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Chapter 2: The Colours
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Our eyes can distinguish many hundred different colours, even when inside the eye there are only
three sorts of different organs (receptors or sensors), namely for red, green and blue. In the chapter of
the eye we called them "cones". Thus it seems, that every colour we see should be a mixture of red,

green and blue.
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White and additive colour mixing
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The experiment with three different coloured lights shows very clearly, that our eye mixes red, blue
and green together to the impression of seeing white (or light grey). We call this additive colour
mixing because we add three coloured lights. And we call Red, Green and Blue the three primary
colours.
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Examine the screen of a computer which shows only a white page by using a
magnifier or a hand-microscope. You only see red, blue and green spots. Where is
the White? It is only an impression in our brain!
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Look with the same instruments on a printed colour picture in a book or a newspaper. You will see
regularly arranged, coloured dots of different size. Which "colours" are there used for printing?
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So white in natural science is not considered as a primary colour, but as a certain well balanced
mixture of the three different primary colours. Other mixtures make other colours like e.g. orange or
violet, lemon yellow or purple, ....
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Here is what happens when only two of the three additive primary colours are combined:
Red + Blue = Magenta Red + Green = Yellow Blue + Green = Cyan
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So when we add Magenta + Green, we will get white again.

And when we add Yellow + Blue, or Cyan + Red, we will get white as well.
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When two colours are added together to produce white, they are called complementary colours.
Every hue has some complementary colour that when added to it will produce white.
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The experiment with the coloured shadows shows very clearly the law behind the additive colour
mixing.
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Can you find out where the light sources (the lamps with coloured light) are positioned when you look
attentively at the pictures with the coloured shadows?
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We can even do something like "produce" the complementary colour in our own eyes or brain by a
simple experiment: Paint a red spot of about 5 cm diameter on a sheet of white paper. Hold it about
30 cm in front of your eyes and fix its center for about 1 minute without moving your eyes. Then look
on your sheet beside the spot.

R ER AU F R 2B YT NNy WG H wg sy F @AY (complementary colour) S
QarzER ﬁq 358738 FTFREFUFIANIqRGTRIN « Sarggqd FrAIqF awads s
L 415:1 BN @ﬁg&qq&wqm& TR %0 S&&iqmqﬁ‘qwﬁ:@ﬁg&qu Qﬂmagﬁnaﬁq SRNYHRE

7 I ngq EES Q:q fwm FaN ﬁ& 24'1 q Fagarar Ry &q&q

Why is it? The sensory cells (cones) for red light get overfed and will decrease their firing (or their
sensitivity) the longer you look at the red spot. But not so do the cones for green and blue, they stay
fresh. Green and blue additively mixed give the brain the impression of seeing cyan colour, whenever
the sheet is still white.
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You can repeat it with other colours and you will find their complementary colours.
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Paint simple pictures but use complementary colours for the things (for example a blue banana) and
with the same method as above look at it in its original colour.
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The sensory perception of colours is in our brain and touches us in the soul
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If we consider the colours as something that we make our self in our brain, it is indeed true that all
colours are mixtures of red, green and blue. The brain gets from the eyes only a mixture of "neural
shootings" saying so and so much red, so and so much green, so and so much blue.
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Our sensory perception for colours is the very complex work of our brain and you can never be sure,
that your friend sees exactly the same like you, maybe an other person only gives the same name to
a hue (a shade of a colour) as you do, but has an other impression.
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Exercise: Discuss with your colleague, what you feel by looking at a certain colour. (Not what you
have learnt, what kind of symbolic meaning the colour has in the Dharma, but what the colour is doing
to you personally). Does a certain colour make you for example sad, or aggressive or longing for
something?
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In Europe we usually say: Red is the colour of love or power; green is hope; blue is sadness or
wisdom; yellow is envy or jealousy; orange is the yearning. What do you think about that?
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Black and subtractive colour mixing
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In natural science's view, black is not considered as a colour but simply as the absence of light. No
light gives us the impression of black.
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The experiment of putting one coloured transparent foil over the

other shows, that at the end no colour is left and we see black (or

at least dark gray). We call this subtractive colour mixing
because we subtract colours from white light.
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If we send white light through a blue Rad

transparent foil, we will get blue light Cronge Bue goss
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When we send this blue light through a foil that only lets red light through, there will be no light left any

more.
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Coloured surfaces
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We might think, that the colour belongs to a body like its shape. But even though we can not change a
body's shape with different light, we can change its colour.
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The colour of any object depends on the colour of the light that shines on it.

If we light a so called "white sheet" of paper with red light, it will appear red and with green light green
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If we light a red object with blue light it appears black.

If we light a red lettering on a white pen the lettering disappears.
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Rainbow and the different wavelengths of light
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When you look at a rainbow, you will see lots of different colours. Right at the bottom it starts with
violet which turns to blue, green, yellow, orange and ends at its top with red.
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But these are not the only colours you can distinguish. Any hue between these most famous names of
colours can be found there: For example in the green region we can see yellow green, bright-green,
lime-green, grass-green, deep-green, ice-green, blue-green ...
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Try to give names to the different blues, yellows and reds as well by looking onto the following figures
through a prism.
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The prism, like the water drops in the rainbow, splits the white light into its components: The "rainbow-
colours". This phenomenon is called dispersion of light.
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Dispersion with a prism

Dispersion in a water drop
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As soon as light is refracted it splits into colours. (We will speak in more details about refraction in a
separate chapter). The only thing we want to learn here is that the strength of refraction depends on
the wavelength of the refracted light:
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Short waves, blue light, is refracted most
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As we mentioned in the introduction to this subject, light can be considered as an electro-magnetic

wave.
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This is a physical concept to describe many kind of radiation phenomenon in nature such as
g :raﬁN":"g’ﬁ'ﬁn&n{qwnaq 253 PRzl @ qa R A5 %R'@3@:1’&5&'&:@:3:5&% 5
YaF RN AT aYUREFIIY AT AR

Radio-waves with wavelengths of 10 km down to 10 m
TV-waves with wavelengths of 10 m down to 30 cm
Handy-waves with wavelengths of 30 cm down to 10 cm
Micro-waves with wavelengths of 10 cm down to 1 mm
Infrared-waves with wavelengths of 1 mm down to 0.001 mm
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visible light-waves (from red to blue) with wavelengths of 0.0008 to 0.0004 mm
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Ultraviolet-waves
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X-rays
Gamma- and Cosmic-waves coming from the cosmos
all with even much shorter wavelengths than those of visible light.
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All these natural phenomenon are fundamentally of the same nature, whenever they seem to be of

very different character:
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Radio- TV- and Handy-waves we can not see, but we can use them with help of some technical

apparatus.
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Infrared waves we can feel as heat on our skin.
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Light-waves we can see with our eyes. They are the strongest waves radiated by the sun.
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Ultraviolet waves we don't feel directly but can damage our skin, if we do not protect from too much
sun for example. The sun radiates much ultraviolet waves. But if the ozone layer in the higher
atmosphere is undamaged, it will protect us. The hole in the ozone layer over the North pole and the
Antarctic caused by air pollution must be a serious warning for us, to keep more care about our
atmosphere.
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X-rays are used by doctors to look into our body. We can neither see them nor feel them, but they
easily pass through our skin and muscles but not so easily through our bones and so we can get a
picture of our inside on a screen or a special photo-sheet.
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Gamma- and Cosmic waves would be very dangerous for every living being on Earth. But layers in
the high atmosphere protect us from this killer-radiation.
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