
Causes of colour

• The sensation of colour is caused by the brain.  
• One way to get it is the response of the eye to the 

presence/absence of light at various wavelengths.
• Dreaming, hallucination, etc.
• Pressure on the eyelids

• Light could be 
• emitted with wavelengths absent  (flourescent light vs. incandescent light)
• differentially reflected - e.g. paint on a surface
• differentially refracted - e.g. Newton’s prism 
• subject to wavelength dependent specular reflection (most metals).
• Flourescence -
•  invisible wavelengths absorbed and reemitted at visible wavelengths. 
• Phosphorescence (ditto, energy, longer timescale)







Sunlight
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Big (dust, smoke)

Air molecules

Water drops
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Scattering (again)
causing Tyndall

Blue

(notice because scattering
occurs at an interface,

all media could be translucent
e.g. fresh snow)
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Layers of guanine + other phenomena



upper colour reflecting layer
+ lower white layer
+ chromatophores









The color of objects

• Colored light arriving at the camera involves two effects
• The color of the light source
• The color of the surface
• Changes caused by different colored light sources can be large



Color receptors and color deficiency

• Trichromacy is justified - 
• in color normal people, there are three types of color receptor  (shown by 

molecular biologists).

• Some people have fewer; 
• most common deficiency is red-green color blindness in men.   Red and 

green receptor genes are carried on the X chromosome. Most red-green 
color blind men have two red genes or two green genes.  Yields an 
evolutionary story.

• Deficiency 
• can be caused by CNS, by optical problems in the eye, or by absent 

receptors 

• Other color deficiencies:
• Anomalous trichromacy
• Achromatopsia
• Macular degeneration



Color receptors

Principle of univariance: cones give the same kind
of response, in different amounts, to different 
wavelengths.  Output of cone is obtained by 

summing over wavelengths.
Responses measured in a variety of ways















Geometric phenomena
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Mirage at base of truck
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Minnaert, Light and Color in the outdoors

Notice flattened sun,
sparkles
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Minnaert, Light and Color in the outdoors
Heiligenschein
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