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Light
1 Nature of Light
' 1. Meaning of Light 112, Sources of Light 3. Examples
e Light is a form of energg which H ® Objects that produce their ‘ Luminous objects |
produces the sensation of vision H Olr“ light ul:e tcalled B X
| minous objects ¥ ’ e 5
T bk o i e and || Ot do ot e | Q o E] * |
hblos 4 Lo Soe ehiects: ” their own ngth. are called i S Elecric Gandle Slare I
L P FJ Il non-luminous objects. They || bulb
® ,ﬂiﬁ a type o elec’trc:irrmgnezw I are visible only when light e s
b thior; which con be detecte [l from a luminous source falls !'  Non- objects | |
y uman eye. H on them and is reflected to || I
H our eyes. I .
| I I
| AR, || SRR ——— 1 s i b
R A - A s g TSR = e - || 2l
4, Trunspgant, Translucent and Qﬂue Materials IIr 3 Reci:thneur Pro%a_hon of L h’s |
Meaning Ex;l.r_npg I Dgggmm || ® Light travels in o straight Lme in a i
Mol . |(Char e ! homogeneous transpu.remqt medium. |
| light tu | lear J ; — > ||l e This property is called rectilinear |
A thro EL fﬂsm We c. gl O :; 1 ropagation of light. }
cunl?ee objects e o 'I ® E; can be shown by the following |
: b them | Transparent (6lass) ||| examples
;::LH H"-m”ﬁ' m—l e las il il (a) Formation of shadow
Translucent B L S| ———1— |II (b) Pinhole camera
o m"““tnjﬂr light | butter P“Fe" = :; }i (c) mtght beam of light in a dark room
to pass through | tracing paper = (d) Eclipse (during solar and lunar eclipse)
them. We can see ‘ !
objects but not clearly |
S . |
Do nct allow light | Wood, metal, i S— |
Opaque to u.ssthmlli | brick, stone, iqﬂ I
them We cannnt | cardboard | Torch
see objects through | I| with hole Screen
them. | i [ Light travels in o stroight Lne. |
6. Ray of Lict ~ |l7. Beam of nght e |
= Aro.ufﬁghthast'ht[Ln& | o A collection of a large number of rays of light
hLCE hole ik thrZrl?d FE - i | is called a beam of light. There m‘euime types :
MALEN 0N - B ngmbolufu.ru.gufligH:;
direction of light. A | (a) Parallel Beam | (b) Convergent Beam (c) Divergent Beam
° Pt is represented by a straight «f |
me with an arrow. Il . | —*—* i
@ s hel to represent the i A ray of light : | I
Egh’c easily in diagrams. ! || Rays are pnmllel Rays come together | Rays spread out
|| to each other. | at a point. | from o point.
| N Sh e dsma- sese ut e kel
B Reo.f. hfe Exam.ples of Beams ) Important Points
() Parallel Beam (b) Convergent Beam | (c) Divergent Bean (@) Uight s o form of energy and shows
from Sun, (towards a. point) | (from a_point) rectilinear propagation.
| / (@) Luninous objects produce their own light
e } el |
: Q — | (@ =/ | @ Non-luminous objects are visible due to
S —— Y \\\: mﬂemd light
- © @ [ oot o g s
( 1 I diff ’che amount of light they allow to
Suanveerur.sothe Rays are brought | | Rays spread out in E's X gy v 5
rays reaching the Earth tﬂaetherbsww | all directions from @ﬂam%wwmﬂﬂdemmmﬂlﬂ
are nearly parallel | | | 4 llghi e | convergent. or dwergen.t.
| | I
! ! |

et




Reflection of Light 2

——————————————————————————————————————— | 2. Terms used in Reflection
A Normal B

=
7
|
|
|
|
|
|
|
|
|
|
|
)
|
|
|
|
|
|
i
|
|
|
|
|
|

® The phenomenon of bouncmg back of llght
into the same medium after sl:rd(mg a
deﬂectmg surface is called reflection of _ngh’L

® The surface which reflects light is called a

reﬂechng surface. {I ! Plun.e mirror
|\ FTITIIIIT 7776 77777 77777

Incident : Ray of light coming towards le of incidence (i) : Angle between incident

F ”;!:l reﬂeﬂ surﬁ?ce Arg mr;g and normal
Reflected Ray of L h|: back into Angle of reflection (r) : Angle between reflected |

s t!fg sumeLgrnedgutrnlg i mr;s and normal ;
Normal : A line perpendicular to the Point of incidence (0) : Point where incident ray

surface at the pom.t of mcuieru:e strikes the surface.

3 Laws of Reﬂec’cwﬂ

=)

|

|
@ The incident ray, reflected ray and the i
normal at the point of incidence all lie ||
|

|

|

|

|

i

I

|

A

in the same plane.

@ The angle of incidence is equal to the
angle of reflection.

_G)_“I_leg“ul&}_ Ref_l;c_h; ~ [(b) Diffuse Reflecton == |
® (Occurs from a smooth and oh.shed surface. ii ® Occurs from a rough and irregula.r surface.
o Parallel incident rays remain parallel after | ® Parallel incident rays are reflected in different
! reflection. .! directions.
e Pmduces a clear image. | ® Does not produce a clear image
e Example : Plane mirror, calm water surface. ii e Example : Wall, paper, wood, rough surface. |
\\\// &
(e in;ﬁe 1§ Rough surface
&g.__“ﬁémp“_gs ____________________________ ”?"S;I\Iea"ﬁ;?.}asie; _______ ) R

Q1. A ray of light is incident on a mirror at an angle of 40°

I
I
l
4 el ||
Situation Type of Reflection ||
11 Sol: According to the law of reflection, i = r
|
f

i I What is the angle of reflection ? |
Image in a plane mirror Regular reflection i

Given i = 40° = r = 40° r = 40

' Q2. The angle between the incident ray and the reflected ray
is 100°. Find the o.ngle of incidence.

|
]
| Reﬂect'tan 'FW Diffuse r‘ei;[ect_mn -: Sol : Angle between incident and. reflected e 2
| { 2i = 008 = i=50°
|
i

Reflection from « puhshed floor Regular r-eﬂzctmn
Reflection from calm water Regular reflection

Reflection from a book orFu.per' Diffuse reflection So, a.ngl.e of reflection r = 50 i = 50°
Reflection from_ a tree or_r‘or.k Diffuse reflection

| Q3. If the unﬂ}l.e of reflection is 65°, what is the angle of

5 incidence
;_Sal: = 65° i = 65°
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Spherical Mirrors and Related Concepts

1. Spherical Mirror 2. Tupes of Spherical Mirrs |
® A mirror whose reflecting surface LSIi (a) Concave Mirror j(b) Convex Mirror
o part of a sphere is called o ' ® Reflecting surface is inward | ® Reflecting surface is outward
sph_eri.cal mirror. i curved (like inner surface of I curved (like outer surface of
o It has a curved surface which can || @ sphere) [ | o sphere). L :
& inaard (oot} ahanit || Cu'rwerges parallel rays fo a | ® Diverges par‘qﬂe rays as tf
(e | point. they are coming from a pomt
— ! -i behind the mirror.
| ;
| |
; |
Pl ) en v SN _3! Concave mirror (convergmg) Convex mirror (divargmg)
3. Important Terms i ‘4. Defintins 1
| (D Pole (P) : Geometrical centre of the reflecting surface |
, of the mirror. l
Carkrs of (@) Principal. axis : A straight lne passing through the pole |
curvature (C)  Principal focus (F) I and centre of curvature. |
Pole (P) || (3) Centre of curvature (C) : Centre of the sphere of which |
! the mirror is a part |
o 2 l Radius of curvature (R) : Distance between pole (P) |
¢ F{ ; P Prin}c.lpal | @ and centre of curvature (C). i
L axis H @ Principal focus (F) : Point on the principal axis where I
R i arallel rays converge (concave) or appear to diverge I
| From (convex). i
I © Focal length (f) : Distance between pole (P) and |
[ Concave mirror with prmcipal axis l : pr'mclpal ocus (F). |
@ Aperture : Effective diameter (width) of the reflecting |
______________ - ]i surface of H’Le mirror. : |
5. Relation between Rodus of Curvabure and Focal Length || 6. Sign Convention (New Cartesian) |
o fmheu;mirmrz&(gf o length (f) is half of the l o Distances are measured from the pole (P). i
R i e Distances measured in the direction of incident light |
= o oL R =2 ‘ ’ (to the left) are taken as nagut'we. }
e Both f and R have the same sign !oDlsfmwesmwedml}wuppcs&edimcbm(bﬂwrighﬂ !
e For concave mirror : f is ne zﬂwe (focus in front). \ are taken as posttive |
e For convex mirror : f is pcsl%’we (focus behind). It = — {
e — e e == s == == = e L R T e e e L |
7. Comparison of Concave and Convex Mirrors 1 8. Examples |
Feature Concave Mirror | Canvex Mirror i (a) E"“’"Plf 1 (Concave Hw) i
§|1ape of surface Inwmi_ _curved 1: Outward curved { i ?&Uﬁﬁeﬁjﬂgﬁ o rodis of curvature of 20 em i
Na}.ure B Corj._-._rerﬂ[ng mirror } D[varging mirror | i Solution : R=20cm
Position of focus In front of the mirror | Behind the mirror I g.& 20 40 o i
s Vi - . e i 5 "y f=-10cm ||
Focal Ler_'ﬂth (f) Negaiwa Posttive | i Since it is a concave mirror, T is negative. I
) ; Real and inverted | Virtual, erect and e e e
Iage {or s chipt) (at focus) il diminished (at focus) ! (b) Example 2 (Convex Mirror)
Hi
T P Ty Rt | A convex mirror has a focal length of 15 cm
Lises hmcﬁﬁk,m Cm: 9{5: veﬁtcles, [seewritg mw?rs, ! leit;i radius of curvature
wide-angle mirrors, etc. | Solution : f = 15 em
’ ’ R-2F-2x15-301:m
| |
- l_. __________________________ e s U L-_.;._'_.'..'.::w;-..'_.':'..,-......_'.."_:-..-_...':.—'.'::_.-.'.;_.'.'—':-';_.;.::....._‘.._”J




Concave Mu*ror — Image Formation

of the i
Given : F=10 em (concave mirror, so f = =10 cm)
u=-30cm
f v u
£ A 34
-10 v -30
I S N U £ G SRS
v 10 30 30 30 15
v = -15 em o
3 v =15 1
Magnification (m) = (_30)= 7

real

Image size - % of object, Orientation = irverted, Nature =

Q1. ﬁmolyectwplacedmunmfmntofamve mirror |Q2 ﬁm:bechspinw.lﬁanmf'mﬁ oFucurmre“.
of focal length 10 cm. Find the position, size and nature |

| Orientation = upright, Nature = virtual |-

1. Concave Mirror 2. Important Rays for Ray Diagrams
® A concave mirror is a spherical " to the p
mirror whose reflecting Carface ii s rzﬁszerddlfmugh thenfl::cfsdﬂ:}.
is curved inwards. H :
® 1t is also called a con 4 @ ing through the focus (F)
mirror because it oon:::geu.slg C F :i Mm to the Pf'm-CLF'Cll axis.
pﬂmﬂﬂl rays at the focus. !
; l' ﬂ the centre of
@ H-. hﬂs a &ﬂl FOCUS in an't c A Cﬂﬂh"e 0{: Cur“l’ﬂtm ” P:ssm? 1-5 re ,Eted l;;:ckrzlgng
of the mirror. F : Focus I the same path
P : Pole {mirror swfaceJ_EL
_j—hir*n_u;; Formation in a Concave Mirror e B
S. No.| Object position Ray diagram Image position Image size Orientation Nature
! " Ak Hi |
1 ?*’Je“t ;‘t ”"’““*}H et N N Y Tt Recl
very far away E F !_r P (point. sized) ‘
- — i
Object beyond C Wes . 0,
2. | B.F =3¢ —Fp | Bebween Cond F | Dininished Inverted Red |
: |
3 OerCt at C - At C Same size [nverted Real
| (w=2f) C t F
5|y 2T (A = B |
l|. : 05}2{:{ between C
. | and F Beyond C Enlarged Inverted Real
| (< u<2f) ¢ Fagt 4 -
| Object at F o Highly
S, | - D | ot p A infiity o Inverted Real
4. i — ‘_\ L 2 — SN r—— —
| Object bewen, | i
| and P = L Behind the mirror |  Enlarged Upright Virtual
, (u<f) ¢ F
= R S e e e R e N S i %1 e 2
&, Solved Examples 5. Ingortart. Points / Observatios|

mmrnffomllagﬂml?m&dhm
Given : f = 12em (f = -12 cm) f
= -8 i
b ot el i

17 ¥ = I

i =il 1 =2+3 1 ||
ma T T
v = +24 cm ii.
Fia e e
Magnification e +3 |.

Image size = 3 times enlarged, l

lmageisfomedutISmmantoFthem,
diminished, inverted and real

Inage s formed ot 24 om behind the i, ||
enlarged, upright and virtual I

)
|
|
)
|
|
|
1
1
I
i
|
‘ |
|
|
- B

® D‘Lrectiunamege

Coniod plirt o o L e
virtual images

Renllmagesm*efomedwhmﬂwobject
& o iy, bognd G € or ok
C and F (they can be obtained on a screen)
Virtuol image is formed whn the dbect |
is between F and P (cannot be obtained

on @ screen).

Image ot F is point sized

Imu.geui;CLssumesizeusﬂleobjec’t.
Imﬂgesdimin.ishedwhmohjec{isni
infinity or beyond C.
Imageismﬂargedmhmobjedisbetmm
C and F or between F and P.

is inverted for real
images and upright for virtual images.

L | B |
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Convex Mirror — Image Formation and Applications

1. Convex Mirror

imi Important Rays for Ray Diagrams
(D A ray parallel to the principal

s is reflected as if it is
diverging from the focus (F). Object

e A convex mirror s a spheri.ml Convex mirror
mirror whose reflecting surface
h_nges outwards (awuy from the
object). ~

® tis also called a diverging mirror F

®Ar directed towards the focus

f‘ﬂHS,

object

because it diverges the incident

® A convex mirror always forms a

virtual, erect and diminished image
irrespective of the pos:imn of the

C : Centre of curvature
F : Focus (virtual) .
P : Pole (mirror surface) '

eF

(F) is reflected parallel to the
pn.m:a.pul axis.

dlong the same path.

ray directed towards the centre
muhxre(}l.sreﬂecfedimck

Image Formation for Different 0b|ec’£ Positions

‘s ﬂ—mjuf,mum

Ray diagram Image position Image size Orientation Nature
8 Hi
Object at infinity P J
I e | Abfous (F) | diminished | Frect Virbual
! (very far away) | PR, F 2 (point, sized) & :
| | : S— |
Object ot a fiite | | £ gt
Lo o Do e and F Diminished Erect Virtual
| chiance (any. position) P E O il sl " e
= e | pepea® | D" 1
3. | EAreR m wd F | Dmnshed | Ered | Virkal
R (behind the mirrer)
| (et Endic Between P
A and F Diminished | Erect Virtual
' (behind the mirror)

k. Characteristios of Imaqe in a Convex Mirror

5. Emmples of Rau Dmnru.ms

o Convex mirrors diverge
rays, which allows a

er area to be seen
same time

i
® Always virtual (cannot be obtained on a screen). i () |0|:Jecf at Lnﬂmig I (b) Ob‘[eci dta ﬁn.lie dls’canr.e
® Always erect (uprLgh’L} : i
® Always diminished (smaller than the object). I |
® Formed behind the mirror between the ﬂ (P) and focus (F). | I
% size decreases as the object moves away from the mirror. i , i
s Ibr:'te\:z::ih;e ;fd ol}%;ed: position, the image is always formed i e ol & T (F) i PR W‘e‘i,h‘_’tf"e““ p
| i;l.shtghl,gdmwus_hgd {| andF It is diminished,
® Cawnot form a real l!TI.U.gE- i virtual and erect. i virtual and erect.
| LT e e
C ] '?__S—ol_ve_d_E@E___Lg__i ______________________
APDI.I.CIlthI'lS OF COI'WEK o MI.I'T‘OI" ce o — | QL. An object is placed 20 cm in front of a convex mirror |
waw mirrors in_ vehicles | Security mirrors ‘. ia;ﬁmﬂ? B On e epotin, i uc |
1 | ' ¥ B P I| Given : 20 cm, f=+15 cm (convex mirror)
: ! parki mogsmdélhngmwfarmula %-%J,%
| ; ' “t"m‘immmg s el el L L
P e b |l 35 T F0TY 3 " 16 g0 KO BT B0
i in cars, buses and bikes. i .E:iﬁ & gerl v-%a%ﬁcm(behndﬂlem&‘mr)
| ® Provide a wide field of view | il Magnification : m= - = - ((tgzg = +0.43
i ® Form erect and diminished | ‘Imgesformdﬂﬁmbghuﬂl}wmr
"""1595' a4 l ___________________' IE_LS_ELEM_L erect and diminished. i
Wl.de field of view i Oﬂiergppllcuﬂuns T8, Soiwd Exsnsis 2
i
|
|
|
I
|
|
|
|
r
|
1

at

® In surveillance and securit sgstems
® In street mirrors at blind
® In ATMs and shopping malls.
o In solar concentrators

(as part of E
optical systems). ]l
|

i

QL A convex mirror forms an i at 6 cm behind the mirror.
If the focal length is 12 em, find the position of the object.

Given : v =+6 cm, fl;12m’1[ i

Using mirror formula : F2 rh

B _absl el M 19 =1
Tl i e TR e T 1
u-~12cm(obJe.c1mF loermrmr}




~_Mirror Formula, Magnification and Numericals

“ 1. Mirror Formula

® The relationship between object distance (u),
image distance (v) and focal length (f) of
a spherical mirror is given by the mirror

formula.

i

f
where, £ focal length (cm)
image distance (cm)

1 1
W e e—
v u

T
u = ohjec’t distance (cm)
(All distances are measured

2. Sign Convention (New Cartesion) | 3. Magnification

o

e All distances are measured from the
le (P) of the mirror.
istances measured in the direction
of incident light (to the right) are
taken as posttive.
Distances measured in the apposite
direction (to the left) are fﬂfm as

i ! negative.

I downward are negative.

| downward g

|| @ Focal length (f) is negative for a
|

|
!

concave mirror and positive for a

Heights measured upward are positive

® Magnifml:im (m) is the ratio of the
height of image (h') to the height of
object (h).

v

m = — = = —

u

® If m is negative, image is inverted.
® If m is positive, image is upright
® |m|>1 : image is enlarged

® |m| -1 : image is same size.

| An object is placed 20 em in front of a

concave mirror of focal 10 em.

u-=-20cm

Image size = same as object

Orientation = inverted
Nature = real

An ohJect is pl.aced 6 cm in front of o

-
|
| concave mirror of focal le 12 cm.

| Find the postion, size and nature of the image. | Find the postton, size and nature of the inage
' Given: f = 10 om (conmve,sonlOm)i Given :
|
|

fe=-12em
| u=-6em
!Find: v, m and nature of image.
Solution :

Image size = 2 times
Orientation = upright
Nature = vi

An object is placed 15 em in front of a
convex mirror of focal [p.n.glh 10 em.

|

|

|

|

|

|

l

i Given: f - +10 m

| u=-15cm

I v, m and nature of image.
!
|
[
[
i

|

| Mogrficaton : m. - (5
Imu.ge size = 0.4 times (diminished)
Orientation = upright

Nature = virtual

|
|
I lmgebi&?&dut?ﬂcmmfmﬁufthem
| | (same size, inverted and regl)

Image is formed at 12 om behind the mirror
(enlarged, upright and virtual).

I
|

Image is formed at 6 cm behind the mirror

i
I

(diminished, upright and virtual).

Find the position, size and nature of the image. |

from the pole of the mirror) | ol WieBe, ® Iml <1 : image is diminished |
4. Sin_of Distances for Different Cases 5. Relationship between u, v and f |
| Concave Mirror ! Convex Mirror | @ If object is placed at infinity (u = - o),
| Object i Object | then v = f (image at focus).
| | | ® I object is placed ot focus (u = f), image
I
! 1 . s — | is formed of infinity (v = o). |
! C F P |
- > | | @ Object and image distances are measured
. uied) |t | from the pole of the mimor
| Fo cmm:eqmg-mr ;"ialUOhj%t): i wr:'ef SWOPF [:e%l Bl i e Mirror formula can be used for both concave
! v can be negu'.f;l.ve (real image) v is r;lwugs positive I and. convex mirrors i the SUHf convention
| or positive (virtual image). (virtual “image). : |

e e PR 1

- Example 1 xample 2 Example 3

]
i

e s

7. Common Mistakes in Numericals
i @ Not using the correct sign convention.
| (@) Using wrong sign for focal length (f).

@ Incorrect substitution in the formula.

| (3) Taking u as positive (it is usually negative for real objects).

. @ Cunfu,smg magnifimﬂm formula (m = - %J
| @ Not mentioning the nature, orientation and size of the image .
£ -

f

v

u = obje:[ distance (cm)

h = of object (cm)
h' - hhj%ﬁ of erfuge (cm)

(]

m = mﬁgnlfmaiim
(All distances from pole P)




Refraction of nght 7
1. Meaning of Refractin | 2. Cause of Refraction | 3. Ray Diagram of Refraction
e Refraction of hght is the change || @ Light travels with different | Norhal
in direction (bending) of light I speeds in different media. | Incident ray !
when it passes from one | ® When light goes from a rarer | |
transparent medium to another i RN S) o danale i ke |1 i (mrh:;edum)
due to chunge in its. speed H speed dirrangss . o b | | |
® The speed of light is different || towards the normal. 0!
in d.i.FFerent media. H : ! Wntw'_
| ® When light goes from a denser (denser medium)
® When light obliquely enters a |/ medium%{) a rarer medium, its | | r
mm in Tvril its f}f:&‘d . il speed increases and it bends : Refracted ray
es, it bends at the interface. ||  away from the normal ;
This is called refraction i! E 3 F{E‘:neﬂ it bmtm% e
I no cause it qoes from
{l ! rarer to denser meﬂuj:n_
e i e e i S A ——'——————,—:::::::::::::::::‘_J
4. Bending towards or away from the Normal | 5. Mwammm 6. Dayun vl e nd
Racw b Donanr Maliuam | | [ Devser o Rerr Modiom | || @ e i T | Spwi—_—‘—)of h;fi“m"“ 2. )
Normal Noadd I medium in which the speed of |
- I ! ! [’Lght is_less. (e,g, water, glnm) i _ Medium Speecl (upprm() i
incidegt T‘ﬂﬂi . Incident. ray; wmgi ® Optically rarer medium: The i Vacum | 3 = 10 m/s i
i ir . Ar | medium in which the speed d || T 3 '
\< (rarer) ¢ (rarer) ! |.lgh’L is more. (Bg air, vacuum) i 4 1 10 s I
| || Water |~ 225 - 10° m/s
N\ W e (0 | I —
(denser) P : When ligH: qoes from rarer to } Glass - 2 x 10?j rm’s
1 \prod : || denser medium, it bends towards ||
. " . : normal When it goes from denser ! nghi travels slowest in Upﬁ'al”.g
_th&emm Bends .Fmtheﬂmi tomxermedwn.l.tbend.sgmg Idmmﬂdﬂmﬂﬁdﬁ]ﬁﬁstm
(1>r) ond speed decrenses. {(’nr) speed increases. | from normal iop’r.muﬂg rarer medium.
|_.u = o e e s ' i

7. Agﬂent Bend._mg of Ob]ects

(a) Stmkmwmramembeni

This ens because U.ght from the
submerged part changes direction |

when it comes from water to air.

shallower depth
real depth

; The coin in water appears at a

th (raised) than its

to

ObJects

refraction.

of stnrs i

Stars appear to twinkle due On h?'{;fj:c Y
to refraction of their llght w of difforert

by different layers of air in
the utmasphere

(erage)

ight from the s|-:
ers of hot

o |

ensiti

it appear like water on ﬂw

e e e e e e e e e e e e

Diamond. sparkles due to
multiple refractions of light
inside it.

to the surface due to refraction at
th.e wo.ter-m.r m!;erFace

under water appear nearer

ctacles and magnifi
Essesmrkon dhg

of refraction of L|.5|'Lf:




~ Laws of Refraction and Refractive Index

oo

1. Refraction of Light

TZ Laws of Refraction

@ First law :

= o |
|
I
|

r«19.5°

® The bending of light when it passes ||
from one transparent medium to |f The incident. ray, the refracted ray
orlhr i calod raroction of Ight, || 21t W e b o wotne
] ]
® It occurs because the speed of light i@ Second law (Snell’s low) : '
MQWR it moves fmm one I FDrugL\-'en Fmrcfmed.ln themhnof
o AT R I sin of angle of incidence (i) to the sin of |
I angle of refraction (r) is constant. |
® The ray bends towards or away || sin i |
from the normal. de onwheiher” sinr HmRa gy When light goes from a rarer to a denser |
the speed decreases or increases || medium, it bends towards the normal (r < i).
Il nyis called the refractive index When it goes from a denser to a rarer medium,
Il of second medium wirt. first medium. |1 | it bends away from the normal (r > 0.
— H____ __________________ L
b. Snell's Law of Refraction ||5. Refractive Index :! Relative Refractive Index (nyy) I
sin | | (a) Absolute Refractive Index () || @ Refractive index of medum 2 with |
1% S i respect to medium 1. |
® Refractive index of a medium with | |
® n, = refractive index of medium 2 respect to vacuum (air). I Al g sint. vy oomy |
with respect to medium 1 c St B | |
® i - angle of incidence (in medum 1) g e = :
® r - angle of refraction (in medium 2) @ vy = speed of light in medium 1 I
where, ¢ = speed of Lﬂht N vacuum e v speed of light in medium 2 =
The ratio :511:' is constant for a given - 3x10° m/s | ® n; = absolute refractive index of medium 1 !
pwofmwmdwequa[tunzi. v-sPeedthghtmﬂmmdmi. n, = absolute refractive index of medium 2 i
P ———————————| e s sk o o | =
[ 7.3 Rklin e B T i Speed 8. Optical Density 9 _Co_nmr_'wm_m’M |
o Speed of light in o medum is inversely | o A nefum vith hihr rocie kx| | o, | P | St o [ gy |
proportional to its refractive index. is called optically denser. E e | e 0 M s lI
|| @ A medum with lower refractive dee | |(w voam)|  1° < 10° s | il
nel w o ve— | o cald il e ! ' P |
v n g Il Wb | 133 |225x10° s |t g I
|| @ When light enters an. optically denser | . f
® If nis large, speed v is small | medum, i bends bowarcs H_ermlJ Gass | 150 Q'D‘IDEmJ5|M w:i
.IFnEsmuﬂ.speedvis[arge_ ?.Mmljghtentmm m% i N i s e o "i
' medum, i bends away from the normal ! Diamond | 242 | 1.24x10 m!sl. dmseth;m}mng I
| I ik M|
e A e e T =
) e = et =
10. Solved Numericol Examples |
(o) Examgle 1 : Find angle of refraction | (b) Example 2 : Find speed o liht in medum | (c) Examgle 3 : Find refractive index
A ray of light is incident from air (n = 1) | The refractive index of water is 133. The angle of incidence in air is 45° and the
into glass (n = 15) at an angle of 30°. Find the speed of light in water. le of refraction in a medium is 30°,
Find the angle of refraction i Find the refractive index of the medium
Goen: ny = 1 (@), ny =15 (gass) | Gown:on- 133, c - 3 10° s | Guen: n-d(ar) 0245 r e300 |
= 30° ' c ; sin i
Using Snells law : nysini = nysinr | Using s v = — Ustng Snell's law: n= on
Tesn30 « 15csnr | N s | sin 45°
05 -0155 s-mrj | AR | " sn30° |
: : |
S Sarrr v =226 x 10° m/s ,‘{2}/2 s 7 '
=11 o | 1/2
PR (?) L5 { v = 2.26 x 10° m/s ‘ n = L

| onetmt |




Important Terms in u_S_p_h;r_it:uI Lens ]r

|

Optical centre '

"

Principal. focus pal foous ||

F,) F,) I

\ ! [ oo |

| wis |

—_——t -t !

oF, ? B aEl |
| | '

ek | o f

|

|

| Convex lens with principl axis, foci and. optcal conre | ||
___________ o, o b B s ]

Spherlcal. Lenses and Related Concegts

9

made o glass or other material
with two spherical surfaces is

called a spherical lens.

It refracts hght at two surfaces
and can converge. or diverge

light rays.

Spherical lenses are of two tgpes :

® Conv_er?es

rallel
rays o ﬁa

[en.s.
L ]

(i) Convex lens (C.Drwgrgmg)
(i) Concave lens (dwergmg) s

1. Spherical Lens 1_ i_Igpes of Spherical Lenses
o A transparent optical device | (a) Convex Lens

® Thicker ot the centre
and thinner at the edges.

t to a point.
Also called o converging

It has a real focus.

(b) Concave Lens

Thinner ot the centre

and thicker at the edges.

. @ Diverges parallel rays

of llg tas if coming from a PnLnt.
Also called a diverging lens.

| ® [t has a virtual focus.

F

[ Convex lens (::onvergmg) ]

[ Conoae lens (dergng) |

O00® 606

4. Definitions |

Optical centre (0) : Geometrical centre of the lens.
A ray passing through O qoes undeviated

Principal axis : Straight line Fuss' through optical
centre and centres of curvature of the two spherical surfaces. |
Principal focus (F;, F,) : Point on the principal axis
where parallel rays meet (convex) or appear to diverge from
(concave).

Focal [er}gth (f) : Distance between opt'u:al centre (0)
and principal focus (F).

\perture : Effective diameter (width) of the lens through
which Iighj: passes.
Converging action :
to a pogullr;.g
Dngr_‘s_lrLg_ action : Concave lens d.iverges pumllel rays as

if coming from a point.

Convex lens converges parallel rays

T

| Synbol

I |

l

5. Ray Diagrams for Standord Rays (Convex Lens) || 6. Ray Diagrams for Standard Rays (Concave Lens) |
() Porale vay () Ry g il e (i) Ry thgh ius || () Porlel ey {(0) Ry Uvough i e | (i) Roy tovrds s
| | |
—- | | |
g = S | T F | |
I | |
| | |
! |
il | ey | O S |
through F, after refraction. || undeviated i principal. oxis ! undeviated.
1 e | |
7. Comparison of Convex and Concave Lenses “ 8. Real-life Examples _ |
| Feature ~ Convex Lens ._ Concave Lens Ei (a) Convex Lens (Converging) | (b) Concave Lens (Diverging) |
Thicker ot centre, | Thinner at centre, Ei ® Magnifying glass o Spectacles for myopia
_ Shape 1' thinner at edges i thicker ot edges Ei o [oimerdileng @ Door viewer (peephole) }
Action. on. parallel rays | Converges to a point | Diverges as if from |{; @ Microscope o Optical instruments where |
_ ! | @ e Telescope | a vide feld of view s needed
| Nu.tu[e of focus ] Real focus | Virtual focus Ir ® SPEFtﬂ-dES for hypermetropia |
| Focal length (f) | Positive II Negative | o Projctors
| Form of image | Real and inverted | Virtucl, erect and ||| |
| (for distant object) | (at focus) | diminished !
| ) ,
|
|
|

L R T L -

Spectacles Door viewer
(peephole)

(for mHupi.n}




Convex Lens — Image Formation

o e e S

1. Convex Lens Thicker

e A convex lens is a transparent

Ar;Hparull.eE

lens which is thicker ot the centre after refraction passes through
and thinner at the edges the focus (F,).
o [t is a converging lens because it Ar throug h the focus (F,)
converges pu.rﬂlu:? rays of light to  2F, F, ® uﬂfffﬂm emerges parallel
a point called FO_EL_l.S (F). tn the pruw.pu axis.
® A convex lens hos two foci (Fy and ;) C le A ray passing through the optical
on either side of the optical centre (0). (cmm;q l:rsts) @ centre {0] goes undeviated.
3. 1 Formation by a Convex Lens a
S. No. |  Object position Ray diagram Image position | Image size | Orientation |  Nature
Al i i = AL, bl | weted | Red
(point sized) [
1
0|:‘o]ec|: ond 2F, Between F o |
2. (%o d o, | Dimiished | Fwerted | Red :
R _ e i
3. ?bjecf 20;}) & AL 2F, Same size | Inverted Red |
- i
el o 1 L [ L - |
Obiject between F, | |
k. | and 2F, Beyond 2F, Enlarged Inverted Real E
(f < u<2) i
i
Object ot F i Hi
5 (el Mty | 8| et | Rel
Object between F; On the same |
6. anj optical centre O side of the lens Enlarged | Upright Virtual
(u < f) (as the objec’t}
4 Soved Examls f-5 “Importunﬂ_un’é_lst-)a{t_s_w“%%

Example 1 : Object beyond 2F,

R Exumph: 2. Obfect at 2F,

a convex lens of focal length 10 em.
Find the position, size umg

Imﬂge is diminished, Lmrerled chLd reul

Example 3 : Ob|ect between F; and 2F

An object is placed at 40 cm in front of 5 An object is placed at 20 em in front of a |l
|| comvax Lasis of Focol Length 10 em. Find
nature of i image. | the pu&hﬂm size and nature of image.

Given : f = +10 cm, u = -40 om || Given: f =+10 cm, u=-20 cm
Using lens formula : Jf..l_l ’ Fan e
LTl A | 0" v 20
0 " v (50 S e
L —1-+L 10 v 20
UL SRR R || R R
il S 0" "0
[v-+133om | | [__mﬂﬁJ
Mngniﬂcaﬁm:m-l,ﬁ._o_% Hu.gnlfl:u.tim:nl:l:.aa:

1
|
i
i
L& - = WS S W W R e e il Eora W T e " EEe Lk ik W & —— = |

Exo.mpie 4 : Object between F; and O

An object is d ot 15 em n front of @ convex biect is
focal length 10 om. Find the position, size lens #

Image is enlarged (2 times), inverted and reul

at 5 cm in front of a convex
th 10 cm. Find the position, size

a.nd.nuture of image ' and nature of in umga

Given : f = +10cm, u=-15cm | Given: f-+10em, u=-5cm

3 b Lo e Wl el || ol el B e B

10 v (-19 FIIRs A B v -5 w5 9 19
v-+3ﬂcmh [ v=-10 cm ]

m-:e'l%--—?. I - sl ey

1
10 |

=
Image is erdc:'ged (2 times), upright ond virtual. ||
L

@Vtrtuul are formed on the same |

f-®
©®

@ Convex lens is a converging lens.
I @ Real images are formed on the opposite

side of the lens and are inverted

as the object and are

!Mﬂ
ot the focus

> 2o

for u < f

Magnification m = L
u

I ® Object. ot mﬁmtg forms a point image

@ Object at ﬂ forms image at infinity.
|® mugetsreuiunddunmtshedfor

® Image is real ond same size for u = 2f.

| Iage is real and enlorged for f < u < 2F
Imuge is virtual, erLl.m‘ged and upri.gl'l’r.

m < 0 = inverted image (real)

m>0 = L.Lpr'Lgh’t imuge {virtual)

[m] > 1 #enla.rgedlmge
Im| = 1 = same size image

|m| < 1 = diminished image




_ Concave Lens - Imo_.gg Formation 1
1. Concave Lens - _i__fmpnr‘lant Raus f'ar Ruu Dldgl-‘t-l-l;!; B |
@ Acanmvelenswad.wer lenswhtchu:. @Aﬁnj Parallel ray
G.XIS ef \re rges i

® It du.reg_‘ggs, puruﬂd rays of hghl.

b

® 1t has a virtual focus (F) on both sides I-:t 0 2 @ Ar ey d“'“te‘i towards the
fi F,) after refractio
F, and F,) B | EEe = |
® A concave lens always forms a virtual, W l% @ principal. axis. o 1 _
erect and diminished image for a real object, A | ﬁ passing through the i
reqardless of the object position. (diverging lens) 1i g tc:ntre ©) 5“5 Undetatal o Ray towards F.
e e e L E ———————————————————— :;ﬂﬂﬁ—:::
3. Image Formation by a Concave Lens
S.No. | Object position Ray d.wgm.m Image position | Image size | Orientation | Nature h
- o - | -
1 ?:Jeft;t il e OHAEh:ﬂZL;:F;LE dunulgus d | Erect Virtual h
Fy J___\ F, (point sized) J| "
Object begnnd. 2F _ Between O < | ;
2 (u o 2 o, F 3 il Diminished Erect Virtual :I
= |
. W |
3 [ == = Bebween 0| Dimiished | Ered Virtual
¥, F @ F s
Object between F, W =
4 | o o, = - Bebyzen 0 Diminished Frect Virtual |
{h“zm ¥ K M F ond. Fy
= i T T &
Obj“'t at Fy W Between O o .
5. A - Diminished Erect Virtual
| u=Af) R ﬂ Fy and Fy I
] Object between F “‘v ;
6. | aal gl 0 [ Bebvesn O | Dininshed | Eredd | Virtul
(u < f) F & R 1 _i
“*';.—_Cha.mcienshcsmn_““'"uﬁﬁé Formed by a Conca e L 1 _'ﬁﬁ_SG[vEE_E?g@_"E ________________________
: ® An object of height 4 om is placed at 20 cm in front of o
® The image is always formed on the same side of the lens as the object. con.ccme lens. of Topal length 10 Sl s
® The image is always virtual and cannot be obtained on a screen and nature of the image. i
.ThemgewalwagsLect. iGwen w=-20cm f=-10cm h=4cm |
'Usmg[ensfurmula:lzi-i I
® The image is olways diminished (smaller than the object). £ v |
® As the object moves closer to the lens, the image size increases,
but it is olwags smaller than the cbject
6. Applications of Concave | Lok R
® Used in spectacles to correct ig (short-sightedness).
® Used in df:ur viewers {peuphnles% el o \lﬂjﬂ; field of view. ?;;ﬂi m
® Used in telescopes and binoculars (as part of eyepiece). e, diminished
® Used in cameras [tn reduce spherical uhermhun in combinations). =
® Used in -:apfu:al instruments to spreod lnghi rag.
E 4y 'M____E_Eéfﬁééiﬂﬁcii{ and Corwex Lenses - lﬁ
Pr'upa"tg Concave Lens (Divergmg] Convex Lens {Cunwrgi.ng) iil ‘ Concave Lens Convex Lens l
Shape Thaer ot ontre, Ucker of adges| Thker ot cote, tirmr ot edges I |
Nature Diverges parallel rays | Converges parallel rays H | ;k_._‘ll
Foous | Virtuol forus (P) | Rl forus () —I 3 A F, 9 |
Image for real Al , Conchered oovitid I .
. ways virtual, erect, diminished
object | (iverted or erect, diminished or erarged) i Parallel rays d.wqe and Parallel rays converge
Use in spectacles | Corrects myopia. (short- suﬁedness}[ Corrects hgpmneh‘opw (long-sightedness) [if| oppear to come from F,. a F, :1
e I ) Bl e TR s, S e e Sl S e - |

=




§D-t

Il

i:’ ® I lenses are of different tupes, take

+P for convex and -P for concave.

Lens Formula, Magnification and Power 12
1. Lens Formula 112, Sign Convention (New Cartesian) ﬁi___ﬁﬁc_ar_uﬁ&&ﬂ_oﬁ“(a _____ ]
® The relationship between the object | ® ﬂwogih?ﬁmd from the optical e Mugmfmhm (m) is the ratio oF
distance (u), image distance (v) and le D L e | the height o mm(c];-L (k') to
focal length (f) of a thin lens is _ 'Stmt wtlhwhhed o | height of object (h).
given. by the Lens formula | o gt Unte rgh cie fukat os pasitve
e ?_ﬁﬁﬁhﬁmmiuk in the uppor; e_direction ‘ i, : v ‘
[l to are taken 0s negative e e
% L ’ | ® Heights measured wpward are pasdwe and h ¢
! 4 | downward are n_ggtwe - @ If m is negative, image is inverted
® f - focal length (cm) Convex lens Concave lens ' @ If mis positive, image is upright.
, _ (converging) (diverging) -
® v-mmgedtsi:mmz(cm) ® |m|>1: image is enlarged
® u - object distance (cm) e |m| =1 : imageis same size
4 v v e |ml<l: Lmage is diminished
k. Power of a Lens (P) ! 5. Nature of Lenses - ““"iirg Combmo.twn of Lenses
. Po'_narnfalen.sis‘ﬂwm;j,pmwl (a) Converqnq (Convex) Lens .“’J Dm;-qmq {Canionve) Lens | ® When two urmﬂunlensesare
of s focal length (in metres). it ® Thicker at the centre ' @ Thiner at the cenfre and || Plﬂimd ir:;nm;hﬂt}gd
- | thiner o the edges | thiker of the edges | algebraic sum W‘*‘-
(f in metres) | ® Converges parallel rays | ® Diverges parallel rays as | o N
to a paint. (focus). i if coming from a focus. ii [ Prtal = Py + Py + Py v . ‘
o Unit of power is dioptre (D ® Focal length is positive | ® Focal length is negative :l[ o The focal length o the combination is
° 1dmptm(lD} powerofu (F > 0). ! (<0) l} e 1
lens whose focal length is | { [—-—+-—+—+...‘
1 metre. ! I f o T The
I
|
I
|

Use th& correct sign convention

For convex lens, f is positive and for concave
lens, f is negative.

If v comes out positive, image is real and on
t:cle right side

If v comes out negative, e is virtual and
on the left side s o

Use magnification to find the nature and size
of irrlage.

Power is in dioptre (D) and f must be in metres.

Imo.gemform.ednimcmmﬂme
@Lﬂdmmﬂ

ﬂshtﬁde-‘.

| 7. Sign_Convention Summary for Lense ‘ 8
: Quantity Positive (+) Negative (-) E:
| Object distance (u) | Objec on right sde (icent Lt side) | Object on lft side | |

| @
| Image distance (v) Imnge on righi side Imuge on left side ;,
' Focal length (f) Covex s (cmvergng) | Conce e (derging) | |
' I
Height (h, h') Upward Do B
I
———————— e e s e e
_q Solved Numertcal Exa.mples | KE
Exa.mple 1 - Find the image posltmn 'Exumplz 2 - Virtual i concave lens
An o|:ject is placed at 30 cm in front of @ | An ohJect is p[aced. at 20 em in front of a
convex lens of focal length 15 cm. Find the | concave lens of focal length 10 cm. Find the
Pos1hon size and nature of the image. position, size and nature of the image.
Given : f=+15¢cm, u=-30cm Given : f=-10cm u=-20cm
Usm.glensfnrmln.l.l_l g, 4 1
1f 1V P oA h
- B
S SRk
5" v ' 3 P e = e ]
AR RO S e
A ST T T R R
ys= "30 cm 3 ( 66?)
Magn.lf‘l rn.-—- -3??0‘_1 Hﬂgﬂlﬁﬂlﬂm '—--"'36'}—-0.33
Image is real, uwerterl and same size. Image is virtual, upright and diminished

Imagemfmmdutéé?mmths&ﬂsdg
virtual, gp_@htmddamm

i e — ——— 8

Exan'u:le3 Power of a lens

(a) Find the power of a convex lens of |
focal length 20 cm.

ven : f=20cm = 0.20 m
-=4+5D

1
p.T.

Power = +5 dioptre |
| ire_|

0.20

(b) Find the focal length of a concave
lens of power -2D.

Gven: P - -2D
o

(e

| Foual lngth = 50 em |




Human Eye - Structure and Functtoru.nq 13
1. Introduction 1| 2. Structure of Human Eye & |
° 5?’3 is a natural optical device | Ciliary muscles (white‘ outer covering)
ch helps us to see the objects (controls shape Choroid
of lens) (dark layer)

(erLlI'Ld. Us.

e It forms a redl, inverted and (coloured, part)
diminished image of the object Puoi
on the retina. up|l
(opening)
e It works similor to a camera,
where the eye lens acts like a Cornea
convex lens and the retina acts (trang

like a screen.

| 3 chtms of thferent Parts

1, HvauesﬂmEueSee

Retina
(light sensitive layer)
Fovea
(point. of sharp vision)
=~ Blind spot

nerve
%ws signals

to brain)

b sy s s

]
[
I i
Part I Em&h;m A |i! e Light from an object enters the eye through the cornea I
Gt Trmsparent outer Luger. Refracts most of the 1! pupll. E
a light entering the eye and protects inner parts | o The cornea and eye lens bogether refract the ll.ght and i
Iris Coloured diaphragm. Controls the size of the ! focus it on the retina. I
PU]UL!. II [ ] A rEClJ_ LerertEd ﬂ.rl.d [I,mllﬂLShEd. Lﬂlﬂ_gg |$ Fﬂrmd on i
; Operung through which LLght enters the e l th& retina. 1'
Fapd Its size changes with the amount of Lgh{q e hght sensitive cells convert the li [ght into electrical ]
Eye lens Convex and transparent lens. Changes its shape || signals which are sent to the brain through the optic nerve. }
to focus the image on the retina (accommodation). || @  The brain interprets these signals and we see the object i
. Muscles attached to the lens Contract or relax || Lnd:s correct position h i
1 m‘""‘"-i muscles tnuschmgt ’fife Foufl [eng{hnif tﬂ:‘: Ens ol I—_—__:—————- —q—P —"“-%Lg: e ———
: Light sensitive loyer. The image is formed here. II 5 ggg D_ngmm of Imuqe Fornmiwn in the ELH!
Retina Itlgcnntom.s nullJ.oan%[s of photoreceptor cells. |
Tk ﬁrﬁgﬁ P-.:;inﬁf retina. Provides sharp and | {mLhLﬂlg;—hd ]
: Point on retina where optic nerve leaves the ae. | diminished)
Blind. spot No light sensitive cells, so no vision ot this pm?lt 'i Objct 4 retina
Optic nerve | Carries electrical signals from retina to the bmm il (at a d:starme}
________________________________ ]
6. Accommodation _"—7 Near Pomt an.d Far Point '
@ Theubﬂtgofﬂmeelenstnchﬂngeﬁsfoml ength ; :
Gl tha bl B il sl 5 Yt cece o Dt i gy Mumn deincs o i
m be formed alg& the retu;c& ior‘ abjects at deFema% Bt CiEhe Seen cecu*lg MASHOLIS SEELE
ances is ¢ accommodation. ; P dnoid oblt 5 o
® When we look ot a near object: [ : 3 o = ]
R @ Far point (of normal eye) : Maximu distance ot which
e Focal length decreases. the object can be seen clearly
@ Whencwe look at {g{sl dnfﬂf:xant _object : [ For @ normal ele, far Pcin,l; = Lnfwlg (o0). J
. muscles re
e Lens becomes thinner.
e Focal length increases
_'g.__ErEFuﬂau__"Emmie_“'—lE ______ ¥ | 3 ] 79i . Key Points to Tank 1
| Walching a distant object | Adjusting to light -Eyelenswacmvexi.ens
| - l/__\ T o Image on retina is real, inverted and diminished ||
11| ® Accommodation is done by cliary muscles. '
'@ @i'-Nem" of normal eye = 25
| | eye = £LJ cm.
. : Ill'll A [ ] Fﬂr leﬂi UF m‘ﬂlﬂl QHE = mﬁnl.tg
= (jﬁl b@g:% o Eﬁm ° Pu.pll controls the umoun’t of light entering the eye.
For a near object, lens For a distant oiyect, lens smaller) [urgel_) |
becomes thicker due to ! becomes thinner due to | | ® Bimd spot has no hght semh\re cells.
WJMW'WM&MW _}Lo(}phcnewecamesszgmktnﬂwbmm.




1. Normal Vision Distan ojct (o o) 2. Myopia (Short-sightedness)
o Nearby objects are seen clearly but

S di.stun% abjects appear blurred

o Cause: EHM becomes e[or:gubed

® A person with normal vision can see
near as well as distant abjects y
clearly TR s
o For distant objects (at infinity), —w\C , or eye lens becomes too powerful
image is formed on the retina. ,q_“ d,.i}' (more unve_r_‘gmgj.
e For near uhjex:ts (at least distance Normal eye (for distant vision) . Fﬂrteﬁﬂ t Fsm?hﬁu finte distance
of distinct vision 25 cm), image is ! e | ty e
also formed on the relin UIP Near abect. (at 25 om) || o Eflstahgt ctﬁl: forms image in front
adjusting the focal length of the eye T reust
lens (accommodation). ' N\ rebra |l'®  Correction: Use a concave lens

(diverging lens) of suitable pow rto
tiwglg%mgw incoming rays sopn.i.fut
image is formed on the retina.

[ Near point = 25 em
Far point = Infinity (<o)

BoaT esesltl = s IL Bl il B S e i L
=i pe —_— —

3. Hupermetropia. (Long-sightedness 4. Presbyopia (Old-age sight) '
e Distant objects are seen clearly but Image | @ It is an age-related defect in which
near objects appear blurred behind ! the power of accommodation of the

o Cause: Eyeball becomes shorter reina | gye [ens decreases.

or eye lens becomes less powerful y/ | @ Both near and distant vision may .

(lass cunverglng). w7 ll bCiuf-ec‘tfl'dﬂ L o S
® Near point is greater than 25 cm. Hypermetropic eye (without correction) i e oh ;c fT.ex' 'hg:l f:f E‘:}% "l;f Presbyopic eye (withaut correction)
® Image of a near object is formed with age

behind the retina || ® Near point gradually moves away = ]mgenebm
o Correction: Use a convex lens é f | from 25 Cfﬂ-u L <R ' o

(converging lens) of sutable power e Correction: Use a convex lens <<

with suitable power for near work

to converge the incoming rays so

; . _ — (reading glasses). Sometimes
th.D.t U'M.ge s fﬂl"‘l’l‘l@d on the I'etulﬂ W‘[f_h o |_g|'|5 (c | %ﬁ_ﬁﬁ:ﬁ \ii;il-fnr hﬂth Wi.th convex I-Ens [Cﬂmhnﬂ)
| 5. Comparison of Normal Vision and Defects |6 Inportant Points ‘
Feature Normal Vision ‘ Myopia Hypermetropia Presbyopia H 2 Eﬂm et oo
: ; : i ison ||| @ Hypermetropia and presbyopi
Objcs seen clorly | Noar o diten Near Distant D'iﬁ i:ff il | vl yglad s g
Far point | Infinty (o) | Fine (less than ) | Tnfnity (eo) Infity () ||| @ Power of lens, P = % (f in melres).
Frnd g Ik | Greater than 25 cm || ® Concave lens has negative power
Near point Bem 25 em Greater than 25 e | (000 aﬂ‘:; ||i ) ek s o g
i = : Sy T | @ Suitable is chosen so that
Image formation (without | : In front of retina | Behind retina Behind retina || i
correction) ‘ On_mbm_ y (for distant ahjecis) (for near ﬂbjeclzs] (for near nbjgcts] J i 2&91;}“;&?:@:2[&3 object is formed
| | T e ing) || o
Tupe of lens for wnctmi - Concave (diverging) | Convex (converging) Fgmgﬂgm) | i Power (P) = T (f in metres)
s o = | - | | 1 dioptre (D) = power of a lens
= = :::::::::::::::::::E! whose focal length is 1 m (P - 1D) | }
7.0 dved Mowrial Exigles SRSNE IS RIS | ot o i e
(a) Myopia {(b) Hypermetropia (c) Presbyopia

The far point of a ic person is 80 em | A Ermthic person has near P‘JL”'t 100 A person with buopia. needs a lens of
Find the fcd @ﬂlﬁi povar of the | em. Fnd the Tl longth ond power - he | ) EAULTSF-HU the ol ecigh e e

lens required to correct the defect | lens required fo read o' book at 25 cm Given: P -+2D
Given : Far point = 80 cm = 0.80 m Given :  Near point = 100 om R R T R T
For distant objects (u = ), v = -80 cm Desired near paint = 25 cm . P 2 i
A : w=-25cm v =-100 cm f=05m=5¢cm
Usmg ormula. : (virtual image at near ann{} ; : 1
o e 1 1y Using lens formula. : ‘Amﬂuexlensaffom”ggﬂimmsreqmd
T-;—;:a--f-;-jgﬁ T, e et for near vision.
it " u -100 -75 o T e e e R A e T
f=-80cm =-080m 1. -t .1 _-1+4 3 8 Common Observations
Possi: P-bo 1 o fecn f 100 25 100 100 :,I @ Myopia is more common in young people
' f -0.80 ' f=- lg.@. em = 033 m i @ H‘L]ﬁcrlmeh‘upiu. and presbyopia are more common
Power: P - -1- = —1-— = +30D ‘, ;1 -e'mbe orrected usi ; lasses
03 -@urho‘ﬁmc using reading

‘__ Grenelon vipwe LD s it | | [ Cavex s of power +30D s requred. | | (@) Loser urery (eg, LASK) can s b used o |
I ! ]I

i T L correct myopia and hypermetropia.
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Applications of Spherical Mirrors and Lenses 15

e e e e ———————————————— e e s i i

1. Applications of Concave Mirror r
(o.) Shaving mirror [(b) D

1 (c) Hy;ngzpelhwndm) d}Tglmp!ES@umHﬁmE)

® Concave mirror gives |
ereat and magnified | i
object is within the |
focal le { ® Concave mirrors are used ® (onvex mirror gives o
® Useful for sha | to get a magnified and diminished, erec? and virtual |
oo e bright image of teeth. m0ge o Used in shops, purking areas
P | @ Hob the dobic fo.soe || @ Proges o wide fuld o vew | ond of road nlrseions
@ l small details clearly. | so that a larger area behind | @ Helps to see a er area. |
¢) Headlights and torches ' | the vehicle can be seen. i avoid acciden I
ks oy (d) Solar fumace }] ® Used in cars, buses and bikes. | ol i
- 1 (c) Side mirrors in vehicles | (d) Siml cormer_mirrors
3 | i
|
/ e | !
® Bulb is placed at the focus ' |
i of @ concave mirror. G Sl ' o G ide Tield of | :
® s are o ive a wide field of view.
l 2 IU} {]rﬁuﬁs gtztplu;n[;u eluijeum et E)ch,sed u]iar the focus (F). e Im.cr.ges are erect and i ® Used ot blind turns and
o Use in vehicle headlghls, | @ Frodces very hih tanperciure) | ﬁﬂﬁtefure Sl ey S e
used for res : .
i SENCH'LSMS ond. torches. purposes. i showing vehicles ?Ir?m E | 'Frnmma'm other side.
o St .L_________________t____? Lurge_ area. | e Red.ucz the risk of accidents.
e —

3 A_pghglhm of Comrex l.ens

il
i
c
® Convex lens gives a !
magnified, erect and | |
aehual image when the | |
otﬂa-:t is vithin the focal }
ngﬂx ® wex lens forms a real, inverted |

, inverted | N \ |

* E;:dmi';cff m“hﬂb . G nggs e i

' @ Used in cameras and moble phones. | | ® Concave lens diverges the incoming rays. | @ Cambination of cocave and. convex lenses |

® Provides o vide field of view.

IFH.Pstob'\n%! on the refina. |
.Usadtum‘%ecﬁmﬂwzgfl .Usedhdw’sforsaauii&

(c) Spectacles for presyopia | (d) Projector

|
|

|

|

|

|

|

|

Upper part |

m\nsml

"' U |
Lowerpart i

|

|

|

i

|

|

|

_Fue piece I Gyu:hve lens !
'[wr!gvexp lens) oy Ln-g: = LH#] wiﬁm;mll !

P ® Uses two convex lenses.

Ukzjechva lens forms o |

real, umrl:ad and

i |
a | o Used to see distant objcts ke ||  Bifical iy Sl
Stﬂ.l‘s o.nd m& il C(mmre:tle ed
— L g:dFChva lens edw o real, u‘tver’ted::. 4 b;:cw:f orm;Es 5:81:; l.ens”;s !
dﬂ]ﬂl_‘%‘h mal Il @ £
@ Used to see vy small D'!'HE’CLS ® [yepiece mﬁmﬁzs %h.ts image. “ E:ulf' objects cle Oﬂfﬂ = ° flﬁdﬂﬂmms ewp?'gjeilorsﬂumﬁw‘ {
ke cels, bactera, etc [ UHsed in astronomical observations, || @ Correc{s Pmbtl"?'ﬂ {ogn multimedia. projectors. l
S e || el ning of accommedation). | T TV |
I—E S_umuru_____TdBE _____________ = EETREEER TS M S g - |
. I
ogsmtnegc_a | Tupe of Meror/Lens | Postion of Object | Nature of Ima l Main Use ‘I
Sh.u.vmg /' Dentist mirror | Concave mirror | Between P and F | Virtual, erect, mﬁ’éniﬁed. | To see enlarged image .=
Hemihghts [ Torch | Concave mirror | At focus | Parallel beam of light | Long ronge ilumination iI
Solu.r furnace | Concave mirror F’ht focus Concentrated real image I H'Lgh fzmperuture i
. | Rear-view / Ser.uri.ta mirror i Convex mirror Am:lm St{mn | Virtual, erect, diminished | Wide field of view _
: Hugmﬁiinﬂ glﬂss Convex lens | Within focal lengih | Virtual, erect, magnlﬁed | To see small ubjects I
| Camera Convex lens BeHnnd. 2F Real, inverted, diminished | Photography il
; Microscope Convex lenses (two) | 'U'erﬁ close / udjusl‘al Highly magnified (final virtual) | To see ti objects ;
| Telescope Convex lenses (two) | Distant ubject | Magnified (final virtual) | To see distant objects '
Spectac[es (mﬂnpm) Concave lens | | Brings image on retina | Corrects short-sightedness |
| Spectm: es preshgopm} Convex lens | Helps near vision (bifocal) | Corrects uge—rdnted. defect |
|| Projector Convex lens | Between F and 2F | Real, inverted, enlarged | To project image on screen :




_ _ Refractive Index - Detailed Applications and Reyision 16
1. Refractive Index and Speed of Light | 2. Abstute and Relaive Refractive Tndex|[ 3. Physical Meanng |
o Refractive index (n) of @ medium is the ratio of I (a) Absolute refractive index (n) @ Higher refractive index means lower

:spged of hght in vacuum to the speed of llghl I o Betiatlie Tieit of 0 wedia vittk speed of light in the medium
in the medium | respect to vacuum (air). ® A madum with hu]hm- refractive index
i e v ° hmed;mnmﬂ*; lower refractive index
is opticall .
where, ¢ = SI;“‘* 1"33118? in vacuum ' (b) Relative refractive index (n,,) :&1: ngH.H m;m o
=3 x m/s o ; : ® ignt. goes rarer nser
v+ oud of lgh i themodum || ® Rl mon of madun 2 wilh medum, it bens tovards te rormal
e If n>1, then v < c (speed decreases). v n o When light qoes from denser to rarer
e If n =1, medum is vacuum (no change). Ny = v, , medium, & bends away from the rormal
® If n <1, not possible for ordinary media Aso, ﬂm T
I sin r
4. Qptical Density and Comparison of Media ! 5. Snell's LuwmldRefmchvelndex 6. Some Useful Relatwns
L] Amzdlwnwtﬂlhlherrefrachvemdexw I.Fgrﬂglmpwnfmgdmﬂmm;@) Tl =
optically denser and has lower speed of light. | 3l bl dnk is Gl , 4
@ A medium with lower refractive index is i =@)F'L21‘\F—1-—:z
optically rarer and has higher speed. of light. i { iﬁ; . . mn.s’mn{] ' @ ¢ 2 1
T o=
_ Refracti of _ ke | n
M| (e | P | Opd e | Opicly | Normal ® r, - S
i« 1.00 3.0 x 108 Rarer (over ) || lncdent ray )3
(= vacuum) ' i | il If light goes from medum 1 to 2
Water 133 2.25 x 10° u?fnrlser il Eﬁduml] | e g il <
' L % | | L | ht qoes from medum 1 to 2
Glass 150 20x10° | Denser : Medium 2 } E @ mﬁﬂnzﬂf‘np then r > L
3 : than water i (ﬂq. m] |r ® nl12 x n21 = 1
: | Most dense ' I | . S
Digmond | 242 | 1.24 x10° | (among these) | (igher 1) ; " Refracked ray E (8) _lsFu‘ same mm, m\f dm%
_._____._*____-__.u______u_&_ - | ausa

(14 Solved Nummcul Examples

(a) Emmptei Speedtrthhtmqlass
The refractive index of giuss is 1.5
Find the speed of light in glass.

Given: n =15 ¢ =3x10® m/s ;
Solution : , . £ . 3 « 108 I
n 15

[ v =20 x10° m/s ]

8. Conceptuul Questions (with answers) |

Q1. Whgdoeshght bend towards the normal when
denser medium?

enbers a

medium (n, > n,).

greater than 1 for all other media.

Ans : Because the speed of light decreases in the denser |

| (b) Example 2 : Relative refractive index | (c) Example 3 : Angle of refraction
The s.paed of light n water is 2.25 x 10°* m/s | A ray of light goes from air (n, = 1) into a
undmginsstOxlU m/s. Find the | meduunuFrechhvemdexiSatunanle
refractive index of glass with respect to water of incidence 30°. Find the angle of refracti
2 Given: n =1, n, =15 (=230
Given : Vgt = 2.25 x 10® m/s ; b B - -
vgm-Z,O:tanm."s ! Using Snell’s law : nsint = nsinr
T, s 1 xsn30" = 15 «snr
Solition © s woter = v;;s 05 = 15snr
_2.25::103_1125 sinr-%-g—-%
20 1 rososint %—) = 19.5°
g s
. Additional Example | Quick Revision Points
|| The speed of light in o medium is Refractive index is the ratio of speed
b R O i e | ® iy o

|| medium with respect to water.

|
Given: v - 15 x10° m/s | : :
Q2. Which has higher optical density: water or ar? ¢ 3 b i ® 'r-;f n > higher speed ~ optically
Ans : an;t::u:;ause Ets ﬁfmcﬁve index (1.33) is | Vwater = 2.25 x 10° m/s | Rarer to denser : bends towards normal
hlg > |l () Refractive index : n -% Dmsm‘tnmmr:bendsawag_fmmn.nrmnl_
Q3. If the refractive index of o medium is 2, what is 3 4 10 5 [@n gt W
the speed of light in it? ! LET 5\165 i | ST v
ll Mnsiyo 68500 s i e | (n-2) | @@ n =1 for vacuwm, > 1 for ofher media
n 2 i (1) Relotive refractive index w.r.t. water : i (8) Optical density « refractive index
Q4. Can refractive index be less than 1? ! et e e T @ ipeeig of light decreases as optical
Ans : For ordinary media, no. It is 1 for vacuum and | 22510 15 | S nceachs.
7 | 15« 10° i Refrackive index depends an the e
|

[ Nedium water = 1.5 l

and (i) the relative refractive index of this

@ Higher n — lower speed — optically
- denser

ufmdaummmmﬂt_h_{m)arught




1. Dispersion of Light

® Dispersion of light is the splittin
of white light into its consf'd;uen?
colours (VIBGYOR) when it passes o

% Fomibon o Soadkun L I

® The band of seven colours obtained after
dispersion is called the spectrum
|| ® The colours always appear in the same order.

Different deviation of colours due to different speeds
in glass causes dispersion of light

Scaftering of Light
Scattering of light is the change in direction of light
rays wﬁlgn l'.}'uehlji collide with t'g_ particles (moleci

or dust) present in o medium like air

® The shorter the wuveLength, the more the scatterJng.

Blue and violet li.ghi (shorter wuvelength)
scatter much more than red l.ight ﬂonger waverng{h]

-2\ ¢
O \\ @// Blue

light
H J"f?/ sm’ﬁterlg in all
/XL/; \:_\‘:_“""‘ directions
Sunlight
(white light)

Air molecules

through a transparent medium like |. Red ',' E;d:a‘ Wit e < 700 Least
a Prlsgm. P Lt Orange || |7 Oronge | Lo oo
o White lght s & misburs of sévn Grown. || (RAES
colours. FjEr,lch colour has a different Blue Gomn I
wavelength and therefore o different Indigo Blue
speed n gloss. Hence, they bend by Glass prism Violet =t i
different amounts and separate. 5 = _ : +{ Motrum I
: : . ispersion of white light ot Minimum wavelength (= 400 nm ;
® This phenomenon is called dispersion. ‘ thrpough & fos P“";Sm ‘ | Vielet | Moxnum devition "’““h"“J
3. Why Does White Light Separate? ' 4. Rainbow Formation
® Different colours of light have different wavelengths. e A rainbow is cauged by dispersion, reflection and
® When white light enters a prism, each colour travels i rEFrtﬁhihmi of ‘P;;nl‘gh'}tm tmﬁ water droplets present
with a different speed in gius and hence bends by = gl T hfl ;?ef's ': ;ﬂr:m s ey
a different amount (refractive index is different). ; disp egs_ed info oloirs reﬁe_cgs Fonihe her suface i
o Violet I.Lgh.t (sﬁ.nrtesf: WClVEl.Eﬂ.gth) bends the most. ! ﬂ.ﬂE agmﬂ refracts U'Ut, fgrm’mg a spgctrum_ E
® Red light (longest wavelength) bends the least. e We see a circular arc of colours in the sky with !
® Therefore, white light splits into seven colours. i red on the outer side and violet on the inner side
|
|
|
|
|
|
|

Blue Colour of the Sky

Sunhﬂhi enf.erlng the Earth's ahm@?here is scattered
by air molecules. I
B |.L9hi: (shorter wnvelength) is scattered the most !
in all directions.

® Hence, the sky appears blue to us during the day

E

looks blue because blue L?ﬂ is scattered |l
much more than other colours

Scatfered be ight

—
Blue llghl I
enters our eyes |

——

from all directions

7. Reddish Sunrise and Sunset
® During sunrise and sunset, sunlight has to travel a
ﬂ'll.ll:h lUﬂgQT di.StDﬂCQ Ehmugh u'le ﬂtﬂlﬂsphﬂre. o
Most of the bhma.ndm_letb.ghtge’tssmﬂaﬁawag
from the line of sight

The red and orange light (l.unger wuvdengtlﬂ are
scattered the least and reach our eyes

Hence, the Sun appears reddish or orange

at sunrise and sunset

| ——————— S~

-

______________ |

Key Points to Remember

Dispersion: splitting of white |.Lgh1 into seven colours.

Spectrum order: VIBGYOR (Red, Orange, Yellow, Green
e Indigo, Violet). |

Violet deviates the most, red deviates the least

Coused due to different speeds of colours in a medium

Rainbow: due fo dispersion, reflection and refraction

in water droplets,

Scattering of light: change in direction due to tiny particles. |

At sunrise and sunset, shorter wavelengths are
scattered away, so the Sun appears red.

| Reddish Sun of sunset. |

Blue sky: due to more scattering of blue light |
Reddish sunrise and sunset: due fo less scattering

]

of red and orange liSﬁt.




Twinkling of Stars and Integrated Revision 18
L~
1. A_t_nwspheric Refraction A Apparent position
® When light from stars enters the Earth's \ (higher) Rarer air
atmosphere, it passes through layers of air IS (less dense)
having d_'tff_ermﬁangmﬂs and refractive_indices. Y < Actual position
e Due to continuous refraction, the path of light Rehnci
keeps bending towards the normal P(tnwﬂrdshg £ Ay Denser air
door L‘IHQF%- e (more dense) |
® As a result, the star appears ot a slightly Earth -
higher position than its actual position. Atmospheric refraction of starlight
T e 2L e il
2. Twinkling of Stars " Why_planets do ot bwinkle? |
e Stars are at very large distances, so they appear | @ Planets are much closer to |
as point sources of LLght | the Earth. |
° L'Lghi from stars passes through atmospheric L ® Theg appear as extended I
layers of varying density and temperature. | sources (not pn‘m!; sources). :
@ Continuous ond irregular refraction changes | e Tre hg?t me et |
the apparent position and brightness of stars parts of a p ”*’jt averages |
rapily T ;}_lul the Q;ctatmns. i
® Therefore, stars appear to flicker or twinkle. Twinkling of stars due to atmospheric refraction = d{fn:':lii'_ Ew[riie_. genemﬂ{.} E
3. Comparison _of Reflection, Refraction, Dispersion and Scattering e |
Property | Reflection _ Refraction | Dispersion _ Scattering
, Bouncing back of light | Bending of light when i | Splitting of white light into | Change in direction of light
Hearung from a surface. asses’chimm one medium | its constituent colours. by small particles of medium. |
. | to another . ' |
Chunge in direction Different speed in Different refractive index Intemction with tiny particles | |
C at surface different media for different colours of size me“mbL:H“
. . . | wavelength
' G I S At Bifforent wedlic Prism (or other dispersing Atmosphere, dust, water
. . _ | medium) | droplets etc.
| Light returns i White light splits into Light spreads in different
| Effect | "E diu.nrle urns in same | Path changes | sevn Eanursp | d.?ect ;ﬁ; in dirfereni
| Bxample | Plane mirror | Light from air to water Glass prism | Blue sky, red sunset .
| 4. Mixed Ray-Diagram Questions (Revision) ~ I'5. Solved Numerical Examples |
| ' | il . M |
rectangulor glass slab | Example 1 : Mirror formula
i I = ' i An object is placed ot 15 cm in front of a !
| I il concave mirror of focal length 10 em. '
I | il Find the image distance ﬂnc? magnification.
i i Ii Given: u=-15cm = =10 cm
| I . 1 1
| | Eregiry || US e Lot
! I HnLrdemth-i s l e
| | (2 (with loteral shift) | 1R g,
| I B | 1 _ -1, 1 3+2
i. Firs{,tl'mcmvextensformsareulﬂmgenflhe I ) l = v 10 15 "3
| object between F and 2F. | ® Ray bends towards normal while entering. i| | . .30
i ® This image acts as an bject for the concave mirror. | ® Ray bends away from normal while leaving. i AT &
| @ Fmdmselsreuiwmdnw.gbemwrlad.orerd.urgedi- Emergentmis_pw‘aﬂ.eltumdentmgbut” Magnification. : mu-r‘:_ ('fg) -2
!_ depending CI‘ Pfij'o_ns_'______________L_ffﬁ%_ff@fiﬁ;________ﬂ? Image is real, inverted and enlarged.
Examgle 2 : Lens formula | Exanple 3 : Refractive index TE_ Syllabus-Based MCQs i
A convex lens of focal length 20 cm forms a real image l The speed of light in air is 3 x 10°m/s and ||| 1. The I"Ip‘hennmerwn respnrts?hla for the
at 60 cm. Find the object distance and magnification” | in o medium i is 2 x 10° m/s. Find the || %g)'ms'm o Fars Tt
Givgn: v=++%0cm f=+20cm } reFm.ctLve index OF il‘ua medium. !| (c) Abﬂuspherlc refraction (d} Reflection
Uy Lo 4= L | Given: c=3x10°m/is v=2x10°m/s |I Ans. (c) Atmospheric refraction
f 4 i l,i_L ! 3 8 3 |I 2. The sky appears blue due to:
HoGre w0 B || e 2 U8 g () Rlladin (b) Refraction
2 2T B | v 2= 2 I (c) Dispersion (d) Scattering
| T 60 B0 T30 | The medium hos refractive index 15 || Ans- (d) Scattering
= u=-30em | ond is DP_LLCUHH denser than air. | 3. White light splits into seven colours when
Mool = a1, me 60 . .9 = NI itpassesthroughn- _
agnif : ' 30 If n > 1, the medium is optically denser. Ii (a) Plane mirror (b) Cor@ve mirror
e o il o gl || s il ) g g |




