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Chapter 1: The Eye our wonderful sensory organ.
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With no eyes we would live in a dark world. Only our ears could then help us to orientate in a room.
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Our eyes work in a very close connection with our brain and both together are one of the most
improved organ we know in nature.

:‘ﬁ:’&q%'g}ﬁ'@'&@&ﬁ'ﬁ'é:’ﬁ'qém‘n'ﬁarh"::@ﬁ'g‘gﬁ@'&’ﬁT "%\75’&@&'@{’&&%'&:’@:q:ﬁ&ﬂa’&q&'
¥ RARH FAR )

We can only see light that enters directly into our eyes. Light passing by can not be seen! So the
eyes need a room with objects reflecting the light (maybe from a lamp) in many directions. Otherwise
we would only see the lamp that produces the light and even this only when we look in its direction.
Sometimes help the particles of dust in the air to see where a beam of light passes, as shown by the
following figure.
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The light enters the eye through the transparent cover we call the cornea, which does about 70% of
the necessary bending of the light. (We will learn more about this bending effect in the chapter
"Refraction"). The light then passes through the pupil, the variable, black aperture in the colored iris.
After this it is bent a second time in the lens to focus images on the layer of specialized, light-sensitive
cells at the back of the eye we call the retina.
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Different parts of the retina receive light from different parts of the visual field outside. The retina is not
uniform: There is a spot in its center called fovea, the region for most distinct vision, where the light
sensitive cells lie very close to each other. Much more details can be seen here than at the side parts
of the retina.
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There is also a spot on the retina where the nerves exit the eye for carrying all information to the
brain. This is called the blind spot, because there are no sensitive cells at all.
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This can be demonstrated with the following figure: Close your left eye and hold this sheet at arm's
length in front of your eye. Fix the dot with your right eye while moving the sheet towards you. About
20 cm from your eye the x on the right side disappears. The x is now focused on the blind spot.
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Repeat this experiment with your left eye, but this time fixing the x. You will see the crossing lines on
the left completely, but not the spot. So you not only see what is there. You see what is not there!!

By R agaagarypn sy g IRy Aggusy janyRay FaTaRnsfvdds g5y
QA& YN R AR NENN FBLIEILGAN R RFyFWRFNIAEIRGA] R AFNLSRBTY AR AT
AR A aEL s AR ARSI B JHL A

Engl. version: Peter Blanc 4
Tibetan transl.: Tenzin Choekyi



Physics: Light and Optics Mundgod

A v v“
EnpasazRay &5 SmD
Rod cells are distributed evenly throughout the relina Cone cells are concentrated in and around the fovea,
Many rod cells share a single bipolar neurone connection Each cone cell has its own bipolar conneclion lo the
to the brain (synaptic convergence). Rod cells therafiore brain. Cone cells therefore give good visual acuity.

give poor visual zcuity (sharpness of vision).

light focused on to the refina passes through cell bodies, bipolar neuranes and axons linking the retina to the brain
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The retina is composed of tiny antennae that resonate to the incoming light. There are two basic kinds
of antennae: The rods and the cones. The rods react on light of every color. With the rods alone we
could only distinguish bright and dark, so no colors.
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@f ! The colors we can see only with the help of the cones. There are three

sd / \ / \ \ types of cones: Those that are stimulated by low-frequency light (red

70/ \ /1 T\ 1\ and yellow, as we will see later in the chapter "Colors"), those that are

o bl \ O\ stimulated by intermediate frequencies (green) and those that are

- /\’\/ \ \\ stimulated by high-frequency light (blue and violet).
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The rods are much more sensitive than the cones. This is the reason why we hardly can see colors in
the night. (We say: In the night all cats are grey). During daytime there is enough light for the cones to
"fire" into the nerves and so we can see colors.

The cones of females strangely enough are more sensitive than those of males.
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The rods have their best sensitivity for blue colors and not so much for red colors, so toward the blue
end of the spectrum. Thus, if you have a blue and a red object, the blue will appear much brighter
than the red in dim light even if the red is much brighter than the blue in bright light. Try it in a quite
dark room!
rodsm’f&'wgq’h’&'&:’maq&q&ﬁ&?'m’&’{q{q’ﬁa’%55’gg’m’s&'m’&’{qg&&’ﬁ&’%35@\'ﬂ'&ﬁ'ﬂiﬂ B
qs&’:‘a’:‘%{q"ﬁ%'&F@'&ﬁ:&@'&aquqw&”ﬂ g&%ﬁm‘n@qq&’qw%5’@5'@5'@:1'&“{41'&;’5%’@Lq'ﬁ:'

~

SRR Y qm’%365'&13:&:3’1141’:5%:'{%'&'ow'ﬁ&x'ﬁ'mmqw&/ﬁg:'iﬁ'&'q&m'mq:'ﬁ&x'ﬁmmg’qﬁ'
AARSRNFSR RIS PRGN RRETER B Y Fry gl g X

In the fovea the cones are packed very tightly and they are much finer and narrower than in the other
parts of the retina. Away from the fovea we find less and less cones. In the peripheral regions of the
retina there are almost only rods and their number is fading towards its edge.
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The rods and cones in the retina are not all connected directly to the optic nerve that leaves the eye at
the blind spot. Only the cones in the fovea do so. The other cones and all the rods are first connected
to "bipolar neurons" which are interconnected to each other in a very complex manner. Only few
bipolar neurons in the retina carry information to the optic nerve. Thus, a certain amount of the
information fired by the cones and rods is processed directly in the eye before it goes to the optic
nerve and after to the main body of the brain. So, when we look, we think with our eyes!
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This neuronal activity inside the eye regulates and controls a lot of different things like the focusing
with the help of the lens, or regulating the brightness by the pupil, or analyzing the field of vision
concerning the contrast of dark and bright and the contrast of colors, vertical or horizontal or circular
patterns and last but not least, arising movements in the peripheral which could need our attention
very quickly.
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For example, you will hardly be aware of something motionless in your peripheral field of vision. But
as soon as it moves you will recognize it and most often you will turn your head automatically.
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The brain has only little influence to this "thinking" in the eyes, but emotions like happiness make the
size of the pupils larger and frustration makes it smaller. Check it by observing the pupils of your
friends in different moods!
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Look to the stars at night time and you will see weak stars only by looking a little bit beside the star.
Explain why!
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Very sensitive eyes and photo cameras see the stars in all colors. For ordinary human eyes all stars
seem to be of almost the same white color. Explain why!
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Looking strait forward you can hardly say what kind of object your friend a few meters beside you
carries in her hand and of which color this object is. Even the brightest sunshine will not help you.
Explain why!
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Look at the contrast in the middle of the following figure. Now cover the boundary between the two
fields with your pencil or your finger. Astonished? Try to explain your observation!
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Look at the pattern of the bricks in the
following drawing. Are they really crooked?
Check it!

Qe e R Far N NI RewadN| J
RNA5IFIRg581 28793535

Is this hat really higher than wide? Compare it by measuring both!

What confuses us in this drawing? Could it be the
conflict between the thinking of the eye and the
thinking of our brain?
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Our brain is able to produce a three-dimensional picture out of the information coming from both eyes.
We have the impression of a three dimensional world: All objects have a width, a height and a depth.
Thus, we can guess distances. To find out why this is so, look at an object in your next surrounding.
You have the impression of a three-dimensional body.
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Close the left eye and compare this picture with the one you see, when you close the right eye and
look with the left. You find two different pictures. The brain combines these two pictures to one picture
but with three dimensions. With one single eye you only can see in two dimensions, width and height
namely.
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Try to estimate your distance to an object with only one eye. It can be hard if you do not know the size
of the object or the whole situation from looking with both eyes.
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We can produce the impression of three-dimensionality with the help of certain tricks:
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1. By using a blue picture of an object for the view from the right eye and a red one for the view from
the left eye. Placing a red filter before the left eye and a blue filter before the right eye, you will see a
three-dimensional picture. But this method is only suitable for sketches.
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2. By using two cameras with different Polaroid filters, film producers can bring the 3-D-effect into the
movie theaters. The audience get Polaroid-glasses for this purpose.
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3. Complex constructions with laser-light also can produce three-dimensional pictures. This is called
"holography".
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L """F'?L";’]‘ 4. A very special 3-D-effect called
o l Julesz-Pattern can be produced by

computers. Look at the Julesz-Pattern
on the figure below. First you only see
a disordered pattern of dots and short
lines. Hold the figure about 40 cm in
front of your eyes. Fix now a far away

point directly above the sheet and turn

back to the figure still looking like far

away. Suddenly you will see a 3-D-

2 | 1 3 picture!
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An other Julesz-Pattern: Try to see the written formula of Albert Einstein without the help in the former
figure. But act in the same way!
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