	


HOW WE SEE COLOUR - LIGHT
When we perceive colour we are subject to one of two different representations. First, there is additive colour and secondly subtractive colour

Additive colour is how light works. If white light is passed through a prism it splits into its component parts giving us the familiar spectrum, most commonly seen as a rainbow (or on a Pink Floyd album cover).
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It follows that if we can split white light into red, orange, yellow, green, blue, indigo and violet; when we take each of those colours and combine them, they will remix as white light. In theory we need only choose the three primary colours (red, blue and green for the additive system) and mix them to obtain white light.
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So, we add colours to obtain white, or to put it another way.

Each of the component colours of white light has its own wavelength. The human eye can only detect visible light. Such components of white light as infrared or ultraviolet are invisible to us, although some insects can detect ultraviolet. The amount that light is bent in a prism depends upon its wavelength. Thus the component colours separate because they bend (refract) according to their individual wavelengths.

The atmosphere refracts the light of the sun. At sunrise and sunset the light travels though a great deal of the atmosphere and the effects of refraction are greater. Thus we get the familiar reds and golds of sunsets. The nearer the sun is to being directly overhead, the nearer daylight is to being pure white light. 

In a rainbow, the sunlight passes into the raindrops in the clouds and is refracted internally, then reflected back out of the raindrops split into its familiar component parts.

Subtractive colour is what affects us most as artists when we paint. What happens when white light strikes a reflective surface such as paper is very different to how pure light acts.

If white light is projected on to a truly white sheet of paper, all the light will be reflected and the paper will appear white. If white light is projected on to a black piece of paper, all the light will be absorbed (and converted into heat energy - think of solar panels) and the paper will appear black. Between the two lie all the variations of colour.

In the example (left) below, all the light has been absorbed except for the yellow and the paper will appear pure yellow to the eye. In practice there are no pigments that are truly pure and the right hand image is suggested as a more a realistic representation. Here the light reflected is a combination of yellow and green to give a yellowish green colour.




Of course, a red bias would produce a yellow tending towards orange.
In pigments - the subtractive colour system - light is absorbed or subtracted. If we were to mix the three subtractive primaries (red, blue, yellow) and paint the mix onto white paper we would subtract all reflected light and the surface would appear black to us..

It also follows that if we mix together two pure pigments, say a red with a blue, both will absorb light and the resulting violet colour will absorb more light than either of its component colours will individually. That is to say the mixed colour will be darker toned than either of its components
PIGMENTS 
We have seen the difference between light and pigment (the additive and subtractive colour schemes). From now we will consider only the subtractive system.

There are a number of terms that we need to understand.

Hue is what we normally think of as colour. Blue is a hue, red is a different hue.

Saturation or Intensity or Chroma - these are all terms commonly used for the same thing (chroma tends to appear in books from the USA). This refers to the strength of the colour. A new pair of jeans begins with high saturation and ends life with low saturation as successive washes remove the dye from the denim. We normally control intensity in watercolour painting by diluting the pigment, allowing the white of the paper to shine through.

Neutral hues are what we commonly call grey. A true neutral is a colour with very low saturation, showing no bias towards any hue. In practice we mix greys that do tend towards a particular component hue in order to create variety, interest and/or mood.

Value or Tone is the depth of a hue compared to a greyscale. Just to confuse a little here, grey in the term greyscale means a true neutral. Think of a black and white photograph, the hues translate as neutrals of differing intensities. Reds and blues will tend towards the darker end of the greyscale whilst yellows will tend towards the lighter. If we squint at a colour photograph we eliminate much of the effect of hue and see the result in mainly tones. This is a good tip when trying to sort out a composition.

And now a couple of pedantic terms. Tints are always lighter than the original hue. In watercolour we obtain a tint by diluting pigment with water. Shades, conversely, are always darker than the original.

Before we look at the effect of painting with watercolours, let’s see what watercolour paint actually is. Watercolour paint is a mixture of pigment and binders (such as gum Arabic which retains moisture and ox gall which helps flow) that can be diluted with water. 

Some artists such as Jenny Wheatley (remember Watercolour Challenge?)  will scatter pure pigments on to their watercolours for dramatic effect. Mike Chaplin, her colleague on the Channel 4 show, makes his own watercolour paints, grinding the pigments down by hand on a glass sheet and adding his own binders including honey.

In commercial paint production, pigment is been with the binder, then milled (very fine grinding) until absolutely smooth. It will then be packed into tubes or formed into pans and half-pans.

We know that watercolour paints come in two grades - artists’ and students’ qualities. The differences between the two can be summed up as:-

· Student quality paints contain more bulking materials and are thus of lower intensity than artist quality.
· Student quality paints may substitute synthetic pigments in place of expensive traditional ones. These are identified by the convention of adding “hue” after the description of the colour.

Some artists’ quality paints are also synthetic and have the suffix “hue”. In these cases the original pigments have normally been discarded because they represented a health hazard.

The permanence of colours is normally indicated on the tubes or, better still, on the colour charts available free from art shops. The ASTM system tests the likelihood of individual colours to fade based on 20 year’s exposure in a gallery. Most manufacturers quote the ASTM code (ASTM is the American Society for Testing Materials) for their paints and also often quote their own preferred codes. Common codes are -

**** or AA indicating extreme permanence, equivalent to ASTM 1

***   or A    indicating durable colours, acceptable as permanent, equivalent to ASTM 11

**     or  B   indicating moderately durable colour

*       or  C   fugitive colour, equivalent to ASTM 111

British Standard 1006 is the British equivalent of ASTM. Colours are tested against a standard blue-dyed wool for fading and this is known as the Blue Wool Scale.
When buying watercolours we should limit ourselves to those coded AA (****) or A (***).

On the right is a scanned image of six hues on a Winsor and Newton, Artists’ Watercolour chart. Other manufacturers’ charts will be different and manufacturers change their charts periodically.

What does this one tell us?

First, there is a representation of the hue in each case. This should not be totally relied on - the hues will most likely be different when applied to your own paper.

Beneath each hue there are three lines of text.

Take the top line- at left is a code. This is the manufacturer’s reference and is unique to each hue. Raw Umber is identified as 554.

Next comes an indication of permanence, AA in Raw Umber’s case.

Last on that line is a price code. Raw Umber is series 1 (S1). This is the cheapest in the Artists’ range.

Line two- From the left we get a letter “O” or “T”. This tells us if the paint is opaque (it will cover an underlying colour if painted over it) or transparent (underlying colours will show through). Raw Umber is transparent.

Next comes a “G” or “St”. Actually, some show neither but most hues are classified. “G” indicates a granulating pigment and “St” a staining pigment. Raw Umber is a granulating pigment.

There may next appear the ASTM code for permanence, but this may be limited to relatively few colours.

Line three [and subsequent line(s)] gives the name of the paint.
· Granulation is a phenomenon that occurs when particles of pigment settle into the pits in watercolour paper. The effect can be induced by using plenty of water and gently rocking the pool of paint. 
· Staining occurs with pigments that do not granulate. These float over the pits of the paper and stain the whole of the surface.
· Flocculation is an extreme form of granulation. Certain pigments such as Ultramarine actually experience electrostatic attraction between particles. This allows for granulation to be induced fairly easily. Flocculating pigments are only identified as granulating in colour charts.

By mixing a staining and a granulating pigment the two can be induced to separate on the paper to produce a beautiful mottled effect. 

BODY COLOUR
Mix white with watercolours and they become body colour. Body colour is opaque and, as a result, can be used to restore highlights that have been over-painted. Purists may be offended by this suggestion, but Turner, Durer, Girtin et al would have accepted it as normal practice.

The addition of white (normally Chinese White) does make watercolours appear a little chalky, so it should not be overused. If you wish to paint highlights in white, a better choice of pigment is Titanium White. It is a good idea to keep a separate palette of some form for mixing white, it does seem to remain in your normal palette if you introduce it, affecting subsequent painting.
AERIAL PERSPECTIVE

The effect of atmosphere is to create a blue tint on distant features. Ashley Jackson suggests that you imagine successive layers of blue coloured glass placed between you and the landscape. The further an object is from the viewer, the bluer it appears. This effect is known as aerial perspective.

It is not too difficult a jump of logic to say that if blue, a cool colour, gives the appearance of recession in a painting by mimicking the effects of atmosphere, then warm colours should do the reverse and appear to come forward in a painting. Artists have exploited this relationship for centuries, and it does work.

.

Needless to say, this view has its critics. Ruskin (Ruskin, 1857-page 121) says, “It is a favourite dogma among writers on colour that warm colours.... approach..... cold colours ... retire. So far is this from being the case that no expression of distance is so great as that of gold and orange in a twilight sky.” 
He does manage (by page 128) to recognise that “Ehbreistein is noble in its mass, but so reduced by aerial perspective of colour that it cannot contend with the tower”.

Can we put warm colours into the distance in a painting and cool to the foreground AND obtain the effect of recession? Well, yes, but see if you can think of a way of achieving this.
THE COLOUR WHEEL
The colour wheel is an important aid to any artist. It is a simplified representation of the spectrum, but is curved around to form a circle. Beginners often ignore the colour wheel entirely or paint one and then ignore it. As we develop as artists we can see the benefits of using the wheel as a planning aid to obtain harmonious schemes for our pictures or for making decisions about which hues we will mix. Isaac Newton invented the colour wheel- it’s been around a long time.

To paint a simple colour wheel, first select a watercolour paper and draw a circle on it using compasses. Now divide the circle into six equal parts - the radius of the circle will fit around the circumference exactly six times, mark these off and join with lines. 

Mix up three primary colours; say scarlet lake, cobalt blue and  yellow ochre. In the real world no pigments are true, pure primaries, but we can approximate with any red, yellow, blue combination. 

Paint one segment red, miss a segment and paint the next one yellow, then miss another one and paint the next segment blue.

Mix new colours from your primaries.  Use equal quantities from two of your primary reserves to make an intermediate colour. Repeat for the other two combinations of primaries. You will now have an orange, a violet and a green. Paint these in the middle segments- each between the two primaries that produced it. These are the secondary colours.

If we were to mix the secondary colours with one of their primaries we would end up with a tertiary colour. You may try this on a colour wheel by dividing your initial circle into twelve segments  but it does get complicated in the mixing. You have been warned.

The colours on the red side of the colour wheel are warm; those on the blue side are cool. This is a generalisation, but it simplifies a complex situation and serves us well enough.

Colours directly opposite each other on the colour wheel are known as complementary colours. Complementary colours mixed together produce a grey. Thus blue and orange mixed will produce a neutral if the respective quantities are correctly used, but we rarely want a true neutral. Our tendency as artists is to produce greys with a colour bias towards one of the complementing colours. We mix a grey biased towards the blue or towards the orange depending upon whether we wish to paint a cool grey or a warm one. This quality is exploited in the demo “Staithes”
Complementary colours also represent the greatest colour separation. If we wish to emphasise a feature we can use complementary colours side by side. An orange sail against a blue sky will be more dramatic that a violet sail against the same sky. This is the colour equivalent of light against dark and is known as colour contrast. The Impressionists used complementary colours with extreme skill to achieve feelings of light and recession whilst retaining an almost flat tone throughout their paintings.

The Impressionists, and to an even greater extent the Pointillists, also exploited another phenomenon of colour. When viewed from a distance, separate small quantities of colour will appear to mix. This is a form of optical mixing. Thus one can paint with tiny flecks of primary colours and they will mix in the eye to produce the whole range of secondaries, tertiaries and beyond depending upon the relative numbers of flecks of each primary adjacent to its fellows. Seurat was the master of this technique and helped to give the world Pointillism.

Glazing by overlaying washes of transparent colour also relies upon optical mixing to produce a resultant colour. For instance, lay down a wash of yellow and (when thoroughly dry) overlay with a wash of a transparent blue and the eye will detect green.

By limiting ourselves to adjacent colours on the colour wheel we can create paintings that demonstrate harmonious colour schemes. The American artist Alex Powers uses drastically limited palettes for his paintings with two basic colour schemes drawn from different harmonious series on the colour wheel. He will, for instance, use variations of blue and orange for his entire painting.

It is often more important to create a painting that shows colour harmony or creative use of complementaries than one that exactly reproduces the colours actually before the artist in real life. Discuss.

WHAT DOES A COLOUR WHEEL TELL US ABOUT PIGMENTS?

Paint a colour wheel based upon the “primaries” scarlet lake, ultramarine blue and raw sienna. Beginning at the red and working around the wheel to yellow, blue and back to red.

Ÿ   The red is bright and dominant. It would make a good colour to draw the eye, say on a sweater on a small figure in a landscape. A good colour for poppies.

Ÿ     Orange is clean and close to the colour of the fruit

Ÿ    Yellow is good, warm raw sienna which has innumerable uses for the landscape artist.

Ÿ    Green is a “grey” colour. This should have been expected because ultramarine is a warm blue (tends towards red) and raw sienna also tends towards red. In effect the green contains blue, yellow and a hint of red, so a “grey” result could be predicted. A good colour for lichens or weathered statues.

Ÿ    Blue is warm. Good for summer skies.

Ÿ    Violet is warm and strong and quite clean. Handy for shadows.

Now note your thoughts on one of your own colour wheels.

Remember there are no right or wrong answers. You are recording your reactions to colour mixes so that you may be selective about how you use them in the future.
MOOD

Colour is a powerful tool for creating an emotional response in the viewer. A picture executed in sombre greys will create a very different mood to one painted in bright reds and yellows.

Blue will give the feeling of cold. Picasso’s The Tragedy (detail left) hardly makes one want to laugh and sing! 

Yellow will give the impression of a warm, sunny day. Rouen Cathedral in Full Sunlight, Monet (right) gives an entirely different emotional response.
Red is a powerful colour. An experiment in the 1970’s suggested that if you sit people in a room painted bright red they will tend towards aggression.

But it is very complex. “The influence of colour on our emotions and moods is so variable from person to person that no hard and fast rules can be laid down.” Wilcox, 1982 (?).

As your colour wheel will show, virtually no primary-hue pigments are pure. They all tend towards one of the other two primaries. A warm blue mixed with a yellow will “grey” the resultant green. A cool red will similarly “grey” down an orange. Various artists recommend a variety of hues as being the nearest to being primaries. The colours which appear to occur most frequently are cobalt blue, permanent magenta/permanent rose/cadmium red, cadmium yellow/lemon yellow. This is by no means an exhaustive list. The best approach is to paint a number of colour wheels or, as below, swatches with various “primaries” until you find the combinations that suit you.

The swatches left began with the three primaries in the colour wheel. The relevant quantities of each were varied and then on the bottom row a new colour was introduced.
Err, no; I’m not going to say what I introduced or the proportions of each pigment used because the idea is that you try this for yourself and, in any case, if you are using a different paint to me, the results will be different.

SHADOWS
The Impressionists were among the first to realise that shadows were not flat neutrals. Shadows contain an array of hues and shades. Look at this detail (left) of Monet’s cathedral.
One theory is that a shadow tends to the colour of the complementary of the light source shining upon the object that throws the shadow. Thus in yellow light the shadow will tend towards the complementary of yellow i.e. violet. We tend to paint all shadows in violet, but we should not ignore other possibilities. In a red light, the shadow colour will be in the green range of hues, in blue light it will tend towards orange.

What Now?
This is not a comprehensive look at colour theory but, if your interest is stirred, the list in the reference below may help or you could try keying the words “colour theory” into Google and see what turns up.
REFERENCE
CHAPLIN M & VOWLES D, 2001, Mike Chaplin’s Expressive Watercolours, 1st edition, London, Harper Collins
GAIR A (ed) 1995, Paperback Edition, Collins Artist’s Manual: the complete guide to painting and drawing materials and their use, London, Harper Collins
JACKSON A, 1993, A Brush with Ashley: simple steps to successful watercolour painting, 1st edition, London, Boxtree (in association with Yorkshire Television)
RUSKIN J, 1857, The Elements of Drawing: illustrated edition with notes by Bernard Dunstan, 3rd edition, London, Herbert
WILCOX M, Colour Theory: for artists working in watercolour, c1982, self-published (?).

NB: This book now appears to be impossible to trace! You may find a version in your local library. An interesting read  (some pages bound upside down in the copy I read).

http://www.artyfactory.com/color_theory/color_theory_terms_1.htm
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Thus, in pigments, black indicates the presence of all colour





With  light - white shows the presence of all colour
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