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EYEDEFECTS

Presbyopia—LossofAccommodationbytheLens.Asaperson

growsolder,thelensgrowslargerandthickerandbecomesfar

lesselastic,partlybecauseofprogressivedenaturationofthe

lensproteins.Theabilityofthelenstochangeshapedecreases

withage.

Thepowerofaccommodationdecreasesfrom about14

dioptersinachildtolessthan2dioptersbythetimea

personreaches45to50years;itthendecreasesto

essentially0dioptersatage70years.Thereafter,thelens

remainsalmosttotallynonaccommodating,acondition

knownas“presbyopia.”Onceapersonhasreachedthestate

ofpresbyopia,eacheyeremainsfocusedpermanentlyatan

almostconstantdistance;thisdistancedependsonthe

physicalcharacteristicsofeachperson’seyes.

 Theeyescannolongeraccommodateforbothnearandfar

vision.Toseeclearlybothinthedistanceandnearby,an

olderpersonmustwearbifocalglasseswiththeupper

segmentfocusedforfar-seeingandthelowersegment

focusedfornear-seeing(e.g.,forreading).



Hyperopia(Farsightedness)

 Hyperopia,whichisalsoknownas“farsightedness,”is

usuallyduetoeitheraneyeballthatistooshortor,

occasionally,alenssystem thatistooweak.Inthis

condition,parallellightraysarenotbentsufficientlybythe

relaxedlenssystem tocometofocusbythetimetheyreach

theretina.Toovercomethisabnormality,theciliarymuscle

mustcontracttoincreasethestrengthofthelens.Byusing

themechanism ofaccommodation,afarsightedpersonis

capableoffocusingdistantobjectsontheretina.Ifthe

personhasusedonlyasmallamountofstrengthinthe

ciliarymuscletoaccommodateforthedistantobjects,he

orshestillhasmuchaccommodativepowerleft,andobjects

closerandclosertotheeyecanalsobefocusedsharplyuntil

theciliarymusclehascontractedtoitslimit.Inoldage,when

thelensbecomes“presbyopic,”afarsightedpersonisoften

unabletoaccommodatethelenssufficientlytofocuseven

distantobjects,muchlessnearobjects.

Myopia(Nearsightedness).Inmyopia,or“nearsightedness,”

whentheciliarymuscleiscompletelyrelaxed,thelightrays

comingfrom distantobjectsarefocusedinfrontofthe

retina.Thisisusuallyduetotoolonganeyeball,butitcan

resultfrom toomuchrefractivepowerinthelenssystem of

theeye.

Nomechanism existsbywhichtheeyecandecreasethe

strengthofitslenstolessthanthatwhichexistswhenthe

ciliarymuscleiscompletelyrelaxed.Amyopicpersonhasno



mechanism bywhichtofocusdistantobjectssharplyonthe

retina.However,asanobjectmovesnearertotheperson’s

eye,itfinallygetscloseenoughthatitsimagecanbe

focused.Then,whentheobjectcomesstillclosertothe

eye,thepersoncanusethemechanism ofaccommodation

tokeeptheimagefocusedclearly.Amyopicpersonhasa

definitelimiting“farpoint”forclearvision.

CorrectionofMyopiaandHyperopiabyUseofLenses.Itwill

berecalledthatlightrayspassingthroughaconcavelens

diverge.Iftherefractivesurfacesoftheeyehavetoomuch

refractivepower,asinmyopia,thisexcessiverefractive

powercanbeneutralizedbyplacinginfrontoftheeyea

concavesphericallens,whichwilldivergerays.

Suchcorrectionisdemonstratedintheupperdiagram of

Conversely,inapersonwhohashyperopia—thatis,someone

whohastooweakalenssystem—theabnormalvisioncan

becorrectedbyaddingrefractivepowerusingaconvexlens

infrontoftheeye.Thiscorrectionisdemonstratedinthe

lowerdiagram ofOneusuallydeterminesthestrengthofthe

concaveorconvexlensneededforclearvisionby“trialand

error”—thatis,bytryingfirstastronglensandthena

strongerorweakerlensuntiltheonethatgivesthebest

visualacuityisfound.

Astigmatism

Astigmatism isarefractiveerroroftheeyethatcauses

thevisualimageinoneplanetofocusatadifferent

distancefrom thatoftheplaneatrightangles.Thismost



oftenresultsfrom toogreatacurvatureofthecorneain

oneplaneoftheeye.Anexampleofanastigmaticlens

wouldbealenssurfacelikethatofanegglyingsidewise

totheincominglight.Thedegreeofcurvatureintheplane

throughthelongaxisoftheeggisnotnearlyasgreatas

thedegreeofcurvatureintheplanethroughtheshort

axis.

Becausethecurvatureoftheastigmaticlensalongone

planeislessthanthecurvaturealongtheotherplane,light

raysstrikingtheperipheralportionsofthelensinone

planearenotbentnearlyasmuchastheraysstrikingthe

peripheralportionsoftheotherplaneTheaccommodative

poweroftheeyecannevercompensateforastigmatism

because,duringaccommodation,thecurvatureoftheeye

lenschangesapproximatelyequallyinbothplanes;

therefore,inastigmatism,eachofthetwoplanesrequires

adifferentdegreeofaccommodation.Thus,withoutthe

aidofglasses,apersonwithastigmatism neverseesin

sharpfocus.

CorrectionofAstigmatism withaCylindricalLens.

 Onemayconsideranastigmaticeyeashavingalens

system madeupoftwocylindricallensesofdifferent

strengthsandplacedatrightanglestoeachother.To

correctforastigmatism,theusualprocedureistofinda

sphericallensbytrialanderrorthatcorrectsthefocusin

oneofthetwoplanesoftheastigmaticlens.Thenan

additionalcylindricallensisusedtocorrectthe



remainingerrorintheremainingplane.Todothis,both

theaxisandthestrengthoftherequiredcylindricallens

mustbedetermined


