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EYES 

The eyes are an extension of the brain. During fetal development, the 
eyes form as little  out-pouches from the developing brain and remain 
connected to the brain by means of the optic nerve behind each eyeball. 

We all know that  the  eyes detect light,  but  what  is light?  

Light is one form of energy, a combination of electricity and magnetism 
called electromagnetic radiation. The electrical part of electromagnetic 
radiation vibrates back and forthÑthe  more energy, the faster the 
vibration. How fast the electrical wave vibrates determines the color you 
see. Slow vibration (low energy) is red, a little  faster vibration is orange, 
then yellow, green, and finally blue (the fastest vibration, or highest 
energy). When a blacksmith places a cold rod of steel in a hot fire, energy 
from the fire is transferred into the rod. Slowly, the energy in the rod rises 
high enough to send out electromagnetic radiation, which you see as a 
glowing red-hot rod. Red is the lowest frequency of light. If the 
blacksmithÕs rod gets any hotter, it  should begin to turn yellow, green, and 
blue. This doesnÕt happen, because some parts of the rod still emit red 
light even though the fire is continuing to heat the rod hotter and hotter. 
The continuing red light combines with the other colors and eventually 



all the colors of the rainbow are seen simultaneously as a white light, and 
the rod becomes white hot. 

Can electromagnetic  radiation  vibrate faster than  visible light?  

Sure. Electromagnetic energy vibrating slightly faster than visible light is 
called ultraviolet light (which bees and butterflies can see), and faster 
still are X-rays. These high-energy waves pack quite a wallop. X-rays have 
so much energy, they pass right through your skin, but they are not strong 
enough to pass through bones. ThatÕs why an X-ray shows the bones but 
not the skin or any other soft tissue, such as the liver, kidneys, or 
stomach.

How about  elect romagnet ic radiat ion vibrat ing slower  t han 
visible light?  

Not a problem. Electromagnetic radiation vibrating at very low frequency 
is what carries radio and TV signals. At  a little  faster frequency are radar 
waves and faster still are microwavesÑthe same ones a microwave oven 
uses to heat up food. A little  faster than microwaves is invisible infrared 
radiation, which is just below the frequency for visible light. Infrared light 
is used by restaurants to keep food hot after it  is cooked, and a pulse of 
infrared light shot from the remote controls your TV. So visible light, 
infrared light, ultraviolet light, microwaves, TV signals, radio signals, 
radar, and X rays are all forms of electromagnetic radiation. The only dif-
ference is how fast the electromagnetic energy vibrates. 

If  it  t akes more energy t o generate a blue light  than  a red light,  
why are heat  lamps red, not  blue? 

Even though blue light contains more energy, infrared light is warmer. If 
you passed sunlight through a prism to break up light into a rainbow, and 
then placed a thermometer in each of the colors, as William Herschel did 
around 1800, youÕd find that red light is warmer than blue light. When 
Herschel moved the thermometer into the dark zone just beyond the red 
light zone, he found that the temperature was even higher in the infrared 
zone than in the red zone. 



Infrared light heats our skin by transferring its energy to the skin. 
High-energy blue and ultraviolet light penetrate deeper into the skin and 
damage it. The resulting inflammatory response is felt as sunburn. 
Infrared detectors are found in night goggles and in the pits of pit vipers, 
making them very good at hunting mice underground or at night. 

How many of  you have ever been woken up by your  parents• 
flipping  on the  lights  in your  room? Your  fi rst reaction  is t o squint  
t o reduce the  amount  of  light  entering  your  eyes. The lights  are 
t oo bright,  yet  they• re the  same lights  you have on during  the  
evening and they• re not  t oo bright  then.  What  gives? Why are the  
lights  t oo bright  when you fi rst wake up? And, conversely, why 
does it  t ake time  for  your  eyes t o adjust  t o sudden darkness, for  
example, when you fi rst enter a movie theater? 

When light enters the eye, it  passes straight through to the back wall of 
the eyeÑthe retina. Embedded in the retina are thousands and thousands 
of cells called rods and cones. They are called rods and cones because 
thatÕs what they are shaped like. When struck by a ray of light, rods and 
cones send an electrical signal to the brain (see figure 6). 

It  turns out that rods and cones have different functions. Rods detect 
the intensity of light, and cones detect the color of light. Rods are 10,000 
times more sensitive to light than cones; because of this we use rods at 
night, not during the day. The chemical in rods that detects light is called 
rhodopsin. Daylight breaks down rhodopsin, but during the night the 
rhodopsin in rods is reassembled. In the morning, then, the rising sun 
gradually inactivates rhodopsin, and the cones take over for daylight 
vision. If the transition from darkness to brightness is rapid, howeverÑ 
such as when someone flips on the lights when youÕre asleepÑit takes a 
few minutes for the rhodopsin to be inactivated. During those few 
minutes, the bright light dazzles the light-sensitive rods. Everything looks 
too bright and you have to squint (see figure 7). 

During the day, when rhodopsin is inactivated by sunlight, any sudden 
darkness, such as when you walk into a darkened movie theater, will  
catch the rods without sufficient rhodopsin to see in dim light. Even 
though the pupils dilate when you walk into a dark room, it  takes 5 to 10 
minutes for the rods to build up enough rhodopsin for you to see an empty 
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seat, and another 10 to 15 minutes to reach maximal acclimation to the 
dark.

Why don•t  we use rods for  daytime  vision? 

There are two reasons. The first is that rods, while fine for seeing in dim 
light, donÕt see as much fine detail as cones do because of what happens 
to the light impulse after it  reaches the rods and cones. When a ray of 
light strikes a rod or cone, the signal is converted into an electrical signal, 
which then stimulates a nerve cell in the retina. This nerve cell, called a 
ganglion cell, sends the electrical signal along its axon to the brain, 
telling the brain exactly which part of the retina was stimulated. 

In the center of our vision, each cone in the retina has its own 
ganglion cell, so the brain can see things in our central vision with the 
utmost clarity. For rods, however, one ganglion nerve cell may connect to 
twenty to thousands of rods, which means a rod ganglion cell services a 
wider area than a cone ganglion cell (see figure 8). HereÕs the trade-off: a 
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ganglion nerve cell servicing many light-sensitive rods is much more 
likely to be stimulated by low-level light than a ganglion nerve cell ser-
vicing a single cone, which is great for night vision, but the ganglion cell 
does not know which of the 100 or more rods actually received the light 
on the retina. Without knowing exactly which rod cell sent the electrical 
signal, the brain cannot form as sharp an image as it  can with signals sent 
from cones. 

The second reason we donÕt use rods for daytime vision is that rods 
donÕt see colors as colors, only as shades of gray. You can demonstrate this 
by looking at a box of crayons with your rodsÑafter sitting in the dark for 
20 minutes or so to let your rods become activated. Now turn on a very 
dim light and youÕll find it  very difficult to distinguish the different 
crayons, particularly the red one, which looks black in dim light. 



Can rods see color  at  all? 

Figure 8 

In a sense rods do see color. Rods are stimulated most intensely by blue-
green light, but the brain interprets the messages from rods in shades of 
gray, not color. Rods are virtually blind to red light, and since the retinas 
of nocturnal animals are almost exclusively rods, nocturnal animals 
cannot tell when a red light is being shined at them. Zookeepers routinely 
fool nocturnal animals into foraging during the day by illuminating their 
cages with red lights. During World War II, fighter pilots had to be ready 
at a momentÕs notice to fly off into the night sky, so at evening time the 
pilots would put on red goggles. Being insensitive to red, their rods 
thought it  was dark outside and pumped up the rhodopsin. That way, 
when the alarms rang and the pilots ran outside and removed their 
goggles, they had immediate night vision. 

Nocturnal animals possess something behind their retinas that humans 
donÕt, namely, a layer of cells called the tapetum lucidum, which 
functions like a mirror. The tapetum lucidum reflects light passing 



through the retina back onto the retina for a second chance to be 
captured. Light shining off the tapetum lucidum gives nocturnal animals, 
including your pet dog, an eerie glow to their eyes. 

How does t he eye focus t he cent er  of  our  vision and blur  
everything  else? 

In the center of the retina is a small specialized patch of retina, called the 
macula, where images are superfocused. Remember that cones are much 
better at seeing fine detail because there is only one ganglion cell for every 
cone. Guess what: the macula is densely packed with only cones, no rods. 

Why is the  center of  our  vision the  only  area in sharp focus? Why 
can•t the  enti re visual field  be in focus? 

In order to make the entire retina like the macula, the retina would have 
to be packed with cones, leaving no room for rods or night vision. 
Besides, if the entire visual field were in focus, youÕd be distracted by 
everything you werenÕt looking directly at. Still,  it  would be cool to have 
your peripheral vision as sharp as central vision. 

If  you•ve ever walked your  dog at  night,  you may have noti ced 
that  you see the  dog bet t er if  you look  slightly  off  t o the  side. Why 
is that?  

Because the macula, where you see things most clearly, contains only cones 
and no rods, making the macula terrible for night vision. Right around the 
macula, though, the retina is packed with a doughnut of almost pure rods, 
so if you look slightly off to one side, the rods adjacent to the macula can 
see the targetÑ but not as clearly as if you were using your macula in the 
daytime. In the more peripheral parts of the retina, beyond the doughnut 
of rods around the macula, the rods and cones are more mixed. 

Does every color  have its  own cone? 

No. There wouldnÕt be enough room in the retina if every color had its 
own cone. We have only three types of cones. One type of cone sees the 



color red best, another sees green best, and the third sees blue best. When 
the brain sees a light that stimulates the red and green cones, it  interprets 
the light as yellow (see figure 9). If the red and green cones are both stim-
ulated, but the reds cones are stimulated more, the light is interpreted as 
orange. A light that stimulates the green and blue cones is seen as cyan, 
and a light that stimulates the blue and red is seen as violet. 

Artists utilize the same principles when mixing colors. Using a color 
wheel, the artist can predict the result of mixing two different colors. Blue 
and yellow make green, blue and red make purple, and red and yellow 
make orange. In a sense, we have the color wheel in our retinas. When a 
red light is shined into the eye for a long time, the cones that detect the 
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color red become exhausted from the intense stimulation. When the light 
is removed, the eye sees the color opposite red on the color wheel, namely, 
green. If a yellow light is shined in the eye, the afterimage is blue. Try it. 

What  is color  blindness? 

Some people are born with cones that canÕt see one of the primary colors. 
The most commonly defective cone is the one that normally detects green. 
People with defects in these cones have particular difficulty distinguishing 
reds from greensÑ hence the term Òred-greenÓ color blindness. The vast 
majority of color-blind people are men (8% of males versus only 0.5% of 
females are color-blind) for the following reason. Normally, a person suffers 
a genetic disease when that person has two defective genes, one defective 
gene from each parent. (A gene is a short segment of chromosome.) The 
gene for color blindness rests on the X chromosome. Women have two X 
chromosomes, so as long as they have one normal X chromosome, the 
normal gene will prevent color blindness (see figure 10). Very rarely, both 
X chromosomes in a woman will contain the gene for color blindness and 
that woman will be color-blind. Men, of course, carry an X chromosome 
and a Y chromosome. A Y chromosome is an X without its two legs. Those 
legs contain the gene for color vision, so a Y chromosome cannot counter-
act the color-blind gene on an X chromosome. Therefore, men need only 
one defective X chromosome to be color-blind while women need twoÑ  
hence the discrepancy in color blindness between men and women. 

Since the defective gene is on the X chromosome, and since men pass 
only their Y chromosome to their sons, sons born to color-blind fathers 
always have normal color vision. The daughters, however, are always 
carriers of the color-blind gene because one of their two X chromosomes 
is always defective (see figure 11). 

Another example of an X-linked disease is hemophilia, a bleeding dis-
order in young boys resulting from a defect in the ability of blood to form 
blood clots. 

What •s a chromosome? 

A chromosome is a long chain of DNA.  Each link  in the chain is a small 
bit of the DNA  carrying the instructions for assembling one protein. 



Figure 10 

Humans have 46 chromosomes, 23 from each parent. Therefore, for every 
protein, there are actually two sets of instructions, one set on the chro-
mosome derived from the mother and another on the chromosome 
derived from the father. 

How does the  cell know whi ch parent•s DNA to obey? 

Both parentsÕ DNA  is used to make the protein at any one gene site, 
except for the two X chromosomes in a woman. In each cell of a womanÕs 
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body, one of the two X chromosomes is randomly shut down so that, like 
a male cell, each female cell has only one functioning X chromosome. 

What•s the  dif ference bet ween recessive and dominant  genes? 

Each gene carries the instructions for making a single protein. Whenever 
the protein from a motherÕs gene is not identical to the protein made from 



the fatherÕs, one of the proteins may be more effective than its mate. Even 
if the less effective protein is completely inactive, the cell can function 
using its other effective protein. The gene that makes the less effective 
protein is called Òrecessive.Ó If, however, the defective protein is detri-
mental to the cell, or if the cell somehow requires both genes to make 
their proteins, the cell will  suffer, even die. Now the gene making the 
defective protein becomes Òdominant.Ó In other words, so long as the cell 
can survive with the defective gene product (a protein), that gene is 
recessive, but as soon as the gene product is detrimental to the cellÑ  
because the protein is toxic to the cell or the cell requires both genes to 
make its proteinÑthe defective gene becomes a dominant gene. 

Why is it  dangerous t o look  at  the  sun? 

Because the intense ultraviolet light rays of the sun can burn a hole in the 
macula and cause you to lose your sharp central vision. Sunlight is very 
high energy, and the only time we can safely look at sunlight is after it  has 
been reflected off some object. 

Why are carrots supposed t o be good for  your  eyes? 

Carrots contain lots of vitamin A , and rhodopsin is synthesized 
from vitamin A. As youÕd expect, vitamin A deficiencycauses night 
blindness.

How many of  us have seen a retina? 

YouÕve all seen a retina because youÕve all seen a photograph of people 
with red eyes, which happens when light from the flash reflects off the red 
retina back to the camera. The way to avoid red eye is not to mount the 
flash above the camera lens but off to one side so that the retinal 
reflection doesnÕt return directly to the camera lens. Another way to 
prevent red eye is to make the pupil so small that only a little  light gets 
into the eye to be reflected back from the retina. ThatÕs how most 
cameras work. A flash from the camera beforethe picture is taken causes 
the pupils to constrict, and then another flash actually illuminates the 
picture while the pupils are still constricted. 



Why is the  retina  red? 

The red is from blood circulating through the retina. Arteries carry blood 
away from the heart, branching to almost every spot in the body. Capil-
laries are the very terminal twigs of the arterial tree. After blood goes 
through the capillaries, it  enters veins that carry it  back to the heart. You 
can see the arteries and veins in your own retina by holding a pen light 
gently against the corner of your eye. The branching pattern you see is 
the blood vessels of the retina feeding the rods and cones. 

Does the  retina  know what  it•s seeing? 

No. The retina only sees the features of, say, a rabbit; it  doesnÕt know that 
itÕs a rabbit. We interpret what we see in the brain only after the retina 
sends its signals to the brain for analysis. The brain recognizes the retinal 
image as a rabbit by comparing the new image with known past images. 
Because it  is so important for us to distinguish what weÕve seen before 
from what we havenÕt, the brain is hardwired to be absolutely fascinated 
by new images. Watch a baby or early toddler stare with fascination at any 
new object. We never outgrow this fascination with things new. 

So how does the  retina  t ell the  brain what  it  saw? 

Remember the ganglion cells? The ganglion cells receive signals from the 
rods and cones. Axons of all the ganglion cells sweep along the surface of 
the retina to converge on a drainÑthe optic disc in the back of the 
retina. The axons pass through the optic disc into the optic nerve and, 
like a bundle of electrical wires, carry the electrical signals into the brain. 

What  is the  blind  spot? 

The blind spot is a small area of vision where you cannot see anything. 
The blind spot is situated slightly to the outside of central vision and is 
best detected by closing one eye and holding your fully outstretched arm 
in front of you with the thumb up (see figure 12). Looking straight ahead, 
gradually drift the thumb to the side. The thumb will  disappear at about 
6 inches and then reappear as you move it  beyond the 6 inches. The blind 
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spot corresponds to the optic disc, the spot in the retina where the optic 
nerve plugs into the back of the retina, a spot that has no rods or cones, 
only ganglion nerve fibers connecting to the brain. 

What  is the  instrument  the  doctor  uses t o look  in the  eye? 

An ophthalmoscope. An ophthalmoscope contains a little  flashlight that 
shines a light through a small magnifying lens into the pupil. By looking 



through the magnifying lens, a doctor can see the retina and the tip of the 
optic nerve plugging into the back of the retina. 

Why do people have dif ferent- colored eyes? 

The color of the eyes depends on the amount of pigment in the iris. The 
pigment is melanin, the same pigment that makes the skin brown. Brown 
irises have the most melanin and blue eyes have the least. Green, hazel, 
and gray eyes have amounts in between. Melanin is also situated in the 
retina and helps absorb light. The amount of melanin in the retina cor-
responds with the amount of melanin in the iris, so brown-eyed people 
with lots of melanin in the retina suffer less glare from bright sunlight 
than less-pigmented, blue-eyed people. 

What•s the  dif ference bet ween the  pupil  and the  iris? 

The iris (means rainbow in Greek) is the colored part of the eye sur-
rounding the pupil. The pupil is not a physical structure, just a central space 
surrounded by the iris. The iris is a tiny loop of muscle that contracts in 
response to light, closing the pupil like a purse string. Other tiny muscles 
pull the iris open. The reason the iris contracts and dilates in response to 
the intensity of the light is to steady the amount of light striking the retina. 
(The pupil is called a pupil because a person can see himself reflected as a 
small personÑ a pupilÑ in the eye of another person.) 

What  does •20/20  visionŽ mean? 

Having 20/20 vision means you can see at 20 feet what a normal person 
sees at 20 feet. If you have 20/50 vision, you see at 20 feet what a normal 
person can see at 50 feet, and if you have 20/10 vision you can see at 20 
feet what a normal person has to get within  10 feet to see. Hawks have 
20/5 vision because their retinas are packed more densely with rods. 

Why do people have t o wear glasses? 

People need glasses to focus blurry images. The reason the images are 
blurry is that they are not being focused on the retina. Two structures 



focus images onto the retina: the cornea and a small lens inside the eye. 
If the eyeball front to back is either too short or too long, the cornea and 
the lens may not be able to focus the image on the retina at all. 

When the image (without glasses) is focused in front of the retina, the 
person is called nearsighted, or myopic, unable to focus on images in the 
distance. When the image is focused behind the retina, the person is 
called farsighted, or hyperopic, unable to focus on images up close (see 
figure 13). Farsighted people need glasses that preconverge the image 
before it  reaches the cornea, while nearsighted people need diverging 
lenses to prevent the image from focusing in front of the retina. Con-
verging lenses, which are often rather thick, magnify the eyes, but 
divergent lenses barely affect the appearance of the size of the eyes. 

Why does focusing an image on the  retina  make it  look  clear? 

Every tiny detail of a viewed object reflects light in all directions. The light 
rays from every point on the object strike the viewerÕs eye more or less as a 
cone of light, passing through the entire length and width of the pupil. If 
there were no cornea or lens, the cone of rays would land on a wide swath 
of retina and the retina would be unable to pinpoint where the rays were 
coming from (see figure 14). In order for each detail of the object to be seen 
clearly, all the light rays emanating from each point must pass through the 
pupil and land on the exact same spot in the retina. The cornea and lens 
focus the cone of light rays onto one tiny spot in the retina. In this way, 
every detail of the viewed object is seen at only one spot in the retina and 
the retina can now transmit a clear image to the brain. 

Because light rays have to pass through a sort of knot hole (the pupil), 
the image on the retina is upside down and reversed left to right. In other 
words, the brain sees things upside down and backward, but since itÕs been 
doing that since birth, it  interprets the visual world correctly. 

How does the  cornea focus light?  

Any time light traveling through air strikes a transparent structure, it  
slows down. If the light strikes the transparent structure, say glass, at an 
angle, the slowing down also causes the light to bend, or refract. The 
reason light coming from an angle bends as it  slows is that light rays have 



Figure 13 

some width to them, analogous to a rolling barbell (see figure 15). If the 
right side of the barbell strikes the glass first, the right side slows down 
before the left side and the track of the barbell, like the ray of light hitting 
the cornea, bends to the right. For this reason, the corneaÕs curved shape 
always causes light to converge toward the center. 

The flip side of all this is that in order for the cornea to refract light, 
the light must slow down. In other words, the light must be traveling 
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through something like air before it  reaches the cornea. This principle is 
apparent to anyone who swims, because light travels through water at 
about the same speed as it  does through the cornea. If youÕre not wearing 
goggles, light traveling through the water wonÕt slow down when it  strikes 
the cornea and therefore wonÕt bend. No bending means no focusing, and 
no focusing means everything looks blurry until  you reestablish an airÐ 
cornea interface by putting your goggles back on. 

What•s astigmatism?  

Astigmatism is distortion of both close-up and faraway visual images 
because the cornea is elongated in one direction, like a football. 



Figure 15 

Why do you need a lens if  you have a cornea t o focus light  onto the  
ret ina? 

If you look at something far away and the image is sharp, then the image 
is focused on the retina. As you bring that image closer to the eye, 
however, the rays from the image reach the cornea from a greater angle 
and eventually the cornea alone will  no longer be able to focus the rays 
onto the retina. The lens, which is situated right behind the iris, further 
focuses close-up images onto the retina. But depending on how close the 
image is to the eye, different-strength lenses will  be needed to properly 
focus the image onto the retina. The lens solves this problem by changing 
its shape in order to adjust its focus for different close-up images. The 
rounder the lens, the more it  refracts. The lens changes shape with the 
help of two little  ciliary muscles attached to either side of the lens (see 
figure 16). 
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Why do people nearing  the  age of  40 have t o st art  wearing 
reading glasses? 

As we get older, the lens becomes less elastic and the ciliary muscles 
weaken. The ciliary muscles can no longer round up the lens when 
looking at something up close, so things up close go out of focus. This 
condition is called presbyopia. The solution: reading glasses for close-up 
vision.

How does lasik surgery work  t o help you get  rid  of  glasses? 

Lasik surgery changes the shape of the cornea so that images can now be 
focused on the retina. After the cornea is anesthestized with eyedrops, a 
sharp thin  blade slices open a flap from the front of the cornea. A laser 
then molds the cornea into a new shape. The corneal flap is then pasted 
back up, leaving no scarring and a newly shaped cornea. 



Instead of  changing the  shape of  the  cornea, can you change the  
shape of  the  lens or  the  shape of  the  eyeball? 

So far, nothing can be done to change the shape of the lens or the eyeball. 

When light  t ravels th rough a cornea and gets refracted, why 
doesn•t the  light  get  spread out  int o the  colors of  a rainbow as it  
does when going th rough a prism? 

White light from the sun is made up of all the colors in the rainbow. Each 
color has a different energy frequency. The faster the frequency, the more 
it  slows when it  hits a glass prism, and therefore the more it  is bent. If the 
light strikes the glass at a high angle and leaves the other side of the glass 
at a high angle, too, the colors will  be splayed out into the colors of the 
rainbow, with high-frequency blue on one side and low-frequency red on 
the other. 

Unlike a glass prism, the angle of light entering the cornea is not par-
ticularly great, and since the front and back of the cornea are nearly 
parallel to each other, light exiting the cornea does not become spread 
out into the colors of the rainbow. 

Why do things  look  clearer when seen th rough a pinhole? 

Theoretically, you could focus without a cornea or lens by making the 
pupil so small that only one thin  beam of rays from every detail of the 
viewed image enters the eye. The image would be dim, but clear, because 
each tiny spot on the image would fall on only one spot on the retina. 
And indeed if you look at something through a tiny pinhole punched in 
a piece of paper, the image does look clearer through the pinhole. In fact, 
a pinhole will  suffice for a camera lens if youÕre willing to wait long 
enough for sufficient light to strike the film. 

Taking this one step further, even things in front of and behind the 
image would be in focus with a pinhole pupil, because light rays from 
these images, too, would fall on only one spot in the retina. In other 
words, an ultratiny pinhole not only sharpens the image, but it  also 
produces a very wide depth of field. 



When looking at  something up close, wouldn•t  it  make sense for t he 
pupil to become smaller in order for t he eye to discern finer detail? 

Yes. It makes so much sense that pupillary constriction when looking at 
something close up is hardwired into the brain as a reflex. Ask a friend to look 
at the tip of his nose and watch how the pupils constrict to allow the eye to 
discern fine detail up close. The combination of rounding up the lens and 
constricting the pupil for close-up vision is called the accommodation reflex. 
By maxing out the accommodation reflex, the Mokens, a population of sea 
gypsies living off the coast of Thailand, are able to sharpen their underwater 
vision well enough to locate sufficient food to sustain themselves. 

Why do your eyes burn when you get  soap in t hem or peel onions? 

Unlike the conjunctiva (the white of the eye), the cornea has a rich 
supply of sensitive nerve endings. So while you can touch the con-
junctiva pretty easily, you canÕt touch the cornea without quickly 
blinking. If youÕve ever gotten something in your eye like soap suds or 
onion fumes, the pain is coming from the cornea, not the conjunctiva 
(the fumes from onions form a mild solution of sulfuric acid in the tears). 
The best way to get burning chemicals out of your eyes is to wash them 
out with lots and lots of water. 

Why do we have eyelashes? 

To keep dust and other little  particles from falling into the eye. 

Why do we have eyebrows? 

Probably to keep sweat from dripping into our eyes. They also help the 
face express our feelings. 

What  causes those red blot ches that  sometime  develop in the  
whi t e of  the  eye? 

A red blotch in the conjunctiva is caused by a burst capillary, which spills 
less than a drop of blood. Not a big deal, because the blood gets absorbed, 
leaving no traces. 



Why do we blink? 

Two reasons. One is to wipe the eyeball clean. The other is to moisten the 
eyeball so it doesnÕt dry out. Blinking wipes a little teardrop across the eye. 

Where do t ears come f rom? 

From a tear gland tucked up behind the upper eyelid. The tear gland 
squirts a tiny tear onto the surface of the eyeball and the eyelid spreads it  
over the eye. 

If  t he tear gland is constant ly dripping tears onto t he surface of t he 
eyeball, why don•t  t he tears accumulate and make t he eye watery? 

Because the tears disappear down a drain at the inner corner of the eye. 
All  night long, tears are slowly dripping over the eyeball and draining 
into the inner corner of the eye. When you wake up in the morning, 
thereÕs a little  spot of gunk in the corner of your eye that was too thick to 
get through the drain. 

Where does the  drain at  the  inner  corner  of  the  eye drain t o? 

Tears drain into a duct leading into the nose (a duct is any tube leading 
fluid from one place to another) (see figure 17), which is why you have 
to wipe your nose when you cry. Someday, if youÕre lucky, youÕll meet a 
smoker who can blow smoke out his eyes by blowing against pursed lips 
and pinched nostrils, forcing smoke up the nose, into the tear ducts, and 
out through the eyes. Cool. 

Why do we cry when we•re sad? 

No one really knows why we bawl when weÕre sad. Perhaps we cry because 
tears are an effective attention grabber at a time when attentive concern 
is most needed. 

How do you move your eyeballs? 

The same way you move anything in the bodyÑwith  muscles, in this case 



Figure 17 

muscles attached to the eyeball (see figure 18). The nerves controlling 
eye movements are located in the oldest part of the brainÑ the 
brainstem. The brain is like an ice cream cone. The ice cream part is the 
cerebral hemispheres, where we interpret whatÕs going on around us, 
think about things, and plan our actions. The cone part, or brainstem, is 
the oldest part of the brain, which controls ancient functions shared by 
all animals: consciousness, sleep, eye movements, pupillary reaction, eye 
closure, facial sensation, facial movement, hearing, swallowing, articu-
lation of sounds, rotating the head, tongue movements, blood pressure, 
pulse rate, and respiration. See chapter 15. 



What  happens if  one of  the  eyeball muscles is weak? 

The eyeballs wonÕt move together. The eyeball that doesnÕt move so well 
is called a ÒlazyÓ eye. The scientific term is strabismus. 

How do you strengthen  a weak eye muscle? 

How do you make any muscle stronger? By exercise. To encourage the 
weak eye to exercise, the good eye is covered with a patch so the kid has 
to use his lazy eye. 

Why do we have t wo eyes? A lot  of  people lose one eye and can 
still  see. What  do t wo eyes do bet t er than  one eye? 

First of all, two eyes give us a wider visual field. Hold up your left hand 
next to your left shoulder and wiggle your fingers. Now close your left eye 
and suddenly your wiggling fingers are gone. 

The other reason we have two eyes is that each eye has a slightly dif-
ferent view of the world. This is why you close one eye when aiming a 
gunÑit Õs too distracting to see another image when trying to concentrate 
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on the target. With  both eyes open, however, the brain can overlap the 
two images and see a much richer three-dimensional image (see figure 
19). Close one eye and look at something far way. Monocular vision is 
okay, but now try it  with both eyesÑbinocular visionÑand see how 
much easier it  is to judge distance. This works better for looking at objects 
close-up, when the retinal images are very different. 

Without three-dimensional vision, it  is more difficult to judge how far 
objects are from us. A person with only one eye has to rely more on the 
size of an object, its brightness, the eyeÕs internal focusing system, or how 
fast the image moves across the retina (close-up images move faster across 
the retina than faraway images) to judge how far away the object is. 

Suppose one eye is really lazy, so lazy that  it  can•t be yoked t o the  
other  eye and the  t wo eyes produce dif ferent  images. How does 
the  brain form  a single image if  it•s receiving t wo nonoverlapping  
images? 

It doesnÕt. If one eye is so lazy that the images from each eye cannot be fused 
into a single three-dimensional picture, the brain will ignore the infor-
mation coming from the lazy eye. If the problem is present in a toddler and 
the eye doctor doesnÕt correct it within a couple of years, the brain will even-
tually ignore that eye forever and the person will become blind in that eye. 

Why do some people•s eyes look  like they• re popping  out  of  their  
heads? 

The most common reason for eyes to bulge is that they are being pushed 
out of their sockets by inflamed, swollen eye muscles. The most common 
cause for this is GravesÕ disease, an autoimmune disease that attacks the 
thyroid and the eye muscles. 

What  are •floa tersŽ in the  eye? 

The eye is like a basketball in that it  needs something inside it  to keep it  
pumped up nice and round. That something inside the eye is vitreous 
humor, a clear, colorless jelly. ItÕs clear and colorless because light has to 
travel through it  on its way to the retina. Sometimes, cellular debris floats 
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around in the vitreous humor, which you see as tiny floaters in your visual 
field. Eventually, they go away. 

What  is glaucoma? 

In glaucoma, pressure inside the eye starts to rise. Rising pressure inside 
the eye presses hard against the tip of the optic nerve at the optic disc. 



Eventually, as the high pressure kills the ganglion nerve fibers entering 
the optic nerve, the person slowly becomes blind in that eye. The gradual 
rise in intraocular pressure is a painless process (ÒintraÓ mean inside and 
ÒocularÓ means eye). ThatÕs why the eye doctor checks the pressure in 
your eyes even if youÕre not complaining of anything. 

The treatment for glaucoma is to lower intraocular pressure. The 
reason for the rise in intraocular pressure is blockage of fluid circulating 
in front of the lens and iris. Normally, watery fluid (called aqueous fluid) 
is made by a tiny gland situated behind the iris where the iris meets the 
ciliary muscle. Aqueous fluid flows from behind the iris through the pupil 
to the front of the iris, where it  is absorbed between the iris and the 
cornea (see figure 20). In glaucoma, the absorption site is blocked, 
damming up fluid in the front, or anterior, chamber and raising intra-
ocular pressure. Treatments include medications to slow the production 
of aqueous fluid, surgery to open up the drain site, or surgery to make a 
new drain through a different part of the conjunctiva. 

Why do people see st ars when they  are hit  in the  head? 

When a person is struck in the head, he suddenly closes his eyes very 
tightly, causing a sudden sharp rise in intraocular pressure. The sudden 
rise in intraocular pressure taps against the rods and cones, causing them 
to send isolated signals to the brain as Òstars.Ó 

What•s a cat aract? 

ItÕs pretty amazing for a biological substance to be completely transparent. 
The lens is transparent because of the help of a special protein matrix. 
When the protein is damaged or is genetically defective, it  begins to 
unravel and clump together, causing the lens to become a cloudy cataract 
(ÒcataractÓ means waterfall in Latin). Cataracts are common in old 
people. Ultraviolet light is particularly damaging to the delicate protein 
matrix in the lens. For this reason, it  is best to wear glasses and sunglasses 
that are coated with an ultraviolet filter. Wearing sunglasses without an 
ultraviolet filter coating may be worse than no sunglasses at all. By 
blocking out light, sunglasses encourage the pupil to open up and allow 
more light, including ultraviolet light, into the eye. 



Figure 20 

How do you t reat cat aracts? 

The solution for cataracts is to take out the lens, which of course prevents 
images from being focused on the retina. The solution to that problem is 
to get thick glasses that can really refract light, but they make the eyes 
look super big. A better solution is to take out the cloudy lens and replace 
it  with an artificial one. 



When do they  t ransplant  corneas? 

If trauma or disease causes the cornea to becomes cloudy, scarred, or mis-
shapen, itÕs a relatively straightforward operation to cut out the old 
cornea and replace it  with a donor cornea from a cadaver. In fact, the first 
corneal transplant was performed almost 100 years ago, in 1906. The risk 
of corneal rejection is not very high, because the cornea does not have a 
blood supply (otherwise it  wouldnÕt be crystal clear). Instead, the cornea 
receives its nutrients by diffusion from the ocular fluids. 


