cnaerer 10
The Human Eye and

the Colourful World

ouhnve sttdied nthe previous chapter abont refraction of Bght by

lemses. You alse studlied the nature, pastion amngd melative stee af
Images formed by lenses. How can these tdeas hilp us tn the study of
the human eye? The humdn eye uses light and enables us Lo see objects
aroimd us L hasa lons mols strocture. Whiat is (he inction aof the lens
n i hunnan eye? How do Lhe lenses tsed tnspectacies eormect delivels af
vislon? Lol us consider these giestions in his chapler.

W Jrave learnl b e previoos chapler aboul Bghit and some of (s

properites. In tds chapler. we shall use theseddeas to study some of e

optcal phenomena n nature. W shall also‘discuss aboul rambow

formation. spititing of white Heht and biue colour of the sky.

10.1 THE HUMAN EYE

The Homean eye 18 one of themaost valuabibe and sensilive sense Grgans.
IL enaliles us 10 see e woridierfinl wirkd dnd Uwe colouss around us. 06
clostiig Lhe eyes. we can identify abjecis (o some-extent by thetr smell,
laste, soumd they meke or by wach. 1ns, however. impossible to identify
colonrs while closing the eyes. Thus, of all the sense organs, the homan
ey 18 the most stgnificant one as it cnables us (o see the beautifud,
eolournl world around us.

The hnman eye s like a camera. (s lens
sysirm forms #n mage on & lghl -sensite
sereen called the reling. el onters the eye Costaline la
Uironigh a thin membrane called e comen. Al S
It forms the transparent bulge on the ot ™™
surface of the eyeball as shown i Fig. 10.], Vgl
The eyelszll s approximately sphedeal ipahape. 16
with a diameter of allont 2.3 et Most of fhe
refraciion for the Hdht rays entering he eye
occrs al the outér surface of the coriea. The
crystalline lens merely provides the finer
adjusimernt of focal length required (0 focus
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. tina. We - Figure 10.1
objents at different disiances on the retina. We find a stmicture called tris That humssn expe

behind the cormea. s 1s & dark musoular diaphragmm thal controls the
size of the puptl, The puptl reoulates and controls the amonnt of Behit



enlering the eye. The eye lens fomms an ioveried real imaee of thie olject
on the refina, The reting 8 4 delicdte membrmne having enarmous
number of lght-sensitive cells. The Ught-senstive cells gel aollvaled
upon Mumination and penerale clectrical signals. These signals ane
sorit {0 Lhe brain via tie optic nerves. The brain interpreis these signals,
amd finally, processes the information so thal we percelve objecis as

thiry are.

10.1.1 Power of Accommodation

The eye lens 18 composed of a Nbrous; jelly-lke matirial 1S corvabine
can be modifled lo same extent by (he ciliary musoles. The clines o (e
cugvalure of Lhe eye letis can thus change s focal lemath, When Lhe
museles are redaxed, the ms bevomes Uine Thus, s oeal length
mcreases. This enables us (o see distant obijects clearly. When you ane
looking at objects closer o the eve, the clltary muscles comteael. This
tncreases the curvalure of the eye lens. The eve lens then beoomes thicker,
Consequently, the oog] length of the eye lens decreases. This enables
us (o see nearby objects clearly. _

The ability of the eye leas (o adinst (s focal lemgth is called
accommadation. However, the focal kmgth of the eye lens cannol be
decteased below i certatn méntmum bmil. Tov fo rssd i printed page by
holding it verv closs (o your cyes. You may soe the imaee betng blurmmed
or feel stratn tn the eye, T see an pbject comionably and distinctly, you
mist hald 1t at abmit 25 cm from the eyes. The mintmum distance, at
which objerts can be seen mos! distinetly withou! siratn. s called the
leas| distance of distinel vision, 1is also called the noar point of the eye.
For a young adult with normal vision: the near point s about
25 cm The farthest polntuplo which the oye can see objects clearty 1s
called (he far potnt of the eye. T0S Infdny foF a normal eyve. You may note
herea normial ove can see objects dleariv Lhat are botween 25 om and
ey

Sometimes. the crvsialline lesis of people at old age bécomes milky arid
clotdy. Thits condition 165 called calaract. This canses parttin or complole
Inss dlvisicn. 11 1s passible (o restore vision Lrough a calarael surgery,

10.2 DEFECTS OF VISION AND THEIR CORRECTION

Somelimes, the eye may gradually lose Its power of accammodation.
Invsuch conditions, the person cannot see the olyects distinetly and
comfortably. The vision becomes blurred due Lo the refractive defects
of Lthe ey, .

There am mainiy three common refractive defects of viston, These
are (I} myopts or near-sighledness, (i) Hypermelropta or far-
sighledness, and () Presbyopia. These defects can be comrected by
the use of sutiable spherical lenses. We discuss bolow these deferts
and thelr corTection.
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la) Myopla

Myopla is also known as tiear-
sighteidness: A person with myopia
can see nearby objects cleariv bt
Aperson with this defect has the far
patnt neamor Hisn nhoity, Such a

person may sec clearly uplo a
dlsum*eufanﬂwmm irs 2 myopie
eve, the Image of a distant olgect 1s
formed in front of the retina |Fle
1.2 (b)] amd not 2L the ftina Nsall
This defect may arise die Lo (1)
exressive curvatire of the eve lons.
or (it) elongation of the eyebatl. This
defect can be cormected by using a
crmcave lens of suftable power, This
is {llustrted o Fig 10,2 {€), A
concave lens of suttabile power will

e

(1] Fexr puaaliil af o myepie s
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{r) Correction for o,

Figure 10.2
fay; thi The: ropte ciee, and mmmﬂkmjww.mm uwitha
rrErne s

bring the image back on to Lhe

reting and thos the defect 15 correcled.
Hypermetropia

Hypermelropia is akso known as far-sighiédness
A persan with hypermelropts can see distant
ubjects clearfy bul cannol see nearby objects
distinetly. The near polit, for th person, bs Grther
away from the normal niear potnt (25 emt). Suchia
person has (o keep & mading material much
beyondd 25 em frum the eye for comfortable
reading. This is because the lght mays froma
claschy objeot are fnonssad al a point bebiind the
retina as shown in Flg. T0.3 [b). This defoct anses
cither because {I) the oeal ength of the eve lens 1s
Lot long. oF (1) Uie eyveball has become oo small.
This difeet can be corrected by ising 4 comvex
lens of appropriate power. This Is (lustrated in
Flg. 10.3 (¢). Eve-glassiswith comerging lenses
provide the additional focussing power required
for forming the tmage on the reting,

(b

Tl Near puind af ¢ Hygpermibopie oje

ik Hypermietmpic el

il Cormeetion for Hipermirmpi: «ye

{c} Presbyapla
The power of apcommodation of the oye usually
decreases with ageing. For most people. the near
polnt grmdnually recedes away. They tnd 1 diffioull
[0 see nearby objects comforiably and distincily
willioul corrective eve-glasses. This defect 1s
callod Presbvopla. (L drlses due Lo e gradusl

Pigure 10.3
fal. (bi The hypermetropic epge. and (ci
ourmeciton fur hypermrirapo
N = Noar potnl of @
lypiermadrophe oy
N = Nooar-polnt df d
normal e
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wieakentng of the olliary muscies and dimtnishing Qextbility of the
eve Jens, Somellmes, & persan may suffer from both myopa and
hypermetmpta. Suel people aften redquire b-focal lenses. A common
iype of b-focal lenses cansists of both concave and canvex lenses,
The upper portlon consists of 4 concave lens. it fEeiliates distant
visiore: The lower part is a convex lenis. 1 {acilitates near viston.

These days, It Is possible to comrect the refractive defects with
comtact lrnses or throngh surgcal interventions.

Q UESTTI O N S

o Wil s mwmnl by power ol aceoqumodation of e eye?

. A prrsm o with a miyople ove cannol sée aljecis beyvonl 132 o distimelly
Whini shmd e iTe tvpe of (e comeciive jeas geasd o st Doy
vl

& Wial 1= Lhe Tur potnd and near potnd of e homan eye wilh omraml i
wisiin

4, A sbupldend b ooty ressling the lackbvad while ity o the et
mirw. Wimnt cmiked T flie defecl the chilld & oofeooy foon® Flowe am i be
cmrected7

Yo fatk of wondrous (hings you see,

You suty the sun shitnes bright:

I feet him warm. but how can he

Ormake 11 deay orright?
= I pmE

Do you know that our eyes can iive even after our death? By donating our eyes after we
die, we can Hghit the We of 3 Wind person.
About 35 millian people 0 the developing world are bitned and most of them c@n be
eured. Aboud 4.5 milllon people with comenl bitndness can be cumidd through cormeal
transplantation'ol donated eyes, Oul of these 4.5 milllon, 50% are chiidren below Ui
age ol 12, S0, Eﬂ#mgﬂlﬂngﬂlrﬂﬂmmﬁgnﬂtpﬂmumtum&tﬁvwﬁum
noit v (1 What do we buivie (o keop (i mitnd whion eyes liave 1o be donated?

. Ermdmumi ¢n biedemiig o priy s group or sex. People who ummmuﬂm

operated for catamel, can st domate the oves. T‘Wptﬂwhumdmbcun.hﬂw
hypertension, asthma pattents and those without commundeable diseases can also

domate eyes:

tﬁ... Selenion
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« Eyes mukt be removed within 4-6 hours after deatli. Inform Lhe nearest eyo bank

« Theeye bank lean will remove (e eyes al the bome of tie deocased or at a hospital
«  Eyoremovul akes only 10-15 mirmites. 1L s a stmple process and dives not lead Lo

any disfleuremonl.

«  Persons who were infocted with or died becanse of AIDS, Hepalltis Boor ©, rabies,
At Tenkaemta, tobimis, cholers menmgiis or encephalitts cannol donate eyes.

An eye bank oollects, evathmiles amd distributes the donsated eyes. All oyes domilod arm
pvalualed using strict medical standands. Those donated eves found unsutiable for
transplan(ation are used for valuabie research and medical education. The lidentities

of both the donor and the rectplent rematn confidintial,

O Pty of eyes g1ves VISion 1o up 0 FOUR CORNEAL BLIND PEOPLE,

10.3 REFRACTION OF LIGHT THROUGH A PRISM

You have learnt how lighl gois refracted through a reclangular glass
stab. For parallcl reimcting surfaces, as o a glass stal, the emergent ray
fs paralie! to the Inctdent ray. However, i 15 slightly displaced lateratly.
How wonild lghit get relfmcted throngh a transparent prism? Constder a
triangular glass prism. I has two (nanomiar bases and three rectamgniar
tateral surfaces, These surtaces are mclined (o ¢ach other, Theangle
between 1ts two lateral faces s called the angle of the prism, Lol nsnow
do an activity to study the refraction of Hght through & inangalar glass
Prism,

Activity 10.1

mandmﬂﬂunwmammm&gmmm
© Plisce o s prisin oo i suel ooway Ut 10 sl on s teengubnr
base Trace Uid oullifie 6F (e priso w8 penell.
ﬂmwnmmmwhﬁ:mdmmmqﬂhrmmm
sy AlL of (e prism.

FIx twi plos, uuyntpumisl"nnttﬂ' oni Lhe tine PE s shown In
Fig. 104,

Lnuktm‘ﬂwltunmﬁmuwﬂm fved at P and Q. thimugh the
othis e AC.
mmmmmmmmsﬂmmamummmﬁﬂﬂm
WWWNWHM&PMEWWMWM
Remiove the plits atd the gdliss prisn.

THe e, PE mivets the boundary of (he prism at point E
Isee Fig. 10.4), Stmitarty. join anif prodoee the points B and 5. Let
these mieet. the bolindary of the prism at £ ind F, respertively.
Jotin E anll F.

Draw. perpetidicolars (o the mefracang srfires AR omi AT of the
prism at patnis ¥ and F, !

Mark (he angle of meldence L), e angle of rfmction (29 and
the anglle of emergence [£e) us shown i Fig. 104
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P Incidend way! £1 - Angile of Inclilents

EF - Retfrncted ray £E- Angie of relyaciin
I'S-—Wm £Le - Angle of rmeTgeTee
A= Angie-ol e prism £1) - Anpie af deviatim

Figure 104 Hefrviction of tpht throigh & eyl glass présan

Here TR s the incident ray, EF is the reimcied my and FS (s the
cmergeni my. You may nole that a ray of lght is entering from afr (o
glass at the first surface AD, The lght rey on refraction has bent towards
the normal. Al the second surfape AC, the Bght Tay bas entersd (rom
glass (o atr. Henee It hias bent away fmom normal, Campare U angle of
matdence and the angle of refraction al cach Teffaciing surface of U
prism. is (s stmitar to e kind of bending thal becurs in a glass slab?
The pecular shape df the prism makes (he smergenl ray bond Al an

angle Lo the direction of e teident gay. TIus angle is called the angle of

deviatdon. In this'case #1 ks Lhe angle of doviailon. Mark the angle of
deviation tn the above activity and measuro i1

10.4 DISPERSION OF WHITE LIGHT BY A GLASS PRISM

Yo rrust have seen and approctated the spectaciler oolotrs in a ranbow.
How could (he wiate light of the Sun give us varous colours of (he
Tainbow? Before wetake up this question. weshall firsi go back to the
refracion of Hght through a prism. The inclined mimeiing surfaces of &
glass prism show exciting phenomenon:  Let us Ond 1 onl thmush an
activily.

Actlvity 10.2

wﬁyﬁ%ﬂlﬂﬂ\!’,fﬁﬂﬂﬂﬂiuhﬂmmmm
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The prism lmas probably spii the incident
white Heht bt a band of colours, Nole 1he
erlours Lhat appear al the two ends of e
eodour bard. What is the sequenice of colours.
thad you see an te sereen? The varloas
calours seen are Vieled, Indign, Biue, Green,

Yellow, Orange and Red, as shown in Z

Fig. 10.5. The acromm VIBGYOR will heip W70 ! & F

you to remember U segoenee ol colours, F3
e PR FTETNAT

The: batul of the eoloured compotienis of & ; :
light beam 1s called (s spectmum, Yon might  Flgure FOS =perston of while: Wyh by ihe giass prisi
i be abile o see-all the colmirs sepamtely,

Yo something makes each colour distmed from the othier. The spiitting

af ht oo its component oolours s called dispersion.

You kv sevn Lt white [eht 1s dispersed
Inito s severt-colowr components by & prism.
Why dowe get these colours? Differont colours
af Heht hend through different angles with
respect 1o the tncident may. as they pass
thimomgh i prismm. The red lght benids the least
while the violet the mosl. Thus Lhe rays of each
eolour emerge along differnt pathisand thus  Figure 106 Recombmotton' of thee spectrm of
become disttnel. L is the band of distinet tofettes it
colours thial we see In a spoctrum.

Isaac Newlon was the first to use a glass prism toobtain
the specirum of sunlight. He tried (o spiit the colours of
the spectnom of whitte Hghi further by nsing another simitar
prism. However, e could not get any more colours. He
then plaoed 2 second identical prism nan nverted position
with respect Lo the first prism, as shown inFig. 10,6 This
allowed all the colours of the spectrum Lo pass through
Lhe secorid prisom. He fsund a beam ol white lafil emerging
from Use othier side of (e second prism. Thits observatlon
mive Newion the ides Al the sunlight isade tp of seven
colours.

Any Hght that gives a specirum stmlar to that of Figure . .
sunltgit is oflen referred o aswhite lght, Sl s dli s

A minbow is & iatorm! spectrom appesaring tn the sky
afler & ram shower (Fle 10,7100 s cansed by dtsersion
of sunlight by tny waler droplets, present in the
almosphere. A ralnbow is always formed 0 a direction
gppostie lo thal of e Sun. The waler droplets act ke
small prisms. They relmetl @l disperse the incident
sunltghil, ihett velledt t internally, and Mnally refract 1L
agiin when 1 comes oot of Lie ratndrop (Fig. 10.8). Due
to the dispersion of Hght and intemal milection, different
cotours reach the observer's eye.

You can also see a minbow on a sunny day when
your Iook at the sky throngh @ watortall or Uhrongh & waler

foumtat, with the Sun belitmd vou. Pigure 10.8 Rambow formaiton

Hirrurop

Suraltehl
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st D ppre 10.5 ATMOSPHERIC REFRACTION

" el ki

by Your might have observed the apparent random wavering or

; Miekering of objects seen throngh a turbulent strvsem of ol ar
ristng aliowe a fire or & mdiatar. The air just above the tre becomes
Lot bier than the atr fmther up, The hotter atr 1s Beghter (less dense)
than the cooler alr above . and las a elmetve index shighily
Beliresive jiates i less than that of e cooler alr Sinee (he physteal conditions of

¥
Hury gl

lnrreasing the refracting meditm (air) are nol siationary, the apparent
postiton of the objecl. as seen through the hot ate. Mectuales.
Thils wavering Is thos an effect ol atmosplieric refracton frefraction

Figure 10. - of lgght by the earth’s atmosphere] on a small scale inonr local
dppmr-ril sl::r poadilon ernvirarEment. The twinkling of stars1s a stmtlar phenomenon on
due (o ﬂlmﬂs;ii'u:ﬂr iwmuch irger seale. Let us sov how Wi can explain L.
T/ RaCTian

Twinkling of stars

The'twinkimg of 4 star 18 doe (o atmosphoerte relracton of staright. The
slariight, on entering the earth's atmosphere, undérpoes tefmactlon
conlinuously before I reaches the cartly The dtmosphieric sefractlon
oecurs in a medium of gradually changing refmctive index. Sinee the
aimosphere bends starlight towards the normal. theapparent position
of the star is shightly different from its artual posttion. The star appears
sHghtly higher {above) than s actoal posttten when viewed near the
horezon (F1E 10,9}, Further his appsment posilion of the star is not
stalionary, bid keepson uh.angmg sltghily, singe the plysicsl conditions
of the carth’s stmosphere are nol statloniry, as was the case in the
previous paragraph. Stace the sidrs dare vty distant, Lhey approxtmate
potnt-sized sources ol tght . As the path ol rays of Hght coming from
e star goes on varying sightly, the apparctl position of e star
fuctuates and the amount of slarlight entering (he eyve Nickers = the
stur sametimes appears brighter. and at some other tme. amter, which
Is the twinkling eifect

Why don't the planets twinkle? The planets are much

Appre e, st - dloser lo the earth, and are thus seen as extender souroes:

ofihe Sim - * IFwe consider a planet s i collecton ol Jarge momber

of potnl-steed sources of Iight, the total variation tn the

amounl of ight entering sur eye from all the ndividual

polnt-steed sourves will average out lo zimo, thereby
nuiliEving the twinkiing effect.

Advance sunrise and delayed sunset

The Sun s visthle tous about 2 minutes before thie actual

siinrfse, and abionl 2 mimies afler the actual sinse]
' x becaise ol aimpsphertc refmction. By actim] sunrise, we

et | mean U actial crosstrie of the lorizon by e S Fig

&

el i 10,10 shows the actual and apparent postilons of the
Figure 10.10 Sun witli respect (o e horteon. The Ume differenoe
Atmpspheric refraction between acival sunsel and the apparent sunsel ts about
elfrcts at sunrise and 2minutes. The apparent flattening of the San's discat
! sunmse and sunse! 1s atso due (o the same phrnomenon.
168 Selenion
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10.6 SCATTERING OF LIGHT

The ioterplay of 1oht with objects around us gives rise o soveral
spectacular phenomena n nature. The bhie colour of the sky. colowur of
witler In deep sea. the Teddening of tie sum al sunrse and the sunsol
are-sure of Une worlerful phonoamens we ame Bmillse witl in e proviongs
class, you have leamit about the scattering of Bght by colloldal particles,
The paetl of abeam of Nght passing throngh &3 frue solution s not visibie.
Howewver, 1ts path becomes visible Lhrough 2 callindal solution where the
steeof the particles s relatively larger.

10.6.1 Tyndall Effect

The earth's atmosphere 15 a heterogencons mixiure of minaie particles,
These parficles include smoke. (my water droplets. suspended particies
of dust and moleciles of aiz When & beam of Heht sirikes such fine
particies. the path of the beam beeomies visibie. The Bght reachies us,
after being refected diffusely by these particles. The phenomernion ol
scatiering of lght by the colloldal particles gives rise (o Tyndall effect |
whilch vou have studied m Class [X. This phenomenon 1s seen whien a
e beam of sunlight enlers a Hﬂﬂki*;[‘lllp{! room Lhirough a small hole.
Thus, scattertng of Mghl makes the particies visible. Tyndall elfect can
also be observed when sunlight passes through a canopy of 4 dense
foresl. Here, Uny waler droplets in the mist seatier tight.

Thae colour of the seattered Wbt depends on Wtie skae ol the scattertug
particles. Very line particles seatier mainly Blue ieht while particles of
lariter stz scalter Nghit pflonger wavelongtlis, ihe stze of the scatloring

parileles is farge enough. Lhen, the scattered lght ma}' (VI BpPEAT
whilae,

10.6.2 Why is the colour of the clear Sky Blue?

The molecules of air and olher e particles n the atmosphere have stz
smaller than the wavelength of visible I@u. These are mure elleciive 1
scaltertng Ught of shiorter wavolengths at the blue end than light of longer
wavedengths at the red end. The red Mghl has a wavelengtls about 1,8
Limes greater than blue Uehl) Thos, when sunlight passes through the
atmosphere, the (lne pasticles in atr seatter the blue colour (shorter
wavelengihs) more strongly than mxl. The seitered biue light enters
our eyes. I the earth 'had no atmesphere, there woitld not luave been
any seattering Then, the sky would have tooked dark. The sky appears
dark (o passengers (lying al very ligh alttudies, as scaltenng 1s nol
promitent alsiucl heighits.

You mlght Bave observed thal daneer sliemal Bghids are eed b colour.
Do yout lenow whiy? Thie red s least sealtered by fogd or smoke. Thierefore,
ILcan be seon i the same colonr al & dislance.
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= The ahtutjrnnhn oye o fonus on bpth near and distant objects, by adjnslmg Iis
fotal length, s called e accommetdation of the cye.

= The smallest distance, al which the eye can see objects clearly without simin, is
eafled the near potid of the eye or the least distance of distine vistor. Fora young
arfult with normal viston, it s about 25 oo

= The commop reffactive defects of viston toclude mynpla, hypermctropta and
prestyopta. Myopla shortstghtedness — the fmsge of distant objects ts focussed
before the relinal ts correcied by using a concave lens of suttable power.
Hypermetropta trar—mghimﬂmss ~ the tmiage of nearhy objeiis 1s focussed Bevond
tae petina) 18 corrected by tsing a convex lens of suttabie power. The eye loses s
power af aceominodatian it okl age.
The splitting of whitte Hght into s conpanent colours Is called dispersion.
Scattering of Hghl canses the blue colour of sky.

L

@QEXERCISES S

[ Tﬁnm:mznqmmlwuunmmg@mmdmmmwnmmmumm

Mength of e iyve lens. THis 8 due o' J L
tal  presbyopia. )  accommodation.
fe}  near-sightedness. ) fresthtedness.
2. mmmngﬁrmmmulmmurantﬂummu& _
[d] cormes: M) Iris: 4 [tf] pu‘pﬂ- {d) retina
e mu:mstmammnrmmrwamﬁwmmmmmmmm
lal 25m. b} 25em, i) 25 om. id) 25 m.
4. The change i Beal Tengil of an eye lens Is catised by Uie action of the
{a] puplL © (b retna. fc} cillary muscles. [d) i

5 Amnmamumﬂ’ﬁdﬁmmmmmﬂsmmm
rorrerting his near viston e needs a lens of power+ 1.5 digptre. What ts the focat
Immﬂmﬂhummmm for correcing (1) distant viston, and () nearvision?? .

. memrpnmuramjray:pmnmmmmmmﬁt Whtat is the nature and
pewver of the lens reguired (o correct. the prablem?

7: Make a diagram (o show how hiypermetropts 1s correcied, “Thie near point of i
.hwmmmmﬁlmmﬁmnpmummlmmuhﬂmmmmh
difect? Asstiine fat the near point of Ute normal ove 1 25 oo

6. Why is anbemal eye nol able to see clearly the objeols placed ciser than 25 eni?

4, What happens io the image distance i the cye when we fneroase the distance of an
objert frpm the cye?

10. Why do stars twinkie?

11 Explativwhy the planets do nol twinkle.

12 Why does Lhe sky appear dark tnstead of biie {0 an astronant?
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