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of a concave mirror, (u = R =  2f= 2 (-10) = -20 cm) 
the image is also formed there itself. m = -1 =? image 
is same size and inverted. 
u= -15 cm andf= 10 cm 

I I 
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v -1 5  -!O 
=; v = -30 cm 

-v ( -30) 
Image is rea1 m = - = - --

+ ' u \. �15 
Image is invert..ed and enlarged, 
u = -JO cm and / =  -JO cm 
1 1 1 
- + - -

v -10 -10 
V = 

= --2 

When the object is at the focus, image is formed at 
This means, the reflected rays travel ns,,sl lel to each other. 

-v ( cc \ m = -;;  -l -10) = = 
(e) u = --5 cm andf =  -JG cm 

1 1 I 
- ·; - - - -·· ':;:,::} ,1 + 10 cm 
V ··5 -JO 

Image is virtual. It is fonned inside the mirror. 

m =  .::_: = j_l_�\ =+ 2 
u \.-5,J 

The i!llage is erect and enlarge-d. 

REFRACTION OF LIGHT 
e When a ray of lig11t passes from one medium to another, 

in which it has a different velocity, there occurs a change 
in the direction of propagation of light except when it 
strikes the sur:ftice of separation of tvvo media normat;.y. 
This bendmg of a ray of l ight is kno1Nn as refraction. 

e TI1e angles made by the incident :ay and the refracted 
ray with the normal to the sey,an,tir,g stLrfu.ce at the po]nt 
of incidence are k:novvn as the angles of incidence and 
of refractio11 respectively. 

Laws of llefrn<tio11 
The two lav,s of refraction are as follows: 

• 

• 

® The incident ray, the normal and the refracted ray ail lie ® 

in the same plane. 
,r,, The ratio of the sine of angle of incidence to the sine of 

angle of refraction for any tv,ro media is constant for a 
light of definite colour. Th is constant is denoted by 

• 

or �1 called the refractive index of the second medium 
v.ith respect to the first, the subscripts 1 and 2 indicating 
that the light passes from medilliu l_ to medium 2. 

sin i 

1µ2 Sin T 

This is also k:no,vn as Snell's law. 
where i = angle of incidence, r = angle of refraction. 
1� is a characteristic of the pair of media and aiso 
depends on the wavelength of ligllt but is independent 
of the angle of incidence. 

X 

Absolute refractive index : Refractive index of a mediu.."ll 
with respect to vacuum ( or in practice air) is knovn1 as 
absolute refractive index of the mediun:;_ 

c �"Peed of light in  vacuum 
µ = -:;; ""' 

speed of hght in medium 
General expression for Snell's law 

( ' 

f12 l �J _ 
= µl· = l;.-"-1- v2 

1'.l_.,,-

where c is the speed of in  v 1 and v2 be the 
speeds of light in medium 1 and medium 2 respectively. 
According to Snell's law. 

sin l  sin i 
s:in r or µ

1 
sin i = I-½ sin r 

¥/hen a light travels from one medium to another, its 
frequency rew..ains constant but its wavelength as well 
as velocity changes. 
When a light passes from a rarer 4/vq; 
to denser medium (�t� > µ1), it will v Q./Jt>

i'J
· 

; Normal 

� 1'\arer .J., 
bend towards the normai a s  Dense�-�.--��.,._--" __ _ ·0 /J2 
shown in the figure. , � 
Vlhen a light pa�ses from a denser 
medium to rarer medium (µ

1 
> µ,) 

: r � 
·o--

it will bend away from the nounal as shown in the 

lf a light rny passes through a number media 
and if the first and the Jas: medium are same. lne 
emergent ray is parallel to the incident ray as shm:vn In 

below. 

(2) Glass 

(3) Water 

,A.Jr 
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Hence, 

Optical Density • It is a measure ofa refractive index ofa medium. A medium with a relatively high refractive index is said to have a high optical density while one with a low refractive index is said to have a low optical density. • Optical density should not be confused with mass density, which is mass per unit volume. It is possible that mass density of an optically denser medium may be less than that of an optically rarer medium. For example, turpentine and water. Mass density of turpentine is less than that of water but its optical density is higher than water. 
Optical Path 
• It is defined as the product of geometrical distance and the refractive index of the medium. Optical path = p.d where d is the distance travelled by the light in the medium. The optical path represents the distance light travels in a vacuum in the same time it travels a distance d in the medium. 
Lateral Shift • When the medium is same on both sides of a glass slab, then the deviation of the emergent ray is zero. That is the emergent ray is parallel to the incident ray but it does suffer lateral displacement/shift with respect to the incident ray and is given by sin (i - r) • Lateral shift, d = t cos r where t is the thickness of the slab. 

Real Depth and Apparent Depth • When one looks into a pool of water, it does not appear to be as deep as it really is. Also when one looks into a slab of glass, the material does not appear to be as thick as it really is. This all happens due to refraction oflighl • If a beaker is filled with water and a point lying at its bottom is observed by someone located in air, then the bottom point appears raised. The apparent depth is less than the real depth. It can be shown that 

d th _ real depth apparent ep - fr . . d ( ) re active m ex µ • If there is an ink spot at the bottom of a glass slab, it appears to be raised by a distance 
d = t - t = t (1 - t) 

where t is the thickness of the glass slab and �t is its refractive index. • If a beaker is filled with immiscible transparent liquids of refractive indices µF µ2, µ3 and individual depth d
1
, d

2
, d3 respectively, then the apparent depth of the beaker is dl d, d3 

= - + -=- + -µ1 µ2 µ3 

Refraction Effects at Sunrise and Sunset • The sun is visible a little before the actual sunrise and until a little after the actual sunset due to refraction of light through the atmosphere. 
K)JluStfation' 4 
y <' \{i (a) Find the refractive index of  glass with respect to 3 4 water. Given: µ

g 
= 

2 
and µw = 3 · (b) A source of yellow light placed in air is observed by a person swimming under water. If the wavelength of yellow light in air is 6000 A, then find its speed, wavelength and colour as observed by the person. 

C 3 X 108 rn/s 9 or C = - = =} C = - X 108 m/s 
µw 

4/3 w 4 or C = 2.25 X 108 m/s 
w 1c 6000 A 6000 x 3 Now µ · A  = 1  ... orA = - = --- = --- A ' w w w µ.., 4/3 · 4 => \,, = 4500 A. Colour for the human eye depends on the frequency. Since frequency is independent of the media, the light as seen by the person inside water will be yellow . 

. lllustrati,on '5,,1 When a ray passes through a glass slab of thickness t at an angle i with an angle of refraction r, what is the lateral shift of the emergent ray? 
Solo.: Using Snell's law, for ray 1 and its refraction, sin i = µ sin r and sin e = µ sin r 

=> Li = Le 
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The emergent ray is paraHel to Lhe incident ray, 
Further, 

AB 
AN 

cos r cos r 
And BC = AB sin (i - r) 

=> lateral shift (tf) 

= -·- sin (i - r) cos r 

lil@HffiiH1il 

' ' 
B 

/ 

A stone S is on the bottom of a swimming pooL The depth 
of the lying pool is d and index of refraction of water is 
µ. What is the depth of the swima1ing poo! visible to a 
normal eye? Check the results with d = 6 ft and µ 1 .5. 
Soln.: A point source S i.s observed from air at a small angle 

r;, to the normaJ. Even if you see nornia1 to the surface 
of water, the image is fonned by a cone of light entering 
the pupil of the eye. (a -·> 0) 
�ow, µ sinj3 = 1 sino: 
Vi/hen 6 -? 0, sin 3 = ta:28, 
IIere, ta.no. sinet 
and tan� = sin� 
µ tantl = tana 

µ •  

PQ PQ 
PS PS' 

PS' I 
=> PS Gf 

µ 

=> SS' = PS PS' PS -

s 

( PS' 
l, -;-J 

PS 
µ 

Apparent shift ( 

1 \ d 1-..:.)  
', µ 

for d = 6 feet and µ = 1 .5. 
d 6 

or d' 

Apparent depth, a = � = 4 feet. 
µ 1 5  

d 

A 6 feet deep pool appears to be 4 feet deep to the eye. 
Most people are rnller than 4 feet and shorter than 
6 teet A person could get into the pool here and expect 
to find the ground 4 feet. Hhll expectation is behind and 
the co:isequences could be dangerous. 

TOTAL INTEIUlAL REFLECTION 
\Vhen a ray is incident from 
a denser medium to rarer 
medlum, it bends away 
from the normal. The Rarer Medimn 
incident ray l ,  refracts as (µ.,,) 

l � away from the nonnaL It 
also partially reflects as 1 ". 
The angle of incidence of 
a certain ray 2, that refracts 
at an angle of 90" is called 
the critical angle E\. 

3 

2 

)' 

3" 

l' 
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Wht,'Il incident angle is greater than 0 c' the ray cannot 
refract, but instead refleds totaUy. This ph.enon1en,011 is: 
called total internal reflection. 

For i\, Sneil's law is �.tD sin e,: �tR si:1 90° 

;:;:::} Sin 0c = or 8c 
I.In 

UsWl.lly, = U, .  
' Jiff 

/ J ' Then. 0 = sin - ' l- I 
• C 

µ) 

111@¥U ijhil 
In the figure sho"vn for an angle of incidence i at the top 
of the surface, ·what is the minimum refractive index for 
total internal reflection at the vertical surface. 
Soln.: The ray will total internally reflect 

surface if 8 > 8 c· 
;'Jow, r � (90° - 8) and 
Saell's law is sin i µ sin r 

sin t 
·= sin (9ff' - B) 

sin i 
µ 

or sin a """ .J1 - cos2 e i · 2 . 
"-

'CC 

� fl -
sm r 

' 

at the vertical 

If O > �\-. then sin a > sin 
functwn for O < (l < 90°) 

(As: sin 0 is an increasing 

! sin2 i 
p - > 

\ µ 

' ' sin2 i 
> 

- sin2 i > l or (µ2 - 1 )  > 
lf total internal reflection has to be larger for all 
foe above inequality must be satisfied fo: ail 
(sin2 i)nnx 1 
=> µ2 - 1 > l or µ > fi, 
This total internal reflection phenomenon :s used in 
fibre optics to bend light in a curved path. 

REFRACTION FROM A SPHERICAL SURFACE 

® The portion of a refracting medium, whose curved 
surface forms the part of a sphere, is known as sphericai 
refracting surface. 

® Spherical refracting surface are of WIO types : 
C Off'i,rex refracting spherical su:r:fu.ce 
Concave refracting spherical surface 

@ ccnventions for spherical refracting smface are the 
same as those for spherical mirrors. 
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• When the object is situated in rarer medium, the relation 
between µ 1 (refractive index of rarer medium), 
µ2 (refractive index of the spherical refracting surface) 
and R (radius of curvature) with the object and image 
distances is given by 

_ µl + µ2 = µ2 - µI 
u V R 

• When the object is situated in denser medium, the relation 
b etween µ1, µ2, R, u and v can be obtained by 
interchanging µ 1 and µr In that case, the relation becon;ies 

_ µ2 + µl _ µl - µ2 or _ µI + µ2 _ µ2 - µl 
u V R V u R 

These formulae are valid for both convex and concave 
spherical surfaces 
Lens 

• A lens is a portion of a transparent refracting medium 
bound by two spherical surfaces or one spherical surface 
and the other plane surface. 

• Lenses are divided into two classes : 
Convex lens or converging lens 
Concave lens or diverging lens 

• Convex lens or converging lens : When a lens is thicker 
in the middle than at the edges it is known as convex 
lens or converging lens. These are of three types 
Double convex lens or biconvex lens 
Plano convex lens 
Colicavo convex lens 

Biconvex 
lens 

Plano 
convex lens 

Concavo 
convex lens 

• Concave lens or diverging lens : When the lens is thicker 
at the edges than in the middle it is known as concave 
lens or diverging lens. These are of three types : 
o Double concave lens or biconcave lens 
o Plano concave lens 
o Convexo concave lens 

Il [ [ 
Biconcave lens 

Sign Conventions 

Plano 

concave lens 

Convexo 

concave lens 

• The sign conventions for thin lenses are the same as 
those of spherical mirrors except that instead of the pole 
of the mirror, we now use optical centre of a lens. 

Lens Maker's Formula 

7 = (µ - l) (� - R�) 
where R1 and R2 are radii of curvature of the two surfaces 
of the lens and µ is refractive index of material of lens 
w.r.t. medium in which lens is placed. 

• This formula is valid for thin lenses. It is valid for both 
convex and concave lenses. 

• As per sign convention, for a convex lens, R1 is positive 
and R

2 
is negative and for a concave lens. R1 is negative 

and R
2 

is positive. 
• When the refractive index of the material of the lens is 

greater than that of the surroundings, then biconvex 
lens acts as a converging lens and a biconcave lens acts 
as a diverging lens as shown in the figure. 

fl2 > µ1 

• When the refractive index of the material of the lens is 
smaller than that of the surrounding medium, then 
biconvex lens acts as a diverging lens and a biconcave 
lens as a converging lens as shown in the figure. 

µI 

Thin Lens Formula · 

where 
u = distance of the object from the optical centre of the 
lens 
v = distance of the image from the optical centre of the 
lens 
f = focal length of a lens 
f is positive for converging or convex lens and / is 
negative for diverging or concave lens. 

Linear Magnification 

size of image (I) v 
m = size of object ( 0) --;; · 

• m is positive for erect image and m is negative for 
inverted image. 

Power of a Lens 

I 

p = focal length in metres · 



• The SI unit of power of lens is dioptre (D). ! D = l m ·1• For a convex lens, P is positive. For a concave lens, P is negative. \",'hen focal length /fJ of!ens is in cm, then 100 . P f (' ) dioptre. m cm 
Cnmbinatini'I of Thin Le.1ues ill Ccntad • 'w'hen a number of thin lenses offoral lengthf,,J;, ... etc. are placed in contact coaxially, the equivalent focal length F of the combination is given by 

1 l l 1 

r= 

f, + + + .... s The total po1,,ver of the combination is given by P = PI + P2 + + ... 
® The total I!lagnification of t..he combination is by m = m

1 
x m

2 
:x m� .... • \!Vhen two thin lenses of focal lengths J; and J, are placed coaxlally and separated by a distance d, the focal leBgth of a combination is by 1 1 l d - = - +  F f, f1fz' • In terms of power, P = P, + P2 -- dP,P,. 

Mot!t0¥BM:i•i Calculate the focal length of a biconvex lens if the radii of its surfaces are 60 cm and 15 cm, and index of refraction of the lens glass = 1.5. 
R1

"' 60cro R,"" 15 cm 

1' .J' 
µ,\.......(:;\ µ 

Soin.: v 

Using the Lens maker's Formula, 

I f 1 .5  Y 1 l -J I I l ] -; = 1 -.--1 1l- -- = (0.5) ! - + 
] , l ; 60 -Jj L 60 15 l 
f 

Cl  4]  (0 S)l-;o =>f= +24 cm. 
A magnifying lens has a focal length cf l O cm (i) Where should the object be placed if the image is to be 3C cm from the lens? (ii) What will be its magnification? Soln.: f = + 1 0  cm 

v - ± 30 cm 

Case 1. v = +30 cm l ! l 1 ! - - - - - => -· - -v u f 30 u 
V + 30 m = - = - 2  u ---15  

=> u = -15  cm lO 
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If the object is placed 15 cm before the a real image is formed 30 cm away from the lens. Its magnification is 2 and the image is inverted, Case 2. v -30 cm 
V U f 1 ! - -- - = - => u  -7.5 cm - 30 u 10 

( 'O ' m V 
: -=-� 1 = + 4. 

u \-7.:>J If the object js placed, 7 .5 cm before the lens. a virtual is formed 30 cm from the lens. 1t is 4 ti1nes enlarged and erect. 
l'ii'MWMUI A lens has a power of + 5 dioptres in air. What wi11 be its power if completely immersed in water? Given, 

3 4 µ, = 
2 and µ.- = 3 . 

Soln.: f' = µw [ �g - 1]·[-!---!-j' 
Jw • w Ii, /1-, 

1 . I 1 1 
p = - = [µ - 1]1 - -- -au f .  

g LR .; arr- 1 
i ") · I") . eqn. v ...-- \11_ , gives 

(µ - µ \ g wl 
1:.rr 

- 1) 

1i6 x 5 = - x 5 1/2 

Tue power cf the lens gets altered inside water. 
REFRACTION Tl!ROUGH A !'!USM 

... (i) 
... (i:) 

{) P:rism : It is a homogeneous, transparent medium enclosed two plane surfaces inclined at an angle. These surfaces are caHed the refracting surfaces and between them is known as the refracting angle -or the angle of prism. • The angle between the incident ray and the en:ergent ray is known as the angle of deviation. • For refraction through a prism it is found that 


