ._ﬂ.a

whitever the apparent shorteomings of Arlstotle him lo '
it v e g s o b
i flold (and we cannot doubt the sueces with
doctrines of Arlstotle In late antiquity), E&Wﬂﬂs&iﬁ% o_.voiaaa.%
and here an increasing, and ines y successil e &_i; .
from the Hippocratie writers and Aslator through the Alexandrians ey q-ﬂn
Herophilus, down to Galen,' This : nekn —lﬂ..-—-i z.-a.._.sn
often been suggested that the use of ‘methods In -rw-ﬂ.t Is m.w”.-mo%u

tional and due to the fact that : vere, for 1

practical discipline of medicine, -zsml gﬁ-ﬂ“—_ﬂﬁvﬁ -ﬂ—.-_ <~ ___wu_“
exaggerated. On the one hand we should not underestimate a_..v o hich
simple experiments were performed n other flelds of selence ek Nni___: to ta_ Ms
the other, while there are cortalnly Impartant differences {n ol o) 40 ..
between some medical theorlsts and the major of the vgo.ooc—.-oor = ke
which On Ancient Medicine draws attentlon), this b not the only wru.”.- (difforences "c
mind when considering the relative suecess with which the Greoks e _s
menal methods o biology: & more abvious polit, but one that _h%%_”oo“m.xsv.w“

ignored, is the relative ease with whigh nome submi
test in certain branches of the biologlenl os (b in !‘ﬁ%&o“ ov.“n@“._
logy, by means of dissections). Tt will he remem) !“ relatlve

ouse with which

information can be gained in blology Ix .E it which Aristotle stresses

passage in the de Partibus kaea”&-tqa ;1’ wontrasts the A-s_.‘m_‘ a & foou
animals with astronomy. ' We Eii“ awledige’ he 0m Fie e
the things that perish, that is plants and i respls ' k ggo!__:g“
anyone that s willing to take su trouble can e % m concerning v

their kinds," - !; e . oach one of

A final question arises which must, however, ™

suggested that the view prevalent Iy ....t 5" hﬂ“f_!a‘. Haying
completely failed to experiment, Iy fulve, I should Wy some hi g-ﬁ. row_.ﬂh..
opinion may have gained currency, Here o:.a.‘r. valbe 16 ¢ om ,i‘ has

on the passages in the Republied In which Pl -aﬁ h_.. s;.-- o:.-,_ _-_mm
astronomy, acoustics and 50 on, und deerles emplrieal fiﬂgo? ﬁnc:: _._.u

Wi

' L may mentlon especlally the vemarkalile
in which Eraslsteatun .._Sa“ that there are
vessel without food for w glven perlod of
excreta und comparing this with i | wei)
vo.&%\. A, ch, §, 644, B?Ph", QLTS W

on grives un greater it our kiwloslign of plants and animal wiporion
.3:....52-5._?.3“_ . on about them, rE ia St vou oo
VB ga9a, M1 and gy1a, 0




72 G B R LLOYD

Plato’s view was no doubt influential in antiquity, it did not act as the deterrent that
some commentators have supposed. But more {mportant, there is a tendency in
several nineteenth-century works on the history of sclence 1o assume a constant, linear
development of science, and it might be suggested that it was for this reason (among
others) that there is a certain reluctance, in many such works, to allow the claims of
Greek sclence whether in respect of methods or of results, That Whewell, for one,
experienced a certain difficulty in giving credit where credit is due, may, I think, be
seen from a passage from the History of the Inductive Sciences where he discounts the
claim of Aristotle to have formed a systematie classification in zoology: ‘it would be
difficult’, Whewell says,' ‘to reconcile such an early maturity of zoology with the
conviction which we have had impressed upon us by the other parts of our history,
that not only labour but time, not only one man of genius but several, and those
succeeding each other, are requisite to the formation of any considerable science’.?

KING'S COLLRGE, CAMBRIDGK 6. % N LLOYD

S E.G. 1X, 63 AGAIN

In the last number of these Proceedings (no. 189, n.s. 9, p. 2) Miss Joyce Reynolds
discussed this well-known inseription, which is dated in A.p. 2/3 and is incised below
a relief of a man reclining on a couch, cup In hand. It was found in the Sanctuary of
Apollo at Cyrene in 1925; for a bibliography, see Miss Reynolds's article. The text
she prints at the beginning reads as follows:

(krous) Ay bl lephas Tavoavie GMoxw plon Bl Edpdveus
vacat Tavoapbvey mévrwy Tiis dvelag Aoukios "OpPios Aoukiou TudoKAsioTs TOV
AvarmréAspov
fivikee Mapuapixod Afifev moAéuolo kuboiuds yhifnoev Bérrou woddd méAis pepdrreov
hiuos dv[a]
yAUpas kerranelpevoy hButroTro)Talvra Arikios slvoBlcor Offks rapd mpoipe
W[ Bar] rUANs Budrroov "Wpan piden ol yds o Mavoaviow lepf] kenpdhr mavodpevoy
The last sentence raises acute difficulties, It has driven Adolf Wilhelm and Louis
Robert to the desperate assumption that we have here one of the rare cases of a spondee
standing in place of the penultimate ductyl of a pentameter, Willielm read kepods and
Robert kapdiv: both imagined that the words meant the same us dwdy ravodpivov,
The authority of these two eminent scholars should not prevent us from seeing that
the suggestion is ridiculous,
Miss Reynolds has made an important contribution to the solution of this baffling
problem by reading the final letters as kenpds & ravadusyols. But she has not offered a
convincing Interpretation of the sentence as & whole; the words printed above as oU

' History of the Inductive Sciences from the Earliest to the Present Times (London, 1837), vol. 3,

P 344
1 must express my gratitude to De M, B, Hesse, who read and ceiticleod an earll {t of thi
paper, and to Dr H, B, F. Dixon and Mr F. H. w-zmv-n__ for thelr -._so-. and “ﬂnﬂ.ﬂ%:nwh
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