
HumanEye

Thehumaneyeisoneofthemostvaluableandsensitivesenseorgans.Itenablesustosee

thewonderfulworldandthecoloursaroundus. Eyehelpsustoseenearanddistant

objectsclearly.Thus,ofallthesenseorgans,thehumaneyeisthemostsignificantoneas

itenablesustoseethebeautiful,colourfulworldaroundus

Letusbeginbylearningthestructureofthehumaneye.

Structureofhumaneye

Humaneye isthemostimportantorganofourbodywhichisanopticaldevicethatserves

asourorganofsight.Thehumaneyeislikeacamera.

TheEyeballofthehumaneyeissphericalinshape.Diameteroftheeyeballis2.3cm.

Thoughthereisamarginaldifferenceinsizeinsomepeople.Itconsistsofatough

fibrousmembranecalledsclerathatprotectstheinternalpartsoftheeye.

Cornea:

 FirstpartofeyeistheCornea.

 Thecorneaislocatedatthefrontportionoftheeye.

 Itisthetransparentwindowthatbulgesoutwards(havingaconvexshape).

 Itisresponsibleforthemaximum refraction(bending)ofthelight thatentersthe

eye.
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 Behindthecorneaisaring-shapedmembranecalledtheiris. 

Iris:

 Irisisthecolouredpartoftheeye.

 Theirishasanadjustablecircularopeningthatislocatedatthecentreoftheiris,

calledthepupil.

Pupil:

 Thepupilregulatesandcontrolstheamountoflightenteringtheeye.

 Aclearwateryfluidcalledtheaqueoushumorfillsthespacebetweenthecornea

andtheiris.

 Aqueoushumornourishesthecorneaandthelensandgivestheeyeit'sshape.

 Situatedbehindtheirisandpupilisacolorless,transparentstructurecalledthe

crystallinelens.

Thelens

 Itismadeofajellytypetransparentmaterialandisabiconvexstructure.

 Theeyelensformsaninvertedrealimageoftheobjectontheretina. 

Retina:

 Thescreenoftheeye,isreferredtoasretinabecausethelightrayscomethrough

thepupilandpassesthroughthelensandconvergesonascreencalledretina.

 Retinaisthelight-sensitiveinnerliningofthebackoftheeye.

Suspensoryligament:

 Theciliarymuscleandlensaresupportedbythe suspensoryligament.

 Suspensoryligamentsareelastic-likestructurespresentintheeyethathelpsto

keepthelensinitsposition.

 Theotherendofthesuspensoryligamentisconnectedtotheciliarymuscles.

Ciliarymuscles
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 Itsurroundsthelens.

 Ciliarymusclesdeterminetheshapeofthelens.

 Theyhelpinadjustingthefocallengthofthelensbycontractionorrelaxing.

Vitreoushumourliesbehindthelensandformsthebulkoftheeye.

 Itisadense,clear,jellylikefluidwhichhelpstomaintaintheshapeofthe eye and

italsorefractslightontotheretina.

Opticnerves:

 Therearesomenervesthatconnecttheretinawiththebrainanditiscalledthe

opticnerves.

 Itislocatedatthebackoftheeye.Opticnervesarebundleofoveronemillion

nervesfibersthatcarryvisualmessagesfromtheretinatothebrain. 

Blindspot:Blindspotisthesmallregionwheretheopticnerveandtheretinameet.Ithas

nosensoryorgans.

Eyelidsprotecttheeyefromdustandotherforeignparticles.

Workingofeye:

 Basicworkingofahumaneyeissimilartoacamera.

 Lightreflectsofffromtheobjectsandenterstheeyeballthroughatransparent

layeroftissueatthefrontoftheeyecalledthecornea.

 Thecorneabendsthelightraysthroughthepupil–thedarkopeninginthecenter

ofthecoloredportionoftheeye.

 Theadjustedlightpassesthroughtheeye’snaturalcrystallinelens. 

 Sincetheeyelensisconvexinnature,theresultingimageisreal,small,and

inverted.Thisimageisformedontheretina.

 Theretinaconvertstheselightraysintoelectricalsignalsthatisrelayedtothe

brainviatheopticnerve.Thebrainprocessestheinformationitreceives,sothatin

turn,wecansee.
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Roleofirisandpupil:

 Theeyeworksmuchthesameasacamera.

 Theshutterofacameracancloseoropendependingupontheamountoflight

neededtoexposethefilminthebackofthecamera.

 Theeye,likethecamerashutter,operatesinthesameway.Theirisandthepupil

controlhowmuchlighttoletintothebackoftheeye.

 Theiriscontainsmusclesthatallowthepupiltobecomelargeandsmall.

 Theirisactuallyregulatestheamountoflightenteringtheeyebyadjustingthe

sizeofthepupilopening.

 Iftheamountoflightraysincidentontheeyeishigh,thentheiriscontracts

therebyreducingthesizeofthepupil.

 Thiswillreducetheintensityoflight(allowonlysmallamountoflighttopass

throughthepupil)thusprotectingoureyesfromdamage.

 Similarly,iftheintensityoftheincidentlightislow,thentheiriswidensandthe

pupildilatesorgetsbiggersoastofacilitateentranceofsufficientamountoflight
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therebyenablingustoviewtheimageclearly.

 Irismonitorstheamountoflightenteringoureyebychangingthesizeofthe

pupil.

 Inbrightlight,theiriscloses(orcontracts)andmakesthepupilopeningsmallerto

restricttheamountoflightthatentersyoureye.

Fig:Theirisinbrightlight

 Indimlight,theirisexpands(ordilates)andmakesthepupilopeninglargerto

increasetheamountoflightthatentersyoureye:

Fig:Theirisindimlight
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 But,ittakestimeforIrisandPupiltochangeitssize.

WhyarewenotabletoseethethingsclearlywhenwecomeoutofadarkroomEg.While

comingoutofamoviehall?

Whenweareindark,pupilsizeisbigger.Aswecomeoutofdarkroom,itssizeneedsto

becomesmaller.Forthattime-intervalpersonisunabletosee.Similarly,wearenotable

toseeobjectsclearlyforsometimewhenyouenterfrombrightlighttoaroomwithdim

light.

Whenthelightisverybright,theiriscontractsthepupiltoallowlesslighttoenterthe

eye.However,indimlighttheirisexpandsthepupiltoallowmorelighttoentertheeye.

Aswecomeoutofbrightroom,itssizeneedstobecomelarger.Forthattime-interval

personisunabletosee.

Powerofaccommodation:

 Isitpossibletofocussharplyonbothnearanddistantobjects?

 Wecanadjustthelensinoureyestoproducesharpimagesofbothnearand

distantobjects.Thisabilityiscalledaccommodation.

 Whatexactlyhappensduringaccommodation?

 Theraysoflightcomingintotheeyefromacloseobjectforexampleabookyou

arereadingtendtobetravellingdifferentlytotheraysoflightfromanobjectthat

aredistante.g.,sun,starsetc.

 Theraysoflightwhichreachyoureyefromacloseobjecttendtobespreadingout
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–theyare diverging.Asaresult,theyneedalotofbendingtobringtheminto

focusonyourretina.

 Whenweareviewingadistantobjectlikethestars,theraysoflightaretravelling
asalmostparallelrays.Asaresulttheyneedlessbendingtobringthemintofocus
onyourretina.

 Whetherthecloseoratadistance,theimageisformedontheretinainboththe
cases.

Wehavelearnttheformulaoflensinourearlierchapter

1/v-1/u=1/f

Where,‘v’=imagedistance.
Whentheobjectisatadistance(i.e.,far),thenimagedistance=2.3cm(diameterofeyeball)
Whenobjectisclose,thentheimagedistance=2.3cm(diameteroftheeyeball)(distance
betweenlensnimage)

Astheimageisformedontheretinainboththecases.Therefore,wecansaythatthe
imagedistancewillbethesameineverycase=2.3cm

Therefore,1/visconstant.

Now,Fromtheformula,weknow‘u’=objectdistance.

Thisisvariablebecausewhentheobjectisfar,then‘u’willbemoresimilarlywhenthe
objectisnear,then‘u’willbeless.

As‘u’isvariable,thefocallength‘f’in

1/v-1/u=1/fisvariable.

ThisimpliesthattheFocallengthofeyelensshouldchangeasdistanceofobjectfrom
eyechanges.

Howdoesthefocallengthchangeorhowdoeslenschangeshape?

Thefocallengthchangesbyactionofciliarymuscles.Thecrystallinelensissurrounded
bycircularmusclescalledthe ciliarymuscles.Thesemusclesareattachedtothelensby
the suspensoryligaments.Theseligamentsdonotstretchorgive.Theciliarymuscles
contractorrelaxinresponsetothetypeoflightenteringtheeye:

Lightfromdistantobjects:Theciliarymusclesrelax,thesuspensoryligamentsarepulled
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tightandthisinturnpullsthelenslong,thinandrelativelyflat.Thisistheoriginalshape
ofthelens.

Lightfromcloseobjects:Asobjectcomesclosertoeye,theciliarymusclescontract,the
suspensoryligamentsgoslackandthelensbecomesshorterandfatter.Thischangesthe
focallength.

PowerofaccommodationorAccommodationisthepowerofeyetochangeitsfocal

lengthsothatitcanseebothnearanddistantobjects.

i) Focusingonanearbyobject

Fig:Thelensbecomesrounder(moreconvex)

Lightraysaredivergingsostillneedlotsofbendingwhentheyreachthelens.Lens
becomesshorter,fatterandmuchmoreconvex(rounded)sothatitcanbendthelightto
bringitintofocusontheretina.

ii) Focusingonadistantobject

Fig:Thelensbecomesflatter(lessconvex)

Lightraysalmostparallelsoneedlittlemorebendingtobringthemintofocusonthe
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retinaoncetheyhavepassedthroughthefrontoftheeye.Lensstretchedlong,thinand
relativelyflatsoithaslittleeffect.

Whilereferringtotheaccommodationoftheeye,weshouldrememberthatthereisa

limitfortheciliarymusclestocontract.

Ifanobjectcomesveryclosetoeyeintherangeof25cmthenciliarymusclesdonot

contractanymore.Thisceasesthechangeinfocallength.So,visionisnotclear.

Wecanseeanobjectclearlyonlyifitisliesfrominfinityto25cm.

Nearpoint-Nearpointorleastdistanceofdistinctvisionisthepointnearesttotheeyeat

whichanobjectisvisibledistinctly.

Foranormaleyetheleastdistanceofdistinctvisionisabout25centimetres.

However,itvarieswithageoftheperson.Forexample,forinfantsitisonly5to8cm.

FarPoint

Farpointoftheeyeisthemaximumdistanceuptowhichthenormaleyecanseethings

clearly.Itisinfinityforanormaleye.

Defectsofeyeandcorrection:

Anormaleyecanseeallobjectsoverawiderangeofdistancesi.e.,from25cmto

infinity.Butduetocertainabnormalitiestheeyeisnotableseeobjectsoversuchawide

rangeofdistancesandsuchaneyeissaidtobedefective.Someofthedefectsofvision

are

1)Myopiaorshortsightedness/nearsightedness

2)Hypermetropiaorlongsightedness

3)Presbyopia

4)Cataract

Myopia:Myopiaisalsoknownasnear-sightedness.Apersonwithmyopiacanseenear

objectsclearlywhiledistantobjectsappearblurred. Insuchadefectiveeye,theimageof

adistantobjectisformedinfrontoftheretinaandnotattheretinaitself.Consequently,a

nearsightedpersoncannotfocusclearlyonanobjectfartherawaythanthefarpointfor

thedefectiveeye.

Causes:
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Thisdefectarisesbecausethepoweroftheeyeistoogreatduetothedecreaseinfocal
lengthofthecrystallinelens.Thismayariseduetoeither

(i)  Excessivecurvatureofthecornea,ie.,Convergingpoweroflensincreases
(ii) Elongationoftheeyeball,thatis,thedistancebetweentheretinaandeyelens

isincreased.

NormalEye

Correction :-
This defect canbe corrected byusinga concave(diverging)lens.Aconcavelensof
appropriatepowerorfocallengthisabletobringtheimageoftheobjectbackonthe
retinaitself.

Hypermetropia:Hypermetropiaisalsoknownasfar-sightedness.Apersonwith



HumanEye

hypermetropiacanseedistantobjectsclearlybutcannotseenearbyobjectsdistinctly.

Thenearpoint,fortheperson,isfartherawayfromthenormalnearpoint(25cm).

NormalEye

CausesofHypermetropia

Hypermetropiaiscausedduetothefollowingreasons:

(i) Increaseinfocallengthoftheeyelensi.e.,thefocallengthoftheeyelensis
toolongi.e.,theconvergingpoweroflensdecreases

(ii) Theeyeballbecomestooshort,sothatlightraysfromthenearbyobject,

cannotbebroughttofocusontheretinatogiveadistinctimage.

HypermetropicEye

Correction:

Thisdefectcanbecorrectedbyusingaconvex(converging)lensofappropriate

power.Eye-glasseswithconverginglensesprovidetheadditionalfocusingpower
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requiredforformingtheimageontheretina.Converginglensincreasestheconverging

poweroftheeyelens.

Typeofperson Farpoint Nearpoint

Normal infinity 25cm

Myopicperson Lessthaninfinity 25cm

Hypermetropia infinity greaterthan25cm
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Presbyopia:

Presbyopia,progressiveformoffarsightednessthataffectsmostpeoplebytheirearly

60s.   Thepowerofaccommodationoftheeyedecreaseswithageing.Mostpeoplefind

thatthenearpointgraduallyrecedes.

Causes:

Itarisesduetothegradualweakeningoftheciliarymusclesanddiminishingflexibilityof

thecrystallinelens. 

Correction:

Simple reading eyeglasses with convex lenses correct most cases of

presbyopia. Sometimes,apersonmaysufferfromboth myopia andhypermetropia.Such

peopleoftenrequire bi-focallenses.Inthebi-focallens,theupperportionofthebi-focal

lensisaconcavelens,usedfordistantvision.Thelowerpartofthebi-focallensisa

convexlens,usedforreadingpurposes.
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Bifocalglasses

Thesedays,itispossibletocorrecttherefractivedefectswithcontactlensesorthrough

surgicalinterventions

Cataract-

 Cataractisaconditionofpartialorcompletelossofvision.

 Duringoldage,thecrystallinelensofsomepeoplebecomesmilkyandcloudy.

 Thiscausespartialorcompletelossofvision.Itispossibletorestorevision

throughacataractsurgery.
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 Inthissurgery,thecloudylensisremovedandreplacewithanartificiallens.

Cataract

Whydowehavetwoeyesforvisionandnotjustone?

Thereareseveraladvantagesofourhavingtwoeyesinsteadofone.Itgivesawiderfield

ofview.Ahumanbeinghasahorizontalfieldofvisionofabout150degreeswithone

eyeandofabout180degreeswithtwoeyes.

Thisgivesabetterjudgmentofdistanceofobject.Theabilitytodetectfaint

objectsis,ofcourse,enhancedwithtwodetectorsinsteadofone.Asoureyesare

separatedbyafewcentimetres,eacheyeseesaslightlydifferentimage

Glassprism
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 Atriangularglassprismisatransparentobjectmadeofglasshavingtwo

triangularbasesandthreerectangularlateralsurfaces.

 Thesesurfacesareinclinedtoeachother.Theanglebetweenitstwolateralfaces

iscalledtheangleoftheprism.

 Therectangularsidesofaglassprismarenotparalleltoeachotherbutthe

triangularendsareparallel.

 Therefractionoflightthroughtherectangularsidesoftheprism(whicharenot

paralleltoeachother)isdifferentinbehaviorthantherefractionoftheraythrough

arectangularslab(wherefacesareparallel).

 Therefractionofaglassprismisalwaysstudiedthroughitsrectangularsides(the

inclinedsides).

Refractionoflightthroughprism:

Refraction:

Lightnotonlybouncesoffsurfaceitgoesthroughsomeofthemoftenslowingdownand

changingdirectionintheprocesscalledrefraction.Theprocessofbendingoflightray,

whichistravellingfromonemediumtoanothermediumiscalledrefraction.

Lightraypassingfromonemedium(air)toanothermediumbendsandtravels.Itoccurs

atthepointwherelighttravelsfromonemediumtoanotherofdifferentdensity.

Example: Pencilimmersedinwaterappearsasifitwasbent.Whenyoutakeoutthe
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pencilfromthewateryouwillnotobserveanybends.

Thelightraycomingfromtheobjectbendsandcomestoformanimageinoureye,

hencewilllookasifitwasbent.

Theincomingrayisrefracted,andcurvestowardsthenormal1,itisthentransmitted

throughtheprism,untilitreachestheothersurface,andrefractedagain,awayfromthe

normal2.Theendresultisalwaysthattherayisdeflectedawayfromtheapexofthe

prism

Anyobjectthathasalowerrefractiveindex,thenitiscalledrarermedium

Anyobjectthathasalargerrefractiveindex,thenitiscalleddensermedium.

Refractionoflightwhenitmovesfromdensertorarermedium:

Whenlightpassesfromamoredensetoalessdensesubstance,(forexamplepassing



HumanEye

fromwaterintoair),thelightisrefracted(orbent)awayfromthenormal.(Air-rarer
medium,Glass-densermedium.)

Whenlightpassesfromalessdensetoamoredensesubstance,(forexamplepassing
fromairintowater),thelightisrefracted(orbent)towardsthenormalinthedenser
medium.(Air-rarermedium,Glass-densermedium.)

Refractionoflightthroughprism:



HumanEye

 WecanseethatarayoflightisenteringfromairtoglassatthefirstsurfaceAB.

 Thelightrayonrefractionhasbenttowardsthenormal.

 AtthesecondsurfaceAC,thelightrayhasenteredfromglasstoair.Henceit

hasbentawayfromnormal.

 Thepeculiarshapeoftheprismmakestheemergentraybendatanangletothe

directionoftheincidentray.

 Thisangleiscalledtheangleofdeviation.Inthiscase∠Distheangleof

deviation.

Differenceinrefractionoflightthroughglassprismandglassslab

Glassslabhasparallelrefractingsurfaceswhileaglassprismdoesnothaveparallel

refractingsurfaces.Therefore,Incaseofglassslab,theincidentrayemergesparallelto

theemergentray,whileincaseofprism;theincidentraymakesananglewiththe

emergentray,i.e.angleofdeviation.(so,itsnotparallel) 

Dispersionoflight

Newtonprovedthatwhitelightismadeupof7coloursnamelyVIBGYOR.Heprovedit

byusingaglassprism
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 Whenabeamofwhitelightispassedthroughaglassprism,itissplitupintoa

bandofcolourscalledspectrum.Thisphenomenoniscalleddispersionofwhite

light.

 Thespectrumofwhitehasthecoloursviolet,indigo,blue,green,yellow,orange

andred(VIBGYOR).

 Heallowedsunlighttopassthroughtheprism.Hesawthewhitelightwassplit

into7differentcolours.

 Wecandefinedispersionasthesplittingofwhitelightinto7coloursonpassing

throughatransparentsubstancelikeglassprismiscalleddispersionoflight.

 Thesequenceofsevencoloursobtainedfromdispersionofwhitelightiscalled

spectrumofwhitelight.

Youhaveseenthatwhitelightisdispersedintoitsseven-colourcomponentsbyaprism.

Whydowegetthesecolours?Differentcoloursoflightbendthroughdifferentangles

withrespecttotheincidentray,astheypassthroughaprism(onrefraction).Theredlight

bendstheleastwhilethevioletthemost.Thustheraysofeachcolouremergealong

differentpathsandthusbecomedistinct.Itisthebandofdistinctcoloursthatweseeina

spectrum.

IsaacNewtonwasthefirsttouseaglassprismtoobtainthespectrumofsunlight.He

triedtosplitthecoloursofthespectrumofwhitelightfurtherbyusinganothersimilar

prism.However,hecouldnotgetanymorecolours.Hethenplacedasecondidentical

prisminaninvertedpositionwithrespecttothefirstprism.Thisallowedallthecolours

ofthespectrumtopassthroughthesecondprism.Hefoundabeamofwhitelight
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emergingfromtheothersideofthesecondprism.ThisobservationgaveNewtontheidea

thatthesunlightismadeupofsevencolours.Anylightthatgivesaspectrumsimilarto

thatofsunlightisoftenreferredtoaswhitelight.

Recombinationofthesevencoloursofthedispersedwhitelighttogetwhitelightis

knownasRecompositionoflight.

Applicationofdispersion

i)FormationofRainbow-Rainbowsaregenerallyformedafterrains.Itisaconcentric

colouredcirculararcintheskywhenthesun rays fallonraindropsduringoraftera

shower.

 Thesmalldropletsofrainwaterwhichremainsuspendedinairjustaftertherains

actlikeaprism.Thewhitelightentersfromairtowatermedium.

 Whenwhitelightfromthesunentersasphericalraindrop,thelightisrefracted

anddispersed.Thedifferentcoloursoflightarebentthroughdifferentangles.

 Whendifferentcoloursoflightfallonthebackinnersurfaceofthewaterdrop,it

(waterdrop)reflectsthem (differentcoloursoflight)internally(totalinternal

reflection).
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 Thewaterdropfinallyrefractsthedifferentcoloursoflightagainwhenitcomes

outofraindrop.

 Duetothedispersionoflightandinternalreflection,differentcoloursreachthe

observer’seye,andtheobservercanseearainbow.

Rainbowisformedoppositetothesun.Raindropsactlikeprism.Rainbowisanexample

ofnaturaldispersion

Atmosphericrefraction:

 Whenlightraytravelsfromonemediumtoanother,thereisbendingoftheray.

Thishappensbecausethetwomediumshavedifferentrefractiveindex.

 Letusnowconsiderthemediumair.Aircanbecoldaswellashot.Whenairis

hot,itsrefractiveindexislesswhereaswhenairiscold,itsrefractiveindexis

more.

 Wecanthussaythattherefractiveindexofairdependsontemperature.

 Therefore,duringwinter,theairiscoldthereforerefractiveindexofairwillbe

moreandinsummer,theairishotandthereforeit’stherefractiveindexisless.

Letusnowconsiderasituationwhereinlightraysmovesfromhotairtowardscoldair,

whathappenstothelightray?Doesitbend?

Herewecanseethatthereisbendingofthelightraybecausetherefractiveindexofhot

airandcoldairisdifferent.

Similarly,whenlightraystravelsfromspacetoreachthesurfaceofearth,ittravels
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throughalayerofatmosphere.Thetemperatureoftheatmospherevariesatdifferent

places.Ithasvaryingtemperaturethushasvaryingrefractiveindex.

Whenalightrayenterstheatmosphere,thereisrefractionofthelightrayandhence

travelsalongacurvedpathasthereiscontinuouschangeoftemperatureinthe

atmosphere,sotherayundergoescontinuousrefraction.

Therefore,wecansaythatpathoflightisbendingcontinuouslyduetocontinuous

refraction.Thisiscalledatmosphericrefraction.

Variationoftemperatureisdifferentatdifferenttimes.Thisresultsinchangeinpathof

lightatdifferenttimes.

Lettakealookatsomephenomenaassociatedwithatmosphericrefraction.

1)Apparentpositionofstars

2)Advancesunriseanddelayedsunset.

3)Twinklingofstars

4)Planetsdon’ttwinkle

5)Flickeringofflame

Letuslearnaboutthesephenomenononebyoneindetail

1)Whydoesthestarappearslightlyhigherthanitsactualposition?
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Lightfromstarsundergoescontinuousrefractionasitenterstheearth’satmosphere.

Sincetherefractedraybendstowardsthenormal,thestarsappearatdifferentposition

andappearslightlyhigherthantheiractualpositions.Theapparentpositionofthestar

alsochangesgraduallyduetochangeintheearth’satmosphere.Therefore,theapparent

positionofthestarfluctuates.Asaresult,thepathoflightfromthestarvaries.

2)Advancesunriseanddelayedsunset:

TheSunisvisibletousabout2minutesbeforetheactualsunrise,andabout2minutes
aftertheactualsunsetbecauseofatmosphericrefraction.Thedensityoftheairinthe
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atmosphereisnotthesameeverywhere.Atsomeplacesitishigherandinsomeplacesit
isless.Thehigherthedensity,thegreateristherefractiveindexofair.Atsunriseorat
sunset,thesuniseitheratthehorizonorbelowthehorizon.Hencethelightraysfromthe
sunhastotravelalargerdistancethroughtheatmosphere.Astheraystravelsfromrarer
todensermedium,theystartbendingmoreandmoretowardsthenormal(observer).
Hence,thereischangeinthealtitudeofthesunandtheyappearatahigherpositionthan
theyactuallyare.Thesunisvisibletousabout2minutesbeforeactualsunriseand2
minutesaftersunsetbecauseofatmosphericrefraction.Theapparentflatteningofthe
Sun'sdiscatsunriseandsunsetisalsoduetothesamephenomenon.

3)Twinklingofstars.
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Thetwinklingofstarsisduetotheatmosphericrefraction.Lightfromthestarsundergoes

continuousatmosphericrefractionasitpassesthroughthelayersoftheatmosphere.Since

theatmospherebendstherefractedraystowardsthenormal,theapparentpositionofthe

starisslightlydifferentfromitsactualposition.So,thestarappearsslightlyabovethan

itsactualpositionwhenviewednearhorizon.Theapparentpositionofthestarchanges

graduallyduetothechangeintheearth’satmosphere.Therefore,theapparentpositionof

thestarchangesandthepathoflightfromthestaralsovary.Duetothischangeinthe

brightnessoflightfromthestar,thestarappearstobetwinkling.
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4)Planetsdon’ttwinkle:

ThePlanetsareveryclosetoearthascomparedtothestars.So,theintensityoflightwe

receivefromtheplanetsisverylarge.Therefore,smallvariationsintheirpositionsand

brightnessarenotnoticeable.Thus,thebrightnessoftheplanetseemstoremainthe

same.Thecontinuouslychangingearth’satmosphereisunabletocausevariationsinthe

lightrayscomingfromtheplanet.Therefore,planetsdonottwinkle

5)Flickeringofflame

 Theairabovethefireishotterthansurroundingair.

 Thehotterairislighter(lessdense)thanthecoolerairaboveit,andhasarefractive

indexslightlylessthanthatofthecoolerairaboveit.

 Sincethephysicalconditionsoftherefractingmedium(air)arenotstationary,the

apparentpositionoftheobjects,asseenthroughthehotair,fluctuates.

Scatteringoflight
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 Scatteringofthelightisaveryimportantphenomenonofourdailylife.

 Throwingoflightindifferentdirectionsonpassingthroughregionsofsmall

particlesiscalledscatteringoflight.

 Thisscatteringistheresultofthepresenceofvariousparticlesintheatmosphere.

 Ourplanetearthconsistsofvariousmixturesofparticleslikesmoke,moleculesof

air,dustparticlesandwaterdroplets. 

 Thesediffusedparticlesreflectthelightbeforeitreachestheearth.

 ThescatteringofthelightbythecolloidalparticlesisknownastheTyndalleffect.

 Thesizeoftheparticlesdeterminesthecolourofthescatteredlight.

 Somearelargeparticleslikedust,waterdropletswhileothersaresmallparticles

likeoxygenmolecules,nitrogenmoleculesetc.Largeparticlesscatterallcolours

whilesmallparticlesscatterbluecolourthemaximumandredlightgetsscattered

less.

 Redlightisusedforshowingdangersigns

 Theprimaryreasonwhythecolorredis used for dangersignals isthat redlight is

scatteredtheleastbyairmolecules.Thewavelengthofredlightismorethanany

othercolour.Soredlightisabletotravelthelongestdistancethroughfog,rain,

andthealike.

Tyndalleffect

 Whensunlightentersintotheroomthroughawindoworwhensunlightpasses

throughacanopyofadenseforest,weareabletoseethepathoflightraysdueto

thescatteringoflightbythesmalldustparticlesthatarepresentintheair.

 Thesuspensionofsmallparticlesinamediumarecalledcolloid.Whenlightrays

areincidentonthesedustparticles,apartofitgetsscatteredandtheremaining

lightcontinuestotravelsinthesamedirection.

 Duetothis,lightfromeachparticlereachesoureyesandenablesustoseethepath

oflight.Thisphenomenonoflighttogetscatteredbyparticlesinacolloidal

solutioniscalledTyndalleffect.Itisnamedafteritsdiscoverer,19thcentury

BritishphysicistJohnTyndall.
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 Tyndalldiscoveredthatwhenwhitelightispassedthroughaclearliquidhaving

smallsuspendedparticlesinit,thebluecolourofwhitelighthavingshorter

wavelengthisscatteredmuchmorethantheredcolourhavinglargerwavelength

PracticaluseofTyndallEffect:

i) Bluecolourofthesky:

Themoleculesofairandotherfineparticlesintheatmospherearesmallerinsizethanthe

wavelengthofvisiblelight.Assunlighttravelsthroughtheearth’satmosphere,itgets

scatteredbytheatmosphericparticles.Thebluecolourofvisiblelighthasashorter

wavelengththantheredcolouroflight,thereforebluecolourisscatteredthemost.

Therefore,theskyappearsblue.Waterindeepseasappearsbluebecauseofthis

scatteringoflight.

ii) Thesunappearsreddishduringsunsetandwhiteduringsunrise

 LightfromtheSunnearthehorizonpassesthroughthickerlayersofairandlarger

distanceintheearth’satmospherebeforereachingoureyes.

 However,lightfromtheSunoverheadwouldtravelrelativelyshorterdistance.At

noon,theSunappearswhiteasonlyalittleoftheblueandvioletcoloursare

scattered.

 Nearthehorizon,mostofthebluelightandshorterwavelengthsarescattered

awaybytheparticles.
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 Therefore,thelightthatreachesoureyesisoflongerwavelengths.Thisgivesrise

tothereddishappearanceoftheSun.

 Themediumofairbecomesrareraswestartmovingathighaltitudes.Duetothe

absenceofairmoleculesoranyotherparticles,thereisnoscatteringoflight.

 Thatiswhy,theskyappearsdarkfromspaceortoanastronautflyingatveryhigh

altitudes.

Experimenttoprovescatteringoflight

Activity1

Placeastrongsource(S)ofwhitelightatthefocusofaconverginglens(L1).Thislens

providesaparallelbeamoflight.nAllowthelightbeamtopassthroughatransparent

glasstank(T)containingclearwater.Allowthebeamoflighttopassthroughacircular

hole(c)madeinacardboard.Obtainasharpimageofthecircularholeonascreen(MN)

usingasecondconverginglens(L2).

Dissolveabout200gofsodiumthiosulphate(hypo)inabout2Lofcleanwatertakenin

thetank.Addabout1to2mLofconcentratedsulphuricacidtothewater.

Youwillfindfinemicroscopicsulphurparticlesprecipitatinginabout2to3minutes.As

thesulphurparticlesbegintoform,youcanobservethebluelightfromthethreesidesof

theglasstank.Thisisduetoscatteringofshortwavelengthsbyminutecolloidalsulphur

particles.Observethecolourofthetransmittedlightfromthefourthsideoftheglasstank

facingthecircularhole.Itisinterestingtoobserveatfirsttheorangeredcolourandthen

brightcrimsonredcolouronthescreen.

Thisactivitydemonstratesthescatteringoflightthathelpsyoutounderstandthebluish

colouroftheskyandthereddishappearanceoftheSunatthesunriseorthesunset.


