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Topic 045

Color

All light is colored. White light is simply a mixture of all visible wavelengths (colors). The
human eye is most sensitive to light in the yellow-green portion of the visual spectrum (about
550 nanometers), than it is to red or blue at the ends of the spectrum.

Color is usually discussed in terms of HUE, VALUE and CHROMA.

HUE is the classification of a color that the eye sees as red, green amber, etc. VALUE indicates
lightness or darkness of a color. CHROMA indicates the purity or saturation of the color.

The PRIMARY colors of light are RED, GREEN and BLUE. These three colors can mix
together to produce any other color, including white. (The primary colors of pigments are RED,
YELLOW and BLUE.)

The SECONDARY colors of light are formed when any 2 primary colors are combined. The 3
secondary colors are MAGENTA (red & blue), YELLOW (red & green) and CYAN (blue and
green).

THE COMPLEMENTARY colors are any combination of a primary and a secondary color that,
mixed together make white light. Examples of complementary colors are. MAGENTA &
GREEN, YELLOW & BLUE, and CYAN & RED).

When white light is passed through a color filter only the wavelengths corresponding to the color
are transmitted. All other wavelength are absorbed. This is referred to as SUBTRACTIVE
filtering.

When 2 or more colored beams of light combine to illuminate a surface, they mix together
through ADDITIVE mixing.

Stage lighting fixtures produce colored light using high temperature plastic filters. There are
more than 100 different colors available from several manufacturers.

These filters 'pass’ or TRANSMIT their own color and 'block’ or ABSORB all others.

Sometimes glass filters are also used. Conventional glass filters generally come in a limited

range of colors however they are useful for high temperature applications or where prolonged
life of the filter is required. A new generation of ‘dichroic’ glass filters are also sometimes used
for entertainment lighting applications where 'vibrant' colors are needed that will not fade over
time. Dichroic filters are made with thin film technology, tuned to specific wavelengths. These
filters transmit a specific color and REFLECT all others. (Unlike conventional filters that absorb
not reflect unwanted wavelengths.)
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Colours of light
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Image: The visible spectrum
Light is made up of wavelengths of light, and each wavelength is a particular colour. The colour
we see is a result of which wavelengths are reflected back to our eyes.

Visible light

Visible light is the small part within the electromagnetic spectrum that human eyes are sensitive
to and can detect.

Visible light waves consist of different wavelengths. The colour of visible light depends on its
wavelength. These wavelengths range from 700 nm at the red end of the spectrum to 400 nm at
the violet end.

White light is actually made of all of the colours of the rainbow because it contains all
wavelengths, and it is described as polychromatic light. Light from a torch or the Sun is a good
example of this.

Light from a laser is monochromatic, which means it only produces one colour. (Lasers are
extremely dangerous and can cause permanent eye damage. Extreme care must be taken to
ensure that light from a laser never enters someone’s eyes.)

Colour of objects

Objects appear different colours because they absorb some colours (wavelengths) and reflected
or transmit other colours. The colours we see are the wavelengths that are reflected or
transmitted.

For example, a red shirt looks red because the dye molecules in the fabric have absorbed the
wavelengths of light from the violet/blue end of the spectrum. Red light is the only light that is
reflected from the shirt. If only blue light is shone onto a red shirt, the shirt would appear black,
because the blue would be absorbed and there would be no red light to be reflected.

White objects appear white because they reflect all colours. Black objects absorb all colours so
no light is reflected.


http://sciencelearn.org.nz/Contexts/Light-and-Sight/Sci-Media/Images/The-visible-spectrum
http://sciencelearn.org.nz/About-this-site/Glossary/wavelength
http://sciencelearn.org.nz/About-this-site/Glossary/electromagnetic-spectrum
http://sciencelearn.org.nz/About-this-site/Glossary/rainbow
http://sciencelearn.org.nz/About-this-site/Glossary/polychromatic
http://sciencelearn.org.nz/Contexts/Light-and-Sight/Sci-Media/Images/The-visible-spectrum
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Image: Red shirt and blue shorts

Colour detection

The retina of our eyes contains two types of photoreceptors — rods and cones. The cones detect
colour. The rods only let us see things in black, white and grey. Our cones only work when the
light is bright enough, but not when light is very dim. This is why things look grey and we
cannot see colours at night when the light is dim.
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There are three types of cones in the human eye that are sensitive to short (S), medium (M) and
long (L) wavelengths of light in the visible spectrum. (These cones have traditionally been
known as blue-sensitive, green-sensitive and red-sensitive, but as each cone is actually
responsive to a range of wavelengths, the S, M and L labels are more accepted now.)

These three types of colour receptor allow the brain to perceive signals from the retina as
different colours. Some estimate that humans are able to distinguish about 10 million colours.

Mixing colours

The primary colours of light are red, green and blue. Mixing these colours in different
proportions can make all the colours of the light we see. This is how TV and computer screens
work. If you look at a screen with a magnifying glass you will be able to see that only these three
colours are being used. For example, red and green lights are used to make our brain perceive the
image as yellow.

When coloured lights are mixed together, it is called additive mixing. Red, green and blue are the
primary colours for additive mixing. If all of these colours of light are shone onto a screen at the
same time, you will see white.


http://sciencelearn.org.nz/Contexts/Light-and-Sight/Sci-Media/Images/Red-shirt-and-blue-shorts
http://sciencelearn.org.nz/About-this-site/Glossary/retina
http://sciencelearn.org.nz/About-this-site/Glossary/primary-colours-of-light
http://sciencelearn.org.nz/About-this-site/Glossary/additive-mixing
http://sciencelearn.org.nz/Contexts/Light-and-Sight/Sci-Media/Images/Red-shirt-and-blue-shorts
http://sciencelearn.org.nz/Contexts/Light-and-Sight/Sci-Media/Video/How-the-eye-works
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This is different when you are mixing paints. Each colour of paint is absorbing certain colours
and reflecting others. Each time another colour of paint is mixed in, there are more colours
absorbed and less are reflected. The primary colours for adding paints or dyes, such as for a
computer printer, are yellow, magenta and cyan. If you mix all of these colours together, you will
absorb all the light and will only see black, because no light will be reflected back to your eyes.

You can easily experiment with this. Hold some coloured cellophane in front of your eyes and
have a look around. Notice how some colours are changed and others look similar. Figure out
which colours are being absorbed.


http://sciencelearn.org.nz/Contexts/Light-and-Sight/Sci-Media/Images/Colour-mixing
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