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AUTHORS PREFACE

#the’s Theory of Colours was published in 1810.
elghtics it appeared in the Kiirschner Edition of
's Works with introductory chapters and annota-
Y Rudolf Steiner, who was able to characterise
fesent Goethe’s method in a way no one else had
i Nineteenth-century science, however, was set
fdifferent course and Goetheanism in this field
bide its time. But as modern thought emanci-
ticlf from the naive materialism of last century
rediscover the soundness of Goethe’s. approach
i validity of his main argument.

Jwve based the present essay largely on Goethe’s
'ﬁu;ions of what he calls “physiological colours”
physical colours ” to which I have added several
particularly on the subject of colour-mixing in
such cnormous strides have been made since
's time.

hesc, I have tried to apply Goethe’s own method.
heans in the first place seeking for the “ Ur-
ficnon ” — Goethe’s expression for the ultimate
thetypal phenomenon in each field — the pheno-
which shall be essential, unique and indrvisible,
nnot be analysed into constituent phenomena.
g second place, it means avoiding any attempt to
4in” an Ur-phenomenon by means of concepts
o beyond the realm of direct experience. For
¢, light-waves which we cannot experience must
ibe given as the explanation of colours which we
perience. In the third place, it means that where
important effects can be produced only with a
experimental set-up, the part played by the
fus itself in producing the effect must be included
attempt to formulate the Ur-phenomenon for
Articular field.

Jally, it means rhat where the activity of the
Lr himself forms part of the effect to be studied
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'What Is Colour ?

§1

Colour speaks first of all to
perception of it is ope of the most
sions that we can have. It needs no interpreter. It _
creates a mood, gay or grave, riotous or quiet, warm or

cold, light or dark. Almost instinctively we contrast
the warmth of red colours with the

the lightness of yellow with the depth o
e gaiety of orange with the melancholy of blye.

§2

our feelings. The
direct sense impres-

Colours lie between Light and Darkness and

disappear at both ends of the scale. The landscape is
most colourful in morning and evening light, The
colours dissolve in the lare of noon and fade away into
the blue-grey of twilight,

¢ Intensity or “ colouredness * of

a colour is not
If we hold
pe appears
more brilliant and supp in its natural white
illumination. But the glass has actually darkened the
white to yellow. Thus even

the lightest of all the
colours consists of some darkness as well ag light,

§3

Our eye must adjust itself to the strength of the
surrounding light before jt can properly appreciate the
colours, If thrown out of balance it wi produce its

as those oy
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A sudden change from a darkened room to brilliant
sunshine outside is painful and everything looks pinkish-
white. Plunged again into sudden darkness we flounder
in a kind of greenish blackness.

The following experiment causes the eye to produce
its own series of colours. Gaze for some moments at
the intersection of the window-bars seen against a very
bright hazy white sky towards the sun. Examine the
after-effects (a) with the eyes shut and covered by
something dark, and () with the eyes open and gazing
at a white surface in the shade of the room. In the case
of (a) the first impression is a positive echo or after-
image, f.e., dark bars and light spaces. These spaces
are pale cobalt for the first few seconds, changing
rapidly to a strong and slightly yellowish green. Slowly
the green becomes dull and ‘more olive, eventually
changing to a deep purple. At the same time the dark
bars become greenish, and lighter than the spaces. The
image has now changed from positive to negative, and
we are left with purple spaces and light green bars.
The purple may become more bluish as it fades away.
In () the after-image is negative from the first moment
and 1s seen as deep violet-grey spaces and light or
possibly yellowish bars. The spaces -change slowly
from violet-grey through emerald green, dull yellow-
green, salmon-pink to dull -rose-pink, while the bars
tend to show something of the opposite colour to the
spaces. The final pattern of pink spaces and green
bars corresponds exactly to the final stage of (a¢). In
both series the image may tend to become lost but

can be revived again by opening or shutting the eyes
once or twice. Individuals vary somewhat in the colours
and changes which th2y see, but the above description is
certainly common to a number of observers,

The polarity of the colours is much more evident
when the eyes are open and looking at a neutral surface,
but it is at all times the dominating feature of the whole
sequence ‘of impressicns. Thus we see that the eye is
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not a mere passive receiver of external impressions but
In its resonance to the stimulation of light it will produce
colours in its own rhythm,

§4

The eye perceives light and colour very largely in
terms of differences and contrasts, Every colour has
Its own opposite or complementary * colour.

A simple and well-known observation illustrates this.
Gaze fixedly for some moments at a small patch of bright
colour against a dark or neutral background and then
switch the gaze to a plain surface of Light grey or white
in subdued illumination. In a few seconds the comple-
mentary after-image will be seen, corresponding exactly
in shape.to the original coloured object. A red or
yellow object will produce the effect most readily. Thus
a red geranium or poppy will give a brilliant blue-green

er-image, a marigold or buttercup will give a blue
or blue-violet image.

The quality of these after-images is quite different
from our ordinary perception of objects, It is as if the
images were made of a substance of light and colour
which is quite unmaterial.

This experiment calls our attention to a remarkable
fact.that is mostly overlooked. We are not aware of
the images upon the retina of our eye where the effect
undoubtedly originates, but we appear to be able to
project them into space where they bacome strikingly
visible on any suitable surface. The further away the
surface is from us the larger the area covered by the
image. If we think carefully about this phenomenon,
we are led to the conclusion that in our normal procers
of Seeing we are continually doing the same thing —
fitting Images (in perspective of course) on to the objects
we are loo!ung at. Normally these images have np
more durapon than our attention demands, and only
when the impression of light or colour is very strong

11
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does the optical image leave its mark on the retina and

appear in our vision for a short time afterwards un- : ;sgati?ls:aki asmlélgrgéoﬁéggd asb:cégguulll%nngregol(}g
attached to the object which gave rise to it, : instance. The grey being neutral in charactér both as
§5 i regards colour and light-dark, we should expect its : )
i after-image to be an equally neutral grey in all cir-
L . cumstances, though the after-image of the red back-
& preliminary study of these after-images can be ground will of cou%se be blue-greenfg But the after-image
pade with very simple means. It js only necessary to of the grey actually appears bright orange-pink against
have a number of strongly coloqred ‘sheets of . paper a background of soft blue-green. If we use a green
| or material, some of black, white and one or two ) background to the grey patch the after-image will be a
;‘ neutral greys, These should be cut into a small pi;ce light green patch against a light magenta-pink ground,
| a.nld 2 ”larga Sll;e I the smalf! one as a “stimulating i We can only describe this effect by saying that our whole
co qur‘ and the larger one for a background. i standard of colour-perception becomes shifted, although
£ 15 Dest to start by gazing at a small piece of strong { we are concentrating on a patch of neutral colour.
colour against a black background. The after-image : If we reverse the experiment and put a small patch
cgn then be seen comfortably on a white or light grey _ of bright colour on a grey background, the after-image
1 saeet. L - ' appears as a small patch of the complementary colour
5 The black background of the sumulating colour against a meutral background. This shows that our
%‘ should then be replaced by a grey or even. a white ' standard of judgment is influenced by whichever colour
| one, and the observations repeated. It will now be preponderates. We shall come back to this point in
| found ‘that whereas with the black background the section 26.
| alter-images were always darker than their surrounding, “ Other forms of this experiment can be devised
| W‘g’ the htiht background they are mostly- lighter, whereby the after-images can be accurately matched
ﬁnh with the white background they are invariabl - and recorded in relation to any given surroundings
jghter. What is surprising is that the apparent change . and in every case the tendency of the eye to record
1n lightness or darkness does not alter the intensity of . differences rather than absolute values is outstanding.
¢ I§°1°ur‘ N S A noticeable feature of these colours, called by
a blad‘(v i;ggggutgg ?fmefﬁaﬁsiﬁeg :ftth_te Patchon  Goepe « physiological colours ” is that the strongest
er-image gives i - i i
us a dark patch on a light ground, and yics vgrs 5 . ones are in the green-blue region, and the weakest in

the red-orange, whereas in physical colours the reds are
the strongest and the green-blues the weakest,

From these observations we see that theeye is always
active in relation to its surroundings, and perceives
according to the “ position ” it has taken up between
the polarities of light-dark, of warm-cold and of “ coloyr
and no colour.”

Now let us turn our attention to the way in which
colours appear and diseppear in .our surroundings.

If we now produce the after-image of white and
black on to a black surface, we find that although the

In other words, the eye appears to be
light where no light was before, :

*.An equally instructive _variat‘ioxi"bfv,t;h'i's'cxperimeﬁt
12
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§6

The colours which go to make up our ordinary
surroundings are broadly speaking of two kinds. Those
which are permanent characteristics of material surfaces,
and those which only appear when light interpenetrates
with matter in certain conditions. With the former
kind we shall not deal in this essay, while to the latter
belong the colours of the atmosphere, the rainbow and
other haloes, the colours seen in fine cracks of crystals
or glass and in fine scratches, and those which appear
on very thin films of transparent substance such as oil
on water, soap bubbles, etc. Goethe calls these
*“ physical colours.” The most common appearance of
these colours is where the plain colourless undifferen-
dated light of day becomes modified through the
particular way in which it strikes and mingles with
matter. Although it may seem a commonplace assertion
it is none the less important to note that light can only
give birth to these colours by becoming itself darkened
in the process, and moreover this darkening can only
be achieved by the influence of matter in some form,
We cannot get away from the fact that the colours which
we see by ordinary daylight are the result of this light
becoming darkeaed through the influence of matter,
and in this way they are quite properly described as the
result of the intermingling of light and darkness.

§ 7

This brings us to the next observation which is the
“ Ur-phenomenon ” of Goethe’s Colour Theory.

Light seen through a partially transparent medium
appears yellowish; darkness seen through such a
medium s/luminated, appears bluish. (Goethe uses
the expression ““tribes Mittel” for this kind of
medium through which objects can be seen sharply but
in which at the same time part of the light is simply

14
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scattered giv'ing the whole medi -
escent efi’ect.) : e CI(?Udy or opal

. The archetypal instance of this ‘phenom i
without doubt the colours of the sun and It’he sky. m\l)gﬁenlf

is always bluish. A moment’s consideration is enough
to become convinced that the yellow represents a
degree of darkening of the sun’s white light whereas the
blue of the sky occurs where the darkness of outer
Space is seen through the illuminated atmosphere. When
the sun is directly overhead, the darkening influence
of the atmosphere is least and the sun’s light is fairly
white, but around sunrise and sunset its light has to

outer space and ourselves, and the sky appears dark —
almost violet-blue. At very great altitudegxi,t can appear
almost black. As the atmosphere becomes more loaded
with moisture and dust particles, so the colour of the
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[ the same tendencies, though these colours never reach
the same intensity as do the colours of the sun and sky.

In all the foregoing instances, if the matter which is
suspended in the air or the water exceeds a certain ;‘
degree of coarseness the colours disappear and a grey ?
obscurity takes their place. :

§8

Quite a different way of making black and white
produce blue and yellow is to take a disc which is half
black and half white and rotate it just fast enough to
prevent the eye from following the alternations exactly
but not fast enough to make them merge into a grey.
It is usually possible to find critical speeds which will
produce primrose and violet, or amber and blue.

§9

If we look obliquely through the surface of still
water at an object lying under the water, or if we simply
look at the object through a wedge-shaped piece of glass
or crystal (i.e., one whose front and back surfaces
make an appreciable angle with one another) we find
that in one direction the edges of the object are no longer
sharply defined but have changed into narrow bands of
bright colour. It is very noticeable that the colours only
appear where there is a boundary between a lighter and
a darker part of the object, and never where there is
simply a uniform surface. If we examine the simple
boundary between two uniform surfaces of black and
white we find thatit is replaced either by a band of warm
colours which is in the order black, red, yellow, white,
or by a ‘band of cool colours in the order white,
turquoise, deep blue, black, the order depending on
the relative positions of the black and white. The
contrast between the band of warm yellowish colours
and the band of cool bluish colours is an essential
characteristic of this phenomenon.

T —
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The naked eye will show us the same colours if we-
half-close our eyes and look at, say, the window-bars
out of the extremity of our eye by throwing the head
back or forward as far as we can. 'If we look art a printed
page through the edge of a common magnifying glass we
shall see the letters fringed with the same blue and yellow.

A simple and very effective way of studying these
colours further is by means of a triangular glass prism
with sides making an angle of 60 deg. Alternatively a
vessel of the same shape can be made of sheets of glass
bound together at the edges, the vessel being then filled
with water.

§ 10
THE PRISMATIC COLOURS

In the following descriptions it will be assumed for
the sake of convenience that the prism be held in front
of the eyes with one 60 deg. edge pointing downwards,
and the line of sight passing through the two inclined
faces (i.e., the axis of the prism horizontal and at right
angles to the line of sight).

At once we notice two things : one is that the edges
of all the objects we see appear fringed with brilliant
colours, and the other is that the objects appear a long
way below where we would expect to see them. If we
trace out roughly the path which our looking must take
in order to reach the object we are seeing, we have to
conclude that our looking is bent upwards through
rather less than half a right angle in passing through
the prism.

We now take a piece of white paper and lay a piece
of black paper upon it (a sloping desk or board is con-
venient for this) and then look down through the prism
so that we can see one of the black-white boundaries.
The prism must be held so that its axis is parallel to the
black-white boundary. If white is above and black is
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top to bottom will be white, turquoise, blue-violet,
black (the intervening area) then black, red, yellow,
white. By making the two white papers approach one

below we shall see the boundary as a brilliant band of
colour with turquoise pext to the white and deep blue-

violet next to the black, The transition between these i
colours is deep pure blue, If we reverse the positions another over the black, we see that the colours which

of the papers 50 as to have black above and white below, Wil meet first will be blue-violet above, and red below.
we find that the band of colours has brilliant red next This time it is the black that must disappear before the
to the black, and pure yellow below it and next to the violet and red can meet, and when they do so the new
white.  The transition “between these two colours. js colour that is formed is a luminous Magenta pink (called
orange. ‘by Goethe sometimes Purpur” “and sometimes

Remembering the pairs of complementary opposite ¢ peach-blossom.”)._ There is no doubt that this new
colours which we established through the study of Mmagenta colour is Zghter than either the blue-violet or

]
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are complementary to ope another in every way : Black
opposite to white, violet to yellow, blie to orange,
turquoise to red and finally, white to black. The exact
oppositeness of these two bands is perhaps the most
important thing we can observe at this stage.

We now take a second piece of black paper and lay
it upon the white piece near to the boundary we have
been looking at, so as to leave a strip of white between
two boundaries of black. We shall of course see both

the coloured fringes at the Same time, separated by an

the red which have overlapped to produce it. We must
therefore say that the blue-violet and the red have
lightened one another and in thus combininghave produced
magenta.

We now repeat these last two experiments but this
time making the boundaries approach until they
actually meet. In the first case where the dark boundaries
meet over the white we see that after the green has
appeared and grown to full strength, no new colour
is formed but we are left with a band consisting in the
main of red, green and blue which grows darker all over
uatil it finally disappears into blackness. In the second
case we bring the two white boundaries together over
the black, and after the magenta has been formed no
further colour appears but the band which now consists
of yellow, magenta, and turquoise grows lighter and
paler all over until jt finally dissolves into the surround-
ing white. It is important to remember that the green
is formed by a darkening process which ends in black-
ness whereas the magenta is formed by a lightening
process which ends in whiteness,

§ 11

We shall see later on how essential it is to draw a
sharp distinction between the mixing of colours by

arrange the papers in the opposite way, taking two ;
ng and the mixing of colours by lightening, What 4

pieces of whire and letting them approach one another
over a black sheet. This time the orger of colours from darkens

18 : & 19
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we have to notice at this point is that the green which
Was produced by darkening is the exact complementary
of the magenta which wag produced by lightening.
Adding these to oy list of complementary pairs so far
obtained, we get black-whjte, violet-yellow, blue-
orange, turquoise-red, green-magenta, Taking these
eight colours in order of similarity we haye yellow,
orange, red, Mmagenta, violet, blue, turquoise, green,
and finally, "yellow again — g very fair representation
of the whole range of our pure colour sensations,
Moreover it would be difficult o imagine these colours
in greater purity and brilliance than we haye seen in
these experiments.

§ 12

In Section 7, dealing with the colours of the land-
Scape, we observed two series of colours — those of
the sun itself seen through varying degrees of darkness,
which could be anything from pale yellow 10 deep red,
and those of the sky — the illuminateq atmosphere seen
with dark outer Space behind it — which
anything from violet-blue to pale turquoise, These are
of course the Same two series that we have been studying

If we repeat the prismatic observations and allow
our imagination the slightest degree of free play, we shall
find that the observation thar light seen through
darkness appears yellow-red whereas darkness seen
through light appears bluish » doeg provide a very apt
description of what we see in the behaviour of the black
and white boundaries, Thus we would say that the
yellow-red fringe represents the darkness being spread
out over the light, and the blue fringe the light being
spread out over the darkness. As the two bands approach,

e e i
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in the one case the yellow creeps over the turquoise like
a transparent film, darkening it to green, whereas in
the other case the violet shimmer which seems to float
out over the black, spreads i € a film of light over the
red, lightening it to Mmagenta,

It is moreover very evident that the colours cannot
appear out of the white only, but owe their existence
to the presence of darkness as well.

Wwe move the papers or the Prism we can never separate
the colours from g boundary of light-dark.

These experiments can be varied to ap almost
unlimited extent by using grey and coloured papers in
addition to black “and white, Though some of the

We have now seen how the whole range of brilliant

colours is produced prismatically out of the simple

boundaries of black and white, and that the various .

colours are produced in characteristically different ways.
Thus if yellow fepresents the first darkenin of the
light, then red is the final battle of the light to pierce
through the increasing darkness, Similarly the _deep
violet represents the first shimmer of light which dispels

Intervening light, whereas the magenta-pink can only
occur where the two bands meet in the opposite sense
and lighten the intervening darkness, It is remarkable
how far these characteristics remain true of the colours
in the way they appear in Nature,

§ 13

So far we have been dealing with prismatic appear-
ances which exist only in that we see them. through the

21
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prism when we look for them, By now using a simple
projection lantern we can project all these prismatic
appearances on to a screen where they will have a more
objective character. The black and white papers are
now replaced by cardboard or thin sheet metal masks
which are Inserted in the place of the usual lantern
slide or film strip, and one or more prisms are placed
Immediately In front of the objective lens so that the
image 1s projected out towards one side of the lantern
instead of straight in front, The illuminated parts of
the screen correspond to the white paper of the previous
experiments and when the opaque masks are inserted
they produce a black image on the screen which corres-
ponds to the previous black paper.

It is simple enough to bring the edges of the two
masks together so as to narrow the beam of light down
to nothing, but for reverse experiment the narrow strip
of metal which gives an_image of a strip of darkness
bou_nded by light on either side, cannot be caused to
vanish away to nothing. The best that can be done is
to turn the metal strip slowly round until it stands
edgewise in the lantern, when its image on the screen
will be reduced to a minimum,

The birth, transformation, and extinction of the
colours can be followed exactly as in the previous
Expgnmcnts looking through the prism held in the

and.

§ 14

 In this form of experiment there is a strong tempta-
tion to consider the darkness as mere absence of light and
therefore to attribute the colours to a function of the
light itself, leaving the darkness out of account altogether,

Isaac Newton’s famous experiment, made in 1666
when he was 23, was of this form. He simply used the
light of the sun streaming through a hole in his * window-
shuts ” and thence through a glass prism, It is easy

22
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enough to understand his conclusion that the prism
does no more than separate out the colours which are
already contained in the white light, although to-day, if
we are quite strict with ourselves, we must admit that
this does not really conform to the observable facts.*

We shall return to this point later, and will now
follow up the consequences of Newton’s conclusion that
the colours are already contained in the light.

If the prism really does * analyse the light into its
component colours * the next step will naturally be to
see how far the process of analysing can be carried, and
at what point it will be possible to speak of units of
* primary  colour which cannot be analysed further.
Newton’s method was to let a narrow beam of sunlight
pass through a prism and then at.a distance of some
feet, where the colours of the spectrum thus formed
were well spread out, to make one of the colours, red
for instance, pass through a second prism in order to
see if any further new colours were produced. He found
that this did not happen, and he therefore called the
separated colours of the spectrum “ homogeneal lights ”
i.e., lights in which no differences of colour could be
further brought about. He also established experimentally
that there is an invariable correspondence between the
extent to which the light is bent round by the prism,
(he called this its refrangibility) and the colour which
it exhibits. He found that this correspondence could be
most accurately measured by making the initial beam
of white light very narrow, and then spreading it out to
the greatest extent by means of one or more prisms,
and letting it form the coloured image on a screen as
far away as practicable.t

This is exactly the principle embodied in the
spectroscope in common use to-day, and the idea of
“analysis ” of the light has taken firm root in the
centuries that have elapsed since Newton first arrived
at it.

* See Appendix 1 T See Appendix I1
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bas I;ro(;n ﬂtlhe_ point of view of our study of colour, this
fias had three consequences which are of the utmo:
importance, These are : i

l. The exact correspondence between the positions
of the variously coloured lights within the
spectrum and their actual colours gives us no
clue \::v}lllatever to the natures of different colours
as such. '

2. For the purpose of identifying the exact constitu-
ton of a light it is found to be much more
sansfactory. to measure the amounts of light
corresponding to all the different wavelengths
within the spectrum band than to describe its
colour, Modern spectral-analysis is done by
means of ordinary black-and-white photographs
which record the position and intensity of the
spectrum lines and bands without any reference
to their colour,

3. This method of analysis which is so extensively
used to-day in industrial research gives us much
exact and valuable information about identities
and quantities of matter but practically no
information at all about colour as suc,

In other words, by analysing the light in this way
we are led not to the origin of colour, but to properties
of matter. To-day this fact is being increasingly recog-
nised, but only when the myth that *the spectrum is
the origin of colour” has been thoroughly exploded
shall we feel free to look for the laws of colour in a
direction where they are to be found. Had Newton
been prepared to show in all his experiments that if
light and darkness are interchanged then every colour
produced changes to its complementary, this fallacy
about the origins of colour might not have misled us
for so long.

24
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§15

One simple experiment* may serve to illustrate this
point. Consider the fact that for the kind of accurate
measurement described above, three conditions are
essential in the setting up of the apparatus. One is that
the edges of the slit through which the light enters the
instrument shall be parallel to one another. Another
is that the width of the slit, 7.e., the width of the beam of
light to be analysed, shall be the very least that is con-
sistent with adaquate visibility. The third is that the
refracting angle or edge of the prism shall be rigidly
parallel to the edges of the slit.

The experiment consists in simply exchanging these
three extremely rigid conditions for the maximum of
irregularity and mobility. Instead of a narrow parallel
slit an open and highly irregular aperture is used, such
as a much thickened letter E or W for instance, and
instead of keeping this aperture in a fixed relation to
the prism or prisms, it is steadily rotated. The resulting
spectrum is projected on to a screen using the method
of projection already described. The effect is surprising.
The two-dimensional figure of the cut-out aperture
now appears as a three dimensional figure rotating in
space, the third or ““ depth” dimension consisting of
the red-yellow colour band on one side of the figure, and
the violet-turquoise band on the other side. Where the
projecting or re-entrant limbs of the figure are thin, the
colours of one side of the figure will appear to be seen
through the colours of the other side, the result of this
overlapping being green in the one case and magenta
in the other. The colours present themselves in a most
definite spatial relation to the light within the figure and
to the darkness without, and as the sides of the figure
present alternately their inner and outer faces with each

* For the idea of this I am indebted to Mr. F. H. Julius, of

The Free School, The Hague, Holland.
25
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revolution, so do the colours change to their complemen-
taries and back again, The whole drama of the formation
and transformation of the prismatic colours presents
itself in one single moving scene, and even if the
appearance of colour-space be considered by some to
be a mere 111ustoq, the fact that this is the language in
which the experiment speaks immediately to every
unbiased observer is not likely to be disputed by anyone
who has witnessed the experiment.

Thus by the removal of the usual arbitrarily imposed
and rigid conditions the phenomenon of the prismatic
colours is allowed to show itself in its true stature.

§ 16
THE RAINBOW

The order and manner in which the prismatic colours
appear is a basic phenomenon which underlies many
rnamfestatxons_ of colour, and the rainbow gives us this
pher{omenon In 1ts most natural form.

The following may help in understanding the
physical aspect of its formation. If I go out early
on a fine morning when the dew is still on the grass, I
shall find if I face my own shadow that some of the
dewdrops to my left and right reflect the sun’s light in
bright sparkling colours which change rapidly or
disappear as I move. I shall find that the colours only
appear in the directions which make an angle of about
42 degrees with the direction of the shadow of my head.
If I look carefully at such a dew-drop and move my head
slightly I'find that the colours change through the range
of the rainbow, The dew-drop appears to be acting both
as a prism and a mirror. I now look for the boundaries
of light and dark which must be there if these colours
are produced, and I see that these can only be the
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boundaries of the sun’s disc itself. Since these are neither
parallel nor very close together (the sun’s disc has an
appreciable width) I am not surprised that the colours
of the rainbow are lighter and softer than the brightest
colours of the prismatic experiments. As soon as I have
grasped the fact that there is an invariable relationship
between the colour which I see and the direction in
which I see it (i.e., the angle between the direction of
the colour and the direction of my own shadow) I then
ask myself where the other points lie all of which make
the same angle with my shadow, and I scon see that
they must lie on a circle with the shadow of my head as
thé centre of it. This means that wherever the drops
of water may be situated, whether on the grass or falling
through the air, the places where they can reflect any
particular colour for me can only be a circle around the
shadow of my own head. Therefore, although the drops
of water may be falling through the air at a considerable
speed, as in a breaking rain-cloud, the position of the
colours is determined only by my own position in rela-
tion to the sun — in other words by the direction of my
own shadow. If I move, the rainbow moves exactly as
I do. Anyone who has watched a rainbow against a
dark hillside seen from a moving train at a distance of a
few hundred yards will have been struck at the way he
takes the rainbow with him. It is, therefore, a universal
truth that each person sees only his own individual
rainbow.

The fact that the position in which I see the rainbow
is completely independent of the actual position of the
drops of water although of course dependent on their
presence, brings me to the conclusion that in looking at
the rainbow I am really seeing an image of the sun’s disc
transformed into a circle of colours by the magical
properties of the surface of a drop of water. Though
the rainbow mostly appears as an arc of a circle, from
a rr;ountain top one can sometimes see the complete
circle,
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§ 17

So far we have dealt with phenomena which appear
to depend on g simple relationship of boundarigg of
light and darkngss. There are others* which are based on
a rythmical series of light-dark alternations and which
present charactpnsu'c series of colours such as we see in
soap-bubbles, in oil on the surface of water, in thin
fissures of glass and crystals and also in the multiple
rainbows which sometimes appear at the inner edge of
the 'Iglx]'dmarlyl ;lainbow. :

.,-aese  light-dark alternations a ear as ripples
within the hght.xt.self, and seem to bepfn expressigxl: of
the natural elasticity of the light when it is ‘made to pass
through exceeding small spaces between material surfaces.
Tl}e exact size of ~these spaces (t.e., width of fissure,
thxclgness of film, size of raindrops, etc.) determines the
spacing of the colour-series which may begin with dull
yellow and violet or with 8 more complete spectrum
and after a few alternations fades out in several ripples

of pink and green, These last two colours are the ones
most frequently seen.

§ 18
THE MIXING OF COLOURS

The apparently naive statement i t
¢ made in Section 2
that Colours lie between Light and Darkness has somé
Important consequeaces. We must be able to regard

We can easily bring about and control.

IfIgo into a corapletely dark room.and then switch
on an electic torch, I am lightening the darkness, IfI
now switch on a second torch, I am adding the light of
the second one to that of the first, and no matter what

. ) . "
Known as Diffrac:ion, Interference, and Polarisation.
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the brightness or colour of the second one, it can hav_c
no other effect than to make the room lighter than it
was before. Under no circumstances can the second
torch darken the effect of the first one. If I start again,
but this time cover ths one torch with a piece of red
glass and the other with a piece of blue glass, then the
effect of switching on the first one will be to illuminate
the room with red light, and when I-switch on the blue
one I am adding its blue light to the red light that' is
already in the room. If the two torches are lighting the
same part of the room, a patch of white ceiling for
instance, then the result of the two lights will be a
magenta-pink light that is lighter than either the red
light or the blue light separately. If I now start again,
this time without the coloured glasses, and - simply
switch on one torch, then the ceiling will be illuminated
with whitish light. Now I put the red glass over the
lighted torch, and my action in doing so is to darken the
light of the torch from white to red. Whatever material
I may put over the lighted torch, it cannot possibly have
any other effect than to darken to some extent the light
that is already there. If I now put the blue glass over
the red lighted torch, I must of course darken its light
still further. I am in fact adding the darkening effect of
the blue glass to the darkening effect of the red. If the
the red and blue are both full intense colours then the
result of the combined darkening effects of both will be
almost complete darkness. In the first case the red and
blue colours combined as kights and preduced a bright
magenta-pink. In the second case the seme two colours
combined as darkness and produced blackness, or at
most a very dark dim red. If I now repeat the whole
experiment with a yellow glass and a turquoise-blue
glass (or a piece of dyed gelatine) a very different thing
happens. When I add the yellow light t> the turquoise
light the result will probably be a rather cool whitis
light. But if I put both glasses over the same tor
result will be a strong intense green.




The lack of sharp distinction between these two
processes is responsible for more confusion in the
teaching of the science of colour than all the other
difficulties added together.

§ 19

There is yet a third possibility — one which is
often misunderstood. For this we return to the black
and white rotating disc described in Section 8, and
nOW cause it to rotate so rapidly (a small electric motor
is best for this) that we can no longer distinguish the
white half and the black half but see instead a disc
which appears light grey all over. This grey is manifestly
darker than the white paper and lighter than the black.
It is as though the blackness and whiteness had been
mixed up and then shared out evenly over the whole area
of the disc. We evidently cannot speak of a lightening
process alone or of a darkening process alone because
we see both happening. A better description would be
an “ averaging (though investigation shows that this is

-not an ordinary arithmetical average, but one that goes
by multiplication rather than addition). At all events,
it is clear that if we are looking at one place on the
revolving disc we hold the succeeding impressions of
white and black for longer than it takes for the black
paper to take the place of the white, and in this way the
alternating impressions seem to accumulate within our
eye.

, Next we replace the black and white papers by
intense blue and red ones. (Papers in the form of a
circular disc with a small hole in the centre for the
motor spindle, and with one cut made radially from the
hole to the circumference enable several such discs to be
interleaved so as to show varying amounts of each disc.)
When rotated the result is a brilliant magenta-purple

which in depth of tone lies between the original blue
and red. -
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he same experiment with a yellow disc and a
turéfxoise—blue dis% fails to produce anything h‘l;e a reiag
green, and only gives a pale greenish grey. gaml.
this case the depth of tone of the resulting colour lies
between the tones of the.two original colours.. From
these observations it becomes clear that this g:ombnntxﬁg
of two_colours to produce a new one is similar to the
lightening process as far as the hue of the new colour 1?
concerned, but as far as lightness or darkness (depth of
tone) is concerned, the result is mere like an averaging ﬂ?
the two original tones. What is very definite is that the
mixing does not at all resemble the process of darkening.

From this it is clear that as long as the disc consists
of coloured rather than white sectors, the mixture
resulting from rotation can under no circumstances bg
as light as plain white paper. It is therefore bo}\;l.nh
to appear either coloured or grey. The confusion whicl
has arisen from the fact that Newton considered this
kind of grey to be of the same order as white and~merely
a darker variety of it, still prevails in some most unex-
pected quarters.

§ 20

We have now seen that quite different things happen
when (@) the illuminating powers of colours are mixed
and (b) the darkening powers of the same colours are
mixed. We must now find the pattern on which this
akes place. . i
’ A gonvenient way of doing this is to obtain a set of
small pieces of coloured celluloid or gelatine such as
are made for use in stage-lighting. These are available
in most of the intense or saturated colours (sometm}es
called Full Colours) we require, and a useful selection
consists of Yellow, Orange, Red,_ Magenta, .Vlol_et,
Deep Blue, Prussian Blue (if obtainable), Turquoise
Blue, Green, and Yellow-Green. If we lool; at tlge
light through such a piece of Folourcd gelatine it is
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evident that the colour we see is the result of a darkening
of the light by means of the gelatine. If we hold a second
piece behind the first one, we shall be adding the dark-
ening power of the one to the darkening power of the
other. The result will be mixture by darkening. We can
therefore find out at once which colours are capable of
producing new colours by being darkened, and which
will merely be darkened without producing a new
colour. We soon discover that there are three chief
colours out of which no new full colours can be produced,
and that they are Red, Deep Blue, and Pure Green, When
darkened by other colours or by one another they only
change towards black. On the other hand we find
another set of three, each of which is capable of being
darkened in two directions with the formation of two
new full colours. These are :

Yellow, which can be darkened as far as full
green in one direction and through orange to full
red in the other.

Magenta, which can be darkened to a full red in
one direction and to a deep blue in the other.

Turquoise (now known as Cyan in this connec-
tion) which can be darkened to either a full green
or a full deep blue.

The colours which lie in between can always be
darkened to a full colour in one direction and only to a
degraded colour in the other. Thus :

Orange can be darkened to a full pure red, but
only to a dull olive green,

Purple can be darkened to a full pure blue, but
only to a deep dull red.

All the colours between Deep Blue and Leaf
Green can be darkened to blue and green in varying
proportions as one would expect, for we always
describe these colours as greenish blues or bluish
greens. The only one which can produce both a
full blue and a full green is the brilliant turquoise.

Greens which begin to have a yellowish
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be darkened either to a pure green

g?ai?)dzr fiat?ll brownish red. The red propensity
increases as the colour approaches a full yellc;_w. hich
Thus there are three lighter colours each g W h
can produce two other full colours, ax}d “;'hl:theiago
i ixture of an .

be produced by a darkening mix o e ey
With respect to the darkening proce O ey
t as primary colours or rather as p y

g:ilrsxis c(?;l I(liyes. %‘hese are Yellow, Magenta, and Tur

quoise.

§ 21

igati ; ; closed
r investigating the lightening process two en
lantS:')ns or prc%iectors ;re needed;1 v;l;ﬁl;‘ agfg lcj;g:b:; o§
throwing a bright and very eve ¢ on
i screen. The colours are then tested by
K(ﬁlgng ?)li (f)il;dng one colour over the opening of ons
lantern, and the other colour over the other lantc}m ;rixt d
letting them both illuminate the same patch o f‘:’h te
screen. Here we find that the same two groups of t tl;
are the significient colourst,hbut that ghex:y cl;;rz;gt::xih :;
at are prima
:;;nr:;l ebgs;%d;l‘clég l()’;zi:dng lightjs} of anfh othei'hc;czl?;;s
d Blue, but it is just these s
?:ﬁeﬁer%ixigegh ;:irs, produce the lqther three, Yello_w,
Magenta and Turquoise.. (It usually comes aé a surllainf;
to see for the first time that Red light and £ reend tth ¢
produce Yellow.) As soon as we try to go beyon
and mix any two of the group Yt:llow—;Vlagentgaﬁl—11
Turquoise, we find that we have left the circle o full
saturated colours and are producing paler unttg whife
have all the appearance of being diluted wi WBl .
If we mix all three primary lights Red — Green — hilclg
in the right proportions hvlve get a colourless light w
justifiably call white.
e 8:tnc1)sfntﬁhesg two sets of experiments the pat'tre;n
begins to emerge and it is alwaysa pattern of three. e
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starting points for the lightening process are Red, Green
~and Blue, whereas the starting points for the darkening
process are Yellow, Magenta and Turquoise. The fact
that in either case the three primary colours, taken in
varying proportions are between them capable of produc-
ing practically every colour sensation is the basis of all
such processes as colour-printing, colour photography,
colour films and soon, colour-television. :

It is however very important to realise that the
whole three-colour principle is never more than an
approximation which is just good enough to be practically
useful, and that the ideal primaries which would be
needed to make it a perfect system are colours which
simply do not have any physical existence.*

§ 22

One thing needs to be cleared up at this point. It
has been taught for generations that for the purpose
of painting, the three primary paints are Yellow, Red
and Blue, whereas experiment shows that to obtain all
colours in full brilliance these must be Yellow, Magenta
and Furquoise. “The explanation is probably that among
the painters’ classical and permanent colours, saturated
Turquoise and Magenta simply do not exist. The nearest
permanent paints are Cobalt or Cyanine Blue on the
one hand and Crimson Lake or possibly Rose Madder
on the other. These work well enough for the rendering
of quiet landscapes, and they can quite reasonably be
described as Blue and Red. The colours which must
be used- for good colour-printing and colour photo-
graphy however, are very different from what is usually
understood by Red and Blue. The loose way in which
these terms are used has led to a great deal of confusion.

A simple way of identifying or defining these two
sets of Primaries is to return to the prismatic experiments

* See Appendix I1I
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i lier. The ultimate colours of the spectrum
gtgsc‘:‘r 1lli)gelcxlt egx;)ilnded by darkness” are bands olf Red%
Green, Violet-Blue, and the mcag ot; :c‘i’:;'?lg?ofo ﬂ?;n;) x?e
each band can be taken as a good sta - e one

corresponding spectrum of “‘darkness
%e;. li'gllxjte » consl;sts of bands of Turquoise, Magenctla
and Yellow, and the mean colours of these three t an_lsi
are good standards for the other set. From this it wxe
be obvious that the three colfgnélrls Oih t:hes :tm;a ;gt t;:n
tary to the three of the other set,
ggl;l%&f)n?)lo?;s from one set. will always produce one
ther set.
COIO"II'L: gfglcet gf mixing any two complementary colours,
however, will be White, Grey or Black, accord}ng to
whether they are mixed by Lightening, Averaging or
Darkening.

§ 25

The two processes of Mixing by Lxghten}x\régdiiir‘xg
Mixing by Darkening are usually known z};s dditive
Mixing and Subtractive Mixing though subtrac oT s
not a very accurate description of what happ;ns. This
idea of addition and subtraction of colours is the na paral
consequence of Newton’s statement that the prﬁfnﬁ e
no more than separate out the colours which a ©
already contained in the light. His demgnstran;irtx ?s
the re-combining of the spectral colours into 1w e s
convincing only if we are satisfied that the co 01ﬁ~sdar
the same thing as the light. Here we are compelle t:
give an answer to the question “ can 2 colour be preslti:nd
when I actually see that it is absent ? ” Newton utgp eh
that the colours are all present in the white light, thoug .
we do not see them. If we accept this then tv_ve rrlxus
admit of soms criterion for the presence of co t(k)xur
other than the evidence of our semses. But all o ei_
evidence we can produce only indicates the prescn_gej .?
certain quantities such as wz.vc-}cngth, or refrangibility
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as Newton called it. The only justification for saying
that a radiation of wave-length 660 mu is a red light is
the fact that we have always seer it to be red. If we
discount the evidence of our eyes then the study of
colours is meaningless. Modern thinkers are beginning
to see loopholes in the Newtonian explanations, but this
by itself does not bring us nearer to the real nature of
colours.

If we are quite strict we have to admit that colour is
a guality — a qualitative experience — which is immed-
iate and unique, whereas all the measurements we can
make by means of our laboratory technique are only
measurements of the physical vehicle of the colour-
experience, f.e., the frequency and size of electro-
magnetic and chemical disturbances. The reality of
colour lies only within our immediate experience. Once
we can get used to this point of view we can without
inconsistency continue to speak of the separation and
re-combination of lights or radiations of different
wave-lengths, accompanied by the appearance, trans-
formation and disappearance of the colours with all
their different and complementary characteristics. We
are then free to look for the laws of the behaviour of
colours — the Alchemy of Colours — without . the
materialistic presuppositions which have for so long
been a hindrance to the study of the real nature of
colour.

Instead of saying “ this piece of glass looks yellow
because it absorbs all the blue and violet of the day-
light and transmits only the yellow >’ we shall say “ this
glass darkens the white daylight to a brilliant yellow and
in so doing robs it of all blue-forming possibility.” If
to this yellow light we now add blue light from another
source we shall not say “ yellow light plus blue light
makes white light which must therefore contain both
the yellow and the blue” but “in adding the two
lights together, the blueness of the one, being of opposite
quality redeems the yellowness of the other, giving us
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i of both, but no colour.” ¥ellowncss a_md
tl'al'xlfxelx:glst are morc’ like Debit and Credit, for w_hen ‘v:;:
bring them together both disappear. _Fmally it ntl it
be said that the intricacies of colour mixture cannoo e
learned from theoretical considerations along. tand
must live with the colours before one can understan

them.
§ 24

e is yet another way of. combining colour
senggggs whiZh is not usually included in the chapter
ur mixing. ) )

of czgl?:oloured ffter-image will appear to combine 'vlg1ht1h
the colour of the surface on which we are seeing it ] bs
is a very simple experiment which should be:ftm:l rz
anyone who is interested in the problems of colou
mixing and colour-vision. _ . )

Usging the coloured papers.dcscnbed in Secu(‘;n lfi
we place a small scarlet disc on 2 black ?tc -
ground, gaze at it so as 10 produce a turquoise a er
image and now instead of producing the after—mgage on
a grey or white sheet, we produce it on a sheet o strc{xr}g
yellow. We see the after-image as bright green. We
can identify the colour of the after-image by %lggnt% 31
small piece of green paper near.to It and we 'ae
it is really saturated green. This combining of tu.rqx.xmslf
and yellow to produce green is not surprising ulz) ltst; !
and at first sight suggests that the mixing 1S Dy the
darkening (subtrictzltive) _profgessi VZe put this to

using another pair of colours. i

tesrv‘?é nowg produce pan ultramarine blue after-xma%e
by gazing at a yellow disc on a black backgroun1 .
We let the blue after-image appear on a Scar et
sheet. If the blue and red combine by darkening \la;e
know that they can only produce something approach-
ing black, but to our surprise we Sc¢ the resu_l:h is
a brilliant magenta-purple, whxg_:h we can match with a
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magenta disc next to it. But this colour-change belongs
only to the lightening (additive) process! We must
therefore find out whether the colours really lighten
or darken one another.

It should be a simple matter to decide whether the
after-image is lighter or darker than the surrounding
coloured sheet on which it appears, but here another
factor comes in which we have so far ignored. The
black background against which we gazed at the first
colour, produces its own after-image which will tend to
be whitish, or more simply, light and colourless. Any
colour we place on the black background will be lighter
than the black, and in consequence the after-image of
the colour will appear darker than the background on
which it appears. We therefore try gazing at the first
colour on various backgrounds — white, grey and
black —and we find that the coloured after-image
can at will be made lighter or darker than its surroundings
without altering the purity of its colour.

By this simple method we can test all the colour-

combinations we know, and are led to some remark-
able conclusions.

1. The colour-change is in no way dependent on
the distinction between lightening and dark-
ening which plays such an important part in the
mixing of coloured lights and coloured pigments.
It seems to transcend this distinction altogether.

2. «Conversely the lightening and darkening of the
after-image colours can take place without
affecting the purity of the hue at all. This again

seems to transcend the purely physical laws of
colour-mixture.

3. The two mixtures which are the most striking
are those that produce intense green and intense
magenta. These are two changes that occur
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in the prismatic experiments and are the mos;
reliable and effective mixtures in painting an
stage lighting respectively.

4, The mixtures which are the least effectivev by
i d are: ) -
this me(til)o Green and Red, which will combine to
brown but never to yellow. ) -

(b) Turquoise and Magenta, which will combine
to a grey-blue but not to a pure saturated
blue. L

These are the mixtures which in any three-

colour process are the ones most likely to be

imperfect.

re is really no such thing as the exact

> ;I;)téiiﬁc after-irx}l,agc of one colour by itself, The

after-image of the surroundings always plays

an important part even when the surroundings

are black. It influences the appearance of the

after-image as well as the appearance of any
neighbouring colour used for -matching.

6. A coloured after-image seen on a surface of its
own colour (e.g., a green after-image seen on a
green surface) gives us a purer and more intense
sensation of colour than we can have by any
other means. :

In face of this evidence we begin to suspect that the
behaviour of these non-material colours is both simpler
and more magical than that of colours which belong to
material substances. We begin to sec that the way in
which the purely physical colour-changes are tied to
the distinction between lightening and darkening is a
condition that belongs only to the physical manifestation
of the colours, and not to the nature of the colours
themselves,

39




§ 25

It is now necessary to look at another phenomenon
which plays a greater part in our perception of colour
than we normally realise.* .

Taking the small coloured papers used in our after-
image experiments we arrange them in order so as to

form an approximate colour-circle upon a black or
neutral background. Using one of our lanterns in a
darkened room we now place a turquoise gelatine sheet
in front, thereby darkening the light to a turquoise
colour. As we might expect, any redness in any of the
paper colours is killed, since the turquoise in the light
combines with the colours of the papers in the darkening
sense, and red is the complementary of turquoise. We
know that the yellow papers must darken the turquoise
light to green, and that the colour of the green, turquoise
and blue papers will be hardly changed at all. What is

surprising is that we quickly lose the sense of the
turquoise light, and the turquoise papers begin to seém

whitish, whereas all the green colours look yellowish. In

fact the whole circle seems to consist of blue or violet-

blue colours on the one hand and greenish-yellow

colours on the other.

If we now replace the turquoise gelatine by a
magenta one, the main colours are now blue and yellow-
orange. Green has disappeared, magenta looks whitish
and red looks orange. With a yellow light the effect is
less marked, the colours being red and green, in which
the green tends to look bluish and the deep red slightly
crimson.

From this we see that where the prevailing light
limits the range of possible colours, our seeing tries to
expand the limited range so as to make up for the
deficiency. Thus when red is absent, as in a turquoise
light, our eye seizes on the difference between blue and

* Known as Chromatic Adaptation.

40

s

green and makes the green more .yellow and the

Blue more violet so as to cover part of the red deficiency.

thing happens to a greater or lesser degree
w1t1'1r g;ﬁ:sm :f all gologg * except pure red, pure grceg
and pure blue which are the three primary lights an
exhibit no difference of hue with which the eye can
work. ) e

i enomenon points once more to the way

cycTt:rscgwl;es by meaxg of differences and not t‘;:;lytgy
absolute values. Goethe.degcnbes it by saymgT t;h e
eye strives towards Polarity in order to achieve To t}sr
This again is an Ur-phenomenon of our seeing process.

§ 26

THE PHENOMENON OF THE COLOURED
SHADOWS

experiments we need two small lights
whilc;-lcxxcatxl:ezﬁrowpfaiﬂy sharp shadows, (motor-cakxin or
torch bulbs are convenient for small-scale wor. hi%)
some pieces of coloured gelatine or celluloid, ahavcvl e
screen and a vertical rod or pillar for throwing a sdb 0“8
(A tall candlestick, adnvl‘lr‘i:lrl held utpgéggﬁrggsi ;:ar oar

i en serve .

mb%Vs;a?i?higogz lamp and let it throw a_shadow of the
rod upon the white screen in an otherwise dark Irlootxtrll.
The shadow is dark and colourless. We then light the
second lamp near to the first, and arrange matters sg
that we get two shadows on the screen with a gt(i?
distance between them. The first thing we notice 15 ei.t
both shadows are much lighter than the original single
shadow was, and it becomes obvious that each lam%)h is
lighting up the shadow thrown by the other. In o hi?r
words, each shadow is lit by one of the lamps, while
the rest of the screen is lit by both lamps.

) ic lours.
* not, of course, the monochrqmatxc spectrum co
’ ’ (See Appendix IV)
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Now we take a piece of the coloured gelatine — red
for instance — and hold it in front of one of the lamps.
Here the surprising thing happens, for one shadow
becomes red and the other a very definite light turquoise.
The effect is immediate and lasts as long as we look
at it. We replace the red gelatine by a deep blue one,
and the shadows become blue and yellow. A green
gelatine produces green and magenta shadows. It
becomes quite evident that the shadow which is thrown
by the coloured lamp and which is actually illuminated
by the colourless lamp all the time, in each case takes
on the complementary colour to the coloured light,
whereas the shadow thrown by the uncoloured lamp is
illuminated only by the coloured lamp and, of course,
takes on the full colour of the gelatine. The rest of the
screen surrounding the two shadows is illuminated by
the coloured light plus the colourless light.

If we can arrange to vary the brightness of the
uncoloured lamp we discover two important things.
Firstly, there is always one particular degree of brightness
at which the shadow appears most strongly coloured,
and this is different for different colours. Secondly, if
the colourless light is extinguished altogether, the
shadow becomes plain black whatever the colour of the
light.

The apparent objectivity of the colour of the shadow
is puzzling at first sight, but experiment has always
shown that if the observer’s field of vision is limited to
the shadows only and thorough precautions are taken to
prevent him seeing any of the coloured light whatsoever,
then he sees the shadow always grey, and is unable to
tell when the coloured light is changed from one colour
to another. The appearance of colour in the shadow is
unquestionably due to the appearance of the coloured
surroundings, but it is different from the after-images
which we have studied in that it is independent of the
Time element. The colour appears at once and the
effect does not die away.
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The key to an understanding of this ’hepomr;%%n :)sf
the careful observation of the surrounc g po tion &
the screen. In every case it 1s illuminated by ¢

light plus white light so

that when the coloured light is

i ed
i e, the colour of the shadow 1§ compar
ifc?t fa(v);thm'cshtin;Jre red surroundings but with a reddish

i saw in the foregomng experiments wil
::vcﬁg\i'rchlsiggf (Section 25) this prevailing reddlflt; ;nf}t:
becomes the standard which partly takes the p ahadow
true white, and the colourless area within the s s

being less red than the sprrounding reddish white, must

14) e. .
appc;?rwzogitgeé}(’)&rgggzied light until the ghadow from

i i iling light as
it is’ iust discernible, we se€ the preval
1<:toif>1?rlllt£.)s,s) and the shadc;w as pale turquoise. We are

i f the red. This only

£ the turquoise but not of the T :
ﬂ;;ee;s as long acsl the area of shadow is small &lner:}‘gmgx
to e area of the surroundings, % 30" coloured
ecomes the do ) 1
zgiggzmallb er and more circumscribed then our colour

j hadow tone
j ids to the neutrality pf the s
ramer.ltlﬁagomat of the surroundings and no colour

appears. (Compare Section 5.)

§2 g s
. iation of this experiment 1§ useful in gving
furt?lezairnlz;;%% into the character of the shadow colours.

i dary
i colourless light for the secon
Insteaed \%t; ‘:;ﬁzg :qake it coloured,* but not comple-
?xg;(t:a;y to the main source. Fx(;xra;xa$ple, usxgg r;cgo?ﬁzz
i e secon!
more for the main SOUIce, we e Ay
dow then appears not turqu
¥$}ogr'eexr£helf3ht§e secondary source be made purple or
magenta, the shadow will be blue.
This effect has been described by

* An alternative mgthod is to usosr ; ;zgx;ré;d :a r
source.

of a coloured secon ary ;

or transparent 1n cither form of experiment.

saying that the

creen instead
be opaque

.
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normal colour of the shadow, in this case turquoise —
combines with the colour of the secondary source — say
yellow — and in this way the green is produced. But
in this case the turquoise is never seen, only green
appears. It is therefore more correct to say that within
the limits of the prevailing yellow light (i.e., absence of
blue-possibility) the ‘complementary of red is green, and
within the limi

its of magenta and purple the comple-
mentary of red is blue.

If we make the secondary source a strong primary
colour such as red, we cannot make the shadow appear
any other colour than red. For instance, a yellow main
source tends to produce a blue shadow, but with a pure
red secondary source there is no appreciable change
towards purple in the shadow. Conversely with a blue
main source and the same red secondary source, the
shadow remains red with no tendency towards orange
or yellow,

This introduces a new concept, but a very real one :
complementary in relation to a limited totality, and brings
us to the most important distinguishing factor between
the character of the after-images (called by the physicists
“successive contrast ”) and the coloured ~shadows
(called ““ simultaneous contrast ).

The after-images are able to” add something to the
surface on which they appear, whereas the colours of
the shadows can only be modified within the limits of
the colour of the surroundings.

| § 28

From the foregoing experiments certain broad

outlines begin to emerge.

1. The Newtonian aspect of the spectrum reveals
the relationship of colours to certain definite
spatial measurements which we now call wape-
length. The measurement of the distribution of
light through the whole range of wavelengths’
gives us information about the kind of substance

44

0. * . 3 i ﬁrst
ich is either emitting the light in the

X}slgncelf or absorbing the light already tvhvere, aa;
in the case of transparent material. W é‘ c }
divide the spectrum into as many tiix_er:;xc
wavelengths as we choose to specify, an ui o
main no wavelength (and therefore no colo
has more significance than any other.

Goethean aspect of the spectrum is
z;l;:ntially twofold in that all colours have a

" complementary relationship to Light and Dark-

. The spectrum does not represent an
::::rseme con£don (as does the Nevytonttaeﬂ
aspect) and is mobile rather than static in that
it shows colours born in pairs of opposnesf atrl'lxe
creating a third colour by the meeting o the
opposites. This process of transformation lglurs
us two complementary groups of thretta_ colours,
which are the same as the two sets of primary
colours arrived at through the colour-mixing
cxper';‘lﬁies?ttsﬁercfore, is the realm of the Alchem);_
of Colours, which always exhibits a system o
three(.The speculation that the structure of the
‘human retina must also be based on a system
of three has occupied scientific minds for 1a
century and a half, but there is still astonishingly
little physiological evidence to support it.)

i f

seeing of the colours, and the reactions o
8:;r eye regveal first and foremost the Duality —
the Polarity of all colour-experience. Every
colour-experience has -two equal e}nﬁi opc-1
posite aspects in its relation to Light ar?l
Darkness, though these are not necessa z
visible at the same moment. Goethe characre;xse
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on the surface of paper and not a hole at all. It is then
possible to judge the colour presented by the distant
surface without knowing what object it represents.
Another method is to look at the landscape through 2
steamy window-pane Or piece of partially obscured

lass. The colours appear somewhat spread and the
outlines are lost, and it is much easier to judge the
colours of the various patches than those of the objects
beyond.

We soon discover that part of ou:
perception consists of what we are expecting 10 S€&, and
therefore, what we think we are seeing. Such pre-
conceptions play a far greater part than we commonly
realise and as soon as we begin to free ourselves from
them we do in fact perceive far more than we previously

thought possible.

This excercise leads us to the next, which is the
perception of the way in which the light and the atmos-
phere interweave in creating and modifying the colours

we see. Here a useful excercise is to produce the after-
image of a colour upon the original surface which has
caused it. If we gaze at a red disc and then shift the
centre of our vision slightly to one side of our first
fixation point, we are at once aware of the after-image
making part of the coloured surface appear degraded
in colour, the remainder showing up with unexpected
brilliance. In this way we become aware of one colour

as being “the- ‘
Light.”g the  Deeds and Sufferings of the

4. » . . )
Lh;rsl tp:’olamy asserts itself increasingly as we
our material Knowledge of the <bore ot from
¢ obj i
itrtlle tﬁc;lour ;ppears. This becomeiei't:r;nc\ggl -
e study of after-images (which are c -
Pl seZ ts}:&atr;teec‘ii }fj’fom material surfaces) wl?cr:rrl;
tfference between tw i
preserved although the degree of colgu:gglc;llgss »

of the two ima
. es :
brium. ges tends to find its own equili-

r ordinary habitual

.5. :
g;hed :32151de§ablc degre_c of objectivity which ca
be Jev gfpef by consistent observation of thle'l
oy o atter-tmages and coloured shadows
s s to seek the reality of colour experienc
e ore~the nature of colours, on a I ei
s less circumscribed by material behavi%‘:fr

and measurement i
physical researcr;l . than is the usual field of purely

§ 29

In attemptin

: g to approach thi

ve is realm

ry simple steps we can take. Ope ;?ereeare some
them is an

exercise well-known to pai
) aint i i
;%jzzgeang tclfie 1own poﬁ) i ;;:s::g: dcggslllssti ogi ftfrymg working over the surface of another as we look no y
stances in a landscape and by i‘hZ diﬁ'g:::: et Com which by m}d.w: :'S?«'am";ggmc&?isz
ir interweaving produc

the different factors which by the
e in the landscape.

make a mental picture of any
its saturation at will, and also
into another colour. Here we
individual relationship to

facets of an obiect i
y in
sun'-IgIl’xinding o{)jects. the way they take up the colours of
R s can be done by makin
i i g a small .
;Engﬂzv}?;e tlc_:r light grey card, and hOlcliIi(r)xlg (ista);l 3 inch)
through the ;gl;he Kdlsta.nt surface in question t arm's
the other sharplir Oneigleni 0olne'cy?fclosed, one fo%ﬁs:::
e it FOCU
that the colour seen through thé ;eoleailsli tp@}:i:gllnc?xg)gei
n

the colours we actually se

Another exercise is to
colour and try to increase
to transform it gradually
learn more about our OwWn

the ideas of colour.
A study of the colours of after-images and coloured

shadows as already described teaches us not to look on
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these phenomena of i
of “chromatic adaptation” as failure

of our vi i i
sual mechanism to register correctly the external -

objective facts, but t i
> o see that in our col i
w ectn olour-con
colour-experi er and thither by the manifold currents of
o fgc er1ence. It is like a sea of feelings where tl?e
; us as waves or strea
anti ms of sym
resigetlltli}c;,n OfI warmth and coolness, of elﬁ’i‘t;}y 3:1((11
the exertion Ofn such a sea of colour it is evident -t}gt
our colour-ori our own will must have some effect u
himself ;iflf’e?}:aﬂon, and anyone who has occu;?i‘e)al
A e perception of the g
colours il know that this is indesd e o PRyl
study will show us that y
recei : hat we are no me: i
actiexize{-,sc . If:f col_c;g_r impressions but are ihé'.glg:csis“;e
awaken to gs within a dynamic world of colour ws
and strictl pelrchuo'ns of colour, even on the outw g
been b lindy I\)WYStl)cal_ plane, to which we had previolfsli
sions of the e begin to recognise the colours as ex res}-’
forces of Lighttggrgfgd kxnterweaving of the crel;.tive
a : =,
as follows : rkness and might d¢scr1be them

WHITENESS OF LIGHT
The experien ich ¢ .
) Xperience which comes
nghtA which is itself invisible. pearest to the nature of
WHITENESS OF MATTER

The .purest, li
. , lightest and most
which opaque substance can have even appearance

YELLOW

Stands next to whi
whiteness. Has th
. e grea iati
%czzv:;;;??ttgz g;eatgst susceptibility togimlt;lsrtitx;dlxn%
s hardening and formative i :
L rmative in
agp;estix;;s l1".he first stage of the darkening ofq?gﬁcesUand
ransparent wash over a picture it in';pli'e:ed
a
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brighter and more radiant atmosphere. Used as a Light
on the stage it accentuates the highlights of a scene both
in their form and in their colour. Tt hardens all other
colours into a contrast of red and green. This gives great

brilliance.
ReD (SCARLET)
Light is nearly overcome by darkness. Red expresses
this battle in its greatest violence. There is maximum
energy and maximum obstructon. As a Light 1t
represents violence, wrath, warning. The darkening

influence within the light is very strong. It accentuates
the forms which it illuminates, and gives maximum
contrast between light and dark. Itis the most fixed of

all colours. A red light shows up no variations of hue.
It is the most aggresive colour and produces the strongest

after-image.
VIOLET-BLUE

Stands next to Darkness. It is the most mysterious
of all the colours and has the least radiating power. Asa
Darkness, or 8 material, it is hard to produce in real
purity and has the greatest instability particularly towards
the red side. Used as a light on the stage, it has the
opposite character to yellow. It wants 10 fill up the
shadows. It appears to créep into them and dissolve
them and then take them away, It softens, blends and
harmonises the coloured objects upon which it falls.

TURQUOISE BLUE

Has left the realm of shadow and is no longer

mysterious. Darkness has been filled up with quiet
cool light and Form has been dissolved away. The
infiniteness of sea and sky speaks in these terms. It has
endless nuances which are hardly perceptible to the
eye. It is the most negative and retiring colour, and

produces the feeblest of all after-images.
' 4




GREEN

Is pre-eminently a balance between the activity of
yellow and the passivity of turquoise blue. It is produced
by the darkening of these two colours. The form-
lessness of the turquoise is hardened and fixed by the
darkening of the yellow. The resulting colour has the
character of an inert surface. The Earth’s green covering

expresses this. Green also represents the region in
which Life and Growth manifest in elementary form. It
is a quality rather than an activity. Green light on the
stage is immediately sinister, cruel. Green should
normally be a material surface, not a light,

MAGENTA

Pre-eminently the balance between red and blue,
but so that the blue softens, redeems and lightens the
fierceness of the red. It represents the result of the
lightening process and should be used in its character
of bringing light into darkness. Here (as in the spec-
trum) its character is light and soft and is described by
Goethe as “ peach-blossom.” If used as an extended
material surface it is unbearable — over-bacchanalian,
Materials dyed with this colour at any depth usually
look incredibly vulgar. As a mild source of illumination
it can be extremely dignified, intimate and harmonious,

It is in every respect the perfect balance of the green of
Nature.

¢

CRIMSON

A difficult colour to describe and to produce. Ideally
the colour of deep red roses, also of velvet robes. It is
the fire of scarlet tamed and ennobled by the gentle
softening influence of blue, but not yet lifted out of the

material realm. A deep colour and very apt to be
degraded into brown-red.
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i lour whose
absence of light. A co
Npt_ mc;:lg srﬁzngthening influence on othcrtcgto?rrls:
restr%uung dignified. An idealised black_mtt::comes -
cz}n_ble i‘;le riytself. In its very nothingness it becorues 2
‘t,::;xsf?ormation point, a gateway between m‘
i istence. .
non—matg:tleﬁ ’ ::presentative is moit1 cg;msxvct)npég
gts (coal, charcoal, lamp-black,'bﬁac '};z; ) et
ar :lno be tﬁe bearer of the greatest light. B s
5:ar; hasxrd form of carbon, and the carbon ar
ﬁle whitest light that man can produce.

§ 30
CONCLUSION

‘a livi Through
eak a living language. .
th r'rl;lﬁago clz:)r‘: r;i:rf:le:ive the drama of the world-creative
€
forces of Light and Darkness. car to Man's
* The garments in which the colours app ot
h sic:l %:yes are found to resemble wbr?:zlﬁéted ugn
phy measurement of these can be ey Tt
ace acy, their real nature still remains ath 3:, e
acculr cy’been the fashion to assume that the e
h?: tﬁg gcause of the colours. Butis g?stnot an oitrary
2 i e to think
i it not more reasonable t he
f::xrgn pctc:i):uis Existed before their physical garments
erhaps even created them? tudy of these
P Newton was determined upon 2 O e
arments, Goethe upon knowing the bwixexag (Dlours
%ﬁémsclvc’:s. o tgc?;ngggiukru;s u;nathc colours at
r\:ﬂl'akc (t.“l;cn g}::\gnrxg:tsw?txﬁ modern conscioxllzxgss learn to
meet the living colours in their own rea
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APPENDIX 1. (§ 14, 23)

Where Newton sees the image of the hole elongated
and showing colours at the ends with a white space in
between, he jumps to the conclusion the tne whole
appearance consists of a chain of coloured images which
overlap in the centre to an extent that includes all the
colours, thus producing white. But the form of the
image can only be seen where the colours are produced,
that is, in immediate juxtaposition to the dark bound-
aries. We are therefore asked to understand the white
as a combination of form and colour neither of which

we can, by definition, see.

The falsity of the argument becomes still more
patent in the case of the pinhole-camera image. As the
hole is made larger we are asked to believe that the
resulting unsharpness is really the superposition of a
number of images corresponding to the quantity of
different “rays” or “pencils” of light passing through the
hole. The argument is plausible thus far, but the only
possible logical continuation of it is that if we continue
widening the pinhole we eventually get not an image
on the screen, but a plain white space which undergoes
no further alteration whatever when the boundaries of
the enlarged pinhole are removed altogether leaving
nothing but a plain white screen seen by ordinary
illumination. If this is to be considered as an infinite
number of images of the source of light, then so must
everything else in the whole visible world. It is astonish-
ing that we should have swallowed this absurdity for
two and a half centuries.

The truer way to describe both experiments is to say
that in the one case Colour, and in the other case Form,
only appear at a boundary of light and darkness. These
boundaries must, therefore, be taken into account as an
essential part of the phenomenon.
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APPENDIX II. (§ 14)

When the spectrum band i
anc}1 seen in dark surroundings
uish more than the three main colours Red
Blue, and it is customary to use Newt’on’s ::n%g:lrlaégg
of them as Red, Orange, Yellow, Green, Blue Indigo
Violet. A closer examination of them will cbmiince one
that the Yellow is 2 degraded orange-yellow and not
to be compared with the full yellow of the single
prismatic fringe. The same applies to the Blue-Gregen

which is now so degraded in compari
Turquoise of the single fringe that it is ggx:gxén tz?amthg
amc’>11_1§i Newton’s seven colours. )
§ comparison is very striking if i
made with stepped bounda};ies whigh ortxll]; xsnpe‘:e?r;'?r 1:
portion of their length, beyond which the open fringes
can still be seen. Any one whose only acquaintat%ce
with the spectrum colours is through a spectrosco
should make this observation for himself, pe.

s in this way spread out
> one can readily disting-

APPENDIX III. (§ 21)

The three-colour system is im erfect i
ever exact colours are chosen forpthe (;Lrl:e tg?itmv:x}')ig.
Red, Green, Blue, there are always some hues who .
saturation cannot be equalled by mixtures of ap s?
these three. In order to describe such hues in témiys gf
quantities of Red, Green, and Blue primary lights it is
necessary to suppose a negative quantity of one of them
This is inconvenient and confusing, and therefore
three hypothetical primaries have i)een calculat‘e)crf-
called Suply X, Y, Z, for which the “ tristimulus
values” of ‘all known colour sensations are alwau:
positive. There are of course no real colours correg-

ponding t0 X, Y, or Z by themselves, but th i
: e

intended to be no more than a framc’ of refer:gg;a:nlci
as such has been accepted internationally-since 1631.
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APPENDIX IV. (§§ 22, 25.)

The Turquoise and Yellow of the prismatic fringes
or “ boundary colours ” must not be confused with the
blue-green and the yellow regions of the closed spectrum
(Newtonian form) (see Appendix II). Al the colours
of this spectrum in its ultimate form are primary or
monochromatic in that no further colours can be
produced out of them. They therefore represent the
last point to which the colours can be darkened towards
the realm of number and measure, and should be
described as the final skeletons of the colours rather
than their point of origin.

In this ultimate form they are not.seen in Nature,
even in the rainbow. They are, however, increasingly
met with in the use of electrical discharge lamps
(Mercury, Sodium, Neon) for street lighting and
advertising, The spectrum (Newtonian form) of these
lights consists for the most part of -darkness with a
few brilliant lines of light. The modern form of lamp
produces this light in great intensity which makes up,
as it were, for the greater part of the continuous spectrum
which is missing. We can therefore quite accurately
describe such lights as containing an overwhelming
proportion of darkness in spite of their great brilliance.
This darkness shows itself in the fact that these lights are
only able to show up a caricature of the real colouts of_
the objects on which they fall. Sodium light for instance,
is not able to show up any other colour than yellow, and
a very dead kind of yellow at that. A strong red or green
object will look dark brown or nearly black, :

This concept of light containing darkness is difficult
to get accustomed to but takes us much further towards
understanding the nature of colours.

Finally, it should always be borne in mind that the
brilljant colours we see by daylight correspond to at
least a quarter of the whole spectrum band (Newtonian
form) and in the case of yellow, up to three-quarters.
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The proportion of daylight which corresponds to the
‘narrow spectral lines of sodium light is so small that
compared to the daylight we would call it darkness,
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