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EYES

The eyesare an extensionof the brain. During fetal developmentthe
eyesform aslittle out-pouchesrom the developingbrain and remain
connectedto the brain by meansof the optic nervebehind eacheyeball.

We all know that the eyesdetect light, but what is light?

Light is one form of energ, a combinationof electricity and magnetism
called electromagneticadiation. The electrical part of electromagnetic
radiation vibrates back and forthNthe more energ, the faster the
vibration. How fastthe electricalwavevibratesdetermineghe color you
see . Slowyvibration (low energy)is red, alittle fastervibration is orange,
then yellow, green,and finally blue (the fastestvibration, or highest
energy)When ablacksmithplacesacold rod of steelin ahot fire, energy
fromthe fire istransferrednto the rod. Slowly, the energyin the rod rises
high enoughto sendout electromagnetiaadiation, which you seeasa
glowing red-hot rod. Red is the lowest frequency of light. If the
blacksmiti®rod getsanyhotter, it shouldbeginto turn yellow, greenand
blue. This does® happen,becausesomepartsof the rod still emit red
light eventhoughthe fire is continuing to heatthe rod hotter andhotter.
The continuing red light combineswith the other colorsand eventually



all the colorsof the rainbowareseensimultaneouslasa white light, and
the rod becomesvhite hot.

Canelectromagnetic radiation vibrate faster than visible light?

Sure.Electromagneti@nergyvibrating slightly fasterthan visiblelight is
called ultraviolet light (which beesand butterfliescan see),and faster
still areX-rays.Thesehigh-energywavegackquite awallop. X-rayshave
somuchenerg, they passight throughyourskin, but they arenot strong
enoughto pasghroughbones That@why an X-ray showsthe bonesbut
not the skin or any other soft tissue,such as the liver, kidneys, or
stomach.

How about electromagnetic radiation vibrating slower than
visible light?

Not aproblem.Electromagneticadiationvibrating at verylow frequency
iswhat carriesradioand TV signalsAt alittle fasterfrequencyareradar
wavesand fasterstill aremicrowavesNthesameonesa microwaveoven
usedo heatup food. A little fasterthan microwavess invisible infrared
radiation,which isjustbelowthe frequencyfor visiblelight. Infraredlight
is usedby restaurantso keepfood hot afterit is cooked,and a pulseof
infrared light shot from the remote controls your TV. So visible light,
infrared light, ultraviolet light, microwaves, TV signals,radio signals,
rada, and X raysareall formsof electromagneticadiation. The only dif-
ferenceis how fastthe electromagneti@nergyvibrates.

If it takes more energy to generate a blue light than a red light,
why are heat lamps red, not blue?

Eventhoughbluelight containsmoreenerg, infraredlight is warme:. If
youpassedunlightthrougha prismto breakup light into arainbow, and
then placedathermometeiin eachof the colors,asWilliam Herscheldid
around1800,youddind that red light is warmerthan blue light. When
Herschelmovedthe thermometelinto the darkzonejust beyondthe red
light zone he foundthat the temperaturevasevenhigherin the infrared
zonethan in the red zone.



Infrared light heatsour skin by transferringits energyto the skin.
High-energyblueandultraviolet light penetratedeepeitinto the skinand
damageit. The resulting inflammatory responseis felt as sunburn.
Infrareddetectorsarefoundin night gogglesandin the pits of pit vipers,
makingthem very good at hunting mice undergrouncbr at night.

How many of you have ever been woken up by your parentse
flipping on the lights in your room? Your first reaction isto squint
to reduce the amount of light entering your eyes. The lights are
too bright, yet theyere the same lights you have on during the
evening and theyere not too bright then. What gives?Why are the
lights too bright when you first wake up? And, conversely, why
does it take time for your eyesto adjust to sudden darkness, for
example, when you first enter a movie theater?

When light entersthe eye,it passestraightthroughto the backwall of
the eyeNthe retina. Embeddedh the retinaarethousandsndthousands
of cells called rods and cones.They are called rods and conesbecause
that®what they are shapedike. When struckby a ray of light, rodsand
conessendan electricalsignalto the brain (seefigure6).

It turns out that rodsand coneshavedifferentfunctions.Rodsdetect
the intensity of light, and conesdetectthe color of light. Rodsare10,000
times more sensitiveto light than cones;becaus®f this we userods at
night, not duringthe day. The chemicalin rodsthat detectdight is called
rhodopsin. Daylight breaksdown rhodopsin, but during the night the
rhodopsinin rodsis reassembledn the morning, then, the rising sun
graduallyinactivates rhodopsin, and the conestake over for daylight
vision. If the transition from darknesgo brightnesss rapid, howeverK
suchaswhen someonélips on the lights whenyouOrasleepNit takesa
few minutes for the rhodopsin to be inactivated. During those few
minutes,the bright light dazzlethe light-sensitiverods.Everythinglooks
too bright andyou haveto squint(seefigure7).

During the day, whenrhodopsinisinactivatedby sunlight,anysudden
darknesssuch aswhen you walk into a darkenedmovie theater, will
catch the rods without sufficient rhodopsinto seein dim light. Even
thoughthe pupilsdilate whenyouwalkinto adarkroom, it takes5 to 10
minutesfor the rodsto build up enoughrhodopsinfor youto seeanempty
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seat,and another10to 15 minutesto reachmaximalacclimationto the
dark.

Why donet we userods for daytime vision?

There aretwo reasonsThe first is that rods,while fine for seeingn dim
light, don®seeasmuchfine detail asconesdo becaus®f what happens
to the light impulseafter it reacheghe rodsand cones.When a ray of
light strikesarod or cone,the signalis convertedinto an electricalsignal,
which then stimulatesa nervecell in the retina. This nervecell, calleda
ganglion cell, sendsthe electrical signal along its axon to the brain,
telling the brain exactlywhich part of the retina wasstimulated.

In the center of our vision, each cone in the retina hasits own
ganglioncell, sothe brain can seethingsin our central vision with the
utmostclarity. Forrods,howeve, oneganglionnervecell mayconnectto
twenty to thousandsf rods,which meansa rod ganglioncell servicesa
widerareathan a coneganglioncell (seefigure8). HereSthe trade-off:a
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ganglion nerve cell servicingmany light-sensitiverods is much more
likely to be stimulatedby low-levellight than a ganglionnervecell ser
vicing a singlecone,which is greatfor night vision, but the ganglioncell
doesnot know which of the 100 or morerodsactuallyreceivedthe light
on the retina. Without knowingexactlywhich rod cell sentthe electrical
signalthe brain cannotform assharpanimageasit canwith signalsent
from cones.

The secondreasonwe don® userods for daytime vision is that rods
don®seecolorsascolors,only asshade®f gray. You candemonstratehis
by looking at abox of crayonswith yourrodsNafter sitting in the darkfor
20 minutesor soto let yourrodsbecomeactivated.Now turn on a very
dim light and youOlfind it very difficult to distinguishthe different
crayonspatrticularlythe red one,which looksblackin dim light.
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Canrods seecolor at all?

In asensaodsdo seecolor. Rodsare stimulatedmostintenselyby blue-
greenlight, but the brain interpretsthe messagesom rodsin shade®of
gray, not color. Rodsarevirtually blind to redlight, andsincethe retinas
of nocturnal animals are almost exclusively rods, nocturnal animals
cannottell whenaredlight isbeingshinedat them. Zookeepersoutinely
fool nocturnalanimalsinto foragingduringthe dayby illuminating their
cageswith redlights. During World War Il, fighter pilots hadto beready
at amomentnotice to fly off into the night sky, soat eveningtime the
pilots would put on red gogglesBeing insensitiveto red, their rods
thought it wasdark outsideand pumpedup the rhodopsin. That way,
when the alarmsrang and the pilots ran outside and removedtheir
gogglesthey had immediatenight vision.
Nocturnalanimalspossessomethingoehindtheir retinasthat humans
don® namel, 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 secondchanceto be
capturedLight shining off the tapetumlucidum givesnocturnalanimals,
including your petdog,an eerieglowto their eyes.

How does the eye focus the center of our vision and blur
everything else?

In the center of the retinaisa amall specialized patch of reting, called the
macula, where images are superfocused. Remember that cones are much
better at seeingfine detail because thereisonly one ganglion cell for every
cone. Guesswhat: the maculaisdensely packed with only cones no rods

Why is the center of our vision the only areain sharp focus?Why
canet the entire visual field be in focus?

In orderto makethe entire retinalike the maculathe retinawouldhave
to be packedwith cones,leaving no room for rods or night vision.
Besidesijf the entire visual field werein focus,youOde distractedby
everythingyouwerer®looking directly at. Still, it wouldbe coolto have
your peripheralvision assharpascentral vision.

If youeve ever walked your dog at night, you may have noti ced
that you seethe dog better if you look slightly off tothe side. Why
is that?

Because the macula, where you see thingsmog clearly, containsonly cones
and no rods making the maculaterrible for night vison. Right around the
macula, though, the retinais packed with a doughnut of amos pure rods
9 if you look dightly off to one Sde, the rods adjacent to the macula can
e the targetN but not as clearly asif you were usng your maculain the
daytime. In the more periphera parts of the retina, beyond the doughnut
of rodsaround the macula, the rods and cones are more mixed.

Doesevery color haveits own cone?

No. There wouldn®be enoughroomin the retina if everycolor hadits
own cone.We haveonly threetypesof conesOne type of coneseeghe



colorredbest,anotherseegreenbest,andthe third seebluebest When
the brain seealight that stimulateghe redandgreenconesijt interprets
the light asyellow(seefigure9). If the redandgreenconesareboth stim-
ulated,but the redsconesarestimulatedmore,the light isinterpretedas
orangeA light that stimulateshe greenand blue conesis seenascyan,
andalight that stimulateghe blueandredis seenasviolet.

Artigs utilize the same principles when mixing colors Usng a color
whedl, the artis 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 eense, we have the color whed in our retinas When a
red light isshined into the eye for along time, the conesthat detect the

SIGNAL OFF
BLUE

L R |

WHITE LIGHT ORANGE LIGHT

SIGNAL OFF

—~— —
CYAN LIGHT VIOLET LIGHT

Figure 9



color red become exhauged from the intense gimulation. When the light
isremoved, the eye seesthe color oppodte red on the color wheel, namely,
green. If ayellow light isshined in the eye, the afterimage isblue. Try it.

What is color blindness?

Some people are born with conesthat can®see one of the primary colors
Themog commonly defective coneisthe one that normally detectsgreen.
People with defectsin these coneshave particular difficulty diginguishing
reds from greensN hence the term @ed-greenOcolor blindness The vagt
majority of color-blind people are men (8% of males versus only 0.5% of
femalesare color-blind) for the following reason. Normally, a person auffers
a genetic disease when that person hastwo defective genes one defective
gene from each parent. (A geneisa short segment of chromosome.) The
gene for color blindnessress on the X chromosome. Women have two X
chromosomes 0 as long as they have one norma X chromosome, the
normal gene will prevent color blindness (e figure 10). Very rarely, both
X chromosomesin a woman will contain the gene for color blindness and
that woman will be color-blind. Men, of course, carry an X chromosome
and aY chromosome. A Y chromosomeisan X without itstwo legs Those
legs contain the gene for color vison, 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 twoN
hence the discrepancy in color blindness between men and women.

Sincethe defectivegeneis on the X chromosomeand sincemen pass
only their Y chromosomeo their sons,sonsborn to color-blind fathers
alwayshave normal color vision. The daughtershoweve, are always
carriersof the color-blind genebecaus@ne of their two X chromosomes
is alwaydefective(seefigure11).

Another exampleof an X-linked diseasés hemophilia,a bleedingdis
orderin youngboysresultingfrom a defectin the ability of blood to form
blood clots.

Whates a chromosome?

A chromosomés along chain of DNA. Eachlink in the chainisasmall
bit of the DNA carryingthe instructions for assemblingone protein.
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Humanshave46 chromosome®3from eachparent.Therefore for every
protein, there are actuallytwo setsof instructions,one seton the chro-
mosomederived from the mother and another on the chromosome
derivedfrom the father.

How does the cell know which parentss DNA to obey?

Both parents®@NA is usedto makethe protein at any one genesite,
exceptfor the two X chromosomeim awoman.In eachcell of awomar®
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body, one of the two X chromosomeis randomlyshutdown sothat, like
amalecell, eachfemalecell hasonly onefunctioning X chromosome.

Whates the dif ference between recessive and dominant genes?

Eachgenecarriesthe instructionsfor makinga singleprotein. Whenever
the protein fromamothei®geneis not identical to the protein madefrom



the fathei®,oneof the proteinsmaybemoreeffectivethan its mate.Even
if the lesseffectiveprotein is completelyinactive, the cell canfunction
usingits other effectiveprotein. The genethat makesthe lesseffective
protein is called Orecessivelf) howeve, the defectiveprotein is detri-
mental to the cell, or if the cell somehowequiresboth geneso make
their proteins,the cell will suffe, evendie. Now the genemakingthe
defectiveprotein become®dominant.( otherwords solong asthe cell
can survive with the defectivegeneproduct (a protein), that geneis
recessivebut assoonasthe geneproduct is detrimentalto the cellN
becausehe proteinis toxic to the cell or the cell requireshoth genedo
makeits proteinNthe defectivegenebecomes dominantgene.

Why isit dangerousto look at the sun?

Becaus¢he intenseultraviolet light raysof the suncanburnaholein the
maculaand causeyou to loseyour sharpcentral vision. Sunlight is very
high energ, andthe only time wecansafelylook at sunlightis afterit has
beenreflectedoff someobject.

Why are carrots supposed to be good for your eyes?

Carrots contain lots of vitamin A, and rhodopsn is syntheszed
from vitamin A. As youOdexpect, vitamin A deficiencycauses night
blindness.

How many of us have seenaretina?

YouOvall seena retina becausgrouOvall seena photographof people
with redeyeswhich happensvhenlight fromthe flashreflectsoff the red
retina backto the cameraThe wayto avoidred eyeis not to mountthe
flash above the cameralens but off to one side so that the retinal
reflection doesi® return directly to the cameralens. Another way to
preventred eyeis to makethe pupil sosmallthat only alittle light gets
into the eyeto be reflected back from the retina. That® how most
camerasvork. A flashfrom the camerabeforghe pictureis takencauses
the pupilsto constrict, and then another flash actually illuminates the
picture while the pupilsarestill constricted.



Why is the retina red?

The redisfrom blood circulatingthroughthe retina. Arteries carryblood
awayfrom the heart, branchingto almosteveryspotin the body. Capil-
lariesare the very terminal twigs of the arterial tree. After blood goes
throughthe capillariesjt entersveinsthat carryit backto the heart.You
canseethe arteriesand veinsin your own retina by holding a pen light
gently againstthe corner of your eye.The branchingpattern you seeis
the blood vesselsf the retina feedingthe rodsand cones.

Doesthe retina know what ites seeing?

No. The retinaonly seeshe feature®f, sg, arabbit; it doesi®knowthat

it@a rabbit. We interpret what we seein the brain only after the retina

sendsts signalgo the brain for analysisThe brain recognizethe retinal

imageasa rabbit by comparingthe newimagewith known pastimages.
Becausét is soimportant for usto distinguishwhat weOveeenbefore
from what we haver) the brain is hardwiredto be absolutelyfascinated
by newimagesWatchababyor earlytoddlerstarewith fascinationat any
new object. We neveroutgrowthis fascinationwith thingsnew.

Sohow does the retina tell the brain what it saw?

Remembethe ganglioncells?The ganglioncellsreceivesignaldrom the
rodsandcones Axons of all the ganglioncellssweemlongthe surfaceof
the retina to convergeon a drainNthe optic discin the back of the
retina. The axonspasgshrough the optic discinto the optic nerveand,
like abundleof electricalwires,carrythe electricalsignalgnto the brain.

What is the blind spot?

The blind spotis a smallareaof vision whereyou cannot seeanything.
The blind spotis situatedslightly to the outsideof central vision and is
bestdetectedby closingone eyeand holding yourfully outstretchedarm
in front of youwith the thumb up (seefigure12). Lookingstraightahead,
graduallydrift the thumb to the side.The thumb will disappeaat about
6 inchesandthen reappeaasyoumoveit beyondthe 6 inches.The blind
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spotcorrespondso the optic disc,the spotin the retina wherethe optic
nerveplugsinto the backof the retina, a spotthat hasno rodsor cones,
only ganglionnervefibersconnectingto the brain.

What is the instrument the doctor usesto look in the eye?

An ophthalmoscopeAn ophthalmoscopeontainsalittle flashlightthat
shinesa light through a smallmagnifyinglensinto the pupil. By looking



throughthe magnifyinglens,adoctorcanseehe retinaandthe tip of the
optic nerveplugginginto the backof the retina.

Why do people have dif ferent- colored eyes?

The color of the eyesdepend®n the amountof pigmentin the iris. The

pigmentis melanin,the samepigmentthat makeghe skinbrown.Brown
iriseshavethe mostmelanin and blue eyeshavethe least.Green,hazel,
and grayeyeshave amountsin between.Melanin is alsosituatedin the

retina and helpsabsorbight. The amountof melaninin the retina cor-

respondwith the amountof melaninin the iris, sobrown-eyedpeople
with lots of melaninin the retina sufferlessglarefrom bright sunlight
than less-pigmentedylue-eyedpeople.

Whates the dif ference between the pupil and the iris?

The iris (means rainbow in Greek) is the colored part of the eye sur-
roundingthe pupil. The pupil isnot aphyscal gructure, jus acentral gpace
aurrounded by the iris The irisisatiny loop of muscle that contractsin
reponse to light, closng the pupil like a purse gring. Other tiny muscles
pull the irisopen. The reason the iris contracts and dilatesin response to
theintengty of thelight isto geady the amount of light grikingtheretina.
(The pupil iscalled a pupil because a person can see himsalf reflected asa
amall personN a pupilN in the eye of another person.)

What does ¢20/20 visionZ mean?

Having 20/20vision meansyou can seeat 20 feetwhat a normal person
seeat 20feet.If youhave20/50vision, youseeat 20 feetwhatanormal
personcan seeat 50 feet,andif you have20/10vision you canseeat 20
feetwhat a normal personhasto getwithin 10 feetto see. Hawkshave
20/5vision becaus¢heir retinasare packedmoredenselywith rods.

Why do people have to wear glasses?

Peopleneedglasseso focusblurry images.The reasonthe imagesare
blurry is that they are not being focusedon the retina. Two structures



focusimagesonto the retina: the corneaand a smalllensinsidethe eye.
If the eyeballfront to backis either too shortor too long, the corneaand
the lensmaynot be ableto focusthe imageon the retina at all.

When the image(without glasses focusedn front of the retina, the
personis callednearsightedpr myopic,unableto focuson imagesn the
distance.When the imageis focusedbehind the retina, the personis
calledfarsighted,or hyperopic,unableto focuson imagesup close(see
figure 13). Farsightedpeopleneed glasseshat preconvergghe image
beforeit reachesthe cornea,while nearsightedpeopleneed diverging
lensesto preventthe imagefrom focusingin front of the retina. Con-
verging lenses,which are often rather thick, magnify the eyes,but
divergentlensedarelyaffectthe appearancef the sizeof the eyes.

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

Every tiny detail of aviewed object reflectslight in al directions Thelight
raysfrom every point on the object srike the viewer@eye more or lessasa
cone of light, pasing through the entire length and width of the pupil. If
there were no cornea or lens the cone of rayswould land on awide swath
of retina and the retina would be unable to pinpoint where the rays were
comingfrom (seefigure 14). In order for each detail of the object to be seen
clearly, al thelight rays emanating from each point mug passthrough the
pupil and land on the exact same ot in the retina. The cornea and lens
focus the cone of light rays onto one tiny ot in the retina. In this way,
every detail of the viewed object isseen at only one ot in the retina and
the retina can now trangmit a clear image to the brain.

Becausdight rayshaveto pasghrougha sortof knot hole (the pupil),
the imageon the retinais upsidedownandreversedeft to right. In other
wordsthe brain seeshingsupsidedownandbackwardput sinceit Gbeen
doingthat sincebirth, it interpretsthe visualworld correctly.

How doesthe cornea focuslight?

Any time light traveling through air strikesa transparentstructure, it
slowsdown. If the light strikesthe transparentstructure,sayglassat an
angle,the slowingdown also causesghe light to bend, or refract. The
reasorlight comingfrom ananglebendsasit slowssthat light rayshave
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somewidth to them, analogougo arolling barbell(seefigure15). If the
right sideof the barbellstrikesthe glasdirst, the right sideslowsdown
beforethe left sideandthe track of the barbell,like the rayof light hitting
the corneabendsto the right. Forthis reasonthe corne@®curvedshape
alwayscausedight to convergetowardthe cente.

The flip sideof all this is that in orderfor the corneato refractlight,
the light mustslow down. In other words,the light must be traveling
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through somethinglike air beforeit reacheshe cornea.This principle is
apparentto anyonewho swims,becausdight travelsthrough water at
aboutthe samespeedsit doesthroughthe cornealf youOraot wearing
goggledijght travelingthroughthe waterwon®slowdownwhenit strikes
the corneaandthereforewon®bend.No bendingmeanso focusingand
no focusingmeanseverythinglooks blurry until you reestablishan airb
corneainterfaceby putting yourgoggledackon.

Whates astigmatism?

Astigmatismis distortion of both close-upand farawayvisual images
becaus¢he corneais elongatedn onedirection, like afootball.
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Why do you need alensif you have acornea to focuslight ontothe
retina?

If youlook at somethingfar awayandthe imageis sharp then the image
is focusedon the retina. As you bring that imagecloserto the eye,
howeve, the raysfrom the imagereachthe corneafrom a greaterangle
and eventuallythe corneaalonewill no longerbe ableto focusthe rays
onto the retina. The lens,which is situatedright behindthe iris, further
focuseglose-upmagesonto the retina. But dependingon how closethe
imageis to the eye,different-strengthlenseswill be neededto properly
focusthe imageonto the retina. The lenssolveghis problemby changing
its shapein orderto adjustits focusfor different close-upimages.The
rounderthe lens,the moreit refracts.The lenschangeshapewith the
help of two little ciliary musclesattachedto either sideof the lens(see
figure16).
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Why do people nearing the age of 40 have to start wearing
reading glasses?

As we get older, the lens becomedesselasticand the ciliary muscles
weaken.The ciliary musclescan no longer round up the lens when
looking at somethingup close,sothings up closego out of focus.This
condition is called presbyopiaThe solution: readingglassefor close-up
vision.

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

Lasiksurgerychangeghe shapeof the corneasothat imagescannow be
focusedn the retina. After the corneais anesthestizedith eyedropsa
sharpthin bladeslicesopena flap from the front of the cornea.A laser
then moldsthe corneainto a newshapeThe cornealflap is then pasted
backup, leavingno scarringand a newly shapedtornea.



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

Sofar, nothing canbedoneto changethe shapeof the lensor the eyeball.

When light travels through a cornea and gets refracted, why
doesnset the light get spread out into the colors of arainbow asit
does when going th rough a prism?

White light fromthe sunis madeup of all the colorsin the rainbow. Each
color hasadifferentenergyfrequeng. The fasterthe frequeng, the more
it slowswhenit hits aglasgprism,andthereforethe moreit isbent. If the
light strikesthe glasst ahigh angleandleaveshe other sideof the glass
at a high angle,too, the colorswill be splayedut into the colorsof the
rainbow, with high-frequencyblue on one sideandlow-frequencyedon
the other.

Unlike aglasgrism,the angleof light enteringthe corneais not par
ticularly great,and sincethe front and back of the corneaare nearly
parallelto eachother, light exiting the corneadoesnot becomespread
out into the colorsof the rainbow.

Why do things look clearer when seenth rough a pinhole?

Theoreticall, you could focuswithout a corneaor lens by making the
pupil sosmallthat only one thin beamof raysfrom everydetail of the
viewedimageentersthe eye.The imagewouldbedim, but clea, because
eachtiny spoton the imagewould fall on only one spoton the retina.
And indeedif youlook at somethingthroughatiny pinhole punchedin
apieceof pape, the imagedoedook clearerthroughthe pinhole.In fact,
a pinhole will sufficefor a cameralens if youOravilling to wait long
enoughfor sufficientlight to strike the film.

Taking this one stepfurther, eventhingsin front of and behind the
imagewould be in focuswith a pinhole pupil, becausdight raysfrom
theseimagestoo, would fall on only one spotin the retina. In other
words, an ultratiny pinhole not only sharpenshe image,but it also
producesa verywide depthof field.



When looking at something up close, wouldnet it make sense for the
pupil to become smaller in order for the eye to discern finer detail?

Yes It makes 0 much sense that pupillary condriction when looking at
omethingclose up ishardwired into thebrain asareflex. Ak afriend to look
a thetip of hisnose and watch how the pupilscondrict to alow the eye to
discern fine detail up close. The combination of rounding up the lens and
condricting the pupil for close-up vison iscaled the accommodation reflex.
By maxing out the accommodation reflex, the Mokens a population of sea
gypsesliving off the coagt of Thailand, are able to sharpen their underwater
vison well enough to locate sufficient food to sugain themselves

Why do your eyesburn when you get soap in them or peel onions?

Unlike the conjunctiva (the white of the eye), the corneahasa rich
supply of sensitivenerve endings.So while you can touch the con
junctiva pretty easil, you can® touch the cornea without quickly
blinking. If youOvever gotten somethingin your eyelike soapsudsor
onion fumes,the pain is coming from the cornea,not the conjunctiva
(the fumesfrom onionsform amild solutionof sulfuricacidin the tears).
The bestwayto getburning chemicalsout of your eyess to washthem
out with lots andlots of wate.

Why do we have eyelashes?
To keepdustand other little particlesfrom falling into the eye.
Why do we have eyebrows?

Probablyto keepsweatfrom dripping into our eyes.They alsohelp the
faceexpres®ur feelings.

What causesthose red blotches that sometime develop in the
white of the eye?

A redblotch in the conjunctivais causedy a burstcapillary, which spills
lesghan adropof blood. Not abig deal,becaus¢he blood getsabsorbed,
leavingno traces.



Why do we blink?

Two reasons Oneisto wipe the eyeball clean. The other isto moigen the
eyeball it doesn®dry out. Blinking wipesallittle teardrop acrossthe eye.

Where do tearscome from?

From a tear gland tucked up behind the uppereyelid. The tear gland
squirtsatiny tearonto the surfaceof the eyeballandthe eyelidspread#
overthe eye.

If thetear gland isconstantly dripping tearsonto the surface of the
eyeball, why donet thetearsaccumulate and make the eye watery?

Becauséhe tearsdisappeadown a drain at the inner cornerof the eye.
All night long, tearsare slowly dripping over the eyeballand draining
into the inner corner of the eye.When you wakeup in the morning,
there@alittle spotof gunkin the cornerof youreyethat wastoo thick to
getthroughthe drain.

Where does the drain at the inner corner of the eye drain to?

Tearsdrain into a duct leadinginto the nose(a ductis any tube leading
fluid from one placeto another) (seefigure 17), which is why you have
to wipe your nosewhen you cry. Somedg, if youOrtucky, youOlimeeta
smokerwho can blow smokeout his eyesby blowing againstpursedips
and pinchednostrils,forcing smokeup the nose,into the tearducts,and
out throughthe eyesCool.

Why do we cry when weere sad?

No onereallyknowswhywebawlwhenweOrsad Perhapsvecry because
tearsarean effectiveattention grabbemat a time when attentive concern
is mostneeded.

How do you move your eyeballs?

The samevayyoumoveanythingin the bodyNwith musclesin this case



Figure 17

musclesattachedto the eyeball(seefigure 18). The nervescontrolling
eye movements are located in the oldest part of the brainN the
brainstem.The brainis like anice creamcone.The ice creampartisthe
cerebralhemisphereswhere we interpret what® going on around us,
think aboutthings,and plan our actions.The conepart, or brainstemjs
the oldestpart of the brain, which controlsancient functionssharedby
all animals:consciousness|eep.eyemovementspupillary reaction,eye
closure,facial sensationfacial movement,hearing, swallowing,articu-
lation of soundsyotating the head,tonguemovementsplood pressure,
pulserate,andrespiration.Seechapterl5.



What happens if one of the eyeball musclesis weak?

The eyeballsvon®movetogethe. The eyeballthat does®movesowell
is calleda Olazy@ye.The scientificterm is strabismus.

How do you strengthen aweak eye muscle?

How do you makeany musclestrongerBy exercise.To encouragehe
weakeyeto exercisethe good eyeis coveredwith a patchsothe kid has
to usehis lazyeye.

Why do we have two eyes?A lot of people lose one eye and can
still see.What do two eyesdo better than one eye?

Firstof all, two eyesgive usa wider visualfield. Hold up yourleft hand
next to yourleft shoulderandwiggleyourfingers.Now closeyourleft eye
andsuddenlyyourwigglingfingersaregone.

The other reasornwe havetwo eyess that eacheyehasa slightly dif-
ferent view of the world. This is why you closeone eyewhen aiming a
gunNit Gtoo distractingto seeanotherimagewhentrying to concentrate

Figure 18



on the target.With both eyesopen,howeve, the brain canoverlapthe
two imagesand seea much richer three-dimensionaimage (seefigure
19). Closeone eyeand look at somethingfar way. Monocular vision is
okay, but now try it with both eyesNbinocularvisionNand seehow
mucheasieit isto judgedistanceThis worksbetterfor looking at objects
close-upwhenthe retinal imagesarevery different.

Without three-dimensionatision, it is moredifficult to judgehow far
objectsarefrom us.A personwith only one eyehasto rely moreon the
sizeof an object, its brightnessthe eyeinternal focusingsystemor how
fastthe imagemovesacrosshe retina (close-upmagesnovefasteracross
the retinathan farawayimages}o judgehow far awaythe objectis.

Supposeone eye is really lazy, solazy that it canet be yokedto the
other eye and the two eyes produce different images. How does
the brain form a single image if ites receiving two nonoverlapping
images?

It doen@ If one eyeisso lazy that theimagesfrom each eye cannot be fused
into a snge three-dimendona picture, the brain will ignore the infor-
mation coming from the lazy eye. If the problem ispresent in atoddler and
the eye doctor doesn®correct it within acouple of years the brain will even-
tualy ignore that eye forever and the person will become blind in that eye.

Why do some peopless eyeslook like theyere popping out of their
heads?

The mostcommonreasorfor eyego bulgeis that they arebeingpushed
out of their socketdy inflamed,swolleneyemusclesThe mostcommon
causeor this is Graves@iseasean autoimmunediseasé¢hat attacksthe

thyroid andthe eyemuscles.

What are «floa tersZin the eye?

The eyeis like abasketbalin that it needssomethingnsideit to keepit
pumpedup nice and round. That somethinginside the eyeis vitreous
huma, a clea, colorlesgelly. It@clearand colorlesdbecausdight hasto
travelthroughit onits wayto the retina. Sometimescellulardebrisfloats
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aroundin the vitreoushumar, which youseeastiny floatersin yourvisual
field. Eventualy, they goaway.

What is glaucoma?

In glaucomapressurénsidethe eyestartsto rise.Rising pressurénside
the eyepressebard againstthe tip of the optic nerveat the optic disc.



Eventuall, asthe high pressurdills the ganglionnerve fibersentering
the optic nerve,the persorslowlybecome$lind in that eye.The gradual
risein intraocularpressurés a painlesprocesgOintra@neaninsideand
Oocular@heanseye). That® why the eyedoctor checksthe pressuren
youreyesevenif youOraot complainingof anything.

The treatment for glaucomais to lower intraocular pressureThe
reasonfor the risein intraocularpressures blockageof fluid circulating
in front of the lensandiris. Normally, wateryfluid (called aqueoudluid)
is madeby atiny glandsituatedbehindthe iris wherethe iris meetsthe
ciliary muscle Aqueoudfluid flowsfrom behindthe iris throughthe pupil
to the front of the iris, whereit is absorbedetweenthe iris and the
cornea (see figure 20). In glaucoma,the absorptionsite is blocked,
dammingup fluid in the front, or anteriar, chamberand raisingintra-
ocularpressureTreatmentsinclude medicationsto slowthe production
of aqueousdiluid, surgento openup the drain site, or surgeryto makea
newdrain througha different part of the conjunctiva.

Why do people seestarswhen they are hit in the head?

When a personis struckin the head, he suddenlycloseshis eyesvery
tightly, causinga suddensharprisein intraocular pressureThe sudden
risein intraocularpressuréapsagainsthe rodsand conescausinghem
to sendisolatedsignalgto the brain asOstars.O

Whates a cataract?

It @pretty amazindor abiologicalsubstancéo becompletelytransparent.
The lensis transparentbecausef the help of a specialprotein matrix.
When the protein is damagedr is geneticallydefective,it beginsto
unravelandclumptogethe, causinghe lensto becomea cloudycataract
(Ocataract@eanswaterfall in Latin). Cataractsare commonin old
people.Ultraviolet light is particularlydamagingo the delicateprotein
matrix in the lens.Forthis reasonit is bestto wearglasseandsunglasses
that are coatedwith an ultraviolet filter. Wearingsunglassesithout an
ultraviolet filter coating may be worsethan no sunglasseat all. By
blocking out light, sunglassesncouragehe pupil to openup and allow
morelight, including ultraviolet light, into the eye.



Figure 20

How do you treat cataracts?

The solutionfor cataractssto takeout the lens,which of courseprevents
imagedrom beingfocusedn the retina. The solutionto that problemis

to getthick glassethat canreally refractlight, but they makethe eyes
look superbig. A bettersolutionisto takeout the cloudylensandreplace
it with an artificial one.



When do they transplant corneas?

If traumaor diseaseauseshe corneato becomesgloudy, scarredpr mis
shapen,it® a relatively straightforwardoperationto cut out the old
corneaandreplacet with adonorcorneafromacadave In fact, the first
cornealtransplantwasperformedalmost100yearsago,in 1906.The risk
of cornealrejectionis not very high, becaus¢he corneadoesnot havea
blood supply(otherwiseit wouldn®be crystalclear). Instead the cornea
receivests nutrients by diffusionfrom the ocularfluids.



