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1.1 L IG H T:
Light is a form of electromagnetic energy that causes the sensation of vision.
Optics :
It is the branch of physics which deals with the study of light. It is mainly divided into three parts :
(i) Geometrical optical or ray options: It deals with the reflection or refraction.
(ii) Wave or physical optics: It is concerned with nature of light and deals with interference diffraction and 
polarisation.
(iii) Quantum optics : It deals with the interaction of light with the atomic entities of matter such as photo 
electric effect, Atomic excitation etc.

1.1 (a) Nature of L ight:
Theories about nature of lig h t:
(i) Particle nature of light (Newton’s corpuscular theory(: According to Newton light travels in 

space with a great speed as a stream of very small particles called corpuscles.
This theory was failed to explain interference of light and diffraction of light. So wave theory of light 
was discovered.

(ii) Wave nature of light : light waves are electromagnetic waves so there is no need of medium for 
the propagation of these waves. They can travel in vacuum also. The speed of these waves in air or 
in vacuum in maximum i.e., 3 x 108 m/s

(iii) Quantum theory of light : When light falls on the surface of metals like caesium, potassium etc, 
electrons are given out. These electrons are called ‘photo-electrons' and phenomenon is called 
‘photo-electric effect.'
This was explained by Einstein. According to Planck light consisted of packets or quantas of energy 
called photons. The rest mass of photon is zero. Each quanta carries energy E= hv. 
v Planck’s constant = 6.6 x 10'34 J-s. 
v frequency of light

Einstein’s photo-electric equation h ( v - v 0) = ^-rnv2max.

hvQ = amount of energy spent in ejecting and electron out of metal surface.
Vmax= maximum velocity of the ejected electron.



Some phenomenon's like interference of light, diffraction of light are explained with the help of wave 
theory but wave theory was failed to explain the photo electric effect of light. It was explained with 
the help of quantum theory. So, light has dual nature.

(i) Wave nature (ii) Particle nature

1.1 (b) Source of L ight:

A body which emits light in all directions is said to be the source of light. The source can be point one or an 
extended one. The sources of light ware of two types :

(i) Luminous source : Any object which by itself emits light is called as a luminous source. Eg. Sun 
and stars (natural Luminous sources), electric lamps, candles and lanterns (artificial luminous 
sources).

(ii) Non-luminous source : Those objects which do not emit light but become visible only when
light from luminous objects falls on them. They are called non-luminous. Eg. Moon, planets (natural 
non-luminous sources), wood, table (artificial non-luminous sources).

10.1 (c) Medium of L ig h t:

Substance through which light propagates or tends to propagate is called medium of light.
(i) Transparent ob jec t: Bodies that allow light to pass through them i.e. transmit light through 

them, are called transparent bodies. Eg. Glass, water, air etc.

(ii) Translucent object : Bodies that can transmit only a part of light through them are called 
translucent objects. Eg. Froasted or ground glass, greased paper, paraffin wax.

(iii) Opaque object : Bodies that do not allow light to pass through them at all are said to be opaque 
object, Eg. chair, desk etc.

1.1 (d) Rectilinear Propagation of L ig h t :

Light travels in a strength line. In vacuum or air light travels with the velocity of 3 x 108 m/s

1.1 (e) Behaviour of Light at the Interface of Two Media :

When light traveling in one medium falls on the surface of a second medium the following three effects may 
occu r:

(i) A part of the incident light is turned back into the first medium. This is called reflection of light.

(ii) A part of the incident light is transmitted into the second medium along a changed direction.
This is called refraction of light.

(iii) The remaining third part of light energy is absorbed by the second medium. This is called 
absorption of light.



1.2 REFLECTION OF LIGHT

When a beam of light falls on any surface, a part of it is sent back into the same medium from which it is 
coming. This phenomenon is known at the reflection of light.

(i) The ray of light which falls on the mirror surface is called the incident ray. The angle of incidence is 
the angle made by the incident ray with the normal at the point of incidence.

(ii) The ray of light which is sent back of the mirror is called the reflected ray. The angle of reflection is 
the angle made by the reflected ray with the normal at the point o incidence.

(iii) The normal is a line at right angle to the mirror surface at the point os incidence.

1.2 (a) Laws of reflection :

(i) Incident ray, normal ray and the reflected ray all lie on the same plane.

(ii) The angle of incidence in always equal to the angle of reflection.

Q. What happens a ray of light falls normally (or perpendicularly) on the surface of a mirror ?

Ans. A ray of light which is incident normally on a mirror, is reflected back along the same path because the 
angle of incidence as well as angle of reflection for such a ray of light are zero.

1.2 (b) Type of reflection :
(i) Regular reflection : When a parallel beam of light is incident on a plane highly polished surface, 

the reflected beam will also be parallel and hence the whole light falling on the surface is reflected 
in a definite direction. Such a reflection is called regular reflection.

N

Polilshed

Such a surface is called a reflector, like a plane mirror, a polished metal surface.
(ii) Irregular reflection : When a parallel beam of light is incident on rough surface or irregular 

surface, the rays get reflected in all direction and the reflected light spreads over a wide area.

1.3 M IR R O R :

It is a highly polished surface, which is quite smooth the capable of reflecting a good fraction of light from 
its surface.

1.3 (a) O bject:

Anything which gives out light rays (either its own or reflected) is called an object.

(i) Real object : All physical objects and light sources are real which either scatter light rays or 
produces light rays.



(ii) Virtual object : When converging incident rays incident on eye or an optical device, there is no 
signal point from which light rays appear to be coming. In this case we say object is virtual.

1.3 ( b) Image :

The reproduction of object formed by mirror or lens is called an image.

>
(i) Real image : An image which is formed by actual convergence of the rays of light is called real 

image.

(ii) Virtual image : An image which only appears to the eye to the formed by the rays of light is called 
virtual image. It cannot be obtained on a screen.

1.3 (c) Types of m irror:
Tvoes of mirror

1.4 SPHERICAL MIRRORS :

A mirror whose reflecting surface is a part of a hollow of glass is known as spherical mirror. For example, a 
dentist uses a curved mirror to examine the teeth closely, large curved mirrors are used in telescoped at 
observatories. These are of the type convex and concave.

1.4 (a) Some terms related to spherical mirrors :

(ii) Centre of curvature : The centre of the sphere of which the mirror is a part is called centre of 
curvature.

(iii) Radius of curvature : The radius of the sphere of which the mirror is a part is called radius of 
curvature.

(iv) Principal axis : The straight line joining the pole and the centre of curvature is called the principal 
axis.

(v) Focal plane : A plane passing through the principal focus and a right angles to the principal axis, of 
a spherical mirror is called the focal planel.

Plane Spherical

Convex Concave

Light gets reflected from 
concave surfa

Silver coating
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I ^axis

Radius of curvature Radius o f curvature

Concave mirror Convex mirror

(i) Pole : The central point of mirror is called it pole.



(vi) Focal length : The distance between the pole and the focus is called the focal length. The focal 
length is half the radius of curvature.

(vii) Aperture : The size of the mirror is calls its aperture.

(vii) Principal focus :

Focus of concave mirror Focus of convex mirror
A parallel beam of light after reflectioin from a 
concave mirror converges at a point in front of the 
mirror. This point (F) is the focus of a concave 
mirror it is real.

A parallel beam of light after reflectioin from a convex 
surface diverges and the rays do not meet. However 
on producing backward, the rays appear to meet at a 
point behind the mirror. This point is focus of the 
convex mirror and it is virtual.

Focus of concave mirror Focus of convex mirror

DAILY PRACTIVE PROBLEMS# 1

OBJECTIVE DPP - 1.1

1. The path along which light travels in a homogenous medium is called the :
(D) none of these

(D) none of these

3. Air is not visible because it _
(A) is nearly a perfectly transparent substance
(B) neither absorbs nor reflects light
(C) transmits whole of light
(D) all the above are correct

(A) beam of light (B) ray of light (C) pencil of light

2. A thin layer of water is transparent but a very thick layer of water is :
(A) translucent (B) opaque (C) most transparent

4. According to laws of reflection of ligh t:
(A) Angle of incidence is equal to the angle of reflection
(B) Angle of incidence is less than the angle or reflection
(C) Angle of incidence is greater than the angle of reflection
(D) None of these



Which of the following correctly represents graphical relation between angle of incidence (i) and angle of 
reflection (r) ?

* x * x >x

A convex mirror of focal length f (in air) is immersed in a liquid (|i = —). The focal length of the mirror in 

liquid will be :

'3 '

<A) 4 '
(C )f

7. A ray of light is incident on a plane mirror at an angle 0 . If the angle between the incident and reflected rays 
is 80°, what is the value of 9 :

(A) 40° (B) 50° (C) 45° (D) 55°

8 . When a ray of light enters a transparent medium it undergoes change is :

(A) Frequency only (B) Wavelength only

(C) Wavelength and velocity both (D) Velocity and frequency both

SUBJECTIVE DPP - 1.2____________________________________________________________________

1. According to given figure what angle does reflected rays from m mirror will make with m mirror ?

2. he mirrors are placed parallel to each other according to given figure. What will be the angle made by rays 
with mirror Mr  after third reflection in degree ?

FRay-1 
M2

3. What are the value of angle of incidence and angle of reflection for normal incidence ?



2.1 CONCAVE AND CO NVEX MIRROR :
Convex mirror is a spherical mirror, whose inner (cave type) surface is silvered and reflection takes place at

the outer (convex) surface.

Concave mirror is a spherical mirror, whose outer bulged surface is silvered and reflection takes place from

the inner hollow (cave type) surface.
2.1 (a) Rules for the form ation of im ages by concave & convex mirrors :

(i) A ray incident parallel to the principal axis actually passes (concave) or appears to pass (convex)

(ii) A ray incident through the centre of curvature (C) falls normally and is reflected back along the

through the focus.

Concave Convex

same path.

F C

Concave Convex
(iii) A ray incident through the focus is reflected parallel to the principal axis.

F C

Concave Convex



2.1 (b) Formation of image by convex m irror:

(i) When the object is placed at infinity then image is formed at the focus. The image formed is virtual, 
erect and extremely demised.

(ii) When the object is placed between infinity and the pole then the image is formed between the focus 
and the pole. The image formed is virtual, erect and diminished.

Uses of convex m irror:

Convex mirror is used as rear view mirror is automobiles like cars, trucks and buses to see the

traffic at the back side.

2.1 (c) Formation of image by concave mirror

(i) When the object is placed between the pole and the focus, then the image formed is virtual, erect 
and magnified.

(ii) When the object is placed at the focus then the image is formed at infinity. The image is externally 
magnified.



(iii) When the object is placed between the focus and the centre of curvature then the image is formed 
beyond the centre of curvature. The image formed is real, inverted and bigger than the object.

(iv) When the object is placed at the centre of curvature, then the image is formed at the centre of 
curvature. The image formed is real, inverted and equal to the size of the object.

(v) When the object is placed beyond the centre of curvature, then the image is formed between the 
focus and centre of curvature. The image formed is real, inverted and diminished.

(vi) When the object is placed at infinity then the image is formed at the focus. The image formed is 
real, inverted and extremely diminished is size.

(ii) They are used as reflectors in car head-lights, search lights, torches and table lamps.

(iii) They are used by doctors to concentrate light on body parts like ears and eyes which are to be 
examined.

(iv) Large concave mirrors are used in the field of solar energy to focus sun-rays on the objects to the 
heated.

Q. How to distinguish between a plane mirror, a concave mirror and a convex mirror without touching 
them ?

Ans. We can distinguish between them by brining our face close to each of them. All of them will produce 
different types of image of our face.

2.1 (D) Used of concave m irror:

(i) They are used as shaving mirrors.



A plane mirror will produce an image of same size as our face. A concave mirror will produce a magnified 
image and our face will look much bigger. A convex mirror will produce a diminished image and our face will 
look small.

2.2 SIGN CONVENTION FOR MEASURING DISTANCE IN CONCAVE & CONVEX MIRROR :

(i) All distances are measured from the pole.

(ii) The incident ray is taken from left to right.

(iii) Distances measured in the same direction as that of the incident ray are taken to be +ve.

(iv) Distances measured in a direction opposite to the incident ray are taken to be -ve.

(v) Distances measured upwards and perpendicular to principal axis are taken +ve.

(vi) Distance measured downwards and perpendicular to principal axis are taken -ve.

. fFocal length concave mirrro is -  ve 1 
" [F o c a l length of convex mirror is +ve j

IMPORTANT : These sign are according to the rectilinear co-ordinate system.

NOTE : Always draw a rough ray diagram while solving a numerical problem. Otherwise we will be confuse 

as to which distance should be taken as +ve & which -ve.

For virtual image : M is +ve [as virtual image is erect h2 is +ve as well as h2 is +ve 

For real image : m is -ve [as real image is always inverted is -ve while h is +ve]

2.3 MIRROR FORM ULA :

The mirror formula is relation relating the object distance (u), the image distance (v) and the focal length (1)

- x

- y

of a mirror.

The mirror formula is : —+ — = -  
u v f

2.4 POW ER OF MIRROR :

A spherical mirror has infinite number of focus. Optical power of a mirror (in Dioptres) = -
f (in meters)



2.5 RELATION BETWEEN FOCAL LENGTH (f) AND RADIUS OF CURBATURE (R) :

R = 2f or f = —
2

A curbed or spherical mirror is reflecting surface, which is formed by a part of a hollow sphere. The 
spherical mirrors are of two types concave mirror and convex mirror.

2.6 MAGNIFICATION FOR CONCAVE MIRROR :

For magnification consider an object AB of height hv placed beyond C, such that its one ray is incident at 
pole P & another passes through C. After reflection ray from pole comes in the direction PX and the one 
which passed through C after reflection meets PX at A ’. So A’B’ is the image of height h2.

Now A ABP & A A ’B’P are similar (By AAA) 
A 'B ' B'P 
AB ”  BP

-h 2 _ -v  h2 _ v 
hj -  u hj u

As m =
hi
v

m= —  
u

2.7 ILLUSTRATION :

(i) A 2.0 cm long object is placed perpendicular to the principal axis of a concave mirror. The distance of the 
object from the mirror is 30 cm and its image is formed 60 cm from the mirror on the same side of the mirror 
as the object. Find the height of the image formed.

Sol. u

m = ^  = —  = -----—  = -2
hx u -3 0

H2 = - 2h1 = - 2 x 2 = - 4 cm.

Height of the image is 4 cm. It is inverted.



(iii) A 1.2 cm long pin is placed perpendicular to the principal axis of a convex mirror of focal length 12 
cm, at a distance of 8 cm from it.

(a) Find the location of the image (b) Find the height of the image, (c) Is the image erect or inverted ?

Sol.

Also u = -8 cm.

V u f

Or I - J L
f  ~u~ 12 8 _ 24

24v = —  cm = 4.8cm 
5

Given, h = 1.2 cm

We know —  = ~ — 
h2 u

h9 = — xhi = 0.72cm 
u

Image formed is erect.

DAILY PRACTICE PROBLEMS # 2

OBJECTIVE DPP-2.1

1. The image of the moon is formed by a concave mirror whose radius of curvature is 4.8 m at a time when 
distance from the moon is 2.4 x 108 m. If the diameter of the image is 2.2 cm the diameter of the moon is - 
(A) 1.1 x 106 m (B) 2.2 x 106 m (C )2 .2 x 1 0 8 m (D )2 .2 x 1 0 10m

2. The focal length of a concave mirror is f and the distance from the object to the principal focus is a. The 
magnitude of magnification obtained will be-
(A) (f + a)/f (B) f/a (C )V7/Va (D) f2/a2

3. The magnification of an object placed 10 cm from a convex mirror of radius of curvature 20 cm will be.
(A) 0.2 (B) 0.5 (C) 1 (D) infinity

4. The image formed by a concave mirror is observed to be virtual, erect and larger than the object, the 
position of the object should be-

(A) between the focus and the centre of curvature.

(B) at the centre of curvature

(C) beyond the centre of curvature

(D) between the pole of the mirror and the focus



5. The magnification produces by a concave mirror-

(A) is always more the one

(B) is always less than one

(C) is always equal to one

(D) may be less than or greater than one

6. Choose the correct relation between u,v and R-

(A) R = (B) R = ——  (C) R =  2(u + v) (D) none of these
u + v u + v (uv)

7. The image formed by a concave mirror is real, inverted and of the same size as that of the object. The 
position of the object should be :
(A) Beyond C (B) Between C and F (C) At C (D) At F

8. A boy is standing in front of a place mirror at a distance of 3 m from it. What is the distance between the boy 
and his image ?
(A) 3 m (B) 4.5 m (C) 6 m (D) none of these

SUBJECTIVE DPP -2.2

1. An object is placed in front of a concave mirror of radius of curvature 15 cm at a distance of (a) 10 cm and
(b) 5 cm. Find the position, nature and magnification of the image in each case.

2. What is the difference between virtual images produced by concave, plane and convex mirrors ?

3. A concave mirror produces three times magnified real image of an object placed at 10 cm in front of it. 
Where is the image located ?



REFRACTION OF LIGHT

When light travels in the same homogeneous medium it travels along a straight path. However, when it 
passes from on transparent medium to another, the direction of its path changes at the interface of the two 
media. This is called refraction of light.

The phenomenon of the change in the path of the light as it passes from one transparent medium to 
another is called refraction of light. The path along which the light travels in the first medium is called 
incident ray and that in the second medium is called refracted ray. The angles which the incident ray and 
the refracted ray make with the normal at the surface of separation are called angle of incidence (i) and 
angle of refraction (r) respectively.

It is observed t h a t :

(i) When a ray of light passes from an optically rarer medium to a denser medium it bends towards the 
normal (Zr < Z i) , as shown in figure (A).

(ii) When a ray of light passes from an optically denser to a rarer medium it bends away from the normal 
(Zr > Zi) as shown in figure (B).

Refracted
ray

(A) (B) (C)

Showing different cases of refraction

(iii) A ray of light traveling along the normal passes undeflected, as shown is figure (C). Here Z i = Z r = 0°
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