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THE VISION, What is light ?
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Fig. 26-2. A light ray is refracted
when it passes from one medium into
another.

Fig. 26—-1. The angle of incidence is
equal to the angle of reflection.



Table 26-1

Angle in air Angle in water

10° 8°
20° 15-1/2°
30° 22-1/2°
| 40° 29°
50° 35°
i@ l 60° 40-1/2°
70° 45-1/2°
80° 50°

140 A.D., Claudius Ptolemy



Table 26-2

Angle in air Angle in water

10° 7-1/2° sin 6; = n sin 6,.
20° 15°
30° o
40° 29°
50° 35°
60° 40-1/2° J
70° 45° f
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Snell law (1621)



Principle of Fermat (1650, Snell+29 years!)
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Out of all possible paths, light
takes the path which requires
the less time
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Snell Law n, EC=n, XF |
(1650) — " | n, XCsin(0,;)=n, XCsin(0,)

n,sin(0,;)=n,sin(0,)



TO APPARENT SUN
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Fig. 26—7. Near the horizon, the ap-
parent sun is higher than the true sun by
about 1/2 degree.
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Fig. 26-8. A mirage.
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| E(r,t) = Eqcos(wt — k-1 + ¢g)
| B(r,t) = Bycos(wt — k- T + ¢)
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f=1/r

The Electromagnetic Spectrum
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THE VISION, How does 1t work ?
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Fig. 35-1. The eye.
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Neurons

Fig. 35—2. The structure of the retina.
(Light enters from below.)
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This diagram 1s based on the
values of r, g, and b (where r
= R/(R+G+B), g = G/
(R+G+B), and b = B/
(R+G+B)). Furthermore,
becauser + g +b =1, if two
values are known, the third
can always be calculated and
the b value 1s usually

() 0.2 0.¢ 0.6 0.5 1.0 | omitted. The r and g values

together constitute the
chromaticity of a sample.
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Fig. 35-8. The spectral sensitivity
curves of a normal trichromat’s receptors.
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Fig. 35-10. Absorption spectrum of
the color pigment of a protanope color-
blind eye (squares) and a normal eye

(dots).



Neural Responses
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Photochemical Absorptions

Fig. 36—-1. When a disc like the
above is spun, colors appear in only one
of the two darker “rings.” If the spin

r-g *kylaty-26) direction is reversed, the colors appear
w-bk =ky(atytB)-kletBty)  in the other ring.

y-b =k, (B+y-2a)

Fig. 36-2. Nevural connections ac-
cording fo an “opponent” theory of
color vision.



Are we pre-wired, or we learn ?!?

Temporal

Fig. 36—4. The neural connections
Fige 363, The neual interconnec: from the eyes to the visual cortex.
tions for the mechanical operation of
the eyes.






Electron micrograph

Fig. 36-5.
rod cell.
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Fig. 36—6. The structure of refinene.
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Fig. 36—8. Schematic view of pack-
ing of ommatidia in the eye of a bee.

r=3mm
2=400nm
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Fig. 36—9. The optimum size for an
ommatidium is §m.

Fig. 36—7. The structure of an om-
matidium (a single cell of a compound d(ﬂﬂg _l_ ﬂﬂd) = () = _:_[_, - _}\
3
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Fig. 36—-11. The compound eye of the horseshoe crab. (a) Normal view. (b)Cross section.
Figures 36-7, 11,12, 13 reprinted with permission from Goldsmith, Sensory Communications, W. A. Rosenblith, ed. Copyright 1961, Massachusetts Institute of Technology.



mnarl

R . -;Respcnse of Ommatidium
_~Lllumination
___;_______-r
Edge B
enhancement! : =

Fig. 36-13. The net response of
horseshoe crab ommatidia near a sharp
change in illumination.



Types of response in optic nerve fibers of a frog

Type Speed Angular
field
1. Sustained edge detection (nonerasable) 0.2-0.5 m/sec 1°
2. Convex edge detection (erasable) 0.5 m/sec 2°-3°
3. Changing contrast detectlon o | 1-2 m/sec 7°-10°

4. Dimming detection Up to 3 m/sec Up to 15°

? Very large
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5. Darkness detection
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Fig. 36-14. The tectum of a frog.
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