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TheHumaneye

Theeyesof

insects are

simple and

light-

sensitive

structures.

Theeyesof

predatory

birds like

hawks and

eagles are

designedto

see very

small

objects at

long

distances,andareinsomewaysmorecomplexthanthehumaneye.Eachanimaleye

iseminentlysuitableforthetaskitperforms,andthetaskisbasicallytotransform

lightenergyintoinformationrelevanttotheorganism.

Theeye,thesenseorganofvision,isacompactopticalapparatusthatisstimulatedbylight

togiveasensationofvision

Partsofhumaneye:
1.Cornea:Thetransparentdomeatthefrontisthecornea.Itiscontinuouswiththesclera.Itis

alsocalledapertureofeye.Theraysoflightenterfrom cornea.

2.Sclera:Thewhiteportionoftheeyeisthesclera.Itisopaque.Itisoutermostcoveringof

eyeball.

3.Choroid:itissecondlayerofeyeball,situatedbelow thescleraandcontainsmanyblood

vessels.Itisdarkincolour.Itabsorbslighttopreventinternalreflections.

4.Retina:itisinnermostopaquecoveringoftheeye.Thereisacircularareainretinacalled

yellow spotonwhichrayoflightcomingfrom anobjectfocusedtoform image.Insidethe

retinarodsandconesarepresentwhicharesensitivetolight.Thesmallregionoftheretina

wheretheopticnerveenterstheeye-ballisinsensitivetolightandiscalledblindspot.

5.Iris:thecoloredportionoftheeyeistheiris.Irisisacircularmusclewithpigmentsthatacts

liketheshutterofacamera.Thecolourofaneyedependsuponthecolourofthepigments

presentinit.Irisregulatestheamountoflightthatenterstheeye.Whenthesurroundingsare

verybrighttheirishasatinyopeninginthecenter.Whenthesurroundingsaredim theirishas
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averylargeopening.Thisopeningintheirisisthepupil.

6.Lens:theeyelensisacrystallinedoubleconvexlensmadeoftransparentandflexibletissue.

Itissituateddirectlybehindthepupilandheldbytheciliarymuscles.Itfocusestheimageon

retina.

7.Ciliarymuscles:thesemusclesholdtheeyelensinposition.Ciliarymusclescontrolthefocal

lengthoftheeyelens.Whenthesemusclescontracts,thefocallengthofthelensincrease.

Whentheyexpand,thefocallengthofthelensdecreases.

8.Opticnerves:opticnerveisformedbythenervefibercomingfrom theretina.Itcarriesthe

nerveimpulsestothebrain.

Thespaceintheeyeballinfrontofthelens(betweenlensandcornea)isfilledwithawatery

fluidcalledaqueoushumor..Thespacebehindthelens(betweenlensandretina)isfilled

withagelatinoussubstancevitreoushumor.

Workingofeyes:Thelightrayscomingfrom theobjectenterthepupiloftheeyeandfallonthe

lens.Lensconvergethelightraysandproducesarealandinvertedimageofobjectonretina.The

outersurfaceofthecorneaalsoactsasaconvexlensduetowhichitconvergesmostofthelightray.

Finalconvergenceisdonebylens.Whentheimageisformedonretina’syellow spotthenthelight

sensitivecells(rodsandcones)stimulatedandgenerateimpulses.Theseimpulsesarecarriedby

opticnervetothebrain.Braininterpretstheimageasthatofanerectimage.

Powerofaccommodation:
Anormaleyecanseethenearandfaroffobjectsclearlyifthesharpimageoftheseobjects

areformedontheretina.Sincethedistancebetweentheeye-lensandretinaisfixed(i.e.v=

constat),sotoseetheobjectsatdifferentpositionfrom theeyelens,thefocallengthofthe

lenshastobechangedaccordinglytoform thesharpimagesoftheseobjects.

 Iftheobjecttobeseenisfaroff(atinfinity)thenthesharpimageofthisobjectcanbe

form ontheretinabyincreasingthefocallengthoftheeye-lens.

Thefocallengthofthelensincreasesifitsthicknessdecreases.Thus,todecrease

thethicknessofeyelensandhencetoincreaseitsfocallength,ciliarymusclesare

completelyrelaxed.Now,theparallelbeam oflightcomingfrom thedistantobjectis

focusedontheretinaandobjectisseenclearly.

 Iftheobjecttobeseenisnearbytotheeye,thenthesharpimageofthisobjectcanbe

form ontheretinabydecreasingthefocallengthoftheeye-lens.

Rodsandcons:Rodsandconsarereceptorsandhavedifferentfunctions.The

rodsfunctionespeciallyindim light,andtheydonotseem toproducesensations

ofcolor.White,black,andintermediateshadesofgreycanbeseenbyaperson

whohasonlyrodvision.Theconesfunctionbestinbrightlight.Theygiveus

sensationsofcolor,aswellasofsaturation(degreeofcolor).Damagetothe

retina,whichisfairlycommonamongvictimsofdiabetesmellitus,canresultin

differentvisualsensations.Damage to the fovea can interfere with color

sensations
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Thefocallengthofthelensdecreasesifitsthicknessincreases.Thus,toincreasethe

thicknessofeyelensandhencetodecreaseitsfocallength,ciliarymusclesare

contract.Now,thebeam oflightcomingfrom thenearerobjectisfocusedonthe

retinaandobjectisseenclearly.

Theabilityofaneyetochangethefocallengthofitslensinsuch

awaythatthesharpimageofanobjectatdifferentpositionfrom

theeyeisformedontheretinaknowasaccommodationofthe

eye.

Nearpoint:Thenearestpoint,uptowhichtheeyecanseeanobjectclearlywithoutany

strain,iscalledthenearpointoftheeye.

Foranormaleyethedistanceofthenearpointis25cm from theeye.Thisdistanceis

knownasleastdistanceofdistinctvision.Ifanobjectisplacedatadistanceless

thanthedistanceofnearpoint,itsimageontheretinawillbeblurred.Hencehuman

eyecannotseesuchobjectclearly.

Farpoint:Thefarthestpointfrom theeyeatwhichanobjectcanbeseenclearlywithout

anystrain,iscalledthefarpointoftheeye.Foranormaleye,farpointisatinfinity.

Rangeofvision:thedistancebetweenthenearpointandfarpointofaneyeisknownas

rangeofvision.

Powerofaccommodation:itisdefinedasthemaximum variationinthepower(P=1/f)

oftheeyelens.

Foranormaleyethenearpointis25cm from theeyelensi.e.,u=-25cm.

Thedistanceoftheretinaform theeyelensisabout2.5cm i.e.,v=2.5cm,nowusing

=- + ,weget
1
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Thefarpointisattheinfinityi.e.,u=-∞,

Sinceimageisformedattheretina,sov=2.5cm

=- + =
1

f

1

u

1

v

10

25
cm-1

HencePoweroflens,

P= =100× =40D
100

f
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Thus,themaximum variationinthepowerofeyelens=44D–40D=4D.

Therefore,foranormaleye,thepowerofaccommodationisabout4D.

Theraysoflightcomingfrom adistantobject(placedatInfinity)areparallelwhenthey
reachtheeye.

Theyrayoflightcomingfrom anearbyobjectaredivergingwhentheyreachtheeye
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Vision:Theabilitytoseeiscalledvisionoreyesight.

Defectiveeye:Sometimeeyeisunabletoseetheobjectclearlyortheeyeisunabletoform a

sharpimageofobjectsonitsretina.Sucheyeisknownasdefectiveeye.

Reasonfordefectineye:Duetoadvancingage,biologicalchangesinhumanbodyciliary

musclesbecomeinactive.Asaresultofthis,ciliary-musclesdonotexpendorcontractaccording

totheneedsofeye.Theeyecannotaccommodateforclearvisioneitherfrom thenearpointor

from thefaroffpointorboth.

Commondefectsofeye:

1.Longsightedness[FarsightednessorHypermetropia]:

2.Shortsightedness[nearsightednessormyopia]:

3.Presbyopia

4.Astigmatism

Longsightedness[FarsightednessorHypermetropia]:
AHumanwhichcanseefaroffobjectsordistantobjectclearlybutcannotseethenear

objectsclearlyissaid to be suffered with a defectknown asLong sightedness[Far

sightednessorHypermetropia]

Thenearpointofahypermetropiceyeismorethan25cm away.Becauseofthistheimage

ofobjectatnormalnearpoint(25cm)isformedbehindtheretinaofeye.Inthiscasethe

imageisformedontheretinaisblurred.

CausesofHypermatropia:

1.Duetolowconvergingpowerofeyelens(largefocallength):Insomecases,theciliary

musclesbecomeweakandcannotmakeeyelensfattertoincreaseitsconvergingpower

.So,duetothelowconvergingpower,theimageofnearbyobjectisformedbehindthe

retinaandhencetheeyecannotseeitclearly.

2.Duetoeye-ballbeingtoshort:Insomecasesofhypermatropiatheeye-ballistooshort

duetowhichtheretinaisatasmallerdistancefrom theeyelens.Thisconditionresultsin

theformationoftheimageofnearbyobjectbehindtheretina[eventhoughtheeyelens

mayhavecorrectconvergingpower].
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CorrectionofLongsightedness[FarsightednessorHypermetropia]:

Longsightednessiscorrectedbyusingspectaclescontainingconvexlenses.

Whenaconvexlensofsuitablepowerisplacedinfrontofthehypermatropiceye,then

thedivergingrayoflightcomingfrom thenearbyobject[at25cm]arefirstconvergedbythis

convexlens.Duetothis,theconvexlensformsvirtualimageofthenearbyobject[placedat

25cm]atthenearpointofthehypermatropiceye.Sincetherayoflightnow appeartobe

comingfrom thiseye’snearpoint,theycanbeeasilyfocusedbytheeyelenstoform an

imageonretina.

Theconvexlensusedforcorrectinghypermatropiashouldbeofsuchafocallength[power]

thatitformsavirtualimageoftheobject[placedatthenearpointofnormaleye]atthenear

pointofthehypermatropicaye.
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Calculationofthepowerofconvexlens:

P=
1

f

f=- +
1

u

1

v

u=objectdistance(tobetakenasnormalnearpoint)=25cm

v=imagedistancethatthedistanceofthenearpointofthehypermetropiceye

Short-sightedness[myopia]:

AHumaneyewhichcanseenearobjectsclearlybutcannotseethefaroffobjectsclearlyis

saidtobesufferedwithadefectknownasshortsightedness[nearsightednessormyopia.
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Thefarpointofamyopiceyeislessthaninfinity.Theimageofobjectplacedatinfinityis

formedinfrontoftheretinaofeye.Astheimageisnotformedonretinaoftheeyeso,itcan

notbeseenclearly.

Causesofmyopia:
1.Duetohighconvergingpowerofeyelens(shortfocallength):Insomecases,theciliary

musclesdonotrelaxsufficientlytomakethelensthinnertoreduceitsconvergingpower.So,

duetothehighconvergingpower,theimageofdistantobjectisformedinfronttheretinaand

hencetheeyecannotseeitclearly.

2.Duetoeye-ballbeingtoolong:insomecasesofmyopiatheeye-ballistoolongduetowhichthe

retinaisatagreaterdistancefrom theeyelens.Thisconditionresultsintheformationofthe

imageofdistantobjectinfrontoftheretina[eventhoughtheeyelensmayhavecorrect

convergingpower].

Correctionofshortsightedness[nearsightednessormyopia]:

Shortsightednessiscorrectedbyusingspectaclescontainingconcavelenses.

Whenaconcavelensofsuitablepowerisplacedinfrontofthemyopiceye,thentheparallel

rayoflightcomingfrom thedistantobject[placedatinfinity]arefirstdivergedby this

concavelens.Duetothis,theconcavelensformsvirtualimageofthedistantobject[placed

atinfinity]atthefarpointofthemyopiceye.Sincetherayoflightnowappeartobecoming

from thiseye’sfarpoint,theycanbeeasilyfocusedbytheeyelenstoform animageon

retina.

Theconcavelensusedforcorrectingmyopiashouldbeofsuchafocallength[power]thatit

formsavirtualimageoftheobject[placedattheinfinity]atthefarpointofthemyopiceye.

Calculationofthepowerofconvexlens:

P=
1

f

f=- +
1

u

1

v

u=objectdistance(tobetakenasnormalnearpoint)=25cm

v=imagedistancethatisthedistanceofthefarpointfrom eyelensofthemyopiceye.

Presbyopia:
Ahumaneyewhichcannotseethenearobjectsaswellasfarobject[distant]objectsclearlyissaid

tobesufferedfrom adefectknownaspresbyopia.
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Cause:Thisdefectarisesduetotheageingofaperson.Theciliarymusclesareweakenedandthe

flexibilityofthecrystallinelensofthehumaneyedecreaseswithageoftheperson.Asaresult,

humaneyeisunabletoseethenearaswellasdistantobjectsclearly.

Correction:Presbyopia can be corrected byusing bi-focal

lenses.Abi-focallensconsistaconcavelenswhichformsthe

uppersurfaceofbi-focallensandaconvexlenswhichformsthe

lowersurfaceofthebi-focallens.Theuppersurfaceofbi-focal

lens[concavelens]enablesthepersontoseedistantobjects

clearlyandthelowersurface[convex]enablesthepersontothe

nearobjects.

Cataract:
Themedicalconditionsinwhichthelensoftheeyeofapersonbecomesprogressively

cloudyresultinginblurredvisioniscalledcataract.Itdevelopswhentheeyelensofa

personbecomescloudy[orevenopaque]duetotheformationofamembraneoverit.

Cataractdecreasesthevisionofeyegradually.Itcanevenleadtototallossofthevision

ofeye.Thevisionofthepersoncanberestoredaftergettingsurgerydoneontheeye

havingcataract.Thisdefectcannotbecorrectedbyanytypeofspectaclelens.

RefractionoflightthroughaPrism:

Prism:prism ishomogenoustransparentrefractingmedium boundedbyatleasttwonon-

parallelsurfacesinclinedatsomeangle.Atriangularglass-prism hastwotri-angularbases

andthreerectangularlateralsurfaces.Thesesurfacesareinclinedtoeachother.

Angleofprism:theanglebetweentwonon-parallelrefractingsurfacesiscalledangleof

prism orrefractingangle.ItisdenotedbyA.

Refractingsurface:thetwonon-parallelplanesurfacesparticipatingintherefractionof

lightarecalledrefractingsurfaces.
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Refractionthroughprism:Whenarayoflightpassesthroughaglassprism,refraction

occurboth,whenitenterstheprism aswellaswhenitleavestheprism.Sincetherefracting

surfacesarenotparallel,therefore,theemergentrayandincidentrayarenotparalleltoone

another.Inthiscasetherayoflightisdeviatedonpassingthroughtheprism.

ArayoflightABisincidentonthefacePQoftheprism PQR.Itbendstowardsthenormal

duetochangeinmedium [air(rarermedium)toglass(densermedium)].BCisrefractedrayof

light.

WhentherayoflightBCcomesoutintoair,refractiontakesplaceagain.SincetherayBCis

goingfrom glasstoair,soitbendsawayfrom thenormalandgoesalongthedirectionCD.

CDisemergentray.

TheemergentrayCDisnotparalleltotheincidentrayAB.Therehasbeenadeviationinthe

pathoflightinpassingthroughtheprism.

WhenABisproducedupwardtowardsthepointE,AErepresentstheoriginaldirectionofthe

incidentrayoflight.WhenemergentrayCDproducedbackwards,itcutsAEatpointO.The

anglebetweenincidentrayandemergentrayiscalledangleofdeviation.EODisangleof

deviation.

Itisthetriangularshapeoftheglassprism whichmakestheemergentraybendswith

respecttotheincidentray.

Dispersionofwhitelightbyaglassprism:
In1665,Newtondiscoveredthatwhitelight[likesunlight]consistsofamixtureofseven

colours.

 Whenwhitelightpassesthroughaglassprism,itsplitstoform abandofsevencolours
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onawhitescreen.

 Thebendsofsevencoloursformedonawhitescreen,whenabeam ofwhiltelightis

passedthoroiughaglassprism,iscalledspectrum ofwhitelight.Thesevencoloursof

thespectrum areRed,orange,yellow,Green,Blue,IndigoandViolet.Thesevencoloursof

thespectrum canbedenotedbythewordVIBGYOR.

V=Violet,I=indigo,B=Blue,G=Green,Y=Yellow,O=OrangeandR=Red.

Thephenomenonofsplittingwhitelightintosevencolourswhenitpassesthrougha

transparentmedium likeglass-prism iscalleddispersionoflight.

Wavelengthsofdifferentcolour
Red = 7900A°

Orange = 6000A°

Yellow = 5800A°

Green = 5400A°

Blue = 4800A°

Indigo = 4500A°

Violet = 4000A°

Causesofdispersion:Whitecolourconsistsofsevencolour.Eachcolourhasitsownwave-

length.Thewavelengthofredcolourislongestandthewavelengthofvioletcolouris

shortest.Thespeedoflight[color]dependsuponthewavelength.Ifwavelengthofacolour

islarge,thespeedofthecolourisalsolarge.Thus,eachcolourofwhitelighttravelswith

differentspeedinagivenmedium.Thespeedofredcolourismorethanthespeedoforange

colourandsoon.Therefore,thespeedofredcolourredcolourinamedium isthehighest

andthespeedofvioletcolouristheleast.Hence,allcoloursofwhitelightarerefractedby

differentamountwhilepassingthroughtheglassprism thereforedifferentconstituents

colourscomeoutoftheprism atdeferentangles.Thisgivesrisetothedispersionofwhite

light.
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Aglassprism splitscoloursofwhitelightpassingthroughitand

doesnotproduceanycolourbyitself.

Recombinationofwhitelight:
Thesevencolouredlightofthespectrum canbere-combinedtogivebackwhitelight.

Thiscanbedonebyplacingtwoprisms,oneiserectandanotherisintheinverted

position.

Whenabeam oflightisallowedtofallonfirstprism,thenapatchofordinarywhite

lightisobtainedonawhitescreenplacedbehindthesecondprism.

 Thefirstglassprism splits[disperses]thewhitelightintosevencolouredrays.

 Thesecondglassprism receivesallthesevencolouredrayfrom thefirstprism and

recombinesthem intooriginalbeam ofwhitelightwhichfallonthescreen.

 Therecombinationofsevencoloursisduetothefactthatthesecondprism hasbeen

placedinreversedpositionduetowhichtherefractionproducedbythesecondprism

isequaltoandoppositetothatproducedbythefirstprism.
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Dispersionoflightinnature:
Dispersionoflightinnaturecanbeseenintheform ofrainbow.

Rainbow:Therainbowisanarchofsevencolourvisibleintheskywhichisproducedbythe

dispersionofthesunlightbyraindropsintheatmosphere.Rainbowisnaturalspectrum of

sunlight.Itisformedwhenthesunisshinninganditisrainingatthesametime.Each

raindropactsasatinyglassprism.

Whensunlightfallsonwaterdropssuspendedinairthesunlightisrefracted.Therefracted

sunlightsplits[ordispersed]intoit’sconstitutescolours.Theredcolourdeviatedtheleast

andthevioletcolourdeviatedthemost.Differentcoloursofrefractedsunlightfallonthe

oppositefaceofthewaterdrop.Now,eachcolourispartlyreflectedbackintothedrop.The

reflectedcoloursonreachingthelowersurfaceofwaterdroparerefractedagainintotheair.

Thusrainbowisformed.
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Atomospheticrefraction
Therefractionoflightcausedbytheearth’satmosphere[havingairlayersofvaryingoptical

densities]iscalledatmosphericrefraction,

Cause:theairintheatmosphereisintheform oflayers.Thedifferentlayersofairhave

differentdensities.Aswego,higherandhigher,thedensityofthelayerofairgoeson

increasing.Thus,thelayerofairclosetothesurfaceoftheearthhasmoredensitythanthe

densityofairlayersfarawayfrom thesurfaceoftheearth.Therefore,thelayersofairclose

tothesurfaceoftheearthbehaveasopticallydensermedium andthelayerofairfaraway

from thesurfaceoftheearthbehavesasopticallyrarermedium.

Whensunlightenterstheearth’satmospheres,itcontinuouslygoesfrom rarertothedenser

medium andhence,refractionoflighttakesplace.

Atmosphericrefractiongivesrisetomanyopticalphenomenons:

1.Thestarseemshigherthantheyactuallyare:lightemittedbystarspassesthroughthe

atmosphereoftheearthbeforereachingoureyes.Theatmosphereoftheearthisnotuniform

butconsistsofmanylayersofdifferentdensities.Thelayersclosedtothesurfacetotheearth

areopticallydenser.Aswegohigherandhigher,thedensityoflayerandrefractiveindex

decreasesprogressively.Asthelightfrom starsenterstouppermostlayeroftheatmosphere,it

bendstowardsthenormalasitentersthenextlayer.Thisprocessiscontinuoustillthelight

entersoureyes.So,duetorefractionoflight,theapparentpositionofstarsisdifferentfrom the

actualpositionofthestar.

Twinklingofstars:Thedifferentlayersoftheatmospherearemobileandthetemperatureand
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thedensityoflayersofatmospherechangescontinuously.Hence,theapparentpositionofthe

starchangescontinuously.Theintensityoflightcomingfrom thestaralsochangeswiththe

changeintheapparentpositionofthestar.Thisleadsoftwinklingofstars.

2.Planetsdonottwinkle:Aplanetappearstobequitbigtous(becausetheyaremuchnearto

theearth).So,aplanetcanbeconsideredtobeacollectionofaverylargenumberofpoint

sourcesofthelight.Thedimmingeffectproducedbysomeofthepointsourcesoflightinone

partoftheplanetisnullifiedbythebrightereffectproducedbythepointsourcesoflightinits

otherpart.Thusonthewhole,thebrightnessofaplanetalwaysremainsthesameandhenceit

does notappearto twinkle.The continuouslychanging atmosphere is unable to cause

variationsinthelightcomingfrom bigsizedplanetbecauseofwhichtheplanetdoesnot

twinkleatall.

3.AdvancedSunriseandDelayedsunset:Actualsunsetswhenitisbelow thehorizoninthe

evening.Theraysoflightform thesunbelowthehorizonreachoureyesbecauseofrefraction

oflight.Theseraysappeartocomefrom theapparentpositionofthesunwhichisabovethe

horizon.Hence,wecanseethesunforfewminutes(about2minute)evenafterithasactually

set.Similarlythesuncanbeseenabout2minutebeforeitactuallyrises.Thuswegainabout

fourminutesofadditionaldaylighteachday.
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4.Thesunappearsoval(orflattened)atsunsetandsunrisebutappearscircularatnoon:

Atsunsetandsunrise,thesunisnearthehorizon.Theraysoflightfrom theupperandlower

edgebendunequallywhiletravelingthroughtheatmosphere.Asaresultofthisphenomenon,

thesunappearsoval.

Atnoon,thesunisoverhead.Theraysoflightform thesunentertheatmospherenormallyand

hencetheydonotbendatallwhilepassingthroughtheatmosphere.Therefore,thesun

appearscircularatnoon.

Scatteringoflight:
Whensunlightenterstheatmosphereoftheearth,theatomsandmoleculesofdifferentgases

presentintheatmosphereabsorbthislight.Thentheseatomsandmoleculesofthegasesre-emit

lightinalldirections.Theprocessisknownasscatteringoflight.

Theatomsorparticlesscatteringlightareknownasscaterers.

“Theintensityofscatteredlightisinverselyproportionaltothefourthpowerofthe

wavelength ofincidentlength,ifthe size ofthe particles (atom and molecules)

scatteringthelightislessthanthewavelengthoftheincidentlight.”

I∝
1

⋋4
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Wavelengthofredlightisgreaterthanthewavelengthofblueorvioletlight.Therefore,theintensity

ofscatteredredlightislessthantheintensityofthescatteredblueorvioletlight.

Thecolourofthescatteredlightdependsonthesizeofthescatteringparticlesinthe

atmosphere.

a.Thelargerparticlesofdustandwaterdropletspresentintheatmospherescatterthe

lightassuchduetowhichthescatteredlightalsoappearswhite.

b.Theextremelyminuteparticlessuchasairmoleculespresentintheatmospherescatter

mainlythebluelightpresenttinthewhitelight.

Skywouldappearblackindaytimeifearthhadnoatmosphere:

Ifearthhadnoatmosphere,thentherewillbenogaspresentintheatmosphere.Sincethere

isnoscattererintheatmosphereoftheearth,sotherewillbenoscatteringoflight.Hence

theskywouldappeardarkasthereisnoscatteringoflight.

Whentheearthhadnoatmosphere,sunlightwouldbevisibleonlyifwelookdirectlyatthe

sun.

Dangersignallightsarered:

The‘danger’signallightsareredincolour.Thisisbecausetheredcolouredlighthaving

longerwavelengthistheleastscatteredbyfogorsmokeparticles.Duetothistheredlight

canbeseeninsamecolourevenfrom adistance.

Cloudsarewhite:

Thecloudsaremadeofdifferentsizedwater-droplets.Thesedifferentsizeddropletsscatter

differentcolours.Forexample,thetiniestdropletsscattermorebluelightthanothercolours.

Dropletsofsizegreaterthanthetiniestdropletsscattergreenlightmoreandthelargest

dropletsscatterredlightmore.As,allthecoloursarescatteredbythedropletsintheclouds,

sotheresultantlightiswhite.Hence,cloudsappearwhite.

AtSunriseandsunsetsunappearsred:

AtSunriseandsunset,thepositionofthesunisveryfarawayfrom us.Thesunlighttravelslonger

distancethroughtheatmosphereoftheearthbeforereachingoureyes.Scatteringofbluelightis

morethanthescatteringoftheredlight.Asaresultofthis,moreredlightsreachesoureyesthan

anyothercolour.Hencesunandsunsetappearred.

Duringnoon,thesunisoverheadandsunlighttravelslessdistancethroughtheearth’s

atmospheretoreachoureyes.Inthiscase,thescatteringofalmostallcoloursisverysmall.

Hencethesunappearswhite.
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Skyisblue:Whensunlightentersearth’satmosphere,

theatom ormoleculesofthegasespresentin it

scatterthislight.SincetheWavelengthofredlightis

greaterthan the wavelength ofothercolours in

sunlight.Therefore,theintensityofscatteredredlight

islessthantheintensityofthescatteredotherlight.

Violetcolourisscatteredthemostfollowedbyblue,

green,yellow,orangeandredcolourrespectively.Our

eyeismoresensitivetothebluelightthantheviolet

light.Therefore,scatteredlightintheskycontains

blueclourinplentyandhencetheclearskyappears

blue.

Tyndalleffect:
Thephenomenonofscatteringoflightbydust,smokeandwaterdropletssuspendedinairis

knownasTyndall-effect.

Itcanbeseen(1)from dustparticlesinairwhensun-lightcomesthroughawindoworaslit

inawindow(2)whensun-lightcomesdownthroughthecloudsand(3)whenhead-lightof

vehiclescomethroughfog.

COLORBLINDNESS

Thehumaneye,basically,discriminatesonthreedimensions:
a)light-dark,
b)blue-yellow,and
c)red-green.

A personwho istotallyblind discriminatesnoneofthese.A personwho hasnormalvision

discriminates allofthem;he is,therefore,a trichromat(three colordiscriminator).On rare

occasions,apersonistotallycolor-blind;heseesonlyshadesofgrey.Suchapersonmonochromat.

Thepartiallycolor-blindpersonisadichromat.Therearetwotypesofdichromats:thosewho

cannotdiscriminatebetweenredandgreen,andthosewhocannotdiscriminatebetweenblueand

yellow.Byfarthemostcommontypeofcolorblindnessisthered-greentype,andthereseem tobe

severalvariationsofthis.Inmostcases,colorblindnessishereditary.ItwasdiscussedinUnitTwo,

HumanDevelopment,asasex-linkedgeneticdefect

KeyLearning

1. Humaneyeisavaluablesenseorgan.Itsvariouspartsandtherespective

functionsinclude:

Eyepart Eyefunction

Cornea Protectivelayerofeye

Eyelens Refractsthelightsoastoform theimageonretina
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Retina Behavesasthescreenonwhichtheimageisformed

Pupil Controlstheintensityoflightenteringtheeye

Ciliary’smuscles Adjustthethicknessofthelens

2. Thefarthestpointuptowhichtheeyecanseeclearlyiscalledthefarpointoftheeye.

3. Thedistanceoftheclosestpointfrom theeyethatcanbeseenclearlywithoutaccommodationis

knownasleastdistanceofdistinctvision.

4. Theabilityoftheeyetoobservedistinctlytheobjectssituatedatwidelydifferentdistancesfrom the

eyeiscalledpowerofaccommodation.

5. Thesmallestdistance,atwhichtheeyecanseeobjectsclearlywithoutstrain,iscalledthenearpoint

oftheeyeortheleastdistanceofdistinctvision.Forayoungadultwithnormalvision,itisabout25

cm.

6. Inmyopiadistantobjectsarenotclearlyvisible.Itiscorrectedbyusingconcavelens.

7. Inhypermetropianearbyobjectsarenotclearlyvisible.Itiscorrectedbyusingconvexlens.

8. Presbyopiaarisesduetoweakeningofciliarymusclesinoldage.Itcanbecorrectedbyusingbi-focal

lenses.

9. Thephenomenonofsplittingofwhitelightintoitsconstituentsevencolorsonpassingthrougha

glassprism iscalleddispersionoflight.

10. Differentcolorsundergodifferentdeviationsonpassingthroughprism.

11. Ifasecondidenticalprism isplacedinaninvertedpositionwithrespectto thefirstprism,allthe

sevencolorsrecombinetoform whitelight.

12. Atmosphericrefractionisthephenomenonofbendingoflightonpassingthroughearth’satmosphere.

13. Aswemoveabovethesurfaceofearth,densityofairgoesondecreasing.

14. Lighttravelingfrom rarertodenserlayersalwaysbendstowardsthenormal.

15. Starstwinkleonaccountofatmosphericrefraction.

16. Sunappearstorise2minutesearlierandset2minuteslaterduetoatmosphericrefraction.

17. Thephenomenoninwhichapartofthelightincidentonaparticleisredirectedindifferentdirections

iscalledscatteringoflight.

18. Verysmallparticlesscatterlightsofshorterwavelengthsbetterthanlongerwavelengths.

19. Thescatteringoflongerwavelengthsoflightincreasesasthesizeoftheparticlesincreases.

20. Largerparticlesscatterlightsofallwavelengthsequallywell.

NCERTSolutions

1.Whatismeantbypowerofaccommodationoftheeye?
ANS:Whentheciliarymusclesarerelaxed,theeyelensbecomesthin,thefocallengthincreases,andthe
distantobjectsareclearlyvisibletotheeyes.Toseethenearbyobjectsclearly,theciliarymusclescontract
makingtheeyelensthicker.
Thus,thefocallengthoftheeyelensdecreasesandthenearbyobjectsbecomevisibletotheeyes.Hence,
thehumaneyelensisabletoadjustitsfocallengthtoviewbothdistantandnearbyobjectsontheretina.
Thisabilityiscalledthepowerofaccommodationoftheeyes.

2. Apersonwithamyopiceyecannotseeobjectsbeyond1.2m distinctly.Whatshouldbethetypeof
thecorrectivelensusedtorestorepropervision?

ANS:Thepersonisabletoseenearbyobjectsclearly,butheisunabletoseeobjectsbeyond1.2m.This
happens
becausetheimageofanobjectbeyond1.2m is formedinfrontoftheretinaandnotattheretina,



20

asshowninthegivenfigure.

Tocorrectthisdefectofvision,hemustuseaconcavelens.Theconcavelenswillbringtheimagebackto
theretinaasshowninthegivenfigure.

3. Whatisthefarpointandnearpointofthehumaneyewithnormalvision?
ANS:Thenearpointoftheeyeistheminimum distanceoftheobjectfrom theeye,whichcanbeseen
distinctlywithoutstrain.Foranormalhumaneye,thisdistanceis25cm.
Thefarpointoftheeyeisthemaximum distancetowhichtheeyecanseetheobjectsclearly.Thefarpoint
ofthenormalhumaneyeisinfinity.

4. Astudenthasdifficultyreadingtheblackboardwhilesittinginthelastrow.Whatcouldbethedefect
thechildissufferingfrom?Howcanitbecorrected?

ANS:Astudenthasdifficultyinreadingtheblackboardwhilesittinginthelastrow.Itshowsthatheisunable
toseedistantobjectsclearly.Heissufferingfrom myopia.
Thisdefectcanbecorrectedbyusingaconcavelens.

5.Thehumaneyecanfocusobjectsatdifferentdistancesbyadjustingthefocallengthoftheeyelens.
Thisisdueto
(a)presbyopia (b)accommodation (c)near-sightedness (d)far-sightedness

ANS:(b)Humaneyecanchangethefocallengthoftheeyelenstoseetheobjectssituatedatvarious
distancesfrom theeye.Thisispossibleduetothepowerofaccommodationoftheeyelens.

6.Thehumaneyeformstheimageofanobjectatits
(a)cornea(b)iris(c)pupil(d)retina

ANS:(d)Thehumaneyeformstheimageofanobjectatitsretina.

7.Theleastdistanceofdistinctvisionforayoungadultwithnormalvisionisabout
(a)25m (b)2.5cm (c)25cm (d)2.5m

ANS:(c)Theleastdistanceofdistinctvisionistheminimum distanceofanobjecttoseeclearanddistinct
image.Itis25cm forayoungadultwithnormalvisions.

8.Thechangeinfocallengthofaneyelensiscausedbytheactionofthe
(a)pupil (b)retina (c)ciliarymuscles (d)iris

ANS:(c)Therelaxationorcontractionofciliarymuscleschangesthecurvatureoftheeyelens.Thechangein
curvatureoftheeyelenschangesthefocallengthoftheeyes.
Hence,thechangeinfocallengthofaneyelensiscausedbytheactionofciliarymuscles.

9. Apersonneedsalensofpower-5.5dioptresforcorrectinghisdistantvision.Forcorrectinghisnear
visionheneedsalensofpower+1.5dioptre.Whatisthefocallengthofthelensrequiredfor
correcting(i)distantvision,and(ii)nearvision?

ANS:Fordistantvision=-0.181m,fornearvision=0.667m
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ThepowerPofalensoffocallengthfisgivenbytherelation

(i)Powerofthelensusedforcorrectingdistantvision=-5.5D
Focallengthoftherequiredlens,f=1/P

Thefocallengthofthelensforcorrectingdistantvisionis-0.181m.
(ii)Powerofthelensusedforcorrectingnearvision=+1.5D

Focallengthoftherequiredlens,f=1/P

Thefocallengthofthelensforcorrectingnearvisionis0.667m.

10.Thefarpointofamyopicpersonis80cm infrontoftheeye.Whatisthenatureandpowerofthe
lensrequiredtocorrecttheproblem?

ANS:Thepersonissufferingfrom aneyedefectcalledmyopia.Inthisdefect,theimageisformedinfrontof
theretina.Hence,aconcavelensisusedtocorrectthisdefectofvision.

Objectdistance,u=infinity=∞
Imagedistance,v=-80cm
Focallength=f
Accordingtothelensformula,


