I. THE HUMAN EYE

Apparatus needed: eye model

Today we will look at the most advanced optical instrument in the world. What is it?

To find out: see yellow highlights
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Diagram of eye:
* the cornea connects to the schlera



Functions of parts:

· cornea & aqueous humour – does most of the focussing
n=1.376 // n=1.336
aqueous humor (99% water) = watery fluid
cerneal infection – mostly from dirty contacts (not changing for a few days – not enough oxygen to cornea. Anerobic bacteria growth. Blind withing a day.
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iris –controls amount of light entering eye (size of pupil) [In terms of f-stop: from 2.8 to 16]
Note all pupillary openings appear black because they approximate an opening from which no light reemerges.
coloured to make eye attractive 

· lens – fine focus  (f = 23 mm)
flexible bundles of fibres (more info)
convex (image inverted)
The index ranges from about 1.406 at the center to about 1.386 in outer layers, making it a gradient index lens.  
The lens does only about 20 percent of our focusing. The cornea does the other 70-80 percent. The lens changes shape so that you can focus on things that are near and things that are far away.

Note, because of the small changes in index of refraction between the lens and the adjacent humours  most of the focusing (and reflection) takes place at the air-cornea interface.  The lens provides a small accommodation to allow focusing on objects at different distances from the eye.  When the cornea is in contact with water as in swimming under water, the human eye can not provide a sharp focus of objects at any distance.  Simply reestablishing the air-cornea interface (e.g. by using a water tight mask) allows the formation of sharp images. 

· ciliary muscles (also concentric muscles) – flatter lens – longer focal length
rounder lens – shorter focal length
near point: 25 cm – closest distance that one can still comfortable read words
far point: more than 2 m

· vitreous humour – jelly like substance to keep eye round
= glassy fluid (99% water, even though its consistncy is like egg white)
n=1.337

· retina = the light sensitive layer of the eye. Made up of nerve cells. The light sensitive cells are called rods and cones.
very thin – like saran wrap and totally clear
see blood vessels directly: diabetes (leaking blood), high blood pressure, certain types of cancer

· optic nerve – the nerve that carries signals from the retina to the brain. Where the blind spot is.

· fovea = the part of the retina where there is the best focus.

· choroid – lots of blood vessels, nourishes retina (blood vessels also in iris)
( why you get red-eye in photographs
The choroid also has a high concentration of a pigment called melanin in its cells. It is this pigment that prevents internal reflection within the eye – stopping us from receiving a blurred image.
( unique blood vessels pattern – like a finger print.

· schlera – tough outher coating. This is the white of the eye. Attached to the sclera are six exterior muscles, which enable us to look left, right, up and down. At the front of the eye, the sclera forms the cornea.

· conjunctiva – tough membrane attaches to inside of eyelid???
pink eye = conjunctivitis  is an inflamation of the conjunctiva
“The conjunctiva is merely a thin, transparent membrane covering the cornea,”


Age Effects

1. As you age, your lens stiffens; maybe the ciliary muscles weaken too. You cannot change focus as easily. ( you need glasses
The near point is the closest distance where you can see clearly. About 25 cm at age 20. (50 cm at age 40, 500 cm at age 60). The far point is how far away you can see clearly. Normally ( (e.g the Moon will be in focus).


2. the lens yellows – this means that you need more contrast. You don’t see as well in the dark – faint light can’t make it to your retina.

3. the lens and vitrous humor scatter more light. ( glare is a lot worse.
diagram: <eye, straight beam of light, glare source at some angle, scattered rays from cornea, lens, partially mask original image>
A young person could see a goose or a child in the road at night and stop, an old person cannot.
( vital to have a light at the back of your bike if you ride on the roads at night.
DEMO: glare source (overhead projector) while reading blackboard – changing angle, changing intensity.
Glasses and vision problems:

Size of the eye 24 to 25 mm. and a transverse diameter of 24 mm

( 5L florence flask, drop of milk. parallel beam of light - show vision correction ( works like a lens)
Albinism - -poor vision; iris more transparent – too light sensitive; eyes often jittering a lot – blurs things

Homework: p 377 #1-3

Evaluation: 

Additional information:

Cat eyes ( and other nocturnal animals) – they have a very thin layer called the tapetum between retina and choroid. This layer is reflective. Light that goes though the retina hits this layer and bounces back, giving the retina a second chance to detect the light. This means that these animals can see a lot better in the dark than we can.

Colour of iris:
iris: There is a translucent layer on top of a back layer.

Blue eyes: light hits this layer: blue is scattered more than any other colour (as in the air). .: the iris looks blue (red and green are transmitted more)

Brown eyes: melanin in the translucent layer absorbs most of the light, only a small amount of R and G is reflected – brown (as in other melanin in the body)

Hazel – a smaller amount of melanin. A combination of B scattering as well as R and G being reflected.

Optical Illusions that Move

The motion you see is not in the design, but in your own eye. Even though you're not aware of it, your eyes are constantly making small, jittering movements, which continually refresh the image cast on the back of your eye. Normally, your brain can ignore this motion, so your picture of the world stays stable.

 Each time your eye moves, the old image is briefly superimposed on the new image in your eye. When your eye moves over the repeating, evenly spaced lines of this design, the old and new images are superimposed to create a swirling shimmer.

Minimum Requirements for vision:


· very transparent cornea

· very transparent lens

· very transparent vitreous & aqueous humor

· curved cornea

· light sensitive cells
we have two types with 4 colour sensitivities!
· nerve cells

· optic nerve

· lens and humours must have different indices of refraction

· eyelids

· tearducts

· lens focussed to some useful distance

· process of removing dead cells so that they don’t clog up the eye

The Human Eye (has all this and much more):

· recessed eyes (protected by bones)

· colour vision

· vision over huge range of light intensities

· moveable iris that controls amount of light

· lens that can change focal length

· eyebrows -- keep water out of eye

· eyelashes

· automatic feedback
- focussing
- iris
- tracking
- jitter and shimmy (to prevent fatigue)

· binocular vision (eyes both on front of head)

· excellent focus at fovea -- able to read text

· colored iris – beauty

· macula lutea – more UV protection on fovea

The Human Lens

The first sentence of Ralf Dahm's article "Dying to See," in the current (October) issue of Scientific American. More:

_______________________

In the past few years, scientists have determined that this transparency - critical for focusing light - stems in large part from the unique ability of the lens to activate a self-destruct program in its cells that aborts just before completion, leaving empty but sustainable cells that transmit visible rays. A better understanding of how lens cells become and remain transparent should suggest ways to prevent lens-clouding cataracts. Beyond protecting vision, improved knowledge of how the lens tightly controls cell suicide could reveal ways to treat debilitating conditions characterized by inappropriate or excessive cell death, chief among them Parkinson's disease, Alzheimer's disease, and chronic infections such as AIDS.

    The eye's lens is a biological marvel, being at once dense, flexible and clear. Transparency in nature is unusual because cells have organelles - internal structures such as the nucleus, mitochondria, and the Golgi apparatus and endoplasmic reticulum, which are important in the synthesis of proteins and lipids. Each structure has its own refractive index, and when a light ray crosses an area where the index changes, the light scatters, creating a degree of opaqueness.

    Furthermore, many cells, including those in hair and skin, are populated with melanins - pigment molecules that come in colors ranging from red to black. The lens has no melanin and no blood supply. Yet that alone is not enough for transparency. Cartilage has no melanin or blood supply and is colorless, but it is at best translucent.

     That is because in virtually all tissues, cells or fibers are oriented at various angles, creating different refractive indices that scatter light as it passes through. The lens is composed of only one cell type, and the cells are precisely aligned.

    Is the lens even alive, being that it has no blood supply, no connective or nervous tissue, and no organelles? If life means a cell has a metabolism, then lens cells are alive - albeit barely.

Young lens cells do have organelles when they first form from stem cells in a fetus, but the organelles are destroyed during early development. Although they have no mitochondria to produce energy, certain nutrients and other molecules diffuse into the lens's outermost cells and slowly pass inward, cell to cell.

The lens is a "biological crystal" - that is, it has a very regular arrangement of cells.

Each cell contains large molecules - crystallin proteins - that form complexes with paracrystalline arrangements. This construction makes the cytoplasm optically homogenous; the refractive index does not change inside the cell or from one cell to another.

    Although lens cells survive the controlled suicide of organelles, this degradation has drastic implications. Without nuclei, the genetic programs for synthesizing new parts are gone. Mature lens cells cannot regenerate or repair themselves, as cells in other tissues do. Within six months or so, 90% of the cells that make up our bodies are replaced by new ones. Lens cells must function for a lifetime - a spectacular span.

   This lack of repair mechanism makes the cells vulnerable to certain stresses. For example, severe dehydration can cause crystallin proteins to precipitate, prompting their cells to crumble into a clump - a cataract. This speck disrupts the otherwise uniform index of refraction, creating a cloudy spot in a person's field of vision. Just a few weeks of extreme dehydration can initiate cataract formation.

The ability of lens cells to begin the process of cellular suicide and then halt it just short of total destruction has come as a surprise to scientists, who have up to now always considered such self-destruction - termed "apoptosis" - to be an unstoppable process. Some unknown mechanism in the lens controls the death machinery so it destroys only certain cell components while leaving others intact.

The data table below demonstrates how a changing focal length would be required to maintain a constant image distance of 1.70 cm

Object Distance
Focal Length

0.25
1.59 cm

1 m
1.67 cm

3 m
1.69 cm

100 m
1.70 cm

Infinity
1.70 cm

Orderly development of the lens is necessary for its remarkable transparency. The lens grows from a single layer of epithelial cells that continuously divide, migrate to the equatorial region of the lens, then differentiate to form highly elongated fiber cells. The fibers are transparent because they synthesize high concentrations of proteins called crystallins, then lose their sub-cellular organelles. The organized crystallin structure and the absence of organelles result in decreased light scattering and transparency. But the loss of organelles means that the cells can no longer synthesize proteins. If the very proteins that are needed for transparency are damaged or lost, they cannot be replaced. This is a particular liability in the lens because lens cells are not turned over, but remain for the life of the organism, with the oldest cells in the center and the newer fiber cells laid down on top of the old. The lens structural proteins, the crystallins, are therefore subject to long-term environmental and metabolic insult, with no means of replacement.




continuous feedback and adjustments











