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How many gradations of color
can the human brain
distinguish?

200 hued

The brain transforms the single
wavelengths of light seen in rainbow intc a
color circle. Hues on opposite sides of the
circle are complementary.

IJ}L'JD levels nfsatmatinnl

Combinations of two more wavelengths.
When complementary wavelengths are
combine equally cne gets white.

cﬂ 500 brightness levels
Any color on the circle can be made

brighter or darker.

Remarkably with only 3 cones types we can
see 500x200=20 = 2,000,000 gradations of

color

brightness

hues
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When the ciliary muscles are relaxed When the ciliary muscles are confracted,
the lens is flat and distant objects are the lens becomes more round and a close
focused onto the retina object 1s focused onto the retina



a) The shape of the eye ball.

too long too short

b) The shape of the lens

lens too flat

lens too round

Here one cannot focus on near targets.
One is far sighted & needs a convex
lens. &

[

Here one cannot focus on far targets.
One is near sighted & needs a

concave lens.  py [
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Fig. 1.1. A drawing of a section through the human eye
with a schematic enlargement of the retina.



R S G A T S B LT AT TS

eﬁi‘ﬁ,':ﬁ:."m—*m @‘\,1 3 QHHM ISk

rods
cones

outer limiting
membrane r

Muller cells

horizontal
cells
bipolar
cells

amacrine
cells

ganglion
cells

nerve fiber

5 A
r-*r-’lﬂ--l-E ~
=i

inner Ll‘l'lltl ng

membrane nght

Fig. 2. Simple diagram of the organization of the retina.






-

‘ » « foveal slope g0 0

GCL~> %+

Fig. 12b. Vertical section of the monkey fovea from Hagerman and Johnson (1991).
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iIsodensity maps
of cone densities (X1000)
In the human retina
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Fig. 21. Cone densities in human retina as revealed in whole mount.
The foveal area is enlaged in B. (from Curcio et al., 1987).



In the fovea, there are only cones (small ones)
that are packed in a hexagonal pattern. In the
periphery, there are large cones and lots of rods.
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Fig. 9. Structural model of rhodopsin showing seven transmembrane
components and the attachment site for retinal.
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stage 1
Fig. 12. Diagrammatic representation of disc shedding and
phagosome retrieval into the pigment epithelial cell.
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Figure 6.9. Circuicry of the mammniizin rod pathway. R, rod; C, cone; RB, rod
bipolar; CB, cone bipolar; All, a specific type of amacrine cell; GC, ganglion cell.



Light to a cone in the centre

i _ Light to a cone in the surround
produces excitation of the ganglion cell.

produces inhibition of the ganglion cell.
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Cell A Cell B
Cell A i1s stimulated more optimally than Cell B
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M- & P-cell properties

« M-cells

— Large receptive fields

— Respond well to rapid changes
« P-cells

— Outnumber M-cells

— Smaller receptive fields

— Respond selectively to specific wavelengths

(mouvement)

(couleur)
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Retinal Ganglion Cells

* Respond to simple visual stimuli (spots of
light) in their receptive field

« Come in “On-center” and “Off-center”
flavors

» Another functional categorization: M-cells
(‘magno’ = large) & P-cells (‘parvo’ =
small).




