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The visible portion of the electromagnetic spectrum
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Newton's experiment for splitting white light into a spectrum
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Magenta

Green Blue

Additive (light) Subtractive (paint)
Additive and subtractive color combinations
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Primary
Secondary N Secondary
Tertiary Teriary
Primary Prirmary

Tertiary Tertiary

Secondary

Primary, Secondary, and Tertiary colors based on Red, Yellow, and Blue

(RYB) as the Primary Triad on astandard “Color Wheel”
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(&) Complementary ib) Analogous
Two examples of different ways in which colors can be used together
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White
light

Shining white light on different colored paints
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Hurran eye

Dptic nerve

Images are inverted on their way to the retina at the hack of the eye
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Cornea Optic nerve

To the visual
—»  cortexinthe
hrain (see notes)

)

Retina —

\\

The main constituents of the human eye
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Mormalized responsefsensitivity

Wavelength {nanomaters)
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Viclet Blue Cyan Green Yelow Red

Typical humans are trichromats
{three color cone/pigment types — blue, blue-green, and yellow-green)
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Spectrum as perceived by rod cells

Humans also have rod cells (black, white, shades of gray)
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Spectrum as percered by rod cells

Sord-of normalized and not to scale

Response curve of rod cells with res pect to moonlight
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Mormalized responsefsensitivily

Wavelength (nanometers)
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300 350 400 450 500 550 8O0 650 F0O

Violet Blue Cyan Green Yelow Red

Typical humans (three color cone/pigment types plus rod cells)
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Normalized response/sensitivity

Wavelength (nanometers)
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Spectrum as perceived by dogs

Degs are dichromats
(two color conelpigment types — blue and yellow)
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The way a mammalian trichromat (three cones) would see a scene

The way a mammalian dichromat {two cones) would see the same scene
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High-level view of evolution in general from a human-centric viewpoint
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Spectrum as perceived by UV monochromals
Evolution of visual systems: monochromats with UV cones
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Spectrum as perceived by "hot red” monochromats

Evolution of visual systems: monochromats with orange-red cones
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Mormalized response/sensitivity
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l - . - I +— lhe spectrum percelved
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Evolution of visual systems: original tetrachromats
(UV, blue, yellow, and orange/red cones)
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I . . - ] Alternate possibilities for
l I ::| the spectrum perceived

by original cone cells
Evolution of visual systems: original tetrachromats
(UV, blue, yellow, and orange/red cones — plus rod cells)
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Evolution of visual systems: original tetrachromats plus rod cells
(four types of cone cells plus rod cells — rod cells are much more sensitive)
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Spectrum as perceived by dogs

Evolution of visual systems: modern mammalian dichromats
{blue and yellow cones — plus rod celis)
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High-level view of the evolution of color vision from a
human-centric viewpoint (TYA/MYA = Thousand/Million Years Ago)
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Cenozoic Era
{B5 MYA — Taday)

Phanerozolc Eon
{543 MY A to Present)

Holocene Epoch
{10,000 YA - Today}

Pleistocens Epoch
(1.8 MYA — 10,000 YA)

Cluaternary Period (1.8 MYA to Today)

Pliocena Epoch
(5.3 — 1.8 MYA)

Miccene Epoch
(23.8 - 5.3 MYA)

Oligocene Epoch (33.7 — 23.8)

Eocene Epoch
(54.8 — 33.7 MYA)

Tertiary Period (65 - 1.8 MYA)

Paleccena Epoch (65 — 548 MYA)

Mesozoic Era
(248 — 65 MYA)

Cretacecus Parod {144 - 65 MY A)

Juraasic Perind (206 — 144 MYA)

Trigssic Period (248 — 206 MYA)

Paleozoic Era
(543 — 248 MYA)

Parmian Panod {290 - 248 MYA)

Carbonifarous Period (354 — 200 MYA)

Devonian Period (417 — 354 MYA)

Silurian Period {443 — 417 MYA)

Crdovician Period (490 — 443 MYA)

Cambrian Pariod {543 — 490 MYA)

Proterozoic Era
(2500 = 543 MYA)

Neoproterazoic Period (900 - 543 MYA)

Mesoprotarozoic Period {1800 — BOD MY A}

Palepproterazoic Periad {2500 — 1600 MYA)

Archaean Time (3800 — 2500 MY A)

Precambrian Tima
(4500 — 843 MYA)

Hadaan Time (4500 — 3800 MYA)

MYA = Millions of Years Ago

Eaons, Epochs, Eras, Periods, and Times
(the situation prior to 2004)
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The same scene with a reduced color palette

tetrachromat oG s 51wy i 4y (o28lg gole 31,81 (gl L &5 g pgai 31 (2lod -VF S
Jie sly .m0 oo tetrachromat of 3l olio MSiw 5l w55 ol Lol cowl jual 31,6l o5 pgad opl a5
58 5 ub walyd (bled zedy 4 ol (e S gole ol pia (6l a5 VL CeleS L pglal 9550 50 Al )
A oo pobal pl 5l Cdly aline ioles tetrachromat
Slad oo ax g b g cunl 658 tetrachromat S oles a5 058 o0 7 ke Jlow ol ¢ J8 G 4 4255
G5 §oanS Bl o V8 b cewile 555e S L g it S5, goaniS el gy b dlyp o gl Ll



D) (0

@ MV Lab

Syt gyl Wl o pladl ei JLsle LT aS ol Jol oyl 053y alae (pl b sdee JSie 50
Ol edun, Cledlbol 5gy dalem (0B Ll e Ll a5 cpl pg0 g ams sl 093 0 1) (5,88 sroauSdl o
TS 3l (fryo @ ) oz (559 gleoas il ;o

g wiload ools Zwl 1)L,L Lol ;o Lo 2 Jls olKisls g John HopKins olKisls pdaze Jawgs OYlgw ! (590 ;2
Aloduw, Sl @ gldlie LB 0 Y+ Y o)l YY & )b Science JU,q5 o

adgl Slogrge (Fp 3 Jlo oeles T+ 090> (Sloj y0 ad o (S5 plin oSS Zone 10 45 b plen
g bt Al s, Jsho Ll hls il LolSS b s 5 oty daysululs (ollse g0 4 aS
Ol ) E8 mesd e 5 sl (S9! bl gadsl slaxl (L3 Lo yedie AYO B YV g0l j0 e
s 5 aws dichromat e jige alox 5 ksl 51 (g ks 45wl () asecs asols s 1) Laashe S,

g 9als3 5 Oge 4 el lwg (8l )0 S5, cdl il 4 48 (VO JSB)ails (g s Jsh £55 50

mormalZzed responsel sensitivity

Wigvelenath (nanometers)
I I | I | I |
300 3|0 400 450 500 &S0 BOO G50 YOO

Spectrum as perceived by unmodified mice

Unmodified mice are dichromats
{two color cones — rods omitted for clarity)
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The way a mammalian trichromat (three cones) would see a scene

The way a mammalian dichromat (two cones) would see the same scene
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and blue lamps

o)

b s
S
-
Spectrum =
analyzer

Experiment to demonstrate the brain’s method of
correcting for color variations
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Pointing the spectrum analyzer at areas filled with the primary colors
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High -level representation of visual pathways
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The way a non-synaesthete sees the alphabet
(printed as black text on white paper)
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The way a synaesthete might perceive the alphabet
(as before, actually printed as black text on white paper)
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the dog bit the cat

The way a non-synaesthete sees words
(printed as black text on white paper)
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The way a synaesthete might perceive words
(as before, actually printed as black text on white paper)
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The way a non-synaesthete sees a mixture of the numbers 2 and 5
(printed as black text on white paper)
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The way a synaesthete might perceive a mixture of the numbers 2 and 5
(as before, actually printed as black text on white paper)
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1. http://www.diycal culator.com/sp-cvision.shtml




