
Colour Vision 
 

• What is light? 
 
Newton’s Prism Experiments: when white light passes through a prism, it splits into a spectrum of 
different lights that appear coloured (refraction). The reversed process converges the coloured 
light to form white again. “The prism doesn’t destroy the character of light, revealing its 
components.” 
 
The visible spectrum of light is a small portion of the broader electromagnetic spectrum (EMS), a 
continuum different wavelength. Colours in visible spectrum are associated with different 
wavelengths (400 – 700nm). 400 – blue-ish; 550 – greenish; 700 – red-ish.  
 
Light is a wave. A wavelength is the distance between troughs or crests measured in nanometers 
for visible light. Its intensity refers to the wave’s amplitude, and is relayed as brightness.  
 
Nanometer: 10-9 (i.e. a millionth of a mm). 
Wavelengths: objective property of stimulus. 
Colour: Subjective property of percept, not stimulus itself. It is an experience of a combination of 
light wavelengths. Categorizing wavelengths into different divisions is to some extent arbitrary.  
 

• Reflection of Light 
Object surfaces reflect or absorb light, giving the colour perceptually perceived.  
Black: absorb all wavelengths, little reflected.  
White: a little is absorbed, much is reflected.  
Colour: many absorbed, those reflected back triggers our colour perception.  
 
! This is how light interacts with objects, the fundamental beginnings of why things appear to be 
coloured.  
 
Additive Colour Mixtures: adding pure wavelengths of light together forms a new area of colour. 
Although combining short and long wavelengths together (e.g. blue and red) creates a new colour, 
the inherent wavelength properties remain constant. Thus, in this projection overlap, light 
containing all wavelengths appears as white.  
 
Subtractive Colour Mixtures: an example is mixing paint. Paint colours often reflect more than a 
single, pure wavelength of light (e.g. blue paint reflects mainly short wavelengths (i.e. blue), but 
neighbouring wavelengths as well (i.e. purple and green). Thus, mixing paint colours together 
gives the most reflected wavelength between them. The more colours added results in increased 
absorption, becoming darker.  
 
! Additive: mixing light. Subtractive: surface absorbent properties.  
 
However, in nature, it is very rare that only one single, pure wavelength is reflected off surfaces. 
Instead, as in hearing and spatial vision, it is a spectrum of waves with different intensities at 
different wavelengths.  
 

• Photoreceptors 
Rods: only one type, none are in central fovea, mostly found next to the fovea. They are very 
sensitive to light, effective for night vision (i.e. scotopic).  
Cones: several types, each tuned to a different wavelength, located in central fovea. They are less 
sensitive to light, effective for day vision (i.e. photopic).  
 
Scotopic Colour Vision: at low luminance, cones are not sensitive to respond, only rods. Colour 
vision in rods is poor, due to Principle of Univariance ! why we cant’ see colour at night.  



Principle of Univariance: different combinations of wavelengths and intensities can stimulate a 
single photoreceptor. Thus, the brain has trouble identifying the colour of the retinal image. In 
other words, a receptor’s activity is related to the number of photons it catches, not to its type (i.e. 
wavelength).  
 
Colour vision with one receptor type (i.e. in rods): 
receptors have broad wavelength tuning, with a 
wavelength peak of greatest absorption probability. The 
broad tuning function maintains the receptor’s response 
to the vast majority of the visible light spectrum, but with 
less intensity the further away it is from the peak value.   
 
In alignment with the Principle of Univariance however, 
having a single receptor will allow 2 different wavelengths 
gaining the same response. Additionally, if the stimulus’ 
intensity it reduced, it will allow for a 3rd wavelength to 
gain the same response.  
 
Therefore, any different wavelengths can overlap and be 
perceived the same, given the right intensity (i.e. cannot differentiate between change in 
wavelength or change in intesntiy). This is why we have bad colour vision at night.  
 
Photopic Colour Vision: as rods are very sensitive to light, they would be over-stimulated if used 
photopically. Thus, it is down to the cones. Having different types of cones tuned to different 
wavelengths, colour vision in daylight is good. Humans can reliably discriminate at least 200 
wavelengths. However, Young’s Colour Theory suggests, it is not efficient to have 200 different 
colour receptors. 
 
Colour vision with two receptor types: 
Colour representations are configured by relative activation of the 
2 cone channels (e.g. M and L). Different wavelengths would 
results in different patterns of relative activation. Different intensities 
would exhibit same relative activation patterns, but variation in 
amplitude of response. Therefore, perception of different 
wavelengths is enabled, independent from brightness influences. 
 
Metamers: two different physical stimulus configurations that 
appear identical.  
For a single receptor system (i.e. rods at night), all wavelengths can 
be metamers for each other (if intensity is matched).  
In a 2-receptor system, mid-wavelength representations remain 
constant. However, given the right intensities, both channels give 
same response if we mix short and long wavelengths. This is true 
for almost any two other metamer wavelengths.  
 
In this case, there would be a single wavelength that appears grey, 
known as the neutral point, where firing of both channels is equal. 
However, the majority of humans do not observe this.  
 
Young’s Colour Matching Experiments: to match any pure, single wavelength of like (i.e. to create 
a metamer), humans require 3 (or fewer) “primaries” of adjustable intensity. Any 3 wavelengths of 
light can be used (as long as they are suitably different). Therefore, we infer that most observers 
have 3 cone types.  
	  


