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More to Know!

IFan opagque objéet an Lhe path Mnghl hetomies pery) smtall. Neht has o tendencey to
berid around 1 and nol walk th 4 strafphl ine =an effect krow as the diffraction of
Ttght. Thien the stratght-Tine treatmont of opties ustng Tavs faiis. To explain phenctena
such as-difraction. lghits thought ofas a wave, the detatis ofwhich you will stusdy
tn bigher classes. Agam, 4! the begiuning of the 200 century, 1t became known that
the wave theory of Ight often betomes thadequate for treatment of {he inlesaction of
lghi with matier. amsl Ught often behiaves somewlal ke & streaim of particles. This
confusion about the triie natire of Bght continued for some years il a modem
quantuim LHeory of Upht emergad tn whichi ght 1s noilher @ wase’ tior o particle’ —
(e new theary reconelles e particle properties of lght with the wave nafore.

CHAPTER 9

\ | Light — Reflection and
»— Refraction

© see a varely of objects in the world around us, Howeser, we are
unable to see anything i a dark room, On lghting up tw room,
thitngs beeome vistbie. Whil makes Hings visibie? During the'diy, e
sunlighl lwlps us lo'see objects. An object ellocts Wehit (hal [sils o 1
This reflenied light. when recetved by our eves, enabies us o see things.
We are able 10 see through a transparent mediom as lght is tmnsmitied
through 1L There ae & number of common wondertul phenomeni
assoclaled with lighl such as tmage formation by mirrors, the twinkling
ol stars, he beauttiul colotrs ol a mtnbow. bending of Heght by a mediim
and soon. A stidy of the IIII]]'!Eﬂll.“-l of llhi Belps s o cxplore them.
By observing e common oplical phenbmicna around s, we may
conclude (hat light seems o travel o sitadght ines. The fact that a small
souree of Rght caste a sharp shadow of an opague object points 1o this
stralght-Tme path ol Hehi. usually inilicated as a ray of ght.

=

In (his Chiapter, we shall sindy the phonomena of relffection and
refraction of Heghl using the stralghit-lne propagation of Hehl. These hasie
concepts will help us i the study of some of the optical phenotiens in
nalure. We shall vy to understand m this Chapter the reflecton of Hght
by spherical mirrors and refraction of Ught and thetr application in real
I s st s,

9.1 REFLECTION OF LIGHT

A highly polished surface, stich as g mirmor, reflects mest of e §1ghil
Falliny o L. You are atready Eadliaewill Uhe Liws of reflection of Hglhil



Let us recall these laws—
1) The angle of Inetdence (s equal o e angle of meieeton, snd
M} The mcldent ray, Lhe normal o the mirmor at the point of hcldence
and the rellected ray, all e in the same plane.

These laws of reflectton are appiicable to all types of reflecting surfaces
meinding spherical surlaces. You are famthtar with the formation of mage
by & plane mirrar. Whal are the properties of e image? Inisge formed
by & plane mirror s always virtual and erecl. The stze af Lhe Image 1s
ecqiaal to Lhat of the pbjecl, The image formed (s a5 (& beldnd the mirmor
as Lhe object ts 10 frond of 3. Furtber, the tmage 15 Blerally invertoed.
How would (he images he wlhien the refleciing sarfaces are corved? Lot
us explore. '

Activity 9.1

© Take o large shuning spooni. Try W view voor filce il ctirved
FUEACE:

Do you gt the tming? 18 1L souiller or langer®

« Move (He spoon slowly sway froin your Ee. Observe e imoge.
How does # change?

. H:vu‘iEIhEE{mtmidrrpmlﬂmﬁﬂwﬂy Hﬂwﬂmnﬂrmm
look ke neve?

. cummmmamuuww?mwmm

The cumvedd surtace of a shistig spoon conlid be constdered as a cunved
mirtor. The mest commonty used type of cusved mttmor is e sphereal
mirior. The refiecting surtace of such mirrors can be considered o lorm
a part of \he surface of a sphere,. Such mirmors, whose reflécting surfaces
are sphierical, are called spherical mitrrors. We shall now study aboult
sphrrical mirrors n some doetadl.

9.2 SPHERICAL MIRRORS

The reflecting suriace of asphetical mitmor mey be ourved inwands aor
outwards. A spherical mirror. whose reflecting surface 18 curved imwairds,
that Is. faces (owards the cenre of the sphere; 1 culled a concave mirror.
Asphierical mirrorwhose roflecting sirface 18 curved ontwanlds, 1s called
a tonvex mimor. The schematic represertation of these mirmors is showt:
in Fig. 4.1, You may notetn these diagmms that the back
af thi mitrror s studed.

You mety now umderstand that the surface of thie spoon
curver Inwards can be approximated to a coticave mirmor
and the surface of the spoon bulged outwards can be
approxtmalid 1o 4 eonvex mirmor

Blefors we move furilier on sphertcal mtrmors, we need Lo
recogise and tndersiand (e meantng of & few lermns, These

lerms are comumonly wsed in discussions aboul sphierleal o Caneare mtrror

mirrors: The centre of the rellecting surtace of a spherical Pigure 9.1

) Cemmey mtrror

mirmor 1S i point called the poles | Hes on the surface ol the  Scheminiie representealion of sphierioal
mirmor The pole is usually represented by the letter mirrors; the shaded side ts non refiecting,
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The reflecting sirfade of a spherieal mirmor forms a part of a splicre.
This spliere has & centre. Tlis potiil 1s called e contre ol curvature of
the sphierical mtrmor. 11 s epresenteid by the letler C. Please note (hat tie
centre of curvalure & nol a part of the murar. 11 les outside s relleciing
surface. The centre of curvature of a concave mirror Hes in frond of 1L
However, 11 ltes behind the mitror 1o rase of a convex mirmer. You may

nole this I Fig.9.2 {3) and ). The mitus of the sphere of which the

reflerting sarface of a spherteal miTmor forms & part. s called the mdius
of curvalure of the mirroe 1 s represented by the letter R You may tote
that the distance PC ts equal to the madius of evrvatsme, [magine 3 stright
Iine passing throngh the pole and the centre of curvature ofa spherical

mirror. This lire is called the princtpal axis. Remember that principal
xie is normal to e mitrror al s pole. Let us anderstand an limpofiant

term relaled to mirrors, through an Activity.

Activity 9.2

CALTION. Do Tiot look at the Sun directly or even mifn & mirmor
reflecting sunlight. I may danggle your eyis.

. 'llnﬂinwmmywﬂrhﬂndmﬂdlmri!mmm
tiwnrds Hee Sumn .

. ﬂwﬂtﬂlﬂhﬁﬂrnﬂtd!dllylhcmmtru:hlﬁ!qtulmﬂhﬂd;
edose (o Whe mirrer,

. Mhmi!mMLﬂpwwmmm_gmnnnymmymm
o the paper sheef a bright. sharp spot of Hght

© Hold the mirvgr aed the paper in the sanie posilion for s few
ml&wmwmnm‘m'wbﬁ

The paper at irst begins lo bum producing smoke. Eventually 0
may even cateh ire. Why does 1L bum? The tight from the Sim s converzod
al u patnl., as A sharp, bright spot' by the mivrar, In fact, s spol oftighl
1s the tmage of e Sun on the sheet of paper. This polnt 1s
L focas ol the copcave mirror. The heal prodioced ddae to
(heconpeniration of sunlight lenites the paper. The distanoe
of this tmage from the posttion of the mirmor g@ves: (he
approximate value of focal length of the mitrmor.

Lol us try 1o nnderstand this observation with the heip
ol i ray dlagram.

Observe F1g.9.2 (a) closely. A number ol tavs paralicl
to the princtpal axis are Giling on a concave mdrror. Observe
the reflected rays, They are all meeting fintersecting al a
ot on e prinetpal axis of the misroe. THIS patl 1s called

== Ll prineipal foens of the coneave mibrror, Shnllarly, observe
Flg. 0.2 (b). How are the ravs paraliel (o the princtpal axis.
reflected by a convex mimmor? The rellected ravs appear (o
comi froma potnl on the principal axis. This point is ealled
e principal focns of the convex mimmor. e pancipal foons
Is represented by Wie lelter F. The distance between thie
pole amxd the principal focus of a spherical mimmor s called
the focal lengthe s represented by the letier £
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The reflecting surface of & spherical mirror is by-and-large sphorical,
The surface. en. las a eireular oulitse. The diameter of e reflecting
surface of sphencal mirror is called His apertare. Tn Fig.9.2, distanoe MN
represents the aperture. We shall consider i our discussion only such
spherical mirrars whose aperture is much smaller than tts mdins of
curvatume

is there a relationship between the tadivs of curvature R, and focal
lengils £ of i sphenical mitrror? For sphiorical mirmors of small apertums,
the radius of curvature 1s foand (o be equal to twiee the focal length. We
pul this as R=2f. This tmphes thal the princtpat focus of a spherteal
mirmar Hes midway beiween (e pole and contre of curvature,

9.2.1 Image Formation by Spherical Mirrors

Yot have stidied aboul the tmage formation by plane mirmors, You also
krtorw Lse nature, pasition amd selative stze of e tmages formed by them.
Hew nhout the tmages formed by sphertcal mittrors? How can we locate
Ll e formed by & cotcave mivror for ditferend, postiions of the olgec?
Are Lhe fmages real or virtual? Are Lhey enlarped ) dimitniished or have
the same sige? We shall explore (hiswith an Activity.

Activity 9.3

You' have dlready karnl o nrdtl‘.l.!mﬂuiﬂﬁ,uﬁihml Tey ur'
of Igsht i uti i mﬁ"m"u&Mu
|yl got on . In L

.Iqm 1ty m::nmbjhlhﬂﬂl ﬂmﬁmﬁﬂrm;mwmﬂm
gummmmwmmmnwmmmmm
: .‘“j'. 'Iin“"””ii:','_" I Mt it 40
the way desortbed abave: Note down Hie yalag of foral dength. (You
-unul:i_ujmdﬂnmhyulﬂ wqummduﬂ 0 i
- Ilhﬂuﬂmmxumemihndmh Hm:nitmmmmummm
fhﬂﬁ m.mﬂmlmumﬂrhaqdu Ut fhs prole Bes over

.u_-

- uu_p -ﬁh@j.’@:t.anfﬁ:hnﬂﬂlm caruile, ol 3 position firbeyand
€ Place p paper soreen anid move § 10 front of the mitror il you
.nhmnlutﬂrphrlﬁinmgpu e cudle flame an 1L

- ﬂbumreth&hufmﬂnmmﬂy Note down tls mature. pasibion and
relattye stze with respect 1o the object stre.

« Repeat the ackivity by plackg the catidie - (1) jast beyond .
Ib) at €. [e) Between F omd C. (d) ol F. and () between P and F.
« In one of the cases. you may not get the tmoage on the sereen.
Jdenitfy the posttion of i object In sucls i cise Thien, ook foe 1ts

virtual bmige in e mirror (Sl

« Note down and tsbilite your observalbons.
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Yo will see 11 Lie abiove Activity (hal Uhe nature, posttion and stz ol
lhe image formed by a concave mirror depends on e positon of he
abfect In refation to points P, F aond C. The iImage formed 1s real for somse
posittons of the object. Tt s foumnd to be a vinual mage for a contatn other
posttion, The image 1s oither magnified. reduced or has e same s,
depending on the posttian of the objecl. A summarny ol these observations
15 given for your reference in Table 9.1,

Table 8.1 Image formation by a concave mirror for dilferent positons of the object

Pouitlon of Lhe Poxition of Lthe Size of the Natore of the
abject Image Imnage Image

Al Wby

Heyond €

AL

Thotwrsn ©and ¥
ALT

Hetwesn 1 anid F

131

At the foeus F Mighly dimintshed. feenl and nveried
st sizedd

Between ¥ and © Biintahed Real and inverted

Ao Sampe st Rl dind tovested

Beyondt Ertnrsed Real oo toveste:d

At mfimity Highty enlarged Rl amd, ieerted

9.2.2 Representation of Images Formed by Spherical
Mirrors Using Ray Diagrams

Wi can also sindy the formation of images by spherical mirrors by
drawing may diagmms. Constder an extended object, of Dntie stze, placed
tn front of asphencat mirror, Each small portion of the extended object
acts ke a patnl source. An nfinite number of rays ortginale from each
of these points; To construot the ray diagrams, tn order (o locate the
imagt of an objeel, nn arbittanly mrge numiber of Sys cmanating from a
potnt could be considered. However, 1L 15 more converdenl W consider
only two rays, lor Lhe sake of alanity of the ray diagram. These rays ane

w0 chosen that 11 is masy to know thelr directions after reflection (mom the

TIHTTO.
The intersection of al least two reflecied mys gve the positien of image
of the patnit object. Any two of the following rays can be vonstdered for

locating the fmage.

M Aoy parodle] to the principal
axds; after reflection. will pass
through the principal focns

R k
N in ease of & Concave Mo
' I of appear to diverge from
the principal focus in
case of & convex mirTor
. This 1s flustrated n Fg.o.8
Figure 9.3 . (a) ard (b).
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A ray passing through the
principal focis of a coneave
miTTor or a ray which s
directed towards (he
principal focus af o convex
mirror, alter reflecton, will
emerge parallel (o the
principal axis. Thus 1Is
Mustrated m Flg.9.4 [a)
atud (b).

A ray passing through the
centre of curvature. of i
cancave mimar o directed
in the divection of the centoe
ol curvature of 4 convex
mimmor, after rellection, s
reflected back along the
same path. This 1s
Mustrated 10 Flg 9.5 @) and
(D). The Ueht rays comie back
dlong Lhe same palh
betsuse Lhe incident ravs
fall on the mirror along (he
normal o the reflecting
suriee.

A ray nclident obliquuety o
the prinelpal axts, owarnds
a patnt P (pole of the mirmor),
on the concave mirmor
[Fig. 9.6 (al] or # convex
mirror [Fig. 8.6 (b]]., Is
reflected obliguely. The
moldent and reflected mys
follow the laws of reflection
dl the poinl of Incidence
(pomnl ). making equal

atiglos willythe princtpal axts.

Remnemmber thiat 1 all the above cases Lhe laws afrellection are fidlowed.
At the patnt of tneldenece, the meldent ray is refected i such 2 way that
thie stngle of refecton equals (e amgte of nckdence.

o

(4) Image formation by Concave Mirror

Figure 9.7 filustrates the Ty diagrams for the formation of mage

Figure 0.4

Flgure 0.5

C

by o comenve mirmor for vanous posttions of the olject.
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Fypire 8.7 Ry diegraiis for the oy formation by & cofdide fiirmoe

Activity 9.4

Draw neil vy magmﬁrq.}r md: postidon of Lhe object showm in.
Tnhh al.

i mhmmul‘ﬂnmrmmmmupmmm
o et

mr‘dﬁm-umwﬂhllmrmmm#m,ﬁ.
Desmhn-uti‘nm postticn mmd relattve stise ol the bmoghe formed
i each onse-
Tabmlsle the resulls i g conventent formal.

LS

LS

Uses of concave mirrors

Canvave mirrors are commonly used o torches, search-lghts and
velteles Headiighis 1o get powertal parallel beams of flght. They ane
olten wsed Hs shaving nirors Lo see g larper tmage of the @ee, The
dentists ise concave mirmoes 1o See Erpe images ol the teeth of patlents.
Larpe concave mirtors are used (o concentrate sunlight 1o produce
heat In solar fumaces.

() Imege formation by a Convex Mirror
We studied the tmage formation by & comcave mdrrar. Now we shatl
Study the formalion of musge by a convex mimor,

SClionon
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Activity 2.5

Take i vomvex mircor. Tlold L by ome Diigid.

Hold n penict I the 1 pesttion {0 the other hand,

Observe the tnage of the penctl i the mbrmor, bs e fmage eoect or

inverted? s 1l diminished or enbarged?:

o Move the proell away from (e imor sfowly, Does fee tmge
bergme smalles or larnger?

« Repeal (s Acttvily corefully, State whetbier (b image will o

closer to or Gariler sway from 1he focus i Uid object 15 moved

nway imm Hhe mitmors!

%

We conslder two postiions of the object for studying the mage formed
by & convex mirror, First 1s when the object ts 5 tinity and the second
posttion ts when the object tsat a fimite distance from the mitrmer. The my
diagrams for the formation of imsge by & convex mimor for these two
posttions of the object are shown n FIL.9.8 (a) amd (b), respectively. The
resulls are sumumarised i Tabie 9.2,

|
A - d
. K
- -
T LB
T
AL i 1
nudieny - N
fitd il

Figiore 8.8 Fiormaiion of kg by'@ contdex mtmros

Table 9.2 Nature, postion amd relalive size of the tmage formed by a convex mumor

Pomition of Lhe Posiiion of the Bip of the Nature of ths
ohject image image image

AL iniilly Atihe foaisF.  ihghiy dunitahed,  Virtual and erect
- belired the mipor pomt-steed

Hotween infinity pRawd ¥, Diminhed (VKU c 7553
aned the pote 7 of e mtrror

‘thie mitrrne

Your hawe so [ar studied the 1mage formallon by a plane mirror, a
concave Tirmor ardl & copvex mirmor. Which of Hhese mirmors will give the
full image of & large oblect? Lot us explore throngh an Activity.

Activity 2.6

© Obaerve the tage of 3 distant obiject, say o Qatanl tree, hoa
« Donaid yom see o il dength imnge?

Laght - Beftection aod Hedfmntion 141



* Try with plane mirors of differrmt stzes. Did you see (he enitre.
abjeet tn il fiage?
. Repeat (s Aclivity with o cancive mtrree. DI (he mbrror sliow

fall lesyfths Image of the object?
+ Now Uy paing & comex miror Dy sucoced? H.:]ﬂnlnnur
-ﬂmvulumﬂhmun.

You can see a full-length image ol a all ballding/iree i a small
convex mirmor, One such mirmor is fified ina wall of Agra Ford facing 'Ta)
Mahal. i you visil the Agre Fort, try to cbhseyve the full image of Taj
Mahal. To view distinedly, yon shoukd stand sullsbiy at the termaoe
adjoiniiye the wall,

Uses of convex mirrors

Convex mirmors are ommaonly used as rear-view (wing) mimoss in
yelucles. These milrrors are iled on ie sidesof Uie vwehicke. enabling e
driver (o see Iraflc behind him /her 1o factlitate safe driving. Convex
mirrors are preferred because they always give an erect, though
diminished. image. Also, they have a wider field of view as they are curved
outwarnds. Thus, convex mittors enabloe the dover to view much larger
area than would be posstble with a pi:im- miITor.

Q UES T.I O NS

Dredivie Ui principel Tocus of o oonchve picoor,

The adins of carvalurs of a sphefen) misor (820 ome Wial ts iis focal
bengih??

Nomiet i mifsrod ol oo @ivienion evoet sod colangied bmogle of dir obyjecl

Why do wm ol o e mdor as a - Tear-view i mowwehicies?

188

9.2.3 Sign Convention for Reflection by Spherical Mirrors

While deating with the refiection of lehit by spherical mirmors, we shall

follow & sel of slgn convenlons called the New Cartestan Sigr

Conpvention In this convention. the pole (') of the mirror 1 laken as tie

arign (Fig-8.49). The principal axis of the nitrmor is taken as the x-axis

(XX) of the coprdinate system. The comenittons are as follows—

() The object ts always placed (o the len of the mtmor. This timplies
thit the lght from the object falls en the mirror from e len-hand
s

[y Al distances paraliel o the privetpal axis aremeasursd Trom e
pole of the mirrar.

M} Al the distances measured (o the rght of the orign {along
+ x-axts] are taken as posittve while those measumd (o the leftoff
the origtn (along — x-axis) are taken as negalive.

{tv)  Distances measured perpemdicular to amd above the principal axds
(along + y-axts) are Laken a5 positve.

fvi Distances measured perpendionlar Lo and below e privicipal axds
(along —y-axis)] are mken @s negative.

SCIoTice



The New Cartestan Stgn Convention described above is Mlustaled
F1e. 9.9 for your reference. These sign conveniions are appiied (o obitain
Ue milrror formula and solve related mumerical problems.

2.2.4 Mirror Formula and Magnification
In & spherlcal mirror (the distance of e

object lrom s pole |s called the objeey  Oncm ik b M
distanice (U], The distance of the imass (rom Chrecties of.
the pole of the mirror 1s called the linage A Teskeut T

distance (v). You alreadv know 1hat (he

distance of the principal focus from the pole eS| Slikes

Iiptitiwe ke

s called the foca! lenoth (6. There 1s a Pt 1 Tho ial LAm
relationshitp between thise three quantiites

Wi wpfind=vy

o

givien by Lhe mtrror formula which s
expressed as
Viright

1 1 1 it il =yl

g &-H

i3

l-'h.
This formnla s 1l"ﬂtl‘l‘.] I all stivedons for all Mg r-="
sphiesteal mirrars fur all positions of the i
otfecl You mirst use the New Carlestan Sign Flgure 9.9

Convention while subsittuting mumericat The Neve Cartesitan Sym Commention, for sphertoal mirrors

values for w. v, L and Rin the mimmor foeemula
for solving problems,

Magnification
Magnitication produced by a sphenical mirror jgives the relative extont o
which the tmage of an object isagnifled with respegt to the object size.
It is expressed as the mblo of the height of the image to the hetght of the
otyect. 1 is usaally represented by tie letier me

I R s dhe hesght of the objeet and h'ts the hotght of the Image, then
the magniication m prodoeed by a spherteal mirror s given by

Hetghi of he f=iagde 0
= Hethit of the shiest ()

_ W 0.3
m=—- .2)
The magmification m &s also related o e object distance (u) aml

Image distance (1. 1Lean be expressed as:

MisgrnidNeation [F) = :'—: =- :: 0.3

You mav notethal the heiglil of the obiject 15 laken Lo be positive as
the abjict ts nsually placed above the princtpal axts. The helgh! ofthe
mmage should be taken as positive for virial thages, However, 1018 to be
laken us negative for real images. A negative:sign in the vahue of the
magnification indicates that the image 1s real. A postiive sign m Uie value
of the magnification indicates that the mags is virtual.

Laght - Reflection aod Refction
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Exznmpls 8.1 _ _

A convex mirmor used for tear-view o an automobile has 4 rdios of
curvature of 3.00 m. 1§ 2 bos is located ol 5.00 m from (s oo,
nnd the position, meture and stee of e mage.

Solution

Rahius of ourvature, R =+ 3.00m
Object-distamer, 1 =-5.00m;
Image-distance, n=?

Hetghit of the tmage, h'=?

00 m

Focal length. f=R/2=+ =+ 1.50m (a5 the principal ficus of

a tanvex mirmor 1s belitnd the mirmn

1l
[ I
111 1 1 _ L
on b I ou T T LSO TiRo0) LD 500
5,0041.50
750
n= gi =+ |.16m
The image 1s 115 @ al the back of the mirtor.
Miedin , —.E__E-; .16 m
HEAOCALION. M= — = - == — ==
 =+028 |
The tmage 15 vinual, erect and smaller in stze by & factor of 024,

Exnmpls 9.2
An obiject, 4.0 cmon stze. Is placed Al 25.0 em n frenl of & conesve

mirror of focal length 15.0 cm. At what distanee from the mirror
should a seréen be placed m arder to ablain & sharp tmage? Find
the natare and the size of the Image.

Solution

Obfect-stze, h=+4.0 cm:

Obpect-clistance, u=-25.0 cm;

Focal length, J=—15,0 ci:

Image-isinnee, 1=79

Image=sire, '="2

Fram B (10.1):

T R T |
=JhD 250 i50 250

Sclenon
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| 50480 20
, - B A
T Te0 . A o

Thie sereen shonld be placed al 37,5 em m frond of the mirror, The
Imaye isTeal.
h' t

Also, magmiicatlon, m= YN

5 oo SR 1-37.50m) (44.00m)
o hr=-—= (25 0 cm)
Hedghi of the image, h'= - 6.00m

The image is inveried amnd enlarged.

| Q UESTIONS 5

3 eI

{

i. Frd the foesl jediwih ol o eooovess mitoror wehaisi rodlioes of futvshioe b

A vincave minior jreduces three (bmes sagnified (entarged) pel, e
i an objerd phiced 3l (0 cm o oo of U WlEie b e e hea i

[

9.3 REFRACTION OF LIGHT

Light seemins to traved along stratehi-Hne paths in ot ransparent mediom.
Whatl happens when lght enfers from one dransparent medium o
another? Does I stll move along & stratght-lme path or change its
direetton? We shall recsll somie of our day-in-ay expenences.

You might hiwve obscarved that the bottom ot 4 {apk or @ pomd
containing walter appears o be ratsed, Stmitarly, whena (hick glass slab
is placed over some printed matior, the letters appear ratsed when viewerd
through the glass stab, Why does 1| happen? Have you seen a penictl
parily mmersed tn water i glisss tambider? [tappesrs (o be displacsd
al the interface of atr and winler You might have chserved that a lemon
kept in water tn a glass humbler appears (o be higeger than Us actual
stze. when viewed from the sides. How can you account for such

l.et us consider the case of the apparent displacement of & penctl,
partly immersed 1o water, The itght reaching you from the portion of the
pencil inside water seems o come om & diiferent direction, company
1o the part abovo waler. T'his makes the pencil appear to be displaced at
the mieriace, ¥For simllar reasons. the letiers appear (o be ratsed. when
secn through a glass slab placed over i

Does a penetl appear 1o be displaced to the same exient, if instead of
water, we use Bgatds Ithe kerosene or turpentine? Wil the lettors appear
io rise 1o the same helght 1f we roplace & glass siab with & (ransparent
plastic slal? You will find that the extent of the effect s different for
different pair of media. These observations indicate that light does not

Laght - Bieflestion and Refrmoiion
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186

travel tn the same direction tn allmedia, L appears that when tmavelling
obliguely from one medinm o another, the direction of propagation of
Heht e the secom! medium chianges. This phenemenon 35 known as
refraction of llght. Let us understand this phenomenon frther by doing
A lew activilies,

Activity 9.7

« Phipe 3 ool il the bottom of a bycket tilled wilh wale.
« With your eye to'i stide ahove waler, try 1o pick ip the cotn m oile
go. Did yoa-sueeesid o pickimgg up the comn?
a wmmmﬂldmmmﬂmmumm@?
r irbencls to db (s, Compare your expriice with thers,

Activity 9.8

 Place a Frge shallow bowl on o Tale sl pﬂgmnm‘m.

© Move sway siowly Irem the bowl Stop wh&h iHescoln just
disappenrs from your sighk

. ;Hmurnh'ﬁmd L pousT weiler @il o the hq:n‘bi'ithml dhistiritng

- -lﬁq:hmkmgﬁn'ﬂmmﬁmqmt ‘l;muﬂu-mhmmm
wisthie again mmmﬂm ﬁmmﬂ thin happen?

The coin becomes vistble agatn onponring water mito the bowl. The
coln appears slighitly ratsed above s actual position due o eiacetion of

lght.
Activity 9.9

. ‘m'nmmmmmﬁmnﬁmﬂﬁmmrﬂm
af).a.

. Hn&uﬂ&ﬁamhmﬁlmnmmm;myﬂmmdmdﬂﬂ
mankes an ol with the lne,

+ Lonk _MWWHHMHMIMMMHMHIMWI
e ypsa ol tmuﬁmmn-mmrmngﬁumﬂhnwmrtnhr'

©.3.1 Refraction through a Rectangular Glass Slab

To understad the phenomenon of refraction of Hghl through a glass
slab, let us do an Activity.

SClionon
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Actlvity 9.10

© Fixasheet of while paper o s drawiing boord ustng drawing pins.
© Plice n etangulos slaly over the heet i the middie.
« Dmow thie outine of the stoby with o pencil, Lef os ooime thie caitins

as ARCD,
« Take o identical

e,
. FEtmmmyLMmemmumimumﬂ;ummr

pins |5 inclined (o the cdge AR

© Lol for the tmages of thie pins 1 and F tirough ﬂ:nppmdirrdgz,
Fix two otier jitus, say G aned 1, sch (ot (hese pios el

tmages of £ and F Ue on o strtghit Hise
* Remove the pins and the sib.

. .pmmmmﬂuwﬂummrmrmlmmuum
up Lo AR Lol EF meet AR ol O, Stmilarty; join (he posttions of Up
of the pms G oand B oand produce #oap o) the edge €D, Let HG

meel CI o',

« Jotn O O, Also produce EF up o P, as shiown by a dotted e

t Flg. 910,

n this Activity. you will note. the Bght ray has changed its direction
at pomnts O and O Note that both the points O and O e on surfaces
separaling two transparent media. Dmw a perpeniieular NN o ABal O
and another perpendieniar MM 1o CD a1l O The light ray at potnt O has
enlered from & rarer medium o a denser mediume tial s, from air (o

ulass. Note that e Ught my has bont towanls
the normal, A O, the Hght ray bas entered
from giass b alr. Usal ks, Imm a dénser
madium Lo & rarer medium. The Hali here
tiazs hent away from e normal. Compare the
angle of tneidencewiih e angle of refraction
at hoth reimeting surfaces AB and €T

In Flg. 9.10, a ray EO is obliquely
tncitdent on surface AR, called Incident my,
Q07 15 the refracted ray and O°H is the
emergenl ray. You may observe that e
emergenl ray s parallel (o the direction of
thie incident ray. Wiy does 10 happen so? The
extent of bendtng of the ray ol ‘gl al L
opgrosiie paraliel faces AR (atr-glass intertace)
and CD (glass-atr mierfaoe) of the e
glass siab is ogual and opposiie. This s why
the ray emerges parallel o thie tndident may.
However, Lhe gt ray 1s shifled sideward
siightly. What happens when a light ray is
inctdent normally o the interface of two
medta? Try and fnd ot

i

tilye=

Flgure 9.10
Refrotion of ght toough o rectongular glass skitb

Now you ane famillar with the rofmetion of lght. Refmaction s due o
change m (e speod of Bght a8 1 enters from one transpaend medim i
another. Expenmetits show that refmetion of Dght eoours seoording (o

eerialn laws.
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The lollowing are the laws of refraction af ghl.

(1 The mctdent ray, the refracted ray and the normal o the ntetface
of o transparen! media at the potnt of tnctdence, alf le (n the
seame plane:.

M) The ratlo of stre of angle of ncidimee o the sine of angle of
refraction ts ¢ constant_ [or the Ught of a given colour and _for
the given palr af media. This law 15 also known as Snell's law of
refracion. (1'his is true for angle O < (< 250
IF 14 the angle of mctdence and ris the angle of refrscton, then,

HIOE
" rorstand [f2.4])
This constant value 1s calied the refmactive indlex of the second medfm:
with respect (o the Arst. Let us study about refmctive tndex in somae detaf),

9.3.2 The Refractive Index

You bave already studted that & my of ght that travels obliqiely from
ome (rnsparent medinm into another will clemae s direettan in the
second medium. The extent of the change In direction thal Lakes place
tn a given pate of media may be expressed in lemms ol e relmctive tndex,
the *eonstant” appearing on e rghi-hanid side of Eg/9.$).

The refractive index can be inked to an inrportant phiysical quantity,
the relattve speed of propagation of Bght n differont media. [t tums
ouit that Hight propagates with-different speeds i differerit media. Lahi
traveds Eastest in viacuum with speed of 3210 m s ' In atr, the speed of
Hght 1s only ma mﬂly less, compared (0 tal m vactum. It educes

constderably tn or water. The value of the refractive index for a
given rufmlhtir:[mmlsmm:m-;pmd of light 1o the two media, as
phven bolaw.

Constder a ray of Hght travellirg from moediom 1 i mediom 2, as
showmin F12.9,1 L Lot p, be the speed of Batit tnmedinm 1 and o, be the
spoed of ght tnmedinm 2, The reimctve index of mediom 2 with respect
to medim 1 ts gtven by the ratio of the speed of lghit 1 medium 1 and
Uee speed of Mght n medium 2. This 1s usuaily represensted by the symbol
. This can be expressed m an equalion form as

Myt § S _ -
:I:.I'll‘;ﬂ'.m "= H_ru*ﬁi of light in mrr,hlu:rn i -y (.51
— = Spead of Bght fmmedimn 2 o,
it 13y the same argument, the refraciive tndex afmedinm
") !limﬂim;mmmﬂ:ﬂumﬂumprﬂsenml as g, 1L s givert
¥
— ; é :1"1-}:111 i Jarh o ommtiom 2 oy

- 9.t
Spoci] ol [kt bz medhion 1T 1y (54

Ifmesdium 1 1svaeum or air, then the refractive index of mednum 2
I considered wilth respect lo vacume. This s called Lhe absolute Tofmcive
Andex of the medium. i Is stmply represented as n. I o is the sperd of
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gt in adr and wis the speed of eht tn the medium, then, the refractive
index of the moedinm n is given by

= Spreesd of Mgl b alr £ 19.7)
“* Speed of light i the mediiom. o —

Thie sbsatule refmetive ndex of 2 medium s stmply called s refract e
Inlex. The refractive index of several media is given in Table 9.3, From
Lthe Table you can know that e efmctive Index of waler, o= 1,334,
This meatis Uizt the mio of the spesd of Bght o atr and the speed of
light n water 1s'equal (o 1.33. Smilarly. lhe refractive thdiex of crown
Hass, n_=}.52. Such data are helpful In many places: However, you
need nof memartse the das.

Table 9.3 Absolute refractive index of some matertal medla

Moterial Helfractive Materinl Befractive

m=diam Ind=x madimn inde=

Alr 10003 Canaila 1:53.
Tialsam

fee 131 _ .
Wister 1,33 Rocksall | 154
Alenhial 1.36
Keroseie 144 Curbomn 1.3
disuiplinde

Fused 146 e N ot
quarti Dense 165
Turpentine 147 ' '
ol . Ruby 1.71

SR 1500 1 it . ¢

B i Sapplire f 177

Crown. =2 - !
glass L /] Digmond 2423

Noste froum Table 9.5 that an t:;ﬂkdllf:ﬁﬁ rmodium may nol posscss
grealer mass density. For example. ketosene having higher refraciive
tridex. 18 oplicilly denser han waters slthoph its mass densiy is less
than watir.

(O o T I 2 o I o o e T

The ability ofa medium lo reftret ht 15 also expressed in lesms of i1s oplical density,
Optical dewsity hiss a defintte commotution. 1L s nol Le ssme a5 mass density, Wi liqve
been ustng the lerms Farer medione and "denser mediom’ nodds Chiapter, 11 actually
means ‘opfically mrer medtum’ and ‘oplically denser medium’, respeetively, When can
wie say Lhata medium Is oplieaily donser than the other? In comparing two media. the

anewith (e langer refractive tndex 15 aptically denser medtm than the ather. The othar
micrtim of Jwer mefrctive inde 15 sptically maren. The specd of lght is highier i mr
mﬂ:mlhmndﬂmm!mmmamyﬂ‘@mnmﬂummmmmﬂmmmn
-mtmrmﬂnmnﬁbﬁsﬁwnmﬂhmis WWMMHWMH

More to iknow!
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Q UESTIONS

[

m

stalemenl’y

| A ray o lght irevelllng i air entesn ohllgquely il waley, Ooes e Tghit
ray bend tewabds i normal or away Irem e nommial? Why?

Lighit enters oo air e glass hovmg refroctne milex 1500 What 1 the
speer] of gt mthe glans® The speml of Wyl In vaonim s 3 % 100 m s

a Finsd o, rom Tabde 9.0, the medmm bavimg mhltest optieal density
Ao find the medtiom with- fowesit opticnl densits

4 Youl are @ven Kerasitie, (nrjemtine and saler, o which of tise dees
the Wi Tavel mse=E? U= the infomnon @ven i Tabie 80

The i=ftactbe findex of diomozad 1s 242 Whal Is W oe=mnimg of Uns

9.3.3 Refraction by Spherical Lenses

Yoii might have spen walclhmakers using o small magnifying glass to
see (iny paris. Have you ever touched the surface of s magnifying glass

with.your hand? s it plane surfaco or curved? §s it thicker in the middle
oral the edors? The glasses used in spectacies and that by a walchmalker
are examples of lenses, What is a lens? How does it bend Hght rays? We

shill diserss tese o thils seetion.

A transparent matertal bound by two suriaoes, of which one or both
surfaces are splienical, (orms a lens, This means
thal a lens 5 bound by at least one sphiertcal
surface. Insich lenses. (e other surface woild
bt plagie. A lens may [ave bwo splerical
surfaces. bulging outwirds. Soch a letis is called
a double convex lenis. 11 1s stimply called a convex
lens. 11 is thicker al the middle as compared o
the edges. Convex lens comverges Hght rays as
shigwti in F1E 9,12 {al. Henee convex, Iemses dre
also called comverng lenses, Simillarty, a donble
concave lens 1s hounded by two spherieal

=
. &

surfaces, curved mwards, 101 thicker al the
edges than ai the middle, Such lenses diverge

L

9F, = F ..

lght rays as shownin Fig. 912 (b)), Such lenses
are also callid diverping lenses A donble concsave
lens Is simply called a concave krns.

ﬂyun'!li

A loens, efther a comvex lens or 8 concave lons,
has two spherical surfaces. Each of these surfaces
forms a parl of a sphere. The centres of these

o) Conuergng titen of a conve levis, b diergtg. SPHETES are ralled centres of curvatore of the ens.

TECEn oF o copeeoee [eTis

The cente of curvalure of a lens 1 u-sua][ly
represented by the letter C. Since there are two
cenlres of curvaliure, we may represent them as ©, amd C Animagtoary

Alratght e passing through the two contres of curvature of 3 0ns 18

called s pritictpal axis. Tlie central palnt ofH leps is s optical eenlre. 1L s
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usually represented by the lefter O. A ray of Ught through (e optical
centre of A lons passes wilhioutl sulfering noy deviation, The effective
diameter of the cifenlar oulline of a sphertcal lens is catled lis apertion.
We shall confine ont discussion i His Chapler Lo such lenses whiose
aperture s mchi less Hian s radiis of corvature ardd tie two contres of
rumvalures are oquidistant from the opiical centre O Such lenses-are
called thin lenses with small aperiores. What happens when parallel rays
of lght are Incident on a lens? Let us do an Activity to understand this.

Activity 2.11

CALTION: D0 naol look ai the Sun direetly of tirough a tens while
dwxgﬂuuﬂrlml;uu!mﬁm iy dimage vour eyes i o
o s

« llald o caméex lesis tn your Hand, Divect 1L lowards Lhie Sun

» Foeus the light from the Sun ona sheet of paper. Oblain o sharp

“hm .....

Muwwwwwmm
m Actaty 92

The paper begins o burn productng smoke, It may even caleh fre
after a while, Why does this happen? The Ngid from the Sun constintes
paraliel mys of lght. These mys were conwerged by the lens al the sharp
bright spol lermed on tie paper. In fsol, e brightl spot vou gol on Lhe
paper Is a real image of e Sur. The concentration of the sunlight at a
poini generated heal. This cansed the paper to burm ]

Now, we shall constder rays ol light paralie (o the princfpalaxis of a
lens. Whal happens when you pass such mys of light thmugh a lens?
This is filunstrated for & convex fens i P, 12 (&) and fora concave lens
I A9, 12 (b).

Obgerve Fie9.12 (a) caréfilly. Several mays of Wgit paraiiel (o the
prinetpal axis are falitng on a copvex leps, These mys, aller refraction
rom the lens, are converging (o a poinl onthe principal axis, This potnd
ot Lhe prinetpal axis is callod (e prinepal focus of e lens. Lot s see
now the-action of a coneave lens.

Observe Flg9.12 (b) carefully. Several rays of light paralle] to the
principal axis are lalling on a concave lons. These rays, allor refraction
from the lens, are appeaptng toodiverge rom a potnd on the principal
axts. This potnt on Lhe princtpa! ax1s is called the principal focusof the
COTCEVE lens,

I yous pass parallel mmys from the appostie surface of the lens, you
sel anolber pﬂm‘.lpﬁl focis on the opposite stde. Letter F 1S usually usad
Lo represent principal ocas, However, A lons Has two principal el They
are represevited by F, and F,, The distanioe of the princtpal foas from
Use opliial cenibre of & lens 1s called (s foeal Ienglli. The letler [ s tsed o
represont the oval lengtli. How can you find (he focal length of a convex
lens? Recall the Activity 4.1 L In this Activity, the distanoe between the
pasition of the lens and the positon of the image of the San gves the
appmximate focal length of the lens.

*
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9.3.4 Image Formation by Lenses

Lenises form mages by mimmcting light - How do lenses form images?
What ts their nature? Let nis study this for a convex lens st

Activity 9.12

* Toake n conex leny  Find (s approdmate (ocal length 0y a way
described m Activity 9,11, N

< Diuw e pamlied sicaght Boees, sstng clalk, onoa Imyg Table soch
that the distance between the suceessive llues 15 equal i the
focal Yemglh of Uhe Jigps

* Plate H Teis om o les Stanid. Place 10 oo LW cestrnl lne soeh
tha the aptico] conire of the lens Jles jost over Hee e

» The two lines on either side of the lens comespond (o F aned 25 of
the Hms respectivily.  Mark them with appropminte Intters such a5
4F,, F,. I, and 97, respectively,
Plare 21 !mmmg ﬂmdl:' fur heyonid 2F, te the lefl. Oblath iy clear
:ﬁhllfpnnn#ﬂuummﬂrnppﬂuu!ﬂdrttﬂﬂ!m

« Nole down (e nntore, pomnndrzmmmmdﬂlclmnnﬂ

* Repeat this Activity by placing ebjel just behind 26, betwren F,
and 2F, al F. betweend), ond O. Hﬂnqtnﬁpnndtnlml-nlnj:mr
nhur_rmunus

The nature, posttion and relative stze of the image formed by comex
ke Jor various positians of the olgectas summarised in Table 9.4,

Table 9.4 Nature, position and relative stze of the image formed by a convex lens [or varous
positons of the object

Poaltion of the Posiiton of Ilehll‘rn size of Kaiora aof
object the lmage the lmags

AL Inflnity Al focus ¥y Huyhly dimimtshed,  Real aoil suveried
e .;mi;l_lm
Beayuind :EIT.' Blsl.‘lmi&li" .lj:ll:lnﬂ.Fl Edormtest s e Bl mosd| irveried
Avay, U AN Same size Heal and myerted
Betwesn ¥, w-z-"-f".l Heyonil U, Entarged Real ahd freried
AL fcus ¥ oA bty loftoitely Earge or Real anil tuveried
\ highty enburgd
Betwiein hi:‘:ii'l"rr (O e s siile Elnflaraed Virtial andereel
ot ' of Ve Jens s the

optical comire O objeet

Lot us mow do am Activity 1o study (e nature, postiton and relalive
ste of the mmage formed by a concave lens,
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Activity 9.13

o Tuke o concuye leiis, Moice 30 o0 lens stinid,

* Plaon s barming candic on one side of ihe s,

¢ Lotk through the irns Gom te oller St and observe (e tmage,
Try (o gol the tmge on a serden, llplu:dlﬂr.ll'ﬂmnhutwﬂlr
Hmgde dredlly imoigh the lns.

. uﬂﬁlﬂdmmﬂhﬂnrﬁnﬂwmmﬁlmmwﬂﬂnﬂ
I blage

1 mwmﬂwmymummmwﬂm#mmﬂ
of the tmage. Whnt happoms o the size of e image whim e
candle ts placed too for awny from the Jes,

The ssimmnry of Lie above Activily 15 giveri In Table 8.5 below.
Table 9.5 Niture, posilloi and relaitve ske of the image formed by a8 coneave 10ns jor varions

posttions ol the object
Poaition of the Position of Iﬁlh:lh:nf Notmre of
csject the lmage the lmage
Al fort F, ighly dimingshest. Imﬂ st evest,
L poitestzed. -
IBetwern infinty and Bebween foctis 17, ’ulrnmm@l o irtual und ereed
aplicul ceilee © mﬂn;njmbmmm | L Y -
of thie Jons N, o

I .I‘l

Whit concluston can you draw frons (its Activity? A comcsve lens

will atways give 2 virtual, erecl and duninished tmage, tmespecttve of the
postiton of the object.

©.3.5 Image Formation in Lenses Using Ray Diagrams

We can represent image formation by lenses ustng ray disgrams. Ray

diagrams will also help us 1o study the nalure, posttion anid relalive sie

al the tmage formed by lenses, Fourdmawing ray diagrams in lenses, alike

of sphorteal mirmors, we consider any lwoof Lhe [BHlowing rays—

) Arayollghl [rom Lie obiject. pamaliel (o thie principal axis_ afler

refraction from a odnvex ons. passes Lroueh e princtpal fncs
on e otlier side of the lens, as shiown n Flg. 9,13 (a). In caseof I
aconcave ins, -
the mey appears e
to diverge from
the principal
focus docated

T

-57}
.

on Lthe same 5 U G é :
slider ool L begis,
as shown in &
Fig. 913 (). .
Figure 2.13
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M) A&y of lght passing
through & principal
. foous, afler refraction
from & cotvex lens, will
emerge paralle! (o the
principal axis. This is
stierwn in Fle 9 14.4a). A
ray of ltght appearing (o
meel al the prineipal
Figure 0.14 forus of a concave lens,
dller relraction, will
emerge parallel (o the
privicipal axts. This Is
shown 1n Fig % 14 (b).
i) A ray of Hght passing

i,

through the optical

cenlre of a leps WHI

emerge withoul any

deviallon. This  Is

il il Hhistrated tn Fges, 15(a)
Figure 0.15 anwd Py 9,15 (b

The ray diagrams (o5 the tmage formation in s convex Jeos for a few
positlons of e object are shown in Fle. 916, The ray dlagrams
representing the image formalior 1 a copeave lens for variows pastilons
of Lhir object are shown 1 Fig 9.17.
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Flgure 0.16 The position. stae diud the nnture of the tmnge foarmed by

d conex lens for vartous pastitons of the abjodt

ferd

Figure 817 Noture, posilion and selatns stze of the trenge fimmesd By o conmne lens

9.3.6 Sign Convention for Spherical Lenses

For lersis, we follow sign conveltiorn, stimtlar W the oo wsed for sphorcal
mirrors. We apply the roles for slgns of distances, except that all
measuremenls are Laket fropUhe oplical centra of e lenis: According
to e corrweniticn, Uie focal Jerglh of & convex lens is postive and (st of
a4 copcave lens s negalive. Yoo must lake care to apply appropriate
styris for 1he values of u, v, [, object hofglit heand fmage hefghit 7.

9.3.7 Lens Formula and Magnification

Aswe lave a Tormula for spherteal mirmors, we also have formula for
sphencal lenses, This mmula gives Lhe relationship between object-
distance (u), image-sdistance (W) and the focal length (f). Thelens formula

Is expressedd as
1

iLr

=

{t.H)

=
fi
ey Ll

~ The lens formmuk given sbove 18 general and s valid inall sitaations
fior sny sphencal lons. Take proper careof the stins of diferonl quantiies,
while puiting numerical values for sulving problems relating to lepses,
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Magnification

The magniication produced by 2 lens, stmilar (o that for spherieal
mirrors. 15 defined as the rato of te heteht of the image and the htehit
of e object. Magnification s represented by the letler mo 11 b is the
Letghit of the object aid heis e belght of the tmage given by & lens, then
the magntiication prcduced by the lens 1s given by,

_ Heggfht of the hnoige  h°
Hepght of the object b

Magniicatiom produced by a husia_n!sntﬂmmmmmﬂmdﬁmm
e -and the image-distance o This relationship 1s given by

Mimmileitim fm)=h/ = ofu B 10

Exnmple 9.3

A comcave lens has foral length of 15 om. At what distanee should
the obgect fom the lens be placed so st 1 forms an image al 10 om
from Lhe lens? Also, find the magnieation proctoced by the lens.

Solution

A concave lens always (ims a virtual, erecl image pn the same stde
af the object. :

Image-disinnee p = =100

Focal length £ =—15 gm;

Objectdistanecu = ?

[
Sirie = == ~—

(1.49)

£ S T N
u -10 (-15) 10 15

w30 30
or, u=-30cm .
Thus. the object-distance is 30 cm.
Magniflcation m=uv/u
T Tabam
The posttve sign shows that the tmage 1s erect-and virinal, The fmagoe
1s pne-third of the stze of the ohject.

3 +0.33

Exzompie 9.4

A 2.0 om tall objent 1s placed perpendioular to the principal axts of &
camvex lens of focal length 10 cm. The distanee of the object from the
iens is 15 om. Find the nature, positton and size of the image. Also
i 1ts magmfention.
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Bolution

Hetahl of the obfect b
Focal length [
alyject-distanoe u —15m:
tmnse-distance v T
Heghit of the image b =7

S
w f

+2.00m:
100 o

1
Sirmee E

ar, vp=+ilcm

The postiive stgn of pshows Lt the image bs formed st s distance of

30 cm on the other side of the oplival centre. The tmags s ol and
trvertixl.

Mamilleallon m= b

t n
ar,  h=hivfu)
Hetght of the tmage, k' = {2.0) (+30/-15} = ~4.0 cm
Manilleallon m= v/fu
EEFLm
—15¢em

Tl negative stens ofmamd I show that e tiage is inverted and
real It is formed below Lho privicpal sxis, Thus, a real. inverted bmage,
4 em fall, is lermed @ a distanee of 30 an onl the dtler side of the
lens. The image is 1wo Hmes enlarped.

0r, m=

9.3.8 Power of a Lens

Yo have already learnt that the ability of & lens to converge or diverge
light rays dopends on its focal length. For example. a convex lens of
short foral kengih berds the lght Tays through laree angles, by forissing
them closer Lo the aptical cenire. Stmilariy, concave lens af very short
focstl Jength canses higher divergonee than (e one with longer foesl
lemgth. The degree of convergence or divergence of lght myvs achteviad
by & lemes 1s expiressed in terms of its power. Thie power of a lens 1s definod
as the rectprocal of 1ts focal length, 1L 1s represented by the letter P The
power Pol a lens of focal length f1s given by
i

P= 7 .11
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The S1unit of power ofi lens 15 dioplre”, 11 S denoled by the Tetter D,

I s expressadd o metres, then power (s expiressod (in dioptres. Thus,

1 thoptre 1s the power of 8 lens whess fecal length s 1 metre, 1D=1m ",

You may note that the power of a conrex lens ts pasitive aned that of a
concare ks s migal e

Optctans preseribe corrective lenses Idicating Uilr powers. Letus

say the lens prescribed has power equal Lo+ 2.0 D. This means the lens

prescribed 1s convex. The oeal length of the lens s+ 0,50 m. Simiflarly,

s lems of power—2.5 10 has a focal iength of -0 40 m. The s s coneave.

mmmmmmmmummmmﬁwwmmmmmmﬂmm
the magrineation dnd sharpness af the tmage. The net power (1) of the lenises placed
tn contact is gtven by the algrbrale sum of the indfvidual powers P PL P, .. as
F“P’ il L +F *,
mnm;ﬁmmmﬂmmﬂmmwmmmmmwm o optleans.
Diring eyie-tistng an opticisn puls seversl different combinatlons of commiciive lenses
al kriown power. iincontant. mside the spectacles’ frame. The optictan caloulales
the power of the lens reguired by stmple addifion. For example,a combination
af twetlenses of power +2.0 D and +0.25 D 5 equivalent toa single knsol power+ 2251,
Thesmmpls addittve property of the powers of lenses cam be used to design lens systems
1o minimise certatn defiets in nges roduced by a singe lens. Sueh i lens system,
consteling of several lenises, i conlact, 1s commeonly Hﬁndmtﬁﬁnt'ﬂgnnrlmmur
mmm;pesmrl [efesoopis; y |

More to Knowl

| Dilire= 1 dispibre ol power of 5 Tens

A corves ks fonms 2 1=al and nnetiad mags of & nesdl= al a distanes
of 50 cin lrom 1, Whetn s e needles placed in Gonl of e conves lens
il the 1mayle 5 epml o the siar of the 6hject? Also, find (he power of the
s

Fimdd the power of 8 concave s of foenl 1eth 2 m

[ [+

b

"ﬁ
= Light seems ) kraved Insimtght ies,
= MiTos Hﬂlﬂml‘nm tmiages of objects. Imiges can be either rmal or vire,
dependmg on the position ol the obert,
= The rellecting surfaces, of all rypes, obey the laws of reflection, The reftacting
surfaces obey the taws of refreotion,
= New Carlestan Stgn Conventions are followed for spherical mirmors and lopses,
~ /
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s Mimor el 1!;*'1‘ L*J. . gives the rﬂ*;tlnnshtp betweem the abjevt-distance (1),

image-distance (19, and local lenoth () of a sphencal mimmor

s The fcal leriglh ol spherteal surror bs equal to halfits tedius ol cumvatame.

s The magnification produced by a sphettoal mirror ts the ratio of the helghl of the
trmage (o L hedgh of the object. '

= Altght my ravwliing obliguely fom a denser medinm (o o marer medium bends
Wd}rﬂumltmmlml_n it Ty bends Lowards Uhe normial when 1 travels obliguely

fom a rarer (o 8 denser mﬂ;llum

s  Lighi traveds o vacuomm with an enormous spesed of 3< 100 m s Y The specd of Hgiit
ts dhifferent tn diferent medti

= The refractive index of a transparent mediim is the mabio of the specd of lght io
vacirmm to tid it mediom.

= [In case of a rectangmlar glass slab, the refraction (akes place at both alr-glass
inforfaee and glass-air mterface. The emorgent ray 1s paraliel to the direction of
metdent ray.

11
s Lens fommils, ;;—;T gives e refationship between the object-distance (u),

image-disiance (1), ani the focal length () ofu sphetical lens.

s Dowerofalensis the reciprocal of s focal longth. The ST unitol power of 4 lens 1

o dioptre »

-CEID— x

fal  Water ) Gas )  Plastie « t'laj'
2 The tmage formed by a concave mitrmor s observed o be virtoal, erect and larger
Ihiam the object. Where shonld be the position of the object?
fa)  Between the principal focos and tie centre of curvatiome
(b} AL the contye Of curvalie
fc)  Heyond dmﬁ'md'mmm
) Between the pole of the mirror and tls principal focus.
3. .whnmn!mﬂdmnmmtmmmmmEmmmsmmammufﬂm
-Mﬁllmﬁhm? .
@) At the prmelpal fooas of the lens
fh)  Attwioe the focal length
fc) AL mbnity
() Hetween the optical centre of the lens and 168 principsl focus.
4. A spherical mirror and a thin sphesicsl teos have cach a tocal length sl =15 an the

mutrror and the lons are likely Lo be
{a)  both concave.
aght - Beftection nod Hefmotion 159
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i [ e nitrrr s corcave and (e less 15 cotivex. i)
() themtrroris conved bl e lens 1s concave.
No matter how far you stand from a mimon your imilge appears erect. The mirmor
15 Hkely to be
] only plane,
() ouly concive.
i) anly comex
fdd) either piane or convex.
6. Which of the ollowthg lenses would you prefer to use while reading small letirs
foumed-in & divtionary?
@) Aconvexiens of foial Tetgth 50 o,
(b Aconcave lens of oeal length 50 em.
el Aconvix lens of focal length 3 em.
(dl  Aconcave lois Gf focal ength 5 em,
7. Wewish o oblaim an erect image of an object, nstng a concave mimor of focal
length 15em What shotild be the pange of distance of the object Dot Ui naftror?

Wil ts the nature of the tmige? Is (e tmagd lareer or smabler (1an e abpect?
ﬂmamyﬂmﬂ-ammﬂwuummgemrﬂﬂﬂmmuusmm

K. Name Lhe type of mirmr used in (e following sihuations,
el  Headighisof acar
b Side frear-virw mirrorof a vehaeTo.
] Solar fumace,
SuUppPart your answer witli reasoi.

B, One-hnlf of a convex fons is coverod with & Iiack paper. WL Uis lens produce &
complois nnagt- of the object? Verily your answer experimenially. Explain your
ohservations

10. Anolject S e lungjhmhﬂd 25 e away fronm @ converging lons of foeal lengh

10 cm. Draw the my diajmam and find the posttfon, stze and the nature of the

1mag formed.

11.  Aconcave lens ol focal Tength Iﬁﬂmmmlsanm;;e 10 e fresen dee lons. Tlowe Gar
s the object placed from the lens? Draw the ray diagram.

12, An object 15 placed al pdistance of 10 tm fomn & conves mirmor of Tocal Tength
15 em. Fine the postiion and nature of the image.

14, The magnieation prodieed by a plan mirmor 5 + 1. Whal does this meani’?

14. An ohjeet 5.0 cm i jength s placed ) a distance of 20 om m font of a convex
‘mlrror of radius of curvature 30 em. Find (he posttion of the inags, s nalure
anil sk

15, Anutﬂmn{sﬂm 7.0 cm Is placed at 27 om 1n fronl of & concave mirmor of focal
tength 18 om. ntwimldmunwnmnlmmtrmslmuhdnmumpum su (bl
ashnrp focussdd tmage can be obtatned? Fod Ay sitiee stnued thie mivture of e image.

16, Find the focal length of & lons of power —2,0 1, What type of lens is this®

17, Adpetor his preéseribvid 4 correitive lons of power +1 5D, Find the fxeal ength ol

% the lens. 15 e prescribed Jens divenpng or cofsvergng?
J

ot
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