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rEFLECTIOn AT PLAnE And CurVEd SurFACES

nATurE OF LIGHT: An InTrOduCTIOn

Light is a form of energy that makes object visible to 
our eyes or light is the form of energy that produces 
in us the sensation of sight. In Seventeenth century 
Newton and Descartes believed that light consisted 
of a stream of particles, called corpuscles. Huygens 
proposed wave theory of light and proposed that 
light is a disturbance in a medium called Ether. This 
theory could explain the phenomena of interference, 
diff raction, etc. Thomas Young, through his double 
slit experiment, measured the wavelength of light.

Maxwell suggested the electromagnetic the-
ory of light. According to this theory, light consists 
of electric and magnetic fi elds, in mutually perpen-
dicular directions, and both are perpendicular to the 
direction of propagation. Heinrich Hertz produced 
in the laboratory the electromagnetic waves of short 
wavelengths. He showed that these electromagnetic 
waves possessed all the properties of light waves.
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Light travels in vacuum with a velocity given by
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where μ0 and ε0 are the permeability and permittivity 
of free space (vacuum).
The magnitudes of electric and magnetic fi elds are 
related to the velocity of light by the relation
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After reading this chapter, you will be able to:

After reading this chapter, you will be able to understand concepts and problems based on:
(a)  Refl ection for plane and curved surfaces 

(i.e. for plane and curved mirrors)
(b)  Refraction for plane surfaces (i.e. for glass 

slab and prism)
(c)  Refraction for curved surfaces

(d)  Lens
(e)  Lens Makers Formula
(f)  Human eye
(g)  Defects in human eye and optical 

instruments

All this is followed by a variety of Exercise Sets (fully solved) which contain questions as per the 
 latest JEE pattern. At the end of Exercise Sets, a collection of problems asked previously in JEE (Main 
and Advanced) are also given.
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All this is followed by a variety of Exercise Sets (fully solved) which contain questions as per the All this is followed by a variety of Exercise Sets (fully solved) which contain questions as per the 
 latest JEE pattern. At the end of Exercise Sets, a collection of problems asked previously in JEE (Main  latest JEE pattern. At the end of Exercise Sets, a collection of problems asked previously in JEE (Main 

INTRODUCTION

The phenomenon of interference, diff raction and 
polarisation exhibited by light could not be explained 
on the basis of Newton’s Corpuscular Theory. In 
1678, Huygen suggested that light propagates in the 
form of waves. The fi rst historic experiment in favour 
of wave theory was done by Focault, who in 1850 
found experimentally that velocity of light in denser 
medium is less than that in the rarer medium which 
was contrary to Newton’s Corpuscular Theory.

NEWTON’S CORPUSCULAR THEORY

Newton proposed that light is made up of tiny, light and 
elastic particles called corpuscles which are emitted by 
a luminous body. These corpuscles travel with speed 
equal to the speed of light in all directions in straight 
lines and carry energy with them. When the corpuscles 
strike the retina of the eye, they produce the sensation 
of vision. The corpuscles of diff erent colour are of dif-
ferent sizes (red corpuscles larger than blue corpuscles).

The corpuscular theory explains that light carry 
energy and momentum, light travels in a straight line, 

Propagation of light in vacuum, Laws of refl ection 
and refraction. However, it fails to explain the phe-
nomenon of interference, diff raction and polarization.

WAvE OPTICS

Wave optics is the study of the wave nature of light. 
Interference and diff raction are two main phenomena 
giving convincing evidence that light is a wave.

WAvEFRONTS AND RAYS

The locus of all the points vibrating in same phase of 
oscillation is called a wavefront (WF) i.e. a wavefront 
is defi ned as a surface joining the points vibrating in 
the same phase. The direction of propagation of light 
(ray of light) is along the normal to the Wavefront. 
The speed with which the wavefront moves onwards 
from the source is called the phase velocity or wave 
velocity. The energy travels outwards along straight 
lines emerging from the source, normally to the 
wavefront, that is, along the radii of the spherical 
wavefront. These lines are called the rays.
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After reading this chapter, you will be able to:

After reading this chapter, you will be able to understand concepts and problems based on:
(a) Wave nature of light
(b) Huygen’s Principle
(c) Interference
(d)  Young’s Double Slit Experiment 

(along with its variations)

(e) Diffraction  phenomenon
(f) Resolving power
(g) Fresnel’s distance and Polarisation

All this is followed by a variety of Exercise Sets (fully solved) which contain questions as per the 
 latest JEE pattern. At the end of Exercise Sets, a collection of problems asked previously in JEE (Main 
and Advanced) are also given.

Learning Objectives

Wave Optics
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1.48 JEE Advanced Physics: Optics

 (c) When light propagates through a series of par-
allel layers of different medium as shown in the 
figure, then the Snell’s Law may be written as

	 	 	 m q m q m q m q1 1 2 2 3 3 4 4sin sin sin sin= = = =

	 constant
  In general, m qsin = constant

1μ

2

1

μ

3μ

4μ

θ

2θ2θ

3θ3θ

4θ

 (d) If light is incident normal to a boundary (i.e.  
i = 0), then, it passes undeviated from the bound-
ary as shown in the figure.

1μ

2μ

Condition for no refraction
≠2μ 1μ

 (e) If the refractive indices of the two media are 
equal as shown in figure, then also the light ray 
is not refracted and the boundary between the 
two media is not visible. This is why a transpar-
ent solid is invisible in a liquid of same refractive 
index.

 
2μ 1μ μ=

2μ μ=

=

1μ μ=θ

θ

Condition for no refraction

 (f) Note that for sound waves,

   speed in air, v1
1330= - ms

   speed in water, vw = -1500 1 ms

  Therefore, the refractive index of water with 
respect to air, for sound waves is

	 	 	 a
w

a

w

v
v

m = = =
330

1500
0 22.

  Thus, we find that for the refraction of sound 
waves, water is rarer than air.

IllUSTRATIOn 24

A ray of light falls on a glass plate of refractive index 

n = 3 . What is the angle of incidence of the ray  
if the angle between the reflected and refracted rays 
is 90° ?

SOlUTIOn

According to Snell’s Law

	
n

i
r

=
sin
sin

Since i r+ = °90

⇒  r i= -90

⇒  3
90

=
-( ) =

sin
sin

tan
i
i

i

⇒  i = ( ) = °-tan 1 3 60

IllUSTRATIOn 25

A ray of light passes through a medium whose refrac-

tive index varies with distance as n n
x
a

= +⎛
⎝⎜

⎞
⎠⎟0 1

2
. If 

ray enters the medium parallel to x-axis, what will 
be the time taken for ray to travel between x = 0  and 
x a= ?

SOlUTIOn

Since, we know that m =
c
v

⇒  v
c

=
m

So, if v  be the speed at a distance x  from y-axis, then

	
v

c

n
x
a

=
+⎛

⎝⎜
⎞
⎠⎟0 1

2

i i

i
90° – i

90° – i
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  Since, 
I
I

I I

I I
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	 	 ⇒  
I I

I I
1 2

1 2

3
1

+
-

=

  Solving, we get

	 	 	

I
I

1

2

4
1

4= =

 (b) Since, I A∝ 2 ,

	 	 ⇒  
I
I

A
A

1

2

1

2

2

= ⎛
⎝⎜

⎞
⎠⎟

	 	 ⇒  
A
A

1

2

2

4⎛
⎝⎜

⎞
⎠⎟

=

	 	 ⇒  
A
A

1

2
2=

ILLUSTRATION 4

The intensity of the light coming from one of the 
slits in YDSE  is double the intensity from the other 
slit. Find the ratio of the maximum intensity to the 
minimum intensity in the interference fringe pattern 
observed.

SOLUTION

Since, we know that

	

I
I

I I

I I
max

min
=

+
-

⎛

⎝
⎜

⎞

⎠
⎟

1 2

1 2

2

According to the problem, we have

	
I I1 02=  and I I2 0=

⇒  
I
I
max

min
=

+
-

⎛
⎝⎜

⎞
⎠⎟

=
2 1
2 1

34
2

ILLUSTRATION 5

In a Young’s double-slit experiment the distance 
between the slits is 1 mm and the distance of the 
screen from the slits is 1 m. If light of wavelength 
6000 Å is used, find the distance between the second 
dark fringe and the fourth bright fringe.

SOLUTION

The position of the second dark fringe is given by

	
y n

D
d

D
d

D
d2 2 1

2
4 1

2
3
2

dark( ) = -( ) = -( ) = ⎛
⎝⎜

⎞
⎠⎟

l l l

The position of the 4th bright fringe is given by

	
y

n D
d

D
d2

4
bright( ) = =

l l

Therefore, the separation is given by

	
Dy y y

D
d

= ( ) - ( ) = -⎛
⎝⎜

⎞
⎠⎟4 2 4

3
2

bright dark
l

⇒  Dy = ×
× ×

= × =
-

-
-5

2
6000 10 1

10
1 5 10 1 5

10

3
3. .  mm

ILLUSTRATION 6

In a YDSE , the separation between the coherent 
sources is 6 mm , the separation between coherent 
sources and the screen is 2 m . If light of wavelength 
6000 Å  is used, then

 (a) find the fringe width.
 (b) find the position of the third maxima.
 (c) find the position of the second minima.

SOLUTION

 (a) Since fringe width is given by b l
=

D
d

, so we 
have

	 	 	
b l

= =
×( )( )
×

=
-

-
D
d

6000 10 2

6 10
0 2

10

3 .  mm

 (b) Position of third maxima is obtained by substi-

tuting n = 3  in the equation y n
D
dn = ⎛

⎝⎜
⎞
⎠⎟

l
, so we 

get

	 	 	
y

D
d3

3
3 3 0 2 0 6= = = ( ) =

l b . .  mm

 (c) Position of second minima is obtained by putting 

n = 2  in the equation y n
D
dn = -( )2 1

2
l

, so we get

	 	 	
y

D
d2 2

1
2

3
2

3
2

0 2 0 3= -⎛
⎝⎜

⎞
⎠⎟ = = ( ) =

l b . .  mm
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Chapter Insight xv

Problem Solving 
Techniques

These techniques 
ensure that 
students become 
capable enough to 
solve a variety of 
problems in an easy 
and quick manner�

Test Your Concepts

These topic based 
exercise sets are 
based on simple, 
single concept 
classifi cation 
technique� These 
are meant for 
students practice 
after they study 
a particular topic 
and want to 
practice more on 
that topic learnt� 
Finally, in case 
of any diffi  culty 
they can refer 
to the hints and 
solutions to these 
exercise sets given 
at the end of the 
book�

Chapter 1: Ray Optics 1.21

Based on refl ection at Plane Surfaces

 (Solutions on page H.3)

 1. A ray of light travelling in the direction 
1

2
3ˆ ˆi j+( )  

is incident on a plane mirror. After refl ection, it 

travels along the direction 
1

2
3ˆ ˆ .i j-( )  Find the 

angle of incidence.
 2. A ray of light travels from point A to a point B after 

being refl ected from a plane mirror as shown in 
fi gure. From where should it strike the mirror?

5 cm

20 cm

20 cm

A

B

 3. A plane mirror is inclined at an angle q = 60° with 
horizontal surface. A particle is projected from 
point P on the ground (see fi gure) at t = 0 with a 
velocity v at an angle a with horizontal. The image 
of the particle is observed from the frame of the 
particle projected. Assuming the particle does not 
collide the mirror. Find the time when image will 
come momentarily at rest with respect to particle.

O
P

v

GROUND

αθ

 4. Two plane mirrors are inclined to each other such 
that a ray of light incident on the fi rst mirror and 
parallel to the second is refl ected from the second 
mirror parallel to the fi rst mirror.

  (a) Find the angle between the two mirrors.
  (b)  Also calculate the total deviation produced in 

the incident ray due to the two refl ections.
 5. Two plane mirrors M1 and M2 are inclined at angle 

q as shown in fi gure. A ray of light 1, which is paral-
lel to M1 strikes M2 and after two refl ections, the 
ray 2 becomes parallel to M2. Find the angle q.

M1

M2

θ

1

2

 6. Calculate the deviation suffered by an incident ray 
in the situation shown in fi gure after it suffers three 
successive refl ections.

M1

M2

30°

50°

 7. Two plane mirrors are placed parallel to each other 
and 40 cm apart. An object is placed 10 cm from 
one mirror. Find the distance from the object to the 
respective image for each of the fi ve images that 
are closest to the object.

 8. Find the number of images formed of an object O 
enclosed by three mirrors AB, BC, AC having equal 
lengths in situation shown in fi gure.

C

O

60°

A

B

 9. A point source of light S, placed at a distance L in 
front of the centre of a mirror of width d, hangs 
vertically on a wall. A man walks in front of the mir-
ror along a line parallel to the mirror at a distance 
2L from it as shown. Find the greatest distance over 
which he can see the image of the light source in 
the mirror.

Test Your Concepts-ITest Your Concepts-ITest Your Concepts-I
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SOLUTION

According to Snell’s Law, we have m =
sin
sin

i
r

Given that tan 53
4
3

° = , so sin 53
4
5

° =

⇒  
4
3

53
4
5=

°( )
=

sin
sin sinr r

⇒  sin r =
3
5

⇒  r = °37

From Figure (a):

(a)
D

A

t

B
C

21
i ii

r

rr

Path diff erence between 2 and 1 is Dx AD1 2= ( )

⇒  Dx BD r t r1 2 2= =sec sec

Their optical path corresponding to Dx1  is 2mt rsec

From Figure (b):

D
(b)

r

E
1

2

i
A

B
C

Path diff erence between 1 and 2 is given by

	 Dx AC i t r i2 2= = ( )sin tan sin

⇒  D D Dx x x t r t r i( ) = - = - ( )( )net 1 2 2 2m sec tan sin

⇒  Dx t tnet = × × × - × × ×2
4
3

5
4

2
3
4

4
5

⇒  Dx tnet =
32
15

Since refl ection takes place at the surface of denser 
medium, so phase diff erence between 1 and 2 is p .
So, for constructive interference, we have

	

32
15 2

t =
l

⇒  t = =
×

=
15
64

15 0 6
64

0 14
l m.

.  m

Based on Interference

(Solutions on page H.121)
 1. In a Young’s Double Slit Experiment carried out in 

a liquid of refractive index m = 1.3, a thin fi lm of air 
is formed in front of the lower slit as shown in the 
fi gure. If a maxima of third order is formed at the 
origin O, fi nd the

  (a) thickness of the air fi lm.
  (b) positions of the fourth maxima.
  The wavelength of light in air is l m0 0 78= .  m  and 

D

d
= 1000.

D

Od

S1

S2
Air film

μ = 1.3

 2. In YDSE, if light of wavelength 5000 Å is used, fi nd 
the thickness of a glass slab (m = 1.5) which should 
be placed before the upper the upper slit S1 so that 

Test Your Concepts-ITest Your Concepts-ITest Your Concepts-I
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LAWS OF rEFLECTIOn uSInG FErMAT’S 
THEOrEM

Consider a plane mirror on which light is incident as 
shown.

A
B

a

d
d – x

O
x

b
r

ri

i

Let the incident light start from A, hit the mirror at O  
and get reflected to point B . Let the points A  and B  
be at perpendicular distances a  and b  from the mir-
ror and let A  and B  have a separation d  between 
them as shown in figure. The time taken by the light 
to go from A  to O  to B  is given by

	 t t tA O O B= +→ →

⇒  t
AO
c

OB
c

= +

⇒  t
c

a x b d x= + + + -( )( )1 2 2 2 2

Now, according to Fermat’s Principle, t is MINIMUM, 
so

	

dt
dx

= 0

⇒  
d
dx

a x
d
dx

b d x2 2 2 2 0+( ) + + -( )( ) =

⇒  
1
2

2 1
2

2 1
0

2 2 2 2

x

a x

d x

b d x+

⎛
⎝⎜

⎞
⎠⎟

+
-( ) -( )

+ -( )
⎛

⎝⎜
⎞

⎠⎟
=

⇒  
x

a x

d x

b d x2 2 2 2+
=

-( )

+ -( )

From the figure, we observe that

	

x

a x
i

2 2+
= sin  and 

d x

b d x
r

-( )

+ -( )
=

2 2
sin

⇒  sin sini r=

⇒  i r=  {The Law of Reflection}

Problem Solving Technique(s)

 (a) Basic Problems in Optics: Most of the problems 
asked in optics expect us to find the position and 
nature of the final image formed by certain opti-
cal systems for a given object. The optical system 
may be just a mirror, or a lens or a combination of 
several reflecting and refracting surfaces.

 (b) Basic Strategy for Solving the Problems: To 
handle these kinds of problems, first of all, we 
identify the sequence in which the reflection and 
refraction are taking place. The several events of 
reflection or refraction can be named as Event 1, 
Event 2 and so on following the sequence in which 
they occur.

  Now, the image of Event 1 would be object for 
Event 2, image of Event 2 will be object of Event 3 
and so on. This way one can proceed to find the 
final image.

VECTOr FOrM OF LAWS OF rEFLECTIOn

Laws of reflection can be redefined with the help 
of vector algebra by considering unit vectors in the 
direction of incident rays, reflected rays and normal 
to the boundary.

The reflection of a light ray incident on a plane 
surface is shown in figure. If î , r̂  and n̂  are unit vec-
tors along the direction of incident ray, reflected ray 
and normal to the surface as shown, then first we can 
write components of î  and r̂  in terms of the unit vec-
tors along the normal and along the surface i.e. tan-
gential to surface. Let t̂  be a unit vector tangential to 
the surface, so we have

	 ˆ sin ˆ cos ˆi t n= ( ) - ( )q q  …(1)

	 ˆ sin ˆ cos ˆr t n= ( ) + ( )q q  …(2)

i

n

r

t

θ θ

	 ˆ ˆ ˆ ˆi r n t= = = = 1
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Based on Diffraction

(Solutions on page H.124)
 1. A slit of width 0.025 m is placed in front of a lens 

of focal length 50 cm. The slit is illuminated with 
light of wavelength 5900 Å. Calculate the distance 
between the centre and fi rst dark band of diffrac-
tion pattern obtained on a screen placed at the 
focal plane of the lens.

 2. Two spectral lines of sodium D1 and D2 have wave-
lengths of approximately 5890 Å and 5896 Å. 
A sodium lamp sends incident plane wave onto a 
slit of width 2 micrometre. A screen is located 2 m 
from the slit. Find the spacing between the fi rst 
maxima of two sodium lines as measured on the 
screen.

 3. In Young’s double slit experiment, the distance d 
between the slits S1 and S2 is 1 mm. What should 
the width of each slit be so as to obtain 10 maxima 
of the double slit pattern within the central maxi-
mum of the single slit pattern?

 4. Estimate the distance for which ray optics is a good 
approximation for an aperture of 4 mm and wave-
length 400 nm.

 5. Two towers on the top of two hills are 40 km apart. 
The line joining them passes 50 m above a hill half 
way between the towers. What is the longest wave-
length of radio waves which can be sent between 
the towers without appreciable diffraction effects?

 6. A slit of width d is illuminated by white light. For 
what value of d will the fi rst minimum for red light 
(l = 6500 Å) fall at an angle q = 30°?

 7. A screen is placed 2 m away from a single narrow 
slit. Calculate the slit width if the fi rst minimum lies 
5 mm on either side of central maximum. Incident 
plane waves have a wavelength of 5000 Å.

 8. Determine the angular separation between central 
maximum and fi rst order maximum of the diffrac-
tion pattern due to a single slit of width 0.25 mm 
when light of wavelength 5890 Å is incident on it 
normally.

 9. Parallel light of wavelength 5000 Å falls normally 
on a single slit. The central maximum spreads out 
to 30° on either side of the incident light. Find the 
width of the slit. For what width of the slit the cen-
tral maximum would spread out to 90° from the 
direction of the incident light?

 10. A laser light beam of power 20 mW is focused on a 
target by a lens of focal length 0.05 m. If the aper-
ture of the laser be 1 mm and the wavelength of 
its light 7000 Å, calculate the angular spread of the 
laser, the area of the target hit by it and the inten-
sity of the impact on the target.

Test Your Concepts-IITest Your Concepts-IITest Your Concepts-II

POLARIZATION OF LIGHT

According to Maxwell, light possesses electromag-
netic nature. An electromagnetic wave consists of 
varying electric and magnetic fi elds, such that the 
two fi elds are mutually perpendicular to each other 
and to the direction of propagation of waves. The 
optical phenomena i.e., phenomena concerning 
light may primarily be attributed to the vibrations 
of electric fi eld vector in a direction perpendicular 
to the direction of propagation of light. In ordinary 
or unpolarised light, the vibrations of electric fi eld 
vector are regularly or symmetrically distributed in 
a plane perpendicular to the direction of the propaga-
tion of the light.

UNPOLARISED LIGHT (REPRESENTATION)

=

In an ordinary ray of light, the electric vibrations are 
in all the directions but perpendicular to the direc-
tion of propagation of the light. Such a ray of light 
is called a ray of ordinary or unpolarised light. It is 
schematically represented as shown. The arrows rep-
resent vibrations in the plane of the paper, while the 
dots represent vibrations in a direction perpendicular 
to the plane of the paper.

The phenomenon, due to which the vibrations 
of light are restricted to a particular plane, is called 
the polarisation of light.
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i

r

θ θ
(1 cos )θ

(1 cos )θ
(1 sin )θ

(1 sin )θ

Subtracting equation (1) from (2), we get

	 ˆ ˆ cos ˆr i n= + ( )2 q  …(3)

Also, we know that

	 ˆ ˆ ˆ ˆ cos cosi n i n⋅ = -( ) = -180 q q  …(4)

Substituting (4) in (3), we get

	 ˆ ˆ ˆ ˆ ˆr i i n n= - ⋅( )2

This equation gives us the Laws of Reflection in vec-
tor form.

ILLuSTrATIOn 1

A ray of light is incident on a plane mirror along a 
vector ˆ ˆ ˆi j k+ - . The normal at the point of incidence is 

along ˆ ˆi j+ . Find a unit vector along the reflected ray.

SOLuTIOn

Reflection of a ray of light is just like an elastic col-
lision of a ball with a horizontal ground. The com-
ponent of the incident ray along the inside normal 
gets reversed while the component perpendicular 
to it remains unchanged. So, the component of inci-

dent ray vector 
�
A i j k= + -ˆ ˆ ˆ  parallel to normal, i.e., 

ˆ ˆi j+  gets reversed while perpendicular to it, i.e., -k̂ 
remains unchanged. So, the reflected ray is written as,

	
�
R i j k= - - -ˆ ˆ ˆ

A unit vector along the reflected ray will be,

	
ˆ

ˆ ˆ ˆ
r

R
R

i j k
= =

- - -
�

3

⇒  ˆ ˆ ˆ ˆr i j k= - + +( )1
3

AnGLE OF dEVIATIOn (δ		)

Deviation (δ	 ) is defined as the angle between the ini-
tial direction of the incident ray and the final direc-
tion of the reflected ray or the emergent ray.

δ
i r

Deviation produced in Reflection is δ = ° - +( )180 i r
Since r i=

⇒ δ = ° -180 2i

The variation of deviation δ( )  with the angle of inci-
dence i( )  is shown in figure.

π

π

δ

δmax =

O
i

2

Problem Solving Technique(s)

 (a) The deviation is maximum for normal incidence 
i.e., when i = 0 then, δ δ= = °max 180 .

 (b) The deviation is minimum for grazing incidence 

i.e., when i →
π
2

, then δ δ= = °min 0 .

 (c) While dealing with the case of multiple reflections 
suffered by a ray, the net deviation suffered by the 
incident ray is the algebraic sum of deviation due 
to each single reflection. So,

		 	
δ δtotal individual

reflection
= ∑

   DO NOT FORGET TO TAKE INTO ACCOUNT THE 
SENSE OF ROTATION WHILE SUMMING UP THE 
DEVIATIONS DUE TO SINGLE REFLECTION.

TWO IdEnTICAL PErPEndICuLAr  
PLAnE MIrrOrS

If two plane mirrors are inclined to each other at 90°, 
the emergent ray is always antiparallel to the incident 
ray if it suffers one reflection from each (as shown in 
figure) whatever be the angle of incidence.
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ILLUSTRATION 14

A Young’s double slit arrangement produces inter-
ference fringes for sodium light l =( )5890 Å  that 
are 0 20. °  apart. What is the angular fringe separa-
tion if the entire arrangement is immersed in water? 

Refractive index of water is 
4
3

.

SOLUTION

The wavelength of light in water is l l
mw =

Angular fringe-width in air, q l
a d

=

Angular fringe-width in water, q
l

w
w=
d

So, q
l l

m
q
mw

w a= = = =
°

= °
d d

0 20
4
3

0 15
.

.

FRINGE vISIBILITY (V)

With the help of the concept of visibility, the knowl-
edge about coherence, fringe contrast and interference 
pattern is obtained. Fringe visibility V  is defined as

	
V

I I
I I

I I

I I
=

-
+

=
+

max min

max min

2 1 2

1 2

If Imin = 0 , V = 1  (maximum) i.e., fringe visibility 

will be the best.
Also, if Imax = 0  then V = -1

and if I Imax min= , then V = 0

INTENSITY DISTRIBUTION

When two coherent light waves of intensity I1  and 
I2  with a constant phase difference f  superimpose, 
then the resultant intensity is given by

	 I I I I I= + +1 2 1 22 cosf

In YDSE , usually the intensities I1  and I2  are equal, 
so I I I1 2 0= =
For maxima, f p= 2n  i.e., cosf = +1

⇒  I Imax = 4 0

For minima, f p= +( )2 1n  i.e., cosf = -1

⇒  Imin = 0

Since, I I I I IR = + +1 2 1 22 cosf , so we get

	 I I= +( )2 10 cosf

⇒  I I I
x

I
x

= ⎛
⎝⎜

⎞
⎠⎟ = ⎛

⎝⎜
⎞
⎠⎟ = ⎛

⎝⎜
⎞
⎠⎟4

2
40

2
0

2 2cos cos cosmax
f p

l
p
l

I

4I0

D D D D DO B B yB B

Intensity distribution on the screen as a function of y in YDSE
Imax = 4I0 for bright fringe and Imin = 0 for dark fringe. 

Problem Solving Technique(s)

 (a) Interference occurs due to Law of Conservation 
of Energy. Actually, redistribution of energy takes 
place.

 (b) If w1 and w2 are the widths of the slits and I1 and I2 
is the intensity of light (with respective amplitudes 
a1 and a2) passing through slits, then

		 	

I

I

a

a

w

w
1

2

1
2

2
2

1

2

= =

 (c) 
I

I

a a

a a

w w

w w

I

I

I I

min

max

min

max

=
-
+

⎛
⎝⎜

⎞
⎠⎟

=
-
+

⎛

⎝
⎜

⎞

⎠
⎟

⇒ =
-

1 2

1 2

2
1 2

1 2

2

1 22

1 2

2

I I+

⎛

⎝
⎜

⎞

⎠
⎟

 (d) If point source is used to illuminate the two slits, 
the intensity emerging from the slit is proportional 
to area of exposed part of slit. In case of identical 
slits.

		 	 I1 = I2

		 ⇒  a1 = a2

 (e) When white light is used to illuminate the slit, we 
obtain an interference pattern consisting of a cen-
tral white fringe having on both sides symmetri-
cally a few coloured fringes and then a uniform 
illumination.
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Chapter 1: Ray Optics 1.11

of it. But every object has its own field of view for a 
given mirror.

Field of view is the region where diverging rays 
from object or image are present. If our eyes are pre-
sent in field of view then only we can see the object or 
an image as the case may be. Field of view of image is 
decided by rays which get reflected or refracted from 
the extremities or the extreme ends of the mirror or a 
lens and depends on the location of the object in front 
of mirror or lens.

I

I

O

O

M

M′

O O I

M

M′

Field of view of image

Field of
view of
image

Field of view of object

Field of
view of
object

It has been observed that a convex mirror gives a 
wider field of view than a plane mirror. Therefore, the 
convex mirrors are used as rear view mirrors in vehi-
cles. Though they make the estimation of distances 
more difficult but still they are preferred because for 
a large movement of the object vehicle there is only a 
small movement of the image.

Field
of

view
of

convex
mirror

Field
of

view
of

plane
mirror

O

C o n c e p t u a l  N o t e ( s )

MInIMuM SIZE OF A PLAnE MIrrOr  
TO SEE A COMPLETE IMAGE

CASE-1: To find the minimum size of mirror to see a 
full image we use the fact that light rays from extreme 
parts of object should reach eye after reflection from 
mirror. Let us consider following two situations

 (a) The minimum size of mirror to see one’s full 

height is 
H
2

 where H  is the height of man. To 

see full image mirror is positioned in such a way 
so that rays from head and foot reach eye after 
reflection from mirror, as shown in the figure.

C

D

E

G

(x + y)

F
A

B
x

x

y

y

Man

 (b) A ray starting from head (A) after reflecting from 
upper end of the mirror (F) reaches the eye at C. 
Similarly the ray starting from the foot (E) after 
reflecting from the lower end (G) also reaches the 
eye at C . in similar triangles ABF  and BFC

	 	 	 AB BC x= =  (say)

 Similarly in triangles CDG  and DGE , we have

	 	 CD DE y= =  (say)

  Now, we observe that height of the man is 
2 x y+( ) and that the length of mirror is x y+( ),  
i.e., the length of the mirror is half the height 
of the man. Please note that the mirror can be 
placed anywhere between the centre line BF  (of 
AC ) and DG  (of CE ).

 (a) In order to see full image of the man, the mirror is 
positioned such that the lower edge of mirror is at 
height half the eye level from the ground.

 (b) Minimum size is independent of the distance 
between man and mirror.

C o n c e p t u a l  N o t e ( s )
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For minima Dx n= -( )2 1
2
l

, where n = 1 , 2, 3, ….

⇒  l =
-( ) =

-( )
2

2 1
1800
2 1

Dx
n n

⇒  lmissing =
1800

1
, 

1800
3

, 
1800

5
, 

1800
7

.....

Of these, 600 nm and 360 nm lie in the visible range, 
so these will be missing lines in the visible spectrum.

ORDER OF FRINGES

When Slits are Vertical

If the slits are vertical, as shown in figure, path 
 difference is,

	 Dx d= sinq

 Screen

S2

S1

P

Oθ

This path difference increases as q  increases.
The order of fringe n  is given by

	 d nsinq l=

⇒  n
d

=
sinq
l

The order of fringe increases as we move away from 
point O  on the screen.

d

S1

S2

n = 2

n = 1

n = 0

n = 0 at  

n =  

   = 0° θ
λ

d sin θ

When Slits are Horizontal

If the slits are horizontal, as shown in figure, then the 
path difference is

	 Dx d= cosq

S1 S2
O

P

Screen

d

d cos

θ

θ

This path difference decreases as q  increases
The order of fringe n  is given by

	 d ncosq l=

⇒  n
d

=
cosq
l

The order of fringe decreases as we move away from 
point O.

Central maxima i.e., Dx =( )0  obtained when 

q p
→

2
 i.e., point of central maxima at far off distance 

from S1  and S2 .

n = 7

n = 8

n = 9

n = 10

n = 10 at  

n =

S1 S2

(say)If d = 10

d

d cos  

   = 0° θ

  θ
λ

λ

To calculate the number of maximas or minimas that 
can be obtained on the screen, we use the fact that 
value of sin cosq qor ( )  can never be greater than 1. 
For example in the first case when the slits are vertical.

	 	
sinq l

=
n

d
 {for maximum intensity}

Since, sin /q > 1

⇒  
n

d

l
>/ 1

⇒  n
d

>/
l

C o n c e p t u a l  N o t e ( s )
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  Phase difference between waves arriving at P0 
from sources AB  and BC  is

	 	 	
Df f f p p p

= - = - =BC AB 2
2
3

4
3

  So the resultant wave amplitude of the waves 
arriving at the point P0  is given by

	 	
a a a a ar AB BC AB AB= ( ) + ( ) + ( )( ) ⎛

⎝⎜
⎞
⎠⎟

2 2 2
4
3

cos
p

  where, a aAB = , a aBC = 2  and cos
4
3

1
2

p⎛
⎝⎜

⎞
⎠⎟ = -

	 	 ⇒  a a a a a ar = + ( ) + ( )( ) -⎛
⎝⎜

⎞
⎠⎟ =2 22 2 2

1
2

3

  Since intensity of light is directly proportional to 
the square of amplitude, so we can conclude that 
intensity at point P0  will be three times the inten-
sity due to any of the three slits individually.

Problem 2

An interference pattern is observed due to two 
coherent sources S1  placed at origin and S2  placed 
at 0 3 0, ,l( ) , where l  is the wavelength of the 
sources. A detector D  is moved along the positive 
x-axis. Find the coordinates on the x-axis (excluding 
x = 0  and ∞ ) where maximum intensity is observed.

Solution

At x = 0, path difference is 3l. Hence, third order max-
ima will be obtained. At x → ∞, path difference is zero. 
Hence, zero order maxima is obtained. In between 
first and second order maximas will be obtained.

Y

x

x

P
XS1

S2

For First order maxima, we have

	 S P S P2 1- = l

⇒  x x2 29+ - =l l

⇒  x x2 29+ = +l l

Squaring both sides, we get x x x2 2 2 29 2+ = + +l l l
Solving this, we get

	 x = 4l

For Second order maxima, we have

	 S P S P2 1 2- = l

⇒  x x2 29 2- - =l l

⇒  x x2 29 2+ = +( )l l

Squaring both sides, we get

	 x x x2 2 2 29 4 4+ = + +l l l

Solving, we get

	
x = =

5
4

1 25l l.

Hence, the desired x  coordinates are

	 x = 1 25. l  and x = 4l

Problem 3

In given figure, S  is a monochromatic point source 
emitting light of wavelength l = 500 nm . A thin lens 
of circular shape and focal length 0.10 m is cut into 
two identical halves L1  and L2  by a plane passing 
through a diameter. The two halves are placed sym-
metrically about the central axis SO  with a gap of 
0.5  mm. The distance along the axis from S  to L1  
and L2  is 0.15 m while that from L1  and L2  to O  is 
1.30 m. The screen at O  is normal to SO .

1.30 m0.15 m

Screen

O

A
0.5 mm

L1

L2

S

 (i) If the third intensity maximum excluding central 
maximum, occurs at the point A  on the screen, 
find the distance OA .

 (ii) If the gap between L1  and L2  is reduced from its 
original value of 0.5 mm, will the distance OA  
increase, decrease, or remain the same.
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Problem 1

A plane mirror is moving with a uniform speed of 
5 1 ms−  along negative x-direction and an observer P  
is moving with a velocity of 10 1 ms−  along +x  direc-
tion. Calculate the velocity of image of an object O, 

moving with a velocity of 10 2 1 ms−  as shown in the 
figure, as observed by the observer. Also find its mag-
nitude and direction.

P 10 ms–1

5 ms–1

10      ms–1

O
O

y

x
45°

√2 

Solution

5 ms–1

O
O

y

x
P

10      ms–1√2 

Let 
�
vO  be the velocity of the object O , 

�
vP  be the 

velocity of the observer P , 
�
vM  be the velocity of the 

mirror and 
�
vI  be the velocity of image (Assume all 

these velocities w.r.t. ground), then

	

�
v i jO = +( )10 2

2
ˆ ˆ

	
�
v i jO = +( )10 ˆ ˆ

	
�
v iP = 10ˆ

	
�
v iM = −5ˆ

� �
v vM OMI( ) = −( )⊥ ⊥ , where the axis perpendicular to 

the mirror is the x-axis.

⇒  
� � � �
v v v vI x M x O x M x( ) − ( ) = −( ) + ( )

⇒  
� � �
v v vI x M x O x( ) = ( ) − ( )2

⇒  
�
v i iI x( ) = −( ) −2 5 10ˆ ˆ

⇒  
�
v iI x( ) = −20ˆ

Further, parallel to the mirror, i.e., along y-axis, we 
have

	
� �
v v jI y O y( ) = ( ) = 10ˆ

Since 
� � �
v v vI I x I y= ( ) + ( )

So, absolute velocity of the image is

30 ms–1

10 ms–1

x

y

β

	
�
v i jI = − +20 10ˆ ˆ

Now 
� � �
v v vIP I P= −

⇒  
�
v i j iIP = − + −20 10 10ˆ ˆ ˆ

⇒  
�
v i jIP = − +30 10ˆ ˆ

⇒  
�
vIP = + = −900 100 10 10 1 ms

If β  is the angle made by 
�
vIP  with −x  axis, then

	
tan β =

10
30

⇒  β = ⎛
⎝⎜

⎞
⎠⎟

−tan 1 1
3

, with −x  axis

Problem 2

Consider the situation shown in figure. The eleva-
tor is going up with an acceleration of 2 2 ms−  and 
the focal length of the mirror is 12 cm . All the sur-
faces are smooth and the pulley is light. The mass 
pulley system is released from rest (w.r.t. the eleva-
tor) at t = 0  when the distance of B  from the mir-
ror is 42 cm . Find the distance between the image 
of the block B  and the mirror at t = 0 2.  s. Take  
g = −10 2 ms .

a = 2 ms–2m

M

m
A

B

Solved ProblemS
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Solution

 (i) For the lens, u = -0 15.  m , f = +0 10.  m

  Therefore, using 
1 1 1
v u f

- =  we get

	 	 	

1 1 1 1
0 15

1
0 10v u f

= + =
-( ) + ( ). .

	 	 ⇒  v = 0 3.  m

  Linear magnification, m
v
u

= =
-

= -
0 3
0 15

2
.
.

  Hence, two images S1  and S2  of S  will be formed 
at 0 3.  m  from the lens as shown in figure. Image 
S1  due to part 1  will be formed at 0 5.  mm  
above its optics axis m = -( )2 . Similarly, S2  due 
to part 2  is formed 0 5.  mm  below the optic axis 
of this part as shown.

  Hence, distance between S1  and S2  is d = 1 5.  mm

  Also, D = - = =1 30 0 30 1 0 103. . .  m  mm

  and l = = × -500 5 10 4 nm  mm
  So, fringe width is given by

	 	 	
β l

= =
×( )( )

( ) =
-D

d
5 10 10

1 5
1
3

4 3

.
 mm  mm

  Now, as the point A  is at the third maxima

	 	 ⇒  OA = = ⎛
⎝⎜

⎞
⎠⎟ =3 3

1
3

1β  mm

 (ii) If the gap between L1  and L2  is reduced, d  will 
decrease. Hence, the fringe width β  will increase 
or the distance OA  will increase.

Problem 4

Light of wavelength l = 500 nm  falls on two narrow 
slits placed a distance d = × -50 10 4  cm  apart, at an 
angle f = °30  relative to the slits shown in figure. ON 
the lower slit a transparent slab of thickness 0 1.  nm  

and refractive index 
3
2

 is placed. The interference 

pattern is observed on a screen at a distance D = 2 m  
from the slits.

D

d C

ϕ

ϕ

 (a) Locate the position of the central maxima.
 (b) Find the order of minima closest to centre C of 

screen.
 (c) How many fringes will pass over C , if we 

remove the transparent slab from the lower slit?

Solution

 (a) Path difference is given by

	 	 	 Dx d d t= + - -( )sin sinf q m 1

P

C
ϕ

θ

  For central maxima, Dx = 0

	 	 ⇒  sin sinq
m

f=
-( )

-
1 t
d

	 	 ⇒  sin
.

sinq =
-⎛

⎝⎜
⎞
⎠⎟ ( )

×
- °( ) =-

3
2

1 0 1

50 10
30

1
23

	 	 ⇒  q = °30

 (b) At C , q = °0 , so we get

	 	 	 Dx d t= - -( )sinf m 1

	 	 ⇒  Dx = ×( )⎛
⎝⎜

⎞
⎠⎟ - -⎛

⎝⎜
⎞
⎠⎟

( )-50 10
1
2

3
2

1 0 13 .

	 	 ⇒  Dx = - = -0 025 0 05 0 025. . .  mm
  Substituting, Dx n= l , we get

	 	 	
n

x
= =

-
×

= --
D
l

0 025
500 10

506

.

  Hence, at C  there will be maxima. Therefore the 
order of minima closest to the C  are -49 .

 (c) Number of fringes shifted upwards is

	 	 	
N

t
=

-( )
=

-⎛
⎝⎜

⎞
⎠⎟ ( )

×
=-

m
l

1
3
2

1 0 1

500 10
1006

.

Problem 5

In a modified Young’s double slit experiment, a 
monochromatic uniform and parallel beam of light 

of wavelength 6000 Å  and intensity 
10
p

⎛
⎝⎜

⎞
⎠⎟

- Wm 2  is 
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Chapter 1: Ray Optics 1.173

Single CorreCt ChoiCe type QueStionS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of 
which ONLY ONE is correct.

 1. A transparent hemisphere has a radius of curvature 
8 cm  and an index of refraction of 1.6. A small object 
O  is placed on the axis halfway between the plane 
surface and the spherical surface i.e., 4 cm  from each. 
The distance between the two images when viewed 
along the axis from the two sides of the hemisphere is 
approximately

μ = 1.6

O

 (A) 7.5 cm (B) 8.5 cm
 (C) 2.5 cm (D) 13.5 cm

 2. A square wire of side 3.0 cm is placed 25 cm in front of 
a concave mirror of focal length 10 cm with its centre 
on the axis of the mirror and its plane normal to the 
axis. The area enclosed by the image of the wire is

 (A) 7 5 cm2.  (B) 6  cm2.0

 (C) 4  cm2.0  (D) 3  cm2.0

 3. An object is placed at a distance 2f from the pole of a 
convex mirror of focal length f. The linear magnifica-
tion is

 (A) 
1
3

 (B) 
2
3

 (C) 
3
4

 (D) 1

 4. A convex lens of focal length 1  cm0  is painted black 
at the middle portion as shown in figure. An object is 
placed at a distance of 2  cm0  from the lens. Then

20 cm

2 mmO

 (A) the distance between the images is 2 mm
 (B) the distance between the images is 4 mm

 (C)  the distance between the two images formed by 
such a lens is 6 mm

 (D) only one image will be formed by the lens

 5. An object is placed at 20 cm from a convex mirror of 
focal length 20 cm. The distance of the image from the 
pole of the mirror is

 (A) infinity (B) 10 cm
 (C) 15 cm (D) 40 cm

 6. A point object is placed at a distance of 25 cm  from 
a convex lens of focal length 20 cm . When a glass 
slab of thickness t  and refractive index 1.5 is inserted 
between the lens and the object, the image is formed at 
infinity. The thickness t  of the slab is

 (A) 5 cm  (B) 1  cm0

 (C) 15 cm  (D) 2  cm0

 7. Light is incident normally on face AB  of a prism as 
shown in figure. A liquid of refractive index m  is 
placed on face AC  of the prism. The prism is made of 

glass of refractive index 
3
2

. The limits of m  for which 

total internal reflection takes place at the face AC  is

A

B

C
Liquid

60°

90°

30°

 (A) m <
3

2
 (B) m > 3

 (C) m <
3 3

4
 (D) m >

3
2

 8. An object is placed in front of a convex mirror at a 
distance of 50 cm. A plane mirror is introduced cover-
ing the lower half of the convex mirror. If the distance 
between the object and the plane mirror is 30 cm, there 
is no parallax between the images formed by the two 
mirrors. The radius of curvature of the convex mirror is

 (A) 60 cm (B) 50 cm
 (C) 30 cm (D) 25 cm

praCtiCe exerCiSeS
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 324. An object is kept at a distance of 16 cm from a thin 
lens and the image formed is real. If the object is kept 
at a distance of 6 cm  from the same lens the image 
formed is virtual. If the size of the images formed are 
equal, the focal length of the lens will be

 (A) 8 cm (B) 5 cm

 (C) 11 cm (D) 96  cm

 325. A person can see clearly objects lying between 25 cm 
and 2 m from his eye. His vision can be corrected by 
using spectacles of power

 (A) +0 25. D  (B) +0 5. D

 (C) -0 25. D  (D) -0 5. D

Multiple CorreCt ChoiCe type QueStionS

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of 
which ONE OR MORE is/are correct.

 1. The x y-  plane is the boundary between two transpar-
ent media. Medium 1 with z ≥ 0  has a refractive index 

2  and medium 2 with z < 0  has a refractive index 

3 . A ray of light in medium 1 given by the vector 

A i j k
�� � � �= + -6 3 8 3 10  is incident on the plane of sep-
aration. The refracted ray makes angle r  with +z  axis 
and incident ray makes an angle i  with -z axis. Then,

 (A) i = °120  (B) i = °60

 (C) r = °45  (D) r = °135

 2. A ray of light travels from a medium of refractive 
index m  to air. Its angle of incidence in the medium 
is i , measured from the normal to the boundary, and 
its angle of deviation is δ . The curve that best repre-
sents the plot of deviation δ  (along y-axis) with angle 
of incidence i  (along x-axis) is

 (A) 

O

δ

δ1

δ2

θ
i

π
2

 (B) 

O

δ

δ1

δ2

θ
i

π
2

 (C) 

O

δ

δ

1

δ2

θ
i

π
2

 (D) 

δ1

δ

δ

2

θ
O i

2
π

 3. In PROBLEM 2,

 (A) q
m

= ⎛
⎝⎜

⎞
⎠⎟

-sin 1 1
 (B) q π

m
= - ⎛

⎝⎜
⎞
⎠⎟

-

2
11sin

 (C) 
δ
δ

m2

1
=  (D) 

δ
δ

2

1
2=

 4. A ray of light from a denser medium strikes a rarer 
medium at angle of incidence i . The reflected and the 
refracted rays make an angle of 90° with each other. 
The angles of reflection and refraction are r  and ′r  
respectively. The critical angle is

 (A) sin–1(tanr) (B) sin–1(tani)
 (C) sin–1(tanr′) (D) tan–1(sini)

 5. A single converging lens is used as a simple micro-
scope. In the position of maximum magnification. 
Select the correct statement(s).

 (A) the object is placed at the focus of the lens.
 (B) the object is placed between the lens and its focus.
 (C) the image is formed at infinity.
 (D)  the object and the image subtend the same angle 

at the eye.

 6. A light of wavelength 6000 Å  in air enters a medium 
of refractive index 1 5. . Inside the medium, its fre-
quency is ν  and its wavelength is l .

 (A) ν = ×5 1014 Hz  (B) ν = ×7 5 1014. Hz

 (C) l = 4000 Å  (D) l = 9000 Å

 7. If a converging beam of light is incident on a concave 
mirror, the reflected light

 (A) may form a real image
 (B) must form a real image
 (C) may form a virtual image
 (D) may be a parallel beam

 8. Two points P  and Q  lie on either side of an axis XY  
as shown. It is desired to produce an image of P  at Q  
using a spherical mirror, with XY  as the optic axis. 
The mirror must be

P

X Y

Q
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for the beam of rays to remain parallel after passing 
through the two lenses. Give your answer in cm.

 25. One side of radius of curvature R2 120=  cm  of a con-
vex lens of material of refractive index m = 1 5.  and 
focal length f1 40=  cm  is silvered. It is placed on a 
horizontal surface with silvered surface in contact with 
it. Another convex lens of focal length f2 20=  cm  is 
fixed coaxial d = 10 cm  above the first lens. A lumi-
nous point object O  on the axis gives rise to an image 
coincident with it. Find its height, in cm, above the 
upper lens.

 26. A source of light is located from a convergent lens of 
focal length f = 30 cm  at a distance double the focal 
length of the convergent lens. At what distance from 
the lens should a flat mirror be placed so that the 
rays reflected from the mirror are parallel after pass-
ing through the lens for the second time? Give your 
answer in cm.

 27. A long rectangular slab of transparent medium of 
thickness d  is placed on a table with length parallel 
to x-axis  and width parallel to the y-axis  as shown.

   A ray of light is grazing along y-axis  and hits the 
interphase separating the two media at origin. The 
refractive index m  of the medium varies with x  as 

m = +1 e
x
d . The refractive index of the air is 1.

A

Glass slab

x

y

d

O(0, 0)

 (a)  The x-coordinate  of the point A , where the ray 
intersects the upper surface of the slab-air bound-
ary is x d e= ( )log α . Find α .

 (b)  The refractive index of the medium at A is b . 
Find b .

 28. A parallel paraxial beam of light is incident on a glass 
sphere of radius 10 cm  along its diameter AB  from 
one side as shown. If all the rays after refraction con-
verge at the point B  then calculate the refractive index 
of the glass sphere.

A B

Incident Rays

R = 10 cm

 29. An object of height 4 cm  is kept to the left of and on 
the axis of a converging lens of focal length 10 cm  at 
a distance of 15 cm  from the lens. A plane mirror is 
placed inclined at 45°  to the lens axis, 10 cm  to the 
right of the lens. Find the position and size of the 
image (in cm) formed by the lens and mirror combina-
tion. Trace the path of the rays forming the image.

 30. A point object is placed at a distance of 25 cm  from 
a convex lens of focal length 20 cm . If a glass slab 
of thickness t  and refractive index 1 5.  is inserted 
between the lens and the object, the image is formed at 
infinity. Find the thickness t  of slab (in cm).

 31. The focal lengths of the objective and the eye-piece of 
an astronomical telescope are 0 25.  m and 0 025.  m ,  
respectively. The telescope is focussed on an object 
5 m  from the objective, the final image being formed 
0 25.  m  from the eye of the observer. Calculate the tube 
length (in centimetre) of the telescope to the nearest 
integer and 10M , where M  is the magnifying power 
of the telescope.

arChiVe: Jee Main

 1. [Online April 2019]
  In figure, the optical fiber is l = 2 m  long and has a 

diameter of d = 20 mm . If a ray of light is incident on 
one end of the fiber at angle q1 40= ° , the number of 
reflections it makes before emerging from the other 
end is close to (refractive index of fiber is 1 31.  and 
sin .40 0 64° = )

40°
dθ

 (A) 66000 (B) 55000
 (C) 45000 (D) 57000
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arChiVe: Jee adVanCed

Single Correct Choice Type Problems
(In this section each question has four choices (A), (B), (C) 
and (D), out of which ONLY ONE is correct)

 1. [JEE (Advanced) 2016]
  A small object is placed 50 cm to the left of a thin con-

vex lens of focal length 30 cm. A convex spherical mir-
ror of radius of curvature 100 cm is placed to the right 
of the lens at a distance of 50 cm. The mirror is tilted 
such that the axis of the mirror is at an angle q = °30  
to the axis of the lens, as shown in the figure.

X
R = 100 cm

50 cm

f = 30 cm

(50, 0) (0, 0)
θ

(50 + 50     , –50)√3

  If the origin of the coordinate system is taken to be at 
the centre of the lens, the coordinates (in cm) of the 
point x y,( )  at which the image is formed are

 (A) 25 25 3,( )  (B) 
125

3
25

3
,⎛

⎝⎜
⎞
⎠⎟

 (C) 50 25 3 25-( ),  (D) 0 0,( )

 2. [JEE (Advanced) 2016]
  A parallel beam of light is incident from air at an angle 

α  on the side PQ  of a right angled triangular prism 
of refractive index n = 2 . Light undergoes total 
internal reflection in the prism at the face PR  when 
α  has a minimum value of 45° . The angle q  of the 
prism is

P

RQ

α

θ

n = √2

 (A) 15° (B) 22.5°
 (C) 30°  (D) 45°

 3. [JEE (Advanced) 2015]
  Two identical glass rods S1 and S2 (refractive index 1.5) 

have one convex end of radius of curvature 10 cm . 
They are placed with the curved surfaces at a distance 

d  as shown in the figure, with their axes (shown by 
the dashed line) aligned. When a point source of light 
P  is placed inside rod S1  on its axis at a distance of 
50 cm  from the curved face, the light rays emanating 
from it are found to be parallel to the axis inside S2 . 
The distance d  is

50 cm
d

S1 S2P

 (A) 60 cm  (B) 70 cm
 (C) 80 cm  (D) 90 cm

 4. [JEE (Advanced) 2014]
  A point source S  is placed at the bottom of a transpar-

ent block of height 10 mm  and refractive index 2.72. 
It is immersed in a lower refractive index liquid as 
shown in the figure. It is found that the light emerg-
ing from the block to the liquid forms a circular bright 
spot of diameter 11 54.  mm  on the top of the block. 
The refractive index of the liquid is

S
Block

Liquid

 (A) 1.21 (B) 1.30
 (C) 1.36 (D) 1.42

 5. [JEE (Advanced) 2013]

  A ray of light ravelling in the direction 
1
2

3ˆ ˆi j+( )  is 

incident on a plane mirror. After reflection, it travels 

along the direction 
1
2

3ˆ ˆi j-( ). The angle of incidence 
is

 (A) 30°  (B) 45°
 (C) 60°  (D) 75°

 6. [JEE (Advanced) 2013]
  The image of an object, formed by a plano-convex 

lens at a distance of 8 m  behind the lens, is real and 
is one-third the size of the object. The wavelength of 

light inside the lens is 
2
3

 times the wavelength in free 

space. The radius of the cured surface of the lens is
 (A) 1 m (B) 2 m
 (C) 3 m (D) 6 m
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 2. [JEE (Advanced) 2015]
  If two structures of same cross-sectional area, but differ-

ent numerical apertures NA1  and NA NA NA2 2 1<( )  
are joined longitudinally, the numerical aperture of the 
combined structure is

 (A) 
NA NA
NA NA

1 2

1 2+
 (B) NA NA1 2+

 (C) NA1  (D) NA2

Comprehension 2

Most materials have the refractive index, n > 1 . So, when 
a light ray from air enters a naturally occurring material, 

then by Snell’s law, 
sin
sin

q
q

1

2

2

1
=
n
n

, it is understood that 

the refracted ray bends towards the normal. But it never 
emerges on the same side of the normal as the incident ray. 
According to electromagnetism, the refractive index of the 

medium is given by the relation, n
c

r r= ⎛
⎝⎜

⎞
⎠⎟ = ±

ν
ε m , where  

c is the speed of electromagnetic waves in vacuum, v its 
speed in the medium, εr  and mr  are the relative permittiv-
ity and permeability of the medium respectively.

In normal materials, both εr  and mr  are positive, 
implying positive n  for the medium. When both εr  and mr  
are negative, one most choose the negative root of n . Such 
negative refractive index materials can now be artificially 
prepared and are called meta-materials. They exhibit sig-
nificantly different optical behaviour, without violating any 
physical laws. Since n  is negative, it results in a change in 
the direction of propagation of the refracted light. However, 
similar to normal materials, the frequency of light remains 
unchanged upon refraction even in meta-materials.

 3. [IIT-JEE 2012]
 Choose the correct statement.
 (A) The speed of light in the meta-material is ν = c n

 (B) The speed of light in the meta-material is ν =
c
n

 (C) The speed of light in the meta-materials is ν = c

 (D)  The wavelength of the light in the meta-material 
lm( )  is given by l lm n= air , where lair

 4. [IIT-JEE 2012]
  For light incident from air on a meta-material, the 

appropriate ray diagram is

 (A) 

Air

Meta-material

θ1

θ2

 (B) 

Air

Meta-material

θ1

θ2

 (C) 
Air

Meta-material

θ1

θ2

 (D) 
Air

Meta-material

θ1

θ2

Matrix Match/Column Match Type Questions

Each question in this section contains statements given in 
two columns, which have to be matched. The statements 
in COLUMN-I are labelled A, B, C and D, while the state-
ments in COLUMN-II are labelled p, q, r, s (and t). Any 
given statement in COLUMN-I can have correct matching 
with ONE OR MORE statement(s) in COLUMN-II. The 
appropriate bubbles corresponding to the answers to these 
questions have to be darkened as illustrated in the follow-
ing examples:

If the correct matches are A → p, s and t; B → q and r; 
C → p and q; and D → s and t; then the correct darkening of 
bubbles will look like the following :

p

A
B
C
D

p
p
p
p

q
q
q
q

r
r
r
r

s
s
s
s

t
t
t
t

q r s t

 1. [JEE (Advanced) 2014]
  Four combinations of two thin lenses are given in 

COLUMN-I. The radius of curvature of all curved 
surfaces is r  and the refractive index of all the lenses 
is 1.5. Match lens combinations in COLUMN-I with 
their focal length in COLUMN-II and select the cor-
rect answer using the codes given below the lists.

COLUMN-I COLUMN-II

A. p. 2r

B. 
q. r

2

C. r. -r

D. s. r
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 5. [IIT-JEE 2006]
  Some laws/processes are given in COLUMN-1. 

Match these with the physical phenomena given in 
COLUMN-II.

COLUMN-I COLUMN-II

A.  Intensity of light 
received by lens

p. radius of aperture (R)

B. Angular magnification q. dispersion of lens

C. Length of telescope r. focal length f0, fe

D. Sharpness of image s. spherical aberration

Integer/Numerical Answer Type Questions

In this section, the answer to each question is a numerical 
value obtained after series of calculations based on the data 
provided in the question(s).

 1. [JEE (Advanced) 2019]
  A planar structure of length L  and width W  is made 

of two different optical media of refractive indices 
n1 1 5= .  and n2 1 44= .  as shown in figure. If L W� ,  
a ray entering from end AB  will emerge from end 
CD  only if the total internal reflection condition is 
met inside the structure, For L = 9 6.  m , if the incident 
angle q  is varied, the maximum time taken by a ray 
to exit the plane CD  is t × -10 9 s , where t  is ______ 
(Speed of light c = × -3 108 1 ms )

Air

A

B

C

Wθ

D

n2

n2

n1

 2. [JEE (Advanced) 2019]
  A monochromatic light is incident from air on a 

refracting surface of a prism of angle 75°  and refrac-
tive index n0 3= . The other refracting surface of the 
prism is coated by a thin film of material of refractive 
index n  as shown in figure. The light suffers total 
internal reflection at the coated prism surface for an 
incidence angle of q ≤ °60 . The value of n2  is ______.

θ

Air

n0 =

75°

3

n

 3. [JEE (Advanced) 2018]
  Sunlight of intensity 1 3 2.  kWm-  is incident normally 

on a thin convex lens of focal length 20 cm . Ignore the 
energy loss of light due to the lens and assume that the 
lens aperture size is much smaller than its focal length. 
The average intensity of light, kWm-2 , at a distance 
22 cm  from the lens on the other side is ______.

 4. [JEE (Advanced) 2017]
  A monochromatic light is travelling in a medium of 

refractive index n = 1 6. . It enters a stack of glass layers 
from the bottom side at an angle q = °30 . The inter-
faces of the glass layers are parallel to each other. The 
refractive indices of different glass layers are mono-
tonically decreasing as n n m nm = - Δ , where nm  is the 
refractive index of the mth  slab and Δ =n 0 1.  (see the 
figure). The ray is refracted out parallel to the interface 
between the m -( )1 th  and mth  slabs from the right 
side of the stack. What is the value of m ?

m
m – 1

n – m
n – (m – 1) Δn 

Δn

n – 3 nΔ
n – 2 nΔ
n – nΔ
n 

1
2
3

θ

 5. [JEE (Advanced) 2015]
  A monochromatic beam of light is incident at 60°  on 

one face of an equilateral prism of refractive index n  
and emerges from the opposite face making an angle 
q n( )  with the normal (see figure). For n = 3  the 

value of q  is 60°  and 
d
dn

m
q

= . The value of m  is

θ60°

 6. [JEE (Advanced) 2015]
  Consider a concave mirror and a convex lens (refrac-

tive index = 1 5. ) of focal length 10 cm  each, separated 
by a distance of 50 cm  in air (refractive index = 1 ) as 
shown in the figure. An object is placed at a distance of 
15 cm  from the mirror. Its erect image formed by this 
combination has magnification M1 .
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A transparent hemisphere has a radius of curvature 
 and an index of refraction of 1.6. A small object 

 is placed on the axis halfway between the plane 
surface and the spherical surface i.e., 

ent media. Medium 1 with z ≥
z < 0

. A ray of light in medium 1 given by the vector 

 is incident on the plane of sep
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 28. Statement-1: A fish inside a pond will see a person 
standing outside taller than he is actually.

  Statement-2: Light rays from person converges into 
eyes of fish on entering water from air.

 29. Statement-1: Optical fibre has thin glass core coated by 
glass of small refractive index and is used to send light 
signals.

  Statement-2: All the rays of light entering the fibre are 
totally reflected even at very small angles of incidence.

 30. Statement-1: The mirror used in search light are para-
bolic and not concave spherical.

  Statement-2: In a concave spherical mirror the image 
formed is always virtual.

linked CoMprehenSion type QueStionS

This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph 
followed by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of 
competitiveness there may be a few questions that may have more than one correct options)

Comprehension 1

A ray of light is incident at 45°  on the face AB  of an 
equilateral prism ABC  which has the face AC  silvered. 
Based on the information provided answer the following 
questions.

A

CB

45°

 1. The refractive index m  of the material of the prism 
so that when the ray falls on face BC  (after reflecting 
from AC ) it makes an angle 60°  with it is

 (A) 3  (B) 2

 (C) 2  (D) 1 5.

 2. The total deviation, when the ray of light finally 
emerges from BC  is

 (A) 120°  (B) 180°
 (C) 150°  (D) 90°

Comprehension 2

A convex lens of focal length 20 cm and a concave lens of 
focal length 10 cm are placed 20 cm apart. In between them 
an object is placed at distance x  from the convex lens.
Based on the information provided answer the  following 
questions.

 3. The value of x  (in cm) so that images formed by both 
the lenses coincide is

 (A) 20 3 1-( )  (B) 
20 3 1

3
-

 (C) 
20

3
 (D) 10 3 1-( )

 4. The linear magnification produced by convex lens and 
concave lens individually is

 (A) 3 1+( )  and 
1
3

 (B) 3  and 
1
3

 (C) 3 1+( )  and 3 1-( )
 (D) 3  and 2 3 3-( )

Comprehension 3

A telescope is an optical instrument used to increase the 
visual angle of distant objects such as stars, planets etc. An 
astronomical telescope consists of two converging lenses. 
The one facing the object is called objective and the lens 
close to the eye is called an eyepiece. It can be adjusted by 
displacing relative to the objective. The angular magnifica-
tion is defined as the ratio of focal length of objective and 
eyepiece. One can see the image with unstrained eye if it 
forms at infinity. An astronomical telescope has an objective 
of focal length 50 cm and a magnification of 20. Based on 
above information, answer the following questions.

 5. Focal length of the eyepiece is
 (A) 2.5 cm
 (B) 5 cm
 (C) 7.5 cm
 (D) None of these
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 (A) H m +⎛
⎝⎜

⎞
⎠⎟

1
2

 (B) H m +⎛
⎝⎜

⎞
⎠⎟

3
2

 (C) 2
1
2

H m +⎛
⎝⎜

⎞
⎠⎟  (D) 2

3
2

H m +⎛
⎝⎜

⎞
⎠⎟

 75. The distance from itself at which the eye sees the image 
of the fish by directly observing the fish is

 (A) 2 1
1

2
H +⎛

⎝⎜
⎞
⎠⎟m

 (B) 2
1
2

1
H +⎛

⎝⎜
⎞
⎠⎟m

 (C) H 1
1

2
+⎛

⎝⎜
⎞
⎠⎟m

 (D) H
1
2

1
+⎛

⎝⎜
⎞
⎠⎟m

 76. The distance from itself at which the eye sees the image 
of the fish by viewing in the mirror is

 (A) 2
3

2
H +⎛

⎝⎜
⎞
⎠⎟m

 (B) H +
3

2m

 (C) H
1
2

3
+⎛

⎝⎜
⎞
⎠⎟m

 (D) H 1
3

2
+⎛

⎝⎜
⎞
⎠⎟m

Matrix MatCh/ColuMn MatCh type QueStionS

Each question in this section contains statements given in two columns, which have to be matched. The statements in 
COLUMN-I are labelled A, B, C and D, while the statements in COLUMN-II are labelled p, q, r, s (and t). Any given state-
ment in COLUMN-I can have correct matching with ONE OR MORE statement(s) in COLUMN-II. The appropriate bub-
bles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:

If the correct matches are A → (p, s, t); B → (q, r); C → (p, q); and D → (s, t); then the correct darkening of bubbles will 
look like the following:

p

A
B
C
D

p
p
p
p

q
q
q
q

r
r
r
r

s
s
s
s

t
t
t
t

q r s t

 1. For a real object, match the magnification situations 
in COLUMN-I, with their respective matches in 
COLUMN-II.

COLUMN-I COLUMN-II

(A) m < 0 (p) Plane mirror

(B) m > 0 (q) Convex mirror

(C) m < 1 (r) Concave mirror

(D) m ≥ 1 (s) Convex lens

(t) Concave lens

 2. Four particles are moving with different velocities 
in front of stationary plane mirror that lies in the 
y z-  plane. At t = 0 , velocity of A  is 

�
v iA = ˆ , veloc-

ity of B is 
�
v i jB = - +ˆ ˆ3 , velocity of C  is 

�
v i jC = +5 6ˆ ˆ , 

velocity of D  is 
�
v i jD = -3ˆ ˆ . The acceleration of par-

ticle A  is 
�
a i jA = +2ˆ ˆ  and acceleration of particle C  is 

�
a i jC = +2ˆ ˆ , whereas the particle B  and D  move with 
uniform velocity. Assume no collision to take place 
till t = 2 s , all quantities to be in SI units, the relative 
velocity of image of object A  with respect to object 

A  to be denoted by 
�
vA A’ . If velocity of images rela-

tive to corresponding objects are given in COLUMN-I 
and their values at t = 2 s  are given in COLUMN-II , 
then match the quantities in COLUMN-I with the cor-
responding values in COLUMN-II.

A
D

x

y

B

C

COLUMN-I COLUMN-II

(A) 
�
vA A’ (p) 2î

(B) 
�
vB B’ (q) -6î

(C) 
�
vC C’ (r) - +12 4ˆ ˆi j

(D) 
�
vD D’ (s) -10î

(t)  Perpendicular to the 
plane of mirror
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 (A) f varies as a function of h

 (B) f  is independent of value of h

 (C) f =
-

1

2 12m

 (D) f = - -
⎡

⎣
⎢

⎤

⎦
⎥

1
2

1 1
1

2m

 49. An object is placed at a distance 2f from the pole of a 
curved mirror of focal length f.

 (A)  The linear magnification is 1 for both types of 
curved mirror.

 (B) The linear magnification is 1 for a concave mirror.

 (C) The linear magnification is 
1
3

 for a convex mirror.

 (D) Data Insufficient.

 50. If a convergent beam of light passes through a diverg-
ing lens, the result

 (A) may be a convergent beam.
 (B) may be a divergent beam.
 (C) may be a parallel beam.
 (D) must be a parallel beam.

reaSoning BaSed QueStionS

This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is 
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as
Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.
Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

 1. Statement-1: A parallel beam of light traveling in air 
can be displaced laterally by a parallel transparent slab 
by distance more than the thickness of the plate.

  Statement-2: The lateral displacement of light trav-
eling in air increases with rise in value of refractive 
index of slab.

 2. Statement-1: Even in absolutely clear water, a diver 
cannot see very clearly.

 Statement-2: Velocity of light is reduced in water.

 3. Statement-1: Spherical aberration of a lens can be 
reduced by blocking the central portion or peripheral 
portion of the lens.

  Statement-2: Spherical aberration arises on account 
of inability of the lens to focus central and peripheral 
rays at the same point.

 4. Statement-1: For total internal reflection, angle of inci-
dent in denser medium must be greater than critical 
angle for the pair of media in contact.

  Statement-2: m =
1

sinC
, where the symbols have their 

standard meaning.

 5. Statement-1: The images formed due to total internal 
reflections are much brighter than those formed by 
mirrors or lenses.

  Statement-2: There is no loss of intensity in total inter-
nal reflection.

 6. Statement-1: A bird in air is diving vertically with 
speed v0  over a tank filled with water and having flat 
silvered bottom serving as plane mirror, it observes 
velocity of its image in silvered bottom of tank as 2 0v  
upward relative to itself .

  Statement-2: Bird and its image in bottom mirror are 
always equidistant from bottom mirror.

 7. Statement-1: We cannot produce a real image by plane 
or convex mirrors under any circumstances.

  Statement-2: The focal length of a convex mirror is 
always taken as positive.

 8. Statement-1: If a light ray is incident on any one of 
the two mirrors inclined at 90°  with each other, then 
finally the emergent ray is antiparallel with incident 
ray.

  Statement-2: Finally, the reflected and initially incident 
rays are in same phase when successively reflected 
from two perpendicularly inclined mirrors.

 9. Statement-1: The formula connecting u , v  and f  for 
a spherical mirror is valid only for mirrors whose sizes 
are very small compared to their radii of curvature.

  Statement-2: Laws of reflection are strictly valid for 
plane surfaces, but not for large spherical surfaces.
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 (p, q); and D → (s, t); then the correct darkening of bubbles will 

s
s
s
s

t
t
t
t

s t

bles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:
 (p, q); and D 

r
r
r
r

q rThis section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is 
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.
If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.
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COLUMN-I COLUMN-II

(B) 

R Rμ

(q) Concavo-convex

(C) 

R2R

μ

(r) Convexo-concave

(D) 

R 2Rμ

(s) Diverging

 11. Match the following

COLUMN-I COLUMN-II

(A)  Concave mirror, 
virtual object

(p) Real image

(B)  Convex mirror, 
virtual object

(q) Virtual image

(C)  Convex lens, real 
object

(r) Magnified image

(D)  Concave lens, real 
object

(s) Diminished image

 12. For a concave mirror of focal length 20 cm, match the 
object distances in COLUMN-I to the corresponding 
details of images formed in COLUMN-II.

COLUMN-I COLUMN-II

(A) 10 cm (p)  Magnified, inverted 
and real

(B) 30 cm (q)  Equal size, inverted  
and real

(C) 40 cm (r)  Smaller, inverted and 
real

(D) 50 cm (s)  Magnified, erect and 
virtual

 13. A point object is placed in front of a plane mirror as 
shown and moving with velocity 3 ms 1-  towards 
mirror. Mirror is moving with speed 2 ms 1-  towards 
object, then

2 ms–1

3 ms–1

COLUMN-I COLUMN-II

(A)  Speed of image w.r.t. ground (p) 10 ms-1 

(B)  Speed of image w.r.t. mirror (q) 5 ms-1 

(C)  Speed of image w.r.t. object (r) 14 ms-1 

(D)  Speed of mirror w.r.t. object (s) 7 ms-1 

integer/nuMeriCal anSwer type QueStionS

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data 
given in the question(s).

 1. Two plane mirrors A  and B  are aligned parallel to 
each other, as shown in the figure. A light ray is inci-
dent at an angle 30°  at a point just inside one end of 
A . The plane of incidence coincides with the plane of 
the figure. Find the maximum number of times the ray 
undergoes reflections (including the first one) before it 
emerges out.

A

B

0.2 m

2      m      √3

30
°
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xviii Chapter Insight

Hints and 
Explanations

Exhaustive 
solutions with 
shortcuts (where 
ever needed), 
help students 
enhance their 
problem-solving 
skills�

Hints and Explanations H.29

C
H
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P
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 1

 The tube length of the telescope is given as
  L = + =0 3 0 01852 0 31852. . .  m
 Magnification by objective is

  m
v
uo
o

o
= = =

0 3
1 5

0 2
.
.

.

 Magnification by eyepiece is

  m
v
ue
e

e
= = =

0 25
0 001852

136 98
.

.
.

 Total Magnification m m mT = × =1 2 27 39.

 9. When the telescope is focussed on a distant object and 
the final image is also at infinity, the distance between 
lenses

  L f fe= + = + =0 50 5 55 cm

  When it is turned on a nearer object, the image formed 
by the objective will not be at its focus, but a little away 
from it. The eye-piece has to be shifted exactly by the 
same distance through which the image is shifted from 
focus of objective because the final image is at the same 
distance without change in accommodation of eye. 
Figure below shows the ray diagram of this situation.

Q

P O E

Q″

P″
α

α P′
Q′ β

 Using lens formula for the objective, we have

  
1 1

10
1
0 50v

-
-

=
+ .

 ⇒  v0
50
95

52 63= + = + m  cm.

 The distance by which the eye-piece is to be shifted is

  s = -52 63 50.
 ⇒  s = 2 63.  cm

  When the object is at a finite but large distance then the 
magnifying power of telescope is given as

  M
v
ue

= =
β
α

0

  For the case of focussing the telescope in both cases, 
using lens formula for eye-piece, we have

  
1 1 1

5∞
-

-
=

+ue

 ⇒  ue = 5 cm

  Thus, magnification of telescope for the case of focus-
sing on object located at a distance of 10 m  is

  M = =
52 63

5
10 52

.
.

  Previous magnification when telescope is focussed on 
Moon, we know magnification is given as

  ′ = = =M
f
fe
0 50

5
10

Single Correct Choice Type Questions

 1. 

8 cm

I2I1

 Distance of image from the plane surface is

  x1
4

1 6
2 5= =

.
.  cm  ∵ d

d
app

actual=⎧
⎨
⎩

⎫
⎬
⎭µ

 For the curved surface, we have

  
1 6
4

1 1 1 6
82

. .
+ =

-
-x

 ⇒  x2 3≈ -  cm

  The minus sign means the image is on the side where 
the object lies. So,

  Ι Ι1 2 8 2 5 3 2 5= - -( ) =. . cm  cm

 Hence, the correct answer is (C).

 2. Area of object = 9 2 cm
 Also, we know that

 Areal Magnification = = = =
-

⎛
⎝⎜

⎞
⎠⎟

m
A
A

v
u

f
f uar

Ι

0

2

2

2

 ⇒  
AΙ

9
10

25 10

2

=
-

- - -( )
⎡
⎣⎢

⎤
⎦⎥

 ⇒  AΙ = ⎛
⎝⎜

⎞
⎠⎟ ×

2
3

9
2

 ⇒  AΙ = 4 cm2

 Hence, the correct answer is (C).

 3. The similar thing is extended and applied here too. 
Here the answer fabricated by the MISCONCEPTION 
is 1 (but we must know this is the answer only for a 
Concave Mirror (or Convex Lens). For Convex Mirror 
we have
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+

f1 f2
Hollow glass lens

R1 R2 R3 R4

⇒

  
1

1
1 1

0
1 1 2f R Rg= −( ) −⎛

⎝⎜
⎞
⎠⎟

=μ  ∵ R R1 2={ }

 ⇒  f1 → ∞

 Similarly, f2 → ∞

  So, a hollow, convex lens of any material will behave 
like a glass plate.

 Hence, the correct answer is (D).

 320. If distance of image is v  from lens and u→ −∞ , so 
we use

  
1 1 1 1 2 2

1 2v f f f R R
= + + + +⎛

⎝⎜
⎞
⎠⎟

  Because the ray of light passes through lens thrice 
and reflected twice from the two spherical surfaces of 
lens.

 ⇒  
1 3

2
1 1

1 2v f R R
= + +⎛

⎝⎜
⎞
⎠⎟

 By Lens Maker’s formula, we have

  
1

1
1 1

1 2f R R
= −( ) +⎛

⎝⎜
⎞
⎠⎟

μ

 ⇒  
1 1 1

3 3 2
1 2v R R

= +⎛
⎝⎜

⎞
⎠⎟

− +( )μ

 Since μ = 1 5.

 ⇒  v
f f

=
−( )
−

=
μ
μ

1
3 1 7

 Hence, the correct answer is (A).

 322. The ray diagram is as shown below

x
x

a

y

y
P
45°

45°

45°

 Since, x
a

=
2

 and y
a

=
2

 ⇒  P
a a

≡ ⎛
⎝⎜

⎞
⎠⎟2 2

,

 Hence, the correct answer is (D).

 324. −
−

=
−

f
f

f
f16 6

 ⇒  − + = −f f16 6

 ⇒  2 22f =

 ⇒  f = 11 cm

 Hence, the correct answer is (C).

Multiple Correct Choice Type Questions

 1. The normal to the interface is along k� .

 \ cos i
A k

A k
=

⋅ −( )
=

+
= +

�� �
�� �

10
20

1
2

 ⇒ i = °60
 {i is the angle which incident ray makes with –Z-axis}

Z = 0
Z > 0

Z < 0
A = 6

i
r

√3 √3

K

K

n =

j – 10 i + 8

xy plane
(interface)

√3 √2

 But according to Snell’s Law

  2 60 3sin sin= r

 ⇒ sin r =
2
3

3
2

 ⇒ sin r =
1
2

 ⇒ r = °45

 Hence, (B) and (C) are correct.

 2. The correct answer is (A).

 3. Hence, (A) and (D) are correct.

  Combined Solution to 2 & 3
  For i C< , no TIR will take place, so we have deviation 

δ( )  given by
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Test Your Concepts-I  
(Based on Reflection at Plane Surfaces)

 1. The angle between the incident ray and the reflected 
ray is 180 2- θ , so, we have

180° – 20

i – √3 ji + √3 j
2 2

θθ

  ˆ cos

ˆ ˆ

ˆ ˆ
i

i j i j

i j i j
180 2

3
2

3
2

3
2

3
2

° -( ) =

+⎛
⎝⎜

⎞
⎠⎟ ⋅ -⎛

⎝⎜
⎞
⎠⎟

+ -
θ

 ⇒  - ( ) =

-( )

cos 2

1 3
4
1

θ

 ⇒  - ( ) = -cos 2
1
2

θ

 ⇒  cos 2
1
2

θ( ) =

 ⇒  2 60θ = °
 ⇒  θ = °30

 2. Drawing the ray diagram and using the Law of 
Reflection, we get

A

5 cm

20 cm

B

i i r

r

x
D O C

20 – x

  i r=  …(1)

 ⇒  sin sini r=
 So, we can say that ΔADO  and ΔOBC  are similar

 ⇒  
x x
5

20
20

=
-

 ⇒ x = 4 cm
  So, point of incidence of light from A should be at 4 cm 

from D  on mirror.

 3. The image will be momentarily at rest when the par-
ticle moves parallel to the mirror. Let at the time t the 
particle has a velocity v  parallel to the mirror.

θ

θ θv cos

u cos

u

α

u sin

O

α

v sin vα

α

  v u gtsin sinθ α= -  …(1)

 and v ucos cosθ α=

 ⇒  v
u

=
cos
cos

α
θ

 …(2)

 From (1) and (2)

  
u

u gt
cos
cos

sin sin
α

θ
θ α⎛

⎝⎜
⎞
⎠⎟ = -

 ⇒  t
u

g
=

-( )cos tan tanα α θ

 4. 

θ θ θ

θ

θ

M1

M2

δ

δ

δ1

2

 From the figure, we observe that

  3 180θ = °
 ⇒  θ = °60

 So, δ1 180 2 30 120= ° - °( ) = °  (CCW)

 and δ2 180 2 30 120= ° - °( ) = °  (CCW)

 So, total deviation δ δ δ= +1 2

 ⇒  δ = °240  (CCW)
 Alternatively from the figure, we observe that

  δ θ= ° + = °180 240  (CCW) or 120°  (CW)

CHapteR 1: Ray optiCs
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In the past few years, the IIT-JEE has evolved as an examination designed to check a candidate’s true  
scientific skills. The examination pattern needs one to see those little details which others fail to see. These 
details tell us how much in-depth we should know to explain a concept in the right direction. Keeping the 
present-day scenario in mind, this series is written for students, to allow them not only to learn the tools but 
also to see why they work so nicely in explaining the beauty of ideas behind the subject. The central goal of this 
series is to help the students develop a thorough understanding of Physics as a subject. This series stresses on 
building a rock-solid technical knowledge based on firm foundation of the fundamental principles followed by 
a large collection of formulae. The primary philosophy of this book is to guide the aspirants towards detailed 
groundwork for strong conceptual understanding and development of problem-solving skills like mature and 
experienced physicists.

This updated Third Edition of the book will help the aspirants prepare for both Advanced and Main levels 
of JEE conducted for IITs and other elite engineering institutions in India. This book will also be equally useful 
for the students preparing for Physics Olympiads. 

This book is enriched with detailed exhaustive theory that introduces the concepts of Physics in a clear, 
concise, thorough and easy-to-understand language. A large collection of relevant problems is provided in 
eight major categories (including updated archive for JEE Advanced and JEE Main), for which the solutions are 
demonstrated in a logical and stepwise manner.

We have carefully divided the series into seven parts to make the learning of different topics seamless  
for the students. These parts are

	 •	 Mechanics – I
	 •	 Mechanics – II
	 •	 Waves and Thermodynamics
	 •	 Electrostatics and Current Electricity
	 •	 Magnetic Effects of Current and Electromagnetic Induction
	 •	 Optics
	 •	 Modern Physics

Finally, I would like to thank all my teacher friends who had been a guiding source of light throughout the 
entire journey of writing this book.

To conclude, I apologise in advance for the errors (if any) that may have inadvertently crept in the text.  
I would be grateful to the readers who bring errors of any kind to my attention. I truly welcome all comments, 
critiques and suggestions. I hope this book will nourish you with the concepts involved so that you get a great 
rank at JEE.

PRAYING TO GOD FOR YOUR SUCCESS AT JEE. GOD BLESS YOU!

Rahul Sardana

Preface
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rEFLECTIOn AT PLAnE And CurVEd SurFACES

nATurE OF LIGHT: An InTrOduCTIOn

Light is a form of energy that makes object visible to 
our eyes or light is the form of energy that produces 
in us the sensation of sight. In Seventeenth century 
Newton and Descartes believed that light consisted 
of a stream of particles, called corpuscles. Huygens 
proposed wave theory of light and proposed that 
light is a disturbance in a medium called Ether. This 
theory could explain the phenomena of interference, 
diff raction, etc. Thomas Young, through his double 
slit experiment, measured the wavelength of light.

Maxwell suggested the electromagnetic the-
ory of light. According to this theory, light consists 
of electric and magnetic fi elds, in mutually perpen-
dicular directions, and both are perpendicular to the 
direction of propagation. Heinrich Hertz produced 
in the laboratory the electromagnetic waves of short 
wavelengths. He showed that these electromagnetic 
waves possessed all the properties of light waves.

E

B

c
Direction of
propagation

Light travels in vacuum with a velocity given by

	
c = = × -1

3 10
0 0

8 1

μ ε
 ms

where μ0 and ε0 are the permeability and permittivity 
of free space (vacuum).
The magnitudes of electric and magnetic fi elds are 
related to the velocity of light by the relation

	

E
B

c=

1
C

H
A

P
T

E
R

After reading this chapter, you will be able to:

After reading this chapter, you will be able to understand concepts and problems based on:
(a)  Refl ection for plane and curved surfaces 

(i.e. for plane and curved mirrors)
(b)  Refraction for plane surfaces (i.e. for glass 

slab and prism)
(c)  Refraction for curved surfaces

(d)  Lens
(e)  Lens Makers Formula
(f)  Human eye
(g)  Defects in human eye and optical 

instruments

All this is followed by a variety of Exercise Sets (fully solved) which contain questions as per the 
 latest JEE pattern. At the end of Exercise Sets, a collection of problems asked previously in JEE (Main 
and Advanced) are also given.

Learning Objectives

Ray Optics
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1.2  JEE Advanced Physics: Optics

In 1905, Albert Einstein revived the old corpuscu-
lar theory using Plank’s Quantum Hypothesis and 
through his photoelectric effect experiment showed 
that light consists of discrete energy packets, called 
photons. The energy of each photon is

	
E hf

hc
= =

λ
So, in view of these developments, light must be 
regarded to have a dual nature i.e., it exhibits the 
characteristics of a particle in some situations and 
that of a wave in other situations. So the question “Is 
light a particle or a wave?” is purely inappropriate to 
be asked. At present, it is believed that light has dual 
nature, i.e., it has both the characters, wave-like and 
particle-like.

OPTICS: An Introduction

Optics is the study of the properties of light, its propa-
gation through different media and its effects. In most 
of the situations, the light encounters objects of size 
much larger than its wavelength. We can assume that 
light travels in straight lines called rays, disregarding 
its wave nature. This allows us to formulate the rules 
of optics in the language of geometry, as rays of light 
do not disturb each other on intersection. Such study 
is called geometrical (or ray) optics. It includes the 
working of mirrors, lenses, prisms, etc.

When light passes through very narrow slits, or 
when it passes around very small objects, we have to 
consider the wave nature of light. This study is called 
wave (or physical) optics.

DOMAINS OF OPTICS

The study of light can be categorized into three broad 
domains.

	(a)	 Geometrical Optics (Ray Optics)
	(b)	 Physical Optics (Wave Optics)
	(c)	 Quantum Optics

Please note that these domains are not strictly dis-
joint as the transitions between them are continuous 
and not sharp. However for convenience we consider 
them as distinct. These domains are distinguished as 
follows.

Geometrical Optics (Ray Optics)

This branch involves the study of propagation of light 
based on the assumption that light travels in fixed 
straight line as it passes through a uniform medium 
and its direction is changed when met by a surface of 
a different medium or if the optical properties of the 
medium are non uniform either in time or in space. 
The ray approximation is valid for the wavelength λ
very small compared to the size of the obstacle d( )  or 
the size of the opening through which the ray passes. 
This approximation λ � d  proves to be very good for 
the study of mirrors, lenses, prisms and associated 
optical instruments such as microscope, telescope, 
cameras etc.

Physical Optics (Wave Optics)

This branch involves the study of propagation of 
light in the form of a wave and it deals with the phe-
nomenon of interference, diffraction, polarization etc. 
This nature of light has to be taken when the light 
passes through very narrow slits or when it goes past 
very small objects. So this branch works effectively 
when λ � d .

Quantum Optics

This branch involves the study of propagation of 
light as a stream of particles called as Photons. This 
concept of light behaving as particles called photons 
is of utmost importance while studying the origin 
of spectra, photoelectric effect, concept of radiation 
pressure, Compton effect etc.

FUNDAMENTAL LAWS OF  
GEOMETRICAL OPTICS

To a first approximation, we can consider the prop-
agation of light disregarding its wave nature and 
assuming that light propagates in straight lines called 
rays. This allows us to formulate the laws of optics in 
the language of geometry. Thus, the branch of optics 
where the wave nature of light is neglected is called 
geometrical (or ray) optics.
Geometrical optics is based on five fundamental 
laws.
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Chapter 1: Ray Optics  1.3

	 1.	 Law of Rectilinear Propagation of Light. It 
states that light propagates in straight lines in 
homogenous media.

	 2.	 Law of Independence of Light Rays. It states that 
rays do not disturb each other upon intersection.

	 3.	 The Law of Reversibility of Light. According to 
this law, if a ray of light, after suffering a num-
ber of reflections and refractions, has its path 
reversed at any instant, then the ray retraces its 
path back to the source.

	 4.	 The Laws of Reflection. The Laws of Reflection 
govern the bouncing back of the incident ray after 
striking a surface to the medium from which it 
was coming.

	 5.	 The Laws of Refraction (discussed later). The 
Laws of Refraction govern the bending of light 
when the light goes from one medium to the 
other (rarer to denser or denser to rarer) medium.

BASIC TERMS and DEFINITIONS

Source

A body which emits light is called source. The source 
can be a point one or an extended one. A source is of 
two types.

	(a)	 Self luminous: The source which possess light of 
its own.

		  EXAMPLE: sun, electric arc, candle etc.
	(b)	 Non-luminous: It is a source of light which does 

not possess light of its own but acts as source of 
light by reflecting the light received by it.

		  EXAMPLE: moon, objects around us, book etc.

Remark(s)

Sources are also classified as isotropic and non- 
isotropic. Isotropic sources give out light uniformly in 
all directions whereas non-isotropic sources do not 
give out light uniformly in all directions.

RAY

The straight line path along which the light travels 
between two points in a homogeneous medium or 
in a pair of media is called a Ray. It is represented 

by an arrow head on a straight line, the arrow head 
represents the direction of propagation of light. A ray 
of light will always follow a path along which the 
time taken is the minimum.

Ray

Remark(s)

A single ray cannot be isolated from a source of light.

MEDIUM

Substance through which light propagates or tends to 
propagate is called a medium. It is of following three 
types.

	(a)	 Transparent: It is a medium through which light 
can be propagated easily.

		  EXAMPLE: glass, water etc.
	(b)	 Translucent: It is a medium through which light 

is propagated partially.
		  EXAMPLE: oil paper, ground glass etc.
	(c)	 Opaque: It is a medium through which light can-

not be propagated.
		  EXAMPLE: wood, iron etc.

BEAM

A bundle or bunch of rays is called a beam. It is of 
following three types.

	(a)	 Parallel beam: It is a beam in which all the rays 
constituting the beam move parallel to each other 
and diameter of beam remains same. A very nar-
row beam is called a Pencil of Light.

	(b)	 Convergent beam: In this case diameter of beam 
decreases in the direction of ray.
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1.4  JEE Advanced Physics: Optics

	(c)	 Divergent beam: It is a beam in which all the 
rays meet at a point when produced backward 
and the diameter of beam goes on increasing as 
the rays proceed forward.

OBJECT(S)

The object for a mirror can be real or virtual. Generally 
we can define an object as the point where the inci-
dent rays intersect (real object) or appear to intersect 
(virtual object).

Real Object(s)

If the rays from a point on an object actually diverge 
from it and fall on the mirror, the object is said to be 
real.

O O O

In simple language the incident rays are diverging 
and the point of divergence is the position of the real 
object. The following diagrams support the argu-
ments given.

Virtual Object(s)

If the rays incident on the mirror appear to converge 
to a point, then this point is said to be virtual point 
object for the mirror.

O O O

In simple language the incident rays are converging 
and the point of convergence is the position of the 
virtual object. The following diagrams support the 
arguments given.

Virtual object cannot be seen by human eye, because 
for an object or an image to be seen by the eyes, the 
rays received by the eyes must be diverging.

C o n c e p t u a l  N o t e ( s )

IMAGE(S)

An optical image is a point where reflected or 
refracted rays of light either intersect or appear to 
intersect. Thus, the image of an infinite object is actu-
ally an assembly of the image points corresponding to 
various parts or the points of the object. The images 
formed can again be real or virtual.

Real Image(s)

If the rays after reflection or refraction actually con-
verge (or meet) at a point then the image is said to be 
real and it can be obtained on a screen.

Real image

I
Real

image

O
Virtual
object

I

Virtual Image(s)

However, if the rays do not actually converge but 
appear to diverge from a point (or appear to meet at a 
point), then the image so formed is said to be virtual 
image. A virtual image cannot be obtained on a screen.

Virtual image

Virtual
image

Real
object

I IO
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Chapter 1: Ray Optics  1.5

	(a)	 The real images can be obtained on a suitably 
placed screen, but virtual images cannot be 
obtained on a screen.

	(b)	Human eye cannot distinguish between the real 
image and the virtual image because in both the 
cases the rays are diverging.

C o n c e p t u a l  N o t e ( s )

REFLECTION OF LIGHT

When light strikes the surface on an object, some part 
of the light or the complete light is sent back into the 
same medium. This phenomenon is called as reflec-
tion. The surface, which reflects light, is called mirror. 
A mirror could be plane or curved.

In reflection, the frequency, speed and wavelength 
remain unchanged, but a phase change may occur 
depending on the nature of reflecting surface.

The reflection from a denser medium causes an 

addition phase change of π  or a path change of 
λ
2

 

(by Stoke’s Law) while reflection from rarer medium 
does not cause any phase change.

C o n c e p t u a l  N o t e ( s )

Diffused (irregular) reflection takes place from a 
rough surface where as Specular (regular) reflection 
takes place from an extraordinarily smooth surface. 
However, the Laws of Reflection are applicable for 
both kinds of surfaces.

LAWS OF REFLECTION

	(a)	 The incident-ray, the reflected-ray and the nor-
mal to the reflecting surface at the point of inci-
dence, all lie in the same plane.

	(b)	 The angle of reflection is equal to the angle of 
incidence i r=( ).

	 	 The angle of incidence i  is the angle made by the 
incident ray with the normal.

	 	 The angle of reflection r  is the angle made by the 
reflected ray with the normal.

i r i r i r

O O O

Plane surface Concave surface Convex surface

Special Cases

	(a)	 If i = 0, then r = 0. It means a ray incident nor-
mally on a boundary, after reflection it retraces its 
path.

Plane mirror

(a)  
Concave mirror

(b)

C

 
Convex mirror

C

(c)

	(b)	The angle made by the incident ray with the plane 
reflecting surface is called glancing angle. Thus, 
the glancing angle = ° -90 i.

	(c)	 For grazing incidence, the incident ray grazes 

the reflecting surface, so i →
π
2

 and hence r →
π
2

 
as shown in the figure.

i r

FERMAT’S PRINCIPLE OF LEAST TIME

According to this theorem, the path of a ray of light 
between any two points is the path along which the 
time taken is the minimum. This principle is some-
times taken as the definition of a ray of light.

To understand this theorem, let us consider 
two points A  and B  in the same medium. Since, we 
know that between these two points light travels in a 
straight line, so the time taken by the light to go from 
A  to B  must logically be the minimum.

A LIGHT PATH B
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LAWS OF REFLECTION USING FERMAT’S 
THEOREM

Consider a plane mirror on which light is incident as 
shown.

A
B

a

d
d – x

O
x

b
r

ri

i

Let the incident light start from A, hit the mirror at O  
and get reflected to point B . Let the points A  and B  
be at perpendicular distances a  and b  from the mir-
ror and let A  and B  have a separation d  between 
them as shown in figure. The time taken by the light 
to go from A  to O  to B  is given by

	 t t tA O O B= +→ →

⇒ 	 t
AO
c

OB
c

= +

⇒ 	 t
c

a x b d x= + + + -( )( )1 2 2 2 2

Now, according to Fermat’s Principle, t is MINIMUM, 
so

	

dt
dx

= 0

⇒ 	
d
dx

a x
d
dx

b d x2 2 2 2 0+( ) + + -( )( ) =

⇒ 	
1
2

2 1
2

2 1
0

2 2 2 2

x

a x

d x

b d x+

⎛
⎝⎜

⎞
⎠⎟

+
-( ) -( )

+ -( )
⎛

⎝⎜
⎞

⎠⎟
=

⇒ 	
x

a x

d x

b d x2 2 2 2+
=

-( )

+ -( )

From the figure, we observe that

	

x

a x
i

2 2+
= sin  and 

d x

b d x
r

-( )

+ -( )
=

2 2
sin

⇒ 	 sin sini r=

⇒ 	 i r= � {The Law of Reflection}

Problem Solving Technique(s)

	(a)	 Basic Problems in Optics: Most of the problems 
asked in optics expect us to find the position and 
nature of the final image formed by certain opti-
cal systems for a given object. The optical system 
may be just a mirror, or a lens or a combination of 
several reflecting and refracting surfaces.

	(b)	Basic Strategy for Solving the Problems: To 
handle these kinds of problems, first of all, we 
identify the sequence in which the reflection and 
refraction are taking place. The several events of 
reflection or refraction can be named as Event 1, 
Event 2 and so on following the sequence in which 
they occur.

		 Now, the image of Event 1 would be object for 
Event 2, image of Event 2 will be object of Event 3 
and so on. This way one can proceed to find the 
final image.

VECTOR FORM OF LAWS OF REFLECTION

Laws of reflection can be redefined with the help 
of vector algebra by considering unit vectors in the 
direction of incident rays, reflected rays and normal 
to the boundary.

The reflection of a light ray incident on a plane 
surface is shown in figure. If î , r̂  and n̂  are unit vec-
tors along the direction of incident ray, reflected ray 
and normal to the surface as shown, then first we can 
write components of î  and r̂  in terms of the unit vec-
tors along the normal and along the surface i.e. tan-
gential to surface. Let t̂  be a unit vector tangential to 
the surface, so we have

	 ˆ sin ˆ cos ˆi t n= ( ) - ( )q q � …(1)

	 ˆ sin ˆ cos ˆr t n= ( ) + ( )q q � …(2)

i

n

r

t

θ θ

	 ˆ ˆ ˆ ˆi r n t= = = = 1
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i

r

θ θ
(1 cos )θ

(1 cos )θ
(1 sin )θ

(1 sin )θ

Subtracting equation (1) from (2), we get

	 ˆ ˆ cos ˆr i n= + ( )2 q � …(3)

Also, we know that

	 ˆ ˆ ˆ ˆ cos cosi n i n⋅ = -( ) = -180 q q � …(4)

Substituting (4) in (3), we get

	 ˆ ˆ ˆ ˆ ˆr i i n n= - ⋅( )2

This equation gives us the Laws of Reflection in vec-
tor form.

Illustration 1

A ray of light is incident on a plane mirror along a 
vector ˆ ˆ ˆi j k+ - . The normal at the point of incidence is 

along ˆ ˆi j+ . Find a unit vector along the reflected ray.

Solution

Reflection of a ray of light is just like an elastic col-
lision of a ball with a horizontal ground. The com-
ponent of the incident ray along the inside normal 
gets reversed while the component perpendicular 
to it remains unchanged. So, the component of inci-

dent ray vector 
�
A i j k= + -ˆ ˆ ˆ  parallel to normal, i.e., 

ˆ ˆi j+  gets reversed while perpendicular to it, i.e., -k̂ 
remains unchanged. So, the reflected ray is written as,

	
�
R i j k= - - -ˆ ˆ ˆ

A unit vector along the reflected ray will be,

	
ˆ

ˆ ˆ ˆ
r

R
R

i j k
= =

- - -
�

3

⇒ 	 ˆ ˆ ˆ ˆr i j k= - + +( )1
3

ANGLE OF DEVIATION (δ  )

Deviation (d  ) is defined as the angle between the ini-
tial direction of the incident ray and the final direc-
tion of the reflected ray or the emergent ray.

δ
i r

Deviation produced in Reflection is δ = ° - +( )180 i r
Since r i=

⇒	 δ = ° -180 2i

The variation of deviation δ( )  with the angle of inci-
dence i( )  is shown in figure.

π

π

δ

δmax =

O
i

2

Problem Solving Technique(s)

	(a)	 The deviation is maximum for normal incidence 
i.e., when i = 0 then, δ δ= = °max 180 .

	(b)	The deviation is minimum for grazing incidence 

i.e., when i →
π
2

, then δ δ= = °min 0 .

	(c)	 While dealing with the case of multiple reflections 
suffered by a ray, the net deviation suffered by the 
incident ray is the algebraic sum of deviation due 
to each single reflection. So,

		 	
δ δtotal individual

reflection
= ∑

		� DO NOT FORGET TO TAKE INTO ACCOUNT THE 
SENSE OF ROTATION WHILE SUMMING UP THE 
DEVIATIONS DUE TO SINGLE REFLECTION.

TWO IDENTICAL PERPENDICULAR  
PLANE MIRRORS

If two plane mirrors are inclined to each other at 90°, 
the emergent ray is always antiparallel to the incident 
ray if it suffers one reflection from each (as shown in 
figure) whatever be the angle of incidence.
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90° – θ
θ

θ
θ

M2

M1

The same is found to hold good for three plane mir-
rors arranged mutually perpendicular to each other 
thus forming the corner of a cube such that the light 
incident on this arrangement suffers one reflection 
from each of the mirrors so as to emerge out anti-par-
allel to the incident light. This arrangement of three 
mutually perpendicular plane mirrors forming the 
corner of a cube is called the CORNER REFLECTOR.

C o n c e p t u a l  N o t e ( s )

Illustration 2

Two plane mirrors are inclined to each other at an 
angle q . A ray of light is reflected first at one mir-
ror and then at the other. Find the total deviation suf-
fered by the ray.

Solution

a  be the angle of incidence for mirror M1

b  be the angle of incidence for mirror M2

δ1  be the deviation due to mirror M1  and

δ2  be the deviation due to mirror M2

M1

M2

E

C

D

A

B

O

1

2

α
α

β β
δ

netδ

δθ

From figure, we observe

	 δ π a1 2= - , δ π b2 2= -

Also ray is rotated in same sense i.e., anticlockwise, 
so

	 δ δnet = = Total deviation = +δ δ1 2

⇒ 	 δ π a b= - +( )2 2

Now in ΔOBC , ∠ + ∠ + ∠ = °OBC BCO COB 180

⇒ 	 90 90 180° -( ) + ° -( ) + = °a b q

⇒ 	 a b q+ =

⇒ 	 δ π q q= - = ° -2 2 360 2

Alternative Method:

	 δ = ∠ + ∠ + ∠BEC CEA AED

Now, ∠ = ∠BEC AED  (vertically opposite angle)

⇒ 	 ∠ = ° - +( )BEC 180 2 a b

⇒ 	 ∠ = ° -BEC 180 2q � ∵ q a b= +{ }
Also, ∠ = +CEA 2 2a b  ⇒  ∠ = +( ) =CEA 2 2a b q

⇒ 	 δ q q q= ° - °( ) + + ° - °( )180 2 2 180 2

⇒ 	 δ q= ° -360 2

If two mirrors are inclined at ∠q  then the ray inci-
dent on any one mirror will suffer a total deviation 
δ π q= -2 2  after suffering reflection from both of the 
mirrors.

C o n c e p t u a l  N o t e ( s )

REFLECTION FROM A PLANE SURFACE  
OR PLANE MIRROR

When a real object is placed in front of a plane mirror, 
the image is always erect, virtual and of same size as 
the object. It is at same distance behind the mirror as 
the object is in front of it.
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O I

d d

(a) Point object   

O I

d d

(b) Extended object

LATERAL INVERSION

The image formed by a plane mirror suffers lateral-
inversion. That is, in the image the left is turned to the 
right and vice-versa with respect to object. However, 
the plane mirror does not turn up and down, as 
shown in figure.

L L

L L

R R

R R

Object Image Object Image

Actually, the plane mirror reverses forward and back 
in three-dimensions (and not left into right). If we 
keep a right-handed coordinate system in front of a 
plane mirror, only the z-axis is reversed. So, a plane 
mirror changes right-handed co-ordinate system (or 
screw) to left-handed.

x x′

y′

z′

O′

y

z

O

Right handed
system

Left handed
system

I

I

M M

O

O

Correct
OM = MI

Incorrect
OM = MI

(r⊥)object

(r⊥)image

		 i.e., 
⊥⎛

⎝⎜
⎞
⎠⎟

=
⊥ distance of

O from mirror

 distance of

 from mirroΙ rr
⎛
⎝⎜

⎞
⎠⎟

	(b)	When a wall clock is seen in a mirror then

		 Image Time  hour 60 minute Actual Time= -11

		 ⇒ 	 t timage actual= -11 60:

Clock Mirror

x hr
y min
z sec

Clock’s image

(11 – x) hr
(59 – y) min
(60 – z) sec

Example 1: If actual time in the clock is 5 : 25, then 
the image of the clock in the plane mirror will show a 
time given by

		
timage = - =11 60 5 25 6 35: : :

Example 2: If actual time in the clock is 2 hr, 17 min, 
25 sec then the image clock will show a time of 9 hr, 
42 min, 35 sec.

Problem Solving Technique(s)

	(a)	 For finding the location of an image of a point 
object placed in front of a plane mirror, we must 
see the perpendicular distance of the object from 
the mirror.

Illustration 3

An object is lying at A 2,  0( )  and MN  is a plane 
mirror, as shown. Find the region on Y-axis in which 
reflected rays are present.

x

y

N(4, 3)

M(4, 2)

A(2, 0)

Solution

The image of point A , in the mirror is at ′ ( )A 6,  0 .
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