A DEFENCE OF ARISTOTLE,
METEOROLOGICA 3, 375%fL.

ARisTOTLE believed that there were actually only three colours present in the
rainbow, dowikodv, mpdawov, and dlovpydy : of these, the first is produced by the
dulling of white light when it is reflected in or obscured by a dark medium
such as smoke, cloud, or water, and exemplified in the redness of the sun as seen
through haze around the horizon. Successive failures of sight weaken the colour
further, first to mpdowov and then to dlovpydv. Between the first two colours a
fourth, £avfdv, is often apparent, being the result of the juxtaposition of the
two colours. This last statement, where it has not been ignored as one of the
inexplicable or misguided things Aristotle says from time to time, has met with
considerable criticism.

To see how justifiable the statement is, we need to try to evaluate the colours
concerned. All Aristotle says about them is (Meteor. g, 3722) é&ori 8¢ 7a
xpopara Tadta dwep udéva oxedov od dvvavrar mowelv ol ypageis évia yap adTol
KGPG.VVI;OUO'L, T(‘) Sé ¢OLVLKO£;V Ka(‘. wptio‘wov KG.(‘; (iAOUp'yO‘V Ol:’ 'yl.’VGTG.L KEPG,VVI;[.LEVOV.With
H. D. P. Lee (in the Loeb edition of the text) we might think that the colours
painters cannot mix are red, yellow and blue; but that is surely not what
Aristotle intended. Carl Prantl, Aristoteles ueber die Farben (Munich, 1849), and
Carl Boyer, The Rainbow, (New York, 1959), translate alovpydv ‘blue’, the
latter perhaps under the influence of modern trichromaticism: but no one, I
hope, would want to translate mpdowor ‘yellow’.! Is Aristotle giving himself a
let-out here with udva oxeddv?

Alexander explains at some length (ed. Hayduck, p. 161):

adTodués pév yap dowikodv ypdua 76 Te kuwvdfape kai T0 dpakdvriov, 6 Tod
alpatos Tod {hov ek pifews 8¢ powkody xpdua éx Te Tod KovpoAlfov kal ék
mopdupod piyrupévwy, 6 moAv dmodeimerar TGV adTodudv. mpdowov 8¢ kal

5 d)toup'yév aﬁTquvﬁ p,év 7'] xpvooxé)\)\a Kal 7O 60’1‘pe€ov, afy.a ov kal TobTO
mopdvpas tijs Oadacoias, oxevaora 8¢ mpdowov uév éx kvavod Te kai Wypod,
ddovpyov 8¢ €k Te kvavod kal dowikod.

If what Aristotle meant was the superiority of natural vermilion, green, and
purple over mixtures, and if the pigments referred to by Alexander were the
same as those known to Aristotle, then we can say that the colours intended are
spectral red, green, and violet: which would seem only reasonable. As to
£avBov, we should expect that to be yellow, which is often very noticeable
between red and green. W. Schultz, Das Farbenempfindungssystem der Hellenen
(Leipzig, 1904), would like to translate it ‘orange’, for no real reason, unless
perhaps he thinks it more likely that a pale red would look orange: or
because his book aims to demonstrate eventually that the Greeks were blaugelb-
blind, and so had no word for or concept of yellow. Perhaps, too, he is remem-
bering Newton’s arbitrary division of the spectrum, with orange and indigo

! Unless they accept the (probably corrupt) text of Thphr. De Sensu %%, which gives
mpdawov as the colour of sulphur (76 feiov).
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very much makeweights to produce the mystic seven. Certainly orange is not
an important component of the rainbow.
Aristotle’s own explanation of the yellow is this (op. cit. 375%6) :

76 8¢ {avfov daiverar Sia 10 map’ dAApAa aiveafou. T0 yap dowikody wapa T6

mpdowov Aevkov paiverar. onueiov 8¢ TovTov: év yap TG pedavrdrw véper

pdlioTa drpatos yiveras 1 Ipist ovuBaiver 8¢ Toré EavbéTaTov elvar Sokeiv 16
5 dowikody. ot 8¢ T6 Eavlov év f ipid ToD Te Powikod kal mpacivov ypwuatos.

Sia Ty pelaviav odv Tod kKA védovs Slov adTod palverar TO dowikody

Aevkdv: éoT yap mpos éxeiva Aevkdy, kal mdAw dmopapawouévms Tis ipidos

éyyvrdTw, STav AinTal 0 dowikody: 7 yap vedén Aevkn odoa mpoaminTovoa
10 mapa 76 wpdowov ueraBdAdet els 7o Eavidy.

Some points: I should translate Aevkdv and pédav as ‘light’ and ‘dark’, not
‘black’ and ‘white’. If the red is looking yellow, it can hardly be looking white
as well.

éxeiva in line 7 must mean both the green and the cloud.

Rainbows have no red in them if the raindrops are 0-3 mm. or less in dia-
meter, so that if the bow fades because the rain is lightening red is the first
colour to go. Aristotle’s account of yellow in such circumstances is a separate
case, and not relevant to this discussion.

As an account of the colours in the rainbow, this is of course quite wrong:
but it is hard to believe that Aristotle would have said this unless he was con-
vinced that the juxtaposition of red and green could produce virtual yellow.
Commentators who do not ignore the issue or skirt it with paraphrase in-
variably think that if Aristotle is not trying to account for simultaneous
contrast then he ought to be: they translate 76 wap’ dAMnda daiveafar by
‘contrast’, and then say he is wrong because simultaneous contrast will not
account for the phenomenon he is describing.

‘Simultaneous contrast’ is the term for the strengthening of contrast in
colour, not tone, between two adjacent colours. Each produces on the retina a
kind of exhaustion, so that if you look away, you see white light minus the
original colour, i.e. its complementary in the form of a negative after-image.
Involuntary eye movements superimpose the after-image of each colour on the
other, so that each is tinged with the complementary of the other and the
contrast increased. Aristotle’s red should become pinky, the green bluish, to
give a very sharp contrast of hue.

However, in the last few years some remarkable discoveries have been made
about colour: in some cases the adjacent colours do not throw each other into
contrast, but in some way mix, rather as coloured lights mix, to produce a new
colour somewhere between them. Professor W. D. Wright, in an article
‘Colour under scrutiny’, New Scientist, 10 July 1969, puts it briefly, if rather
technically :

‘The interaction between colours located alongside each other generally
produces an enhancement of the contrast between them. This can be ex-
plained, at least in general terms, as due to lateral inhibition between the
neighbouring areas of the retina upon which the colours are focused. Yet with
some types of pattern, especially fine striped patterns, a reverse effect seems to
occur. This is in part due to the physical spreading and scattering of light on
the retina, but quantitative studies of the colour changes suggest thatsome more
subtle factors must also be at work.” (My italics.) A painted representation of
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the rainbow in red, green, and violet stripes would provide the ideal model for
such changes, which are known as optical or visual mixtures.

The prime condition, after the linear pattern, is the one which Aristotle
specifies, and which suggests to me that he had some example in mind:
the colour to be changed must be lighter than the colour by which it is to be
changed, and a dark background will help to show the change up. The
ordinary principles of additive mixture apply, and the red, or that part of it
next to the green, looks yellow.?

The three most detailed commentaries, taken in chronological order, show
how what Aristotle said has been discredited, even if time has brought more
general knowledge of theories of colour vision.

1. 1849: Carl Prantl (op. cit.) quotes the passage in De Insomniis 2, 459°5
where Aristotle discusses the positive after-images of luminous or very brightly
lit objects (which are to begin with the same colour as their originals), and he
says, ‘Eine solche complementire, also nur subjective, Farbe ist bei Aristoteles
das Gelb im Regenbogen, indem der Eindruck desselben dadurch entsteht,
daf3 das Rothe in dem tiefen Schwarz der Wolke neben dem Griinen heller
erscheint . . .> Now the positive after-images of the De Insomniis are not comple-
mentary but, as mentioned above, the same colour as the original ; and in any
case, yellow is not a complementary of red or green. Complementaries,
pertaining to negative after-images and simultaneous contrast, do not come into
it, or positive after-images either. Prantl’s emphasis on the importance of the
tonal contrast is fine as far as it goes, but he is unable to explain why Aristotle
should seriously claim this as a way of making yellow. Admittedly Prantl
precedes Helmholtz’s theory of trichromatic vision, but he seems unacquainted
with even the basic terminology of colour vision.

2. 1904 : Wolfgang Schultz (op. cit.), as we have seen, is handicapped by the
belief that the Greeks could not see yellow and blue, could not distinguish
mpdowov and mopdupodv, and were shaky on red and yAwpdv. Even so, he talks
of simultaner Kontrast, which is not the cause of the phenomenon Aristotle is
trying to explain. In a footnote he adds: ‘Hierfur spricht auch, dafl selbst
£avBév nicht als Mischung sondern durch Kontrast erklart wird.’? He refers
to Helmholtz’s theory, which led me to think he was going to give the right
cause under the wrong name : but apparently since Aristotle had no notion of
primary colours of light, he could not perceive the effects of their mixture (and
being colour-blind could not see yellow anyway!). Schultz’s grasp of tri-
chromaticism is shaky at best, since he thinks red and green are comple-
mentaries—it should be red/cyan and green/magenta—and also yellow and
violet—pure yellow is complementary to blue, citrus-yellow to violet.

3. 1961. I had real hopes of Carlo Mangio, ‘Cenni sulle teorie cromatiche
dei Greci e loro applicazione architettonica’, SCO x (1961), 214-23. He speaks
of temples painted in the complementaries of red and cyan, which at a distance

I It works best at a distance of several feet,
and with light pink rather than red—cf.
G. S. Merker, ‘The Rainbow Mosaic at
Pergamon and Aristotelian Color Theory’,
AFA Ixxi (1967), pp. 81—2. It is even better
for myopes without glasses: Aristotle could
well have been myopic, but this is not the
place to go into the question.

2 One might quote back Olympiodorus

ad loc., Stiive 243: 76 yap £avfov od ylverar
KaTd dvdxdaow, dAAa ud@Mov katd Kpdow ToD
dowikod kal Tod mpacivov ypuparos. But then
Olympiodorus rebukes Alexander for saying
that the rainbow is caused by refraction, not
reflection, which Alexander quite definitely
did not. How reliable is Olympiodorus,
therefore, as an interpreter of other, earlier,
authors?
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blend into a tactful grey; the cyan he speaks of as darker than the red. If it
were a true complementary it would be lighter, and they would in theory make
white, though pigments will never do more than produce light grey. He also
describes accurately the phenomenon of simultaneous contrast which red and
cyan would produce from close at hand: ‘Ma Aristotele conosceva anche il
contrasto simultaneo dei colori; egli cita 'esempio delle stoffe ricamate: a
seconda di come le tinte vengono accozzate, ora appariano certi colori, ora
altri, ora con una intensita, ora con un’altra.’’ But present him with the
disputed statement, and he says: ‘E chiaro che nel caso del giallo presente
nell’iride Aristotele confonde I’intensita del colore col colore vero e proprio: il
rosso accanto al verde scuro puo indebolirsi, ma non pud assolutamente
divenire giallo’, which in combination with his thesis on painting temples is
damning. To know enough to say that red4cyan = white, but not enough to
extend it to red-+green = yellow, is more culpable than knowing nothing
at all.

Aristotle seems to have been acquainted with the phenomenon of visual
mixing, even if he had no very good explanation for it (but then, as Wright
indicates at the end of the excerpt on p. 398, neither have we), and no way of
conceiving the mixture as that of primaries of light, since the only primaries in
his system are black and white. After all, it is only recently that we have
learned the difference between additive mixtures of light and subtractive
mixtures of pigment. The Impressionists hoped to produce a purer green from
blobs and flecks of blue and yellow—and if they chose a warm yellow, got a
dirty pink. Our colour televisions, on the other hand, produce yellow from
tiny spots of red and green. But even if Aristotle could not know how he was
seeing it, he knew he was seeing a light red by a darker green as yellow. He
tells us he got the idea from dvfly, meaning not flowers but either dyed yarns
used in embroidery or the embroidered figures, where threads of a particular
colour may look entirely different on different grounds.

He also wondered whether something similar might be the basis of all
colour in nature. He believed that black and white were the only primaries,
and that all other colours lay somewhere between them, determined in a way
reminiscent of Plato by the proportions of each primary present. Before he
eventually decided that the colours were homogeneous mixtures, he looked at
two other ways of explaining the different colours. One was the idea of layers of
colour, like his favourite example of the low sun looking red through cloud:
white overlaid with black. The other is atomic, and seems to be based on one
point of visual mixing, that two colours in small areas next to each other,
areas too small to be discerned at a distance, still produce the appearance of
a third colour. He is not, of course, talking about mixing paints, but colours
produced in nature; De Sensu 439°21 :

\
&vdéyerar uév yap map’ dAMnAa (cf. Meteor. passage) Ti0éueva 16 Aevkov kai 76
7/ 3 > € 4 \ % 37 8 \ 4 \ 8’ b > -~ < 7
wédav, & éxdrepov pév elvar déparov dud opukpdryTa, 16 8 €€ dudoiv opativ,
o 7 ~ \ 3 A \ 7 7 0 L4 IA . 3 \ 8’ 3 4
ofrw piveabar. TobTo yap olre Aevkov ol vre paiveslar olre uédav: émel §° avay-
~ 5 \
Ky pév T Exew xpdpa, TovTwy 8 oddérepov Suvardy, dvdyky pukTdv TL €lvar Kai
el8os i xpdas érepov.

1 The flickering after-images which cause  white striped or checked patterns may be
this are the reason why certain black-and- almost painful to look at.



ADEFENCE OF ARISTOTLE, METEOROLOGICA 3, 375%ff. 401

In conclusion, either Aristotle is describing his own experience of the
products of visual mixing when he ‘explains’ the yellow in the rainbow, or by
coincidence he has put forward the conditions which are incidentally necessary
for the production of yellow by visual mixture, without ever having experienced
it, out of his imagination ; which I find the less likely alternative.

St. Anne’s College, Oxford Bricip E. HArRrY

4599.2 pd
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